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FOREWORD

The Government of India has set an ambitious target of imparting skills to 30 crores people, one out of every
four Indians, to help them secure jobs as part of the National Skills Development Policy. Industrial Training
Institutes (ITls) play a vital role in this process especially in terms of providing skilled manpower. Keeping
this in mind, and for providing the current industry relevant skill training to Trainees, IT| syllabus has been
recently updated with the help of Media Development Committee members of various stakeholders viz.
Industries, Entrepreneurs, Academicians and representatives from ITls.

The National Instructional Media Institute (NIMI), Chennai, has now come up with instructional
material to suit the revised curriculum for Machinist 2"¢Year Trade Practical in CG & M Sector under
Yearly Pattern. The NSQF Level - 4 (Revised 2022) Trade Practical will help the trainees to get an international
equivalency standard where their skill proficiency and competency will be duly recognized across the globe
and this will also increase the scope of recognition of prior learning. NSQF Level - 4 (Revised 2022) trainees
will also get the opportunities to promote life long learning and skill development. | have no doubt that with
NSQF Level -4 (Revised 2022) the trainers and trainees of ITls, and all stakeholders will derive maximum
benefits from these Instructional Media Packages IMPs and that NIMI's effort will go a long way in improving
the quality of Vocational training in the country.

The Director General, Executive Director & Staff of NIMI and members of Media Development Committee
deserve appreciation for their contribution in bringing out this publication.

Jai Hind
ATUL KUMAR TIWARI, I.LA.S
Secretary
Ministry of Skill Development & Entrepreneurship,
Government of India.
November 2023

New Delhi - 110 001
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PREFACE

The National Instructional Media Institute (NIMI) was established in 1986 at Chennai by then Directorate
General of Employment and Training (D.G.E & T), Ministry of Labour and Employment, (now under Ministry
of Skill Development and Entrepreneurship) Government of India, with technical assistance from the Govt.
of the Federal Republic of Germany. The prime objective of this institute is to develop and provide instructional
materials for various trades as per the prescribed syllabi under the Craftsman and Apprenticeship Training
Schemes.

The instructional materials are created keeping in mind, the main objective of Vocational Training under
NCVT/NAC in India, which is to help an individual to master skills to do a job. The instructional materials are
generated in the form of Instructional Media Packages (IMPs). An IMP consists of Theory book, Practical
book, Test and Assignment book, Instructor Guide, Audio Visual Aid (Wall charts and Transparencies) and
other support materials.

The trade practical book consists of series of exercises to be completed by the trainees in the workshop.
These exercises are designed to ensure that all the skills in the prescribed syllabus are covered. The trade
theory book provides related theoretical knowledge required to enable the trainee to do a job. The test and
assignments will enable the instructor to give assignments for the evaluation of the performance of a trainee.
The wall charts and transparencies are unique, as they not only help the instructor to effectively present a
topic but also help him to assess the trainee's understanding. The instructor guide enables the instructor to
plan his schedule of instruction, plan the raw material requirements, day to day lessons and demonstrations.

In order to perform the skills in a productive manner instructional videos are embedded in QR code of the
exercise in this instructional material so as to integrate the skill learning with the procedural practical steps
given in the exercise. The instructional videos will improve the quality of standard on practical training and
will motivate the trainees to focus and perform the skill seamlessly.

IMPs also deals with the complex skills required to be developed for effective team work. Necessary care
has also been taken to include important skill areas of allied trades as prescribed in the syllabus.

The availability of a complete Instructional Media Package in an institute helps both the trainer and
management to impart effective training.

The IMPs are the outcome of collective efforts of the staff members of NIMI and the members of the Media
Development Committees specially drawn from Public and Private sector industries, various training institutes
under the Directorate General of Training (DGT), Government and Private ITls.

NIMI would like to take this opportunity to convey sincere thanks to the Directors of Employment & Training
of various State Governments, Training Departments of Industries both in the Public and Private sectors,
Officers of DGT and DGT field institutes, proof readers, individual media developers and coordinators, but for
whose active support NIMI would not have been able to bring out this materials.

Chennai - 600 032 EXECUTIVE DIRECTOR
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INTRODUCTION
TRADE PRACTICAL

The trade practical manual is intended to be used in practical workshop. It consists of a series of practical
exercises to be completed by the trainees during the course. These exercises are designed to ensure that all
the skills in compliance with NSQF Level - 4 (Revised 2022) syllabus are covered.

The manual is divided into Six modules

Module 1 Tool and Cutter Grinding

Module 2 Milling

Module 3 CNC Turning

Module 4 CNC Milling (VMC- Vertical Milling Center)
Module 5 Repair & Overhauling

Module 6 Advanced Milling

The skill training in the shop floor is planned through a series of practical exercises centered around some
practical project. However, there are few instances where the individual exercise does not form a part of project.

While developing the practical manual, a sincere effort was made to prepare each exercise which will be easy to
understand and carry out even by below average trainee. However the development team accept that thereis a
scope for further improvement. NIMI looks forward to the suggestions from the experienced training faculty for
improving the manual.

TRADETHEORY

The manual of trade theory consists of theoretical information for the Course of the Machinist 2" Year

NSQF Level - 4 (Revised 2022) in CG & M. The contents are sequenced according to the practical exercise
contained in NSQF Level - 4 (Revised 2022) syllabus on Trade Theory attempt has been made to relate the
theoretical aspects with the skill covered in each exercise to the extent possible. This correlation is maintained
to help the trainees to develop the perceptional capabilities for performing the skills.

The trade theory has to be taught and learnt along with the corresponding exercise contained in the manual
on trade practical. The indications about the corresponding practical exercises are given in every sheet of
this manual.

Itwill be preferable to teach/learn trade theory connected to each exercise atleast one class before performing
the related skills in the shop floor. The trade theory is to be treated as an integrated part of each exercise.

The material is not for the purpose of self-learning and should be considered as supplementary to class room
instruction.
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CONTENTS

/Ex.No. Title of Exercise Learning | page No.\
Outcome

Module 1 : Tool and Cutter Grinding
2.1.111 | Grinding different shape of single point tools 1
2.1.112 | Demonstrate and practice of grinding of slab milling cutter 1 5
2.1.113 | Re-sharpening side and face milling cutter 8
2.1.114 | Grinding of end mill cutter 11
2.1.115 | Re-sharpening of shell end mill cutter 13

Module 2 : Milling
2.2.116 | Practice of facing on milling machine 14
2.2.117 | Dirill on P.C.D. on milling machine with accuracy + 0.02 mm 17
2.2.118 | Tappingandreaming operation using milling machine 19
2.2.119 | Perform spot facing operation using milling machine with accuracy £ 0.02 mm 22
2.2.120 | Make a slot on face of the Job using milling machine with an accuracy

+0.02 mm 23
22121 | Internal groove milling with an accuracy of £ 0.02 mm 2.3 26
2.2.122 | Make straight teeth rack using milling machine with an accuracy 0.05 mm 31
2.2.123 | Make helical teeth rack using milling machine with an accuracy 0.05 mm 33
2.2.124 | Measurement of teeth by vernier gear tooth caliper 36
2.2.125 | Make spur gear using simple indexing with an accuracy 0.05 mm 38
2.2.126 | Make spur gear using differential Indexing with an accuracy 0.05 mm 40
2.2.127 | Perform boring operation on vertical milling machine with an accuracy 0.05 mm 42
2.2.128 | Make helical gear on milling machine with an accuracy 0.05 mm 43
2.2.129 | Make straight flute milling on milling machine with an accuracy 0.05 mm 46
2.2.130 | Make helical flute on milling machine with an accuracy 0.02 mm 48

Module 3 : CNC Turning
2.3.131 | Personal and CNC machine safety, safe handling of tools safety switches &

material handling 57
2.3.132 | Demonstration of CNC lathe machine, its parts and function 59
2.3.133 | Working of CNC machine parts by using multimedia based simulator 61
2.3.134 | lIdentify machine over travel limits and emergency stop on the machine 62
2.3.135 | Toolpath forturning, facing, grooving, threading and drilling 64
2.3.136 | Identification of safety switches and interlocking of DIH modes 66
2.3.137 | ldentify common tool holder and insert shapes by ISO nomenclature 4 67
2.3.138 | Select cutting tool holder and insert for each operation 69
2.3.139 | Fixinserts on the tool holder 71
2.3.140 | Cutting tool material for various applications 72
2.3.141 | Cutting parameters from tool manufacturer’s catalogue, cutting speed and feed 73
2.3.142 | Linearinterpolation and circularinterpolation assignments and simulation

onsoftware 74
2.3.143 | Write, simulate CNC part programming using simulator with canned cycles 78
2.3.144 | Avoiding collisions caused by program errors, by making deliberate

program errors and verification/simulation software 80
2.3.145 | Conduct a preliminary check of readiness of the CNC turning centre 81
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(Ex.No. Title of Exercise Learning | Page No.)
Outcome

2.3.146 | Starting the machine, do homing on CNC simulator and machine 82
2.3.147 | Facingandturning program 85
2.3.148 | Mounting Jaws to suit the part holding area on CNC machine 87
2.3.149 | Mounting tools on the turret according to part & process required 88
2.3.150 | Perform work and tool setting 90
2.3.151 | CNC turning centre operation in various modes (JOG, MDI, MPG & AUTO

Mode) 92
2.3.152 | Entering the tool offset, tool nose radius and orientation for TNRC in offset

page on CNC simulator 94
2.3.153 | Program checking in dry run single block mode 97
2.3.154 | Absolute & incremental programming assignments by simulation 99
2.3.155 | Checking finish size by over sizing through tool offset on CNC simulator 104
2.3.156 | Facing and step turning in auto mode 105
2.3.157 | Recoveringfromaxesovertravel,on CNC simulator 107
2.3.158 | Partprogram preparation, for turning with chamfering & radius turning with

TNRC 108
2.3.159 | Partprogram writing and execute 110
2.3.160 | Checking finish size by over sizing through tool offset on the machine 111
2.3.161 | Machine parts with external and internal-features 113
2.3.162 | Machining long part holding in chuck and tailstock 117
2.3.163 | Block search operation 119
2.3.164 | Changingwear offset 120
2.3.165 | Contourprogram 122
2.3.166 | Drillingandboring operation 125

Module 4 : CNC Milling (VMC- Vertical Milling Center)
24167 | ldentify CNC milling elements and their functions, on the machine 127
2.4.168 | Working of CNC VMC parts through didactic/simulation 133
2.4.169 | Identify machine over travel limitand emergency stop 134
24170 | Tool path for milling operation 135
24171 | ldentify common tools, tool holders and inserting 139
2.4.172 | Select cutting tool, insert and holder for each operation 145
24173 | Fixinserts and tools in tool holders 153
2.4.174 | Decide cutting tools material for various application 5 155
2.4.175 | Selectcutting parameter from tool manufacturer catalog 157
24176 | CNC programme using G00, G01, G02, & G03 165
24177 | Facing and slot milling with sub program technique 174
2.4.178 | CNC part programme, pocket milling and - canned cycles 176
24179 | Avoiding collision caused by program error 179
24180 | Conducta preliminary check on the CNC VMC machine 181
24181 | Machine starting, and homing 182
24182 | Enteringthe CNC program in edit mode 184
24183 | Maintaining tools on the ATC 190
2.4.184 | Measurementof work and tool offset (Fanuc) 191

- /
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(" Ex.No. Title of Exercise Learning | page No. )
Outcome
2.4.185 | Tool changeinthe CNC VMC 196
24186 | Program checkingin dry run, and single block modes 197
2.4.187 | Checking finished size through tool offset 198
2.4.188 | Prepare part program, enter, edit and simulate 199
2.4.189 | Toolpathsimulation 203
24190 | Recoveringfromaxisovertravel 204
24.191 | Side milling with CRC 205
24192 | Face milling and canned cycle program 208
24193 | Block search and restart 210
2.4.194 | Mounting of work piece 211
2.4.195 | Machining Part on CNC VMC with face milling, drilling (siemens) 213
2.4.196 | Machining part with face mill, side mill and drilling operation (Siemens) 216
24197 | Slotmachining using CRC 222
2.4.198 | Machining parts with pockets 224
2.4.199 | End milling with polar co-ordinates (Siemens) 227
2.4.200 | Polarco-ordinate program for end milling and drilling (Siemens) 229
2.4.201 | Determiningand entering wear offset 231
2.4.202 | Restarting machine from sudden stoppage 234
2.4.203 | Program transfer to machine - USB and flash drive 237
2.4.204 | Programmable work zero and tool geometry 239
2.4.205 | Chamferingand counter, sinking 244
2.4.206 | Deepholedrilling 249
2.4.207 | Performthread millingandtapping (G84) (Siemens) 252
2.4.208 | Carryoutboring cycles G85-G89 256
2.4.209 | Partprogram forthread milling 6 261
2.4.210 | Dirilling, milling and threading patterns (Siemens Control) 267
2.4.211 | Circularand rectangular pocket machining 269
2.4.212 | Calculation of machine hour rate for CNC machines 270
2.4.213 | Estimation of cycle time for milling - operation 272
2.4.214 | Documentation-1 275
Module 5 : Repair & Overhauling 7
2.5.215 | Perform periodic lubrication system on machines 286
2.5.216 | Performrepairwork 291
2.5.217 | Perform the routine maintenance with check list 294
2.5.218 | Inspection of machine tool such as alignment and levelling 299
2.5.219 | Accuracy testing of machine tools such as geometrical parameters 304
Module 6 : Advanced Milling
2.6.220 | Milling helical slab cutter and end mill cutter 305
2.6.221 | Millingbevelgear 310
2.6.222 | Milling plate cam 315
2.6.223 | Millingworm wheel 319
2.6.224 | Millingworm thread 321
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( LEARNING / ASSESSABLE OUTCOME

On completion of this book you shall be able to

Outcome (Trade Practical)

with Indicative hours

S.No Learning Outcome Ref. Ex.No.

1 Re-sharpen different single & multipoint cutting tool. [Different single point

tools, slab milling cutter, side & face milling cutter, end mill cutter and

shell end mill cutter.] CSC/N0109 21.111-2.1.115
2 Set different machining parameters and cutters to prepare job by different

milling machine operations. [Different machining parameters - feed, speed,

depth of cut, different machining operation - facing, drilling, tapping,

reaming, counter boring, counter sinking, spot facing, and boring slot

cutting.] CSC/N9407 2.2116-2.2.121
3 Set the different machining parameters and cutters to prepare components

by performing different milling operation and indexing. [Different

machining parameters - feed, speed and depth of cut. Different

components - Rack, Spur Gear, External Spline, Steel Rule, Clutch,

Helical Gear] CSC/N9407 2.2.122-2.2.130
4 Set (both job and tool) CNC turning centre and produce components as per

drawing by preparing part programme. CSC/NO115 2.3.131-2.3.166
5 Set CNC VMC (vertical machining center) and produce components as per

drawing by preparing part program.CSC/N9408 2.4167-2.4.214
6 Plan and perform simple repair, overhauling of different machines and

check for functionality. [Different Machines - Drilling Machine, milling

machine and Lathe] CSC/N9403 2.5.215-2.5.219
7 Set the different machining parameters and cutters to prepare components

by performing different milling operation and indexing. [Different machining

parameters - feed, speed and depth of cut. Different components - end mill,

bevel gear, cam, worm & worm wheel] CSC/N9407 2.6.220-2.6.224

-
SYLLABUS

Duration Reference Learning Professional Skills Professional Knowledge

(Trade Theory)

Professional
Skill 60 Hrs.;

Professional
Knowledge 15
Hrs

Re-sharpen different
single & multipoint
cutting tool. [Different
single point tools, slab
milling cutter, side &
face milling cutter, end
mill cutter and shell end
mill cutter.] CSC/N0109

111.Demonstrate and practice of
grinding of different single point
tools. (18 hrs.)

Tool & cutter grinder- Introduction,
parts, construction, use and
specification, different types

of tool rest & their application.
(05 hrs.)

112.Demonstrate and practice of| Various methods of cutter
grinding of slab milling cutter. (10 | grinding. (05 hrs.)
hrs.)

113.Re-sharpening side and face milling
cutter. (12 hrs.)

114.Demonstrate and practice of | Various cutter grinding

grinding of end mill cutter. (10 hrs.)

115.Re-sharpening of shell end mill
cutter. (10 hrs.)

attachments and their uses.
(05 hrs.)
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Duration

Reference Learning
Outcome

Professional Skills
(Trade Practical)
with Indicative hours

Professional Knowledge h

(Trade Theory)

Professional
Skill 60 Hrs;

Professional
Knowledge 15
Hrs.

Set different machining
parameters and cutters
to prepare job by
different milling machine
operations. [Different
machining parameters -
feed, speed, depth of
cut, different machining
operation - facing,
drilling, tapping,
reaming, counter boring,
counter sinking, spot
facing, and boring slot
cutting.] CSC/N9407

116.Practice of facing on milling
Machine. (08 hrs.)

117.Drillon PC.D on milling
Machine with accuracy +/- 0.02
mm. (10 hrs.)

Geometrical tolerances, definition,
symbol and their application.

Depth Micrometer - Parts,
reading, uses and safety. (05 hrs.)

118.Perform Tapping and Reaming
operation using milling Machine with
an accuracy +/- 0.02 mm.(08hrs.)

119.Perform spot facing operation using
milling machine with accuracy +/-
0.02 mm. (10 hrs.)

Different types of micrometers and
their uses.

Inside Micrometer - its parts,
reading and uses.

Bore Dial Gauge - its parts, reading
(both in Metric and
English system)and uses.
Telescopic gauge. (05hrs.)

120.Make slot on face of the job using
milling Machine with an accuracy
+/-0.02 mm. (10 hrs.)

121.Make Internal Grooving using
milling Machine with an accuracy
0.02 mm. (14 hrs.)

Gauges - different types and their
uses, difference between Gauges
and Measuring Instruments.

Gear introduction, use and type.
Elements of a spur gear. Gear
tooth of each forms types, merits
and demerits of each. (5 hrs.)

Professional
Skill 87Hrs.;

Professional
Knowledge
24Hrs.

Set the different
machining parameters
and cutters to prepare
components by
performing different
milling operation and
indexing. [Different
machining parameters -
feed, speed and depth of
cut. Different
components - Rack, Spur
Gear, External Spline,
Steel Rule, Clutch,
Helical Gear] CSC/N9407

122.Make Straight Teeth Rack using
Milling Machine with an accuracy
0.05 mm. (08 hrs.)

123.Make Helical Teeth Rack using
Milling Machine with an accuracy
0.05 mm one straight rack.
(08 hrs.)

124 Measurement of teeth by Vernier
Gear Tooth Caliper.(03 hrs.)

Rack - types, uses and

calculations.

Selection of gear cutter type and
form & various methods of
checking gear and its parts.

Vernier gear tooth caliper - its
construction and application in
checking gear tooth. (07hrs.)

125.Make spur gear using Simple
indexing with an
accuracy 0.05 mm. (08 hrs.)

126.Makespur gear u s i n g
differential indexing with an
accuracy 0.05 mm. (08 hrs.)

Spur gear calculations, curves and
their uses.

Use of radius gauges and template.
(O4hrs.)

127.Perform Boring operation on
Vertical Milling Machine with an
accuracy 0.05 mm. (16 hrs.)

Vertical Milling Machine- its parts.
Method of boring in Vertical milling.
Difference between Horizontal and
Vertical Milling Machine. (04hrs.)

128.Make helical gear on milling
machine with an accuracy
0.05mm. (18 hrs.)

Helix and Spiral introduction, types
and elements. Difference between
helix & spiral. Difference between
R.H. and L.H. helix.

Helical gear- elements, application.
Calculations for cutting helical
gear. (05hrs.)

129.Make straight flute milling on
Milling Machine with an accuracy
0.05 mm. (10 hrs.)

Reamer - types, elements and
uses. Calculations for cutting
Reamer.

/
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Duration

Reference Learning
Outcome

Professional Skills
(Trade Practical)
with Indicative hours

~

Professional Knowledge
(Trade Theory)

130.Make helical flute on Milling
Machine with an accuracy 0.02
mm. (08 hrs.)

Twist drill-nomenclature, cutter
selection. Calculations for cutting
twist drill. (04hrs.)

Professional
Skill 200HTrs.;

Professional
Knowledge
40Hrs.

Set (both job and tool)
CNC turning centre and
produce components
as per drawing by

preparing part
programme.
CSC/NO115

131.Know rules of personal and CNC
machine safety, safe handling of
tools, safety switches and material
handling equipment using CNC
didactic/ simulation software and
equipment. (03 hrs.)

132.Identify CNC lathe machine
elements and their functions, on the
machine. (07 hrs.)

133.Understand the working of parts of
CNC lathe, explained using CNC
didactic/ simulation software. (09
hrs.)

134.1dentify machine over travel limits
and emergency stop, on the
machine. (01 hr)

135.Decide tool path for turning, facing,
grooving, threading, drilling. (04hrs.)

136.ldentification of safety switches
and interlocking of DIH modes.
(01 hr)

Personal safety, safe material
handling, and safe machine
operation on CNC turning centers.

CNC technology basics,
Comparison between
CNC  and conventional lathes.

Concepts of positioning accuracy,
repeatability. CNC lathe machine
elements and their functions -
bed, chuck, tailstock, turret, ball
screws, guide ways, LM guides,
coolant system, hydraulic system,
chip conveyor, steady rest,
console, spindle motor and drive,
axes motors, tail stock, encoders,
control switches.

Feedback, CNC interpolation, open
and close loop control systems.

Machining operations and the tool
paths in them - stock removal in
turning and facing, grooving, face
grooving, threading, drilling.
(O5hrs.)

137.1dentify common tool holder and
insert shapes by ISO
nomenclature. (05hrs.)

138.Select cutting tool and insert for
each operation. (03hrs.)

139.Fix inserts and tools in tool
holders. (02hrs.)

140.Decide cutting tool material for
various applications. (03hrs.)

141.Select cutting parameters from
tool manufacturer's catalogue.
(02hrs.)

142.Write CNC programs for simple
tool motions and parts using linear
and circular interpolation, check on
program verification/
simulation software. (10hrs.)

143.Write CNC part programs using
canned cycles for stock removal,
grooving, threading operations, with
drilling and finish turning. Use
TNRC commands for finish turning.
Check simulation on program
verification/ simulation software.
(18hrs.)

Concept of Co-ordinate geometry,
concept of machine coordinate
axis, axes convention on CNC
lathes, work zero, machine zero.

Converting part diameters and
lengths into co-ordinate system
points. Absolute and incremental
programming.

Programming - sequence, formats,
different codes and words.

ISO G codes and M codes for CNC
turning.

Describe CNC interpolation, open
and close loop control systems.
Co-ordinate systems and Points.

Program execution in different
modes like MDI, single block and
auto.

Canned cycles for stock removal
(turning/facing), grooving,
threading, for external and internal
operations.

Tool nose radius compensation
(TNRC) and why it is necessary.
Find the geometry page in CNC
machine. )
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( Duration Reference Learning Professional Skills Professional Knowledge R
Outcome (Trade Practical) (Trade Theory)
with Indicative hours
144.Avoiding collisions caused by Cutting tool materials, application

program errors. Knowing causes | of various materials.

and effects of collisions due 10| ¢ ing tool geometry for internal

program errors, by making| gny external turning, grooving,

dgllbergte program  efrors gnd threading, face grooving, drilling.

simulation on program verification/ Insert holding methods for each.

simulation software. (06 hrs.) | .
nsert cutting edge geometry.
ISO nomenclature for turning tool
holders, boring tool holders,
Indexable inserts.
Cutting parameters- cutting
speed, feed rate, depth of cut,
constant surface speed, limiting
spindle speed.
Tool wear, tool life, relative effect
of each cutting parameter on tool
life.
Selection of cutting parameters
from a tool manufacturer's
catalogue for various operations.
Writing part programs as per
drawing & checking using CNC
program verification/ simulation
software. Process planning, work
holding, tool and cutting
parameters selection according to
the part geometry and dimensions.
Collisions due to program errors,
effects of collisions. Costs
associated with collisions - tool
breakage, machine damage,
injuries. (10hrs.)

145.Conduct a preliminary check of the | Program execution in different

readiness of the CNC lathe - | modes like MDI, single block and

cleanliness of machine, functioning | auto.

of lubrication, coolant level, correct P . .

: rocess planning & sequencing,
working of sub-systems, on the Y t& selection and cuttin
machine. (05 hrs.) tool layou : 9

parameters selection.
146.Starting the machine, do homing
on CNC simulator. (02 hrs.) Work and tool offsets.
147 .Entering the CNC program in EDIT Inputs value _to the gffset/
. . geometry page into machine.
mode for an exercise on Simple
turning & Facing (step turning) | Turning in multiple setups, hard
without using canned cycles, on | and soft jaws, soft jaw boring, use
CNC simulator. (15 hrs.) of tailstock and steady rest.
148.Mounting jaws to suit the part | Length to diameter (L/D) ratio and
holding area on CNC machine | deciding work holding based on
(03hrs.) it.
149.Mounting tools on the turret | Machine operation modes - Jog,
according to part and process | MDI, MPG, Edit, Memory.
requirement, on CNC simulator | g ering and editing programs on
&on CNC machine. (08hrs.) machine console, entering offsets
g data in offsets page. D
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Duration

Reference Learning
Outcome

Professional Skills
(Trade Practical)
with Indicative hours

Professional Knowledge h

(Trade Theory)

150.Perform Work and tool setting:
Job zero/work coordinate system
and tool setup and live tool setup.
(08hrs.)

151.Determining work and tool offsets
using JOG, MDI, MPG modes, on
CNC simulator. (08hrs.)

152.Entering the tool offsets, tool nose
radii and orientation for TNRC in
offsets page, on CNC simulator.
(O5hrs.)

Use of Emergency stop, Reset,
Feed rate override, spindle speed
override, edits lock on/off buttons
and keys. (10hrs.)

153.Program checking in dry run,
single block modes, on CNC
simulator & CNC machine. (O1hr)

154.Absolute and incremental
programming assignments and
simulation. (04 hrs.)

155.Checking finish size by over sizing
through tool offsets, on CNC
simulator. (02hrs.)

156.Prepare part program and cut the
partin auto mode in CNC machine
for the exercise on Simple turning
& Facing (step turning) (08 hrs.)

157.Recovering from axes over travel,
on CNC simulator (01 hr)

158.Part program writing, setup,
checking and Automatic Mode
Execution for exercise on Turning
with Radius/ chamfer with TNRC on
CNC machine (10hrs.)

159.Part program writing, setup,
checking and Automatic Mode
Execution for exercise on Turning
with TNRC, grooving and threading,
on CNC simulator & on CNC
machine (12hrs.)

160.Checking finish size by over sizing
through tool offsets, on the
machine. (02 hrs.)

161.Machining parts on CNC lathe with
combination step, taper, radius
turning, grooving &threading, with
external and internal operations,
first and second operation, on the
machine. (10 hrs.)

162.Machining long part on CNC lathe

held in chuck and tailstock
(between centers). (04 hrs.)

163.Starting from interruption due to
power shutdown, tool breakage.
(01hr)

First part checking: Program
checking in single block and dry
run modes - necessity and
method.

Tool offsets adjustment on first part
for close tolerance dimensions, by
over sizing (for outside
dimensions) or under sizing (for
inside dimensions) the dimension
to prevent part rejection.

Wear offset setting - necessity,
relationship with tool wear,
entering in offsets page.

Process and tool selection related
to grooving, drilling, boring and
threading. Axes over travel,
recovering from over travel.

Collisions due to improper
machine setup and operation -
causes and effects. Recovering
from collisions.

Find out alarm codes and meaning
of those codes. (15hrs.)
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Duration

Reference Learning
Outcome

Professional Skills
(Trade Practical)
with Indicative hours

Professional Knowledge R

(Trade Theory)

164.Changing wear offsets to take into
account tool wear. (02hrs.)

165.Part program preparation,
Simulation & Automatic Mode
Execution of CNC Machine for the
exercise on Blue print programming
contours with TNRC. (07 hrs.)

166.Carryout Drilling/Boring cycles in
CNC Turning. (08 hrs.)

(First 60% of the practice is on CNC
machine simulator, followed by
40% on machine.)

Professional
Skill 313Hrs.

Professional
Knowledge
98Hrs.

Set CNC VMC (vertical
machining center) and
produce components as
per drawing by preparing
part program. CSC/
N9408

167. Identify CNC vertical machining
center machine elements and their
functions,on the machine. (10hrs.)

168.Understand working of parts of
CNC VMC, explained using CNC
didactic/ simulation software (20
hrs.)

169.ldentify machine over travel limits
and emergency stop, on the
machine. (05hrs.)

170.Decide tool path for Face milling,
Side milling, Pocket milling,
Drilling, Counter sinking, tapping,
Reaming, Rough boring, Finish
boring, Spot facing. (03hrs.)

Safety aspects related to CNC
VMC.CNC technology basics,
Comparison between CNC
VMC and conventional
milling machines. Concepts of
positioning accuracy, repeatability.
CNC VMC machine elements and
their functions - bed, chuck, Auto
tool changer (ATC), ball screws,
guide ways, LM guides, coolant
system, hydraulic system, chip
conveyor, rotary table, pallet
changer, console, spindle motor
and drive, axes motors, encoders,
control switches.

Feedback, CNC interpolation, open
and close loop control systems.
Machining operations and the tool
paths in them - Face milling, Side
milling, Pocket milling, Drilling,
Countersinking, Rigid tapping,
floating tapping Reaming, Rough
boring, Finish boring, Spot facing.
(15 hrs)

171.ldentify common tools, tool
holders and inserts. (05 hrs.)

172.Select cutting tool, insert and
holder for each operation. (05 hrs.)

173.Fix inserts and tools in tool
holders. (03 hrs)

174 .Decide cutting tool material for
various applications. (04 hrs.)

175.Select cutting parameters from
tool manufacturer's catalog. (02
hrs)

176.Write CNC programs for simple
parts using linear and circular
interpolation, absolute and
incrementalmodes, checkon
program verification software. (15
hrs.)

Concept of C o -
ordinate geometry& polar
coordinate points, concept of
machine axis, axes convention on
CNC lathes, work zero, machine
Zero.

Converting part dimensions into
coordinate system points.

Absolute and incremental
programming.
Programming - sequence,

formats, different codes and words.
ISO G and M codes for CNC
milling. Canned cycles for drilling,
peck drilling, reaming, tapping,
finish boring.

Subprograms.
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Outcome (Trade Practical) (Trade Theory)
with Indicative hours
177 Write CNC part programs for parts | Cutter radius compensation
with face milling, pocket milling with| (CRC)and why it is necessary.
subprograms. Cutting tool materials, application
Check on program verification| of various materials.
software. (11hrs.) Cutting tool geometry for face mill,
178 Write CNC part programs for pocket| €nd mill, drill, countersink, tap,
milling, drilling with canned cycle, finish bore, reamer. Insert holding
countersinking with canned cycle,| Mmethods face mill, insert type end
tapping with canned cycle. Check| Mill and insert type drill. Insert
on program verification software. | cutting edge geometry.
(10hrs.) Cutting parameters- cutting
179.Avoiding collisions caused by| SPeed. feedrate, depth of cut.
program errors. Knowing causes| 100l wear, tool life, relative effect
and effects of collisions due to| Of €ach cutting parameter on tool
program errors, by making life.
deliberate program errors and| Selection of cutting parameters
simulation on program verification| from atool manufacturer's catalog
software. (06 hrs.) for various operations.
Writing part programs as per
drawing & check using CNC
program verification software.
Process planning, work holding,
tool and cutting parameters
selection according to the part
geometry and dimensions.
Collisions due to program errors,
effects of collisions. Costs
associated with collisions - tool
breakage, machine damage,
injuries. (20hrs.)
180.Conduct a preliminary check of the | Program execution in different
readiness of the CNC VMC - | modes like manual, single block
cleanliness of machine, functioning | and auto.
of lubrication, coolant level, correct Process planning & sequencing
working of sub-systems. On the Y t & selection and cuttin ’
machine. (03 hrs.) tool layou . 9
parameters selection.
181.Starting the machine, do homing
on CNC simulator. (03 hrs.) Y;/gir:so;ffsf:;tfool length offset, tool
182.Entering theCNC? programin EI?IT Work holding with temporary
mode for an exercise on face milling holdi . .
- ) . olding and fixtures. Truing of part
and drilling without using canned and fixture
cycles, on CNC simulator. (12 hrs.) '
183.Mour?ting tools on the ATC mgﬁbaggﬁﬁt’[jweﬁ%ﬂ;&Jog’
according to part and process
requirement, on CNC simulator & | Entering and editing programs on
CNC machine. (08hrs.) machine console, entering offsets
184.Determining work and tool offsets datain offsets page.
using JOG, MDI, MPG modes, on | Use of Emergency stop, Reset,
CNC simulator& CNC machine. | Feed rate override, spindle speed
(07hrs.) override, edit lock on/off buttons
185. Tool change in CNC milling and and keys. (15hrs.)
JOG, MDI, MPG mode operation.
(06 hrs.)
- J
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(Trade Practical)
with Indicative hours

Professional Knowledge h

(Trade Theory)

186.Program checking in dry run,
single block modes, on CNC
simulator. (04 hrs.)

187.Checking finish size by over or
under sizing through tool offsets, on
CNC simulator. (05 hrs.)

188.Prepare part programme, enter,
edit and simulate. (04 hrs.)

189.Carryout tool path simulation. (04
hrs.)

190.Recovering from axes over travel,
on virtual machine simulator (03
hrs.)

191.Part program writing, setup,
checking and Automatic Mode
Execution for exercise on side
milling with CRC, on CNC simulator
& CNC machine. (15 hrs.)

192.Part program writing, setup,
checking and Automatic Mode
Execution for exercise on face
milling, drilling,
countersinking, tapping using
canned cycle, on CNC simulator &
CNC machine (20 hrs.)

193.Automatic mode execution of CNC
Machine Exercises with Block
Search and restart. (12 hrs.)

194.Mounting clamps, locators,
supports, truing part and fixture.
(8 hrs.)

First part checking: Program
checking in single block and dry
run modes -necessity and method.
Tool offsets adjustment on first part
for close tolerance dimensions, by
oversizing (for outside dimensions)
or under sizing (for inside
dimensions) the dimension to
prevent part rejection.

Axes over travel, recovering from
over travel.

Collisions due to improper machine
setup and operation - causes and
effects.

Recovering from collisions.

State the importance of Helical
inter-polar and thread milling,
advantage and limitation in CNC
machine. (20hrs.)

195. Machining part on CNC VMC with
face milling, drilling. (05 hrs.)

196.Machining parts on CNC VMC
with combination face milling, side
milling with CRC, drilling,
countersinking, tapping. Use
canned cycles and
subprograms wherever
possible. (05 hrs.)

197.Machining of part with closely
controlled slot dimension
usingCRC. (05hrs.)

198.Machining of part with pockets.
(02 hrs.)

199.End milling with polar co-
ordinates. (04 hrs.)

200.Part programs & Simulation
Automatic Mode Execution of CNC
Machine for the exercise on End
milling with polar co- ordinates and
practical on Simple drilling-G 81.
(06 hrs.)

201.Determining and entering wear
offsets. (03 hrs.)

Tool wear and necessity for wear
offsets change, entering wear
offsets in offsets page.

Effects of sudden machine
stoppage due to power shutdown
or use of emergency stop.
Restarting machine from sudden
stoppage.

Means of program transfer through
electronic media.

Productivity concepts, cycle time,
machine down time, causes of
down time - breaks, machine
breakdown, inspection, part
loading and unloading,

chip cleaning. Effect of down time
on profitability, reducing down time.
Machine hour rate, components of
machine hour rate -
principal repayment, interest,
overheads (power, tooling, space,
salaries, indirect expenses).

)
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Reference Learning
Outcome

Professional Skills
(Trade Practical)
with Indicative hours

Professional Knowledge h

(Trade Theory)

202.Restarting machine from power
shutdown or sudden stoppage.
(01hr)

203.Program transfer to machine
through electronic media - USB and
flash drive. (01 hr)

204.Merging the work zero with
program zero point, geometry and
wear offset correction. (02 hrs.)

205.Practical on Chamfer and counter-
sink drilling. (02 hrs.)

206.Carryout Deep hole drilling G 83.
(03 hrs.)

207.Perform Threading and tapping
G 84. (06 hrs.)

208.Carryout Boring cycles G 85 -
G 89. (08 hrs.)

209.Preparations of part programs for
thread cutting/thread milling for CNC
machining centres.(06 hrs.)

210.Drilling milling patterns, Thread
milling etc. (03 hrs.)

211. Circular and rectangular pockets
machining. (03 hrs.)

212.Calculation of machine hour rates
for typical CNC lathe and VMC.(05
hrs.)

213.Estimation of cycle time for parts
with face milling, side milling,
drilling, tapping operations. (05hrs.)

(First 60% of the practice is on CNC
machine simulator, followed by 40%
on machine.)

Calculation of machining cost, cost
of down time. (20hrs.)

214 .Prepare different types of
documentation as per industrial
need by different methods of
recording information. (25 hrs.)

Machine productivity concepts -
cycle time, down time, cycle time
estimation.

Costing - machine hour rate,
machining cost, tool cost, cost of
down time.

Importance of Technical English
terms used in industry. Technical
forms, process sheet, activity log,
job card, in industry-standard
formats.(08hrs.)

Professional
Skill 45 Hrs.;

Professional
Knowledge
12Hrs.

Plan and perform simple
repair, overhauling of
different machines and
check for functionality.
[Different Machines -
Drilling Machine, milling
machine and Lathe]
CSC/N9403

215.Perform Periodic Lubrication
system on Machines. (10 hrs.)

Lubricating system-types
and importance. (05hrs.)

216.Perform simple repair
work.(10hrs.)
217 .Perform the routine | Maintenance: Definition, types and

maintenance with check list.
(O5hrs.)

its necessity.

)
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Reference Learning
Outcome

Professional Skills
(Trade Practical)
with Indicative hours

Professional Knowledge
(Trade Theory)

218.Inspection of Machine tools such
as alignment, leveling etc. (10 hrs.)

219.Accuracy testing of machine tools
such as geometrical
parameters.(10 hrs.)

System of symbol and colour
coding. Possible causes for failure
and remedies. (07hrs.)

Professional
Skill 75Hrs;

Professional
Knowledge
28Hrs.

Set the different
machining parameters
and cutters to prepare
components by
performing different
milling operation and
indexing. [Different
machining parameters -
feed, speed and depth of
cut. Different
components - end mill,
bevel gear, cam, worm
& worm wheel] CSC/
N9407

220.Cutting teeth on helical slab/
cylindrical cutter and end mill cutter
with an accuracy of +/- 0.05 mm.
(15hrs.)

Calculations for cutting helical slab/
cylindrical cutter. Calculations for
cutting End Mill cutter. (06hrs.)

221. Cutting bevel gears on
a milling machine with an accuracy
of +/-0.05 mm. (15 hrs.)

Bevel gear-elements, types,
application, calculation for cutting
bevel gear. (06 hrs.)

222. Cutting a plate cam with angular
setting in milling machine with an
accuracy of +/-0.05 mm. (15 hrs.)

Cam-types, elements

& application, Plate
cam- manufacturing & calculations.
Drum cam- its calculation,
advantages, types of follower & its
purposes. (06hrs.)

223. Cutting worm wheel on a milling
machine with an accuracy of +/-
0.05 mm. (15 hrs.)

Worm wheel-application,
elements & calculation, Worm-
calculation.(05hrs.)

224. Cutting worm thread ona
milling machine with an accuracy
of +/- 0.05 mm. (15 hrs.)

Types of Keys and their uses.
Variation - types and causes.
Testing of Gear and error. (05hrs.)

/
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Capital Goods & Manufacturing Exercise 2.1.111
Machinist - Tool and Cutter Grinding

Grinding different shape of single point tools

Objectives : At the end of this exercise you shall be able to

» operate a tool and cutter grinder

* mount and use cup wheel for tool grinding

* grind-single point cutting tools with the specified clearance, rake angles and cutting angle accurately
(within + 30 min) using tool and cutter grinder.

—

a /\ b
~. 60° ~

3. VTOOL

1. RH.TOOL 2. L.H.TOOL
Job Sequence
TASK 1: Sharpen a Straight Turning Tool (RH) on T&C Grinder

» Grind four sides square to 19 mm on a surface Fig 1

grinder.
* Roughgrindthe tool profile on a pedestal grinder.

» Use a simple protractor to check the clearance,
rake and cutting angles.

TOOL IN
GRINDING
POSITION

» Fixtaper cup wheel on the spindle of the tool and
cutter grinder and dress its face.

MA20N21111H1

* Fixuniversal vice on the work table and hold the
tool for grinding the side cutting edge.

« Setthe vice to 30°in the horizontal plane and 8° Fig 2

in the vertical plane and grind the side cutting
edge. (Fig 1)

» Setthe vice to 60°in the horizontal plane and 8°
in the vertical plane and grind the end cutting

edge. (Fig 2).
B
g
g
=
3 n20x 150 Fe310 - - - 21111
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE NTS DEVIATIONS TIME :

GRINDING OF DIFFERENT SINGLE POINT TOOLS

CODE NO. MA20N21111E1




Mount the disc wheel 150 mm on the machine spindle
and dress the face with an abrasive stick.

Set the vice to 30° in the horizontal plane, 14° in the
vertical plane. Hold the tool for 4° negative top rake
using a combination bevel protractor and spirit level.

Grind the top rake (4° negative) and side rake (14°
positive) by traversing the table until the grinding wheel
face just touches the point ‘X'. (Fig 3).

Remove the tooland hone the nose radius with a fine grit
abrasive stick without spoiling the cutting edges.

TASK 2: Sharpen a straight turning tool (LH) on T & C grinder

Grind four sides square to 19mm on a surface grinder.
Rough grind the tool profile on a pedestal grinder.

Use simple protractor to check the clearance, rake
and cutting angles.

Fix taper cup wheel on the spindle of the tool and cut
ter grinder and dress its face.

Fix universal vice on the work table and hold the tool
for grinding the side cutting edge.

Set the vice to 30° in horizontal plane and 8° in the
vertical plane and grind the side cutting edge (Fig 1)

Fig 1
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I
f
TOOLIN

GRINDING
POSITION

MA20N21111J1

Set the vice to 60° in the horizontal plane and 8° in the
vertical plane and grind the end cutting edge. (Fig 2)
Mount the disc wheel 150 mm on the machine spindle
and dress the face with an abrasive stick.

Set the vice to 30° in the horizontal plane, 14° in the
vertical plane. Hold the tool for 4° negative top rake
using a combination bevel protractor and spirit level.

TASK 3: Sharpen a 'V’ tool on T & C grinder

Sharpen a ‘V’ - Tool (Shaper) on tool and cutter grinder.

Rough grinding the tool profile on a pedstal grinder or
off hand grinding before finish grinding on tool and cut-
ter grinder.

Inspect and mount the flaring cup wheel on the ma-
chine spindle.

Fig 3

MA20N21111H3

Fig 2

MA20N21111J2

» Grind the top rake (4° negative) and side rake (14°
positive) by traversing the table until the grinding wheel
face just touches the point ‘X’ (Fig 3)

Fig 3

NEGATIVE

MA20N21111J3

/

* Remove the tool and hone the nose radius with a fine
grit abrasive stick without spoiling the cutting edges.

* Deburr.
* Check the angles using bevel protractor.

» Dress the grinding wheel on the machine.

* Mount the universal vice on the table make sure that
all the scales are set to zero degrees. (Fig 1)

+ Swivel the scale ‘A’ to 30 degree in anticlock wise di-
rection. (Fig 2)

+ Swivel the scale ‘B’ to 3 degree in anticlock wise di-
rection. (Fig 2)
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* Fixthe tool on the vice such that the face of the tool is
on top side and set the stop dogs.

+ Start the machine rough and finish grind the side ‘a’
(Fig 3)

Skill Sequence

Fig 3 a\ -

o
\ /
/
/
/
/
MA20N21111X3

Remove the tool and refix the tool keeping top side
butting on the vice base (up side down).

Swivel teh scale ‘B’ to 3 degree in clock wise direction
from zero degree.

Do not change the angle on scale ‘A
Rough and finish grind side ‘b’
Check the angles with protractor.

Remove the tool from the vice set all scales to zero
degree.

Fix the tool in vertical position keeping the face of the
tool towards the wheel.

Swivel the scale ‘B’ to 14 degree in clock wise direc-
tion to grind top rake. (Fig 4)

Fig 4 SIDE RAKE A%

ANGLE

MA20N21111X4

Preparing tool and cutter grinder for re - sharpening of single point cutting

tool

Objectives : This shall help you to

* prepare the tool and cutter grinder ready for re - sharpening work
» study the machine and understand the purpose and effect of every handle and hand wheel.

Study the machine and understand the purpose every
handle and hand wheel.

Refer to the Instructional manual supplied by
the machine manufactures for function and
identification of each operating control.

Clean thoroughly the working surface of the
work table and other working area with a clean
banian waste.

Ascertain the position of every lubricating point
and see that all get the required quantity of
correct grade of oil regularly.

Make sure that the oil in the wheel head, the
work head and the travere gearbox is main-
tained at the correct level with the oil recom-
mended by the machine manufacturers.

Check the lubrication of the table ways each
morning as they wear rapidly if allowed to run
dry.

Avoid spots of oil on the grinding wheel while
refilling.

Always warm up the machine before commenc-
ing to grind or to dress the wheel.
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Be familiar with the following electrical controls.

*  Wheel spindle - ‘ON - OFF’ switch for changing the
direction of rotation.

» Switch for power elevating ‘UP’ and ‘DOWN’
* Dust extractor - ‘ON-OFF’ switch.
Be familar with the following mechanical arrangements

« Swivel the wheel head to the required angle and lock-
ing it firmly.

» Adjust the height of the wheel head and direction of
rotation of the hand wheel manually for ‘UP’ & ‘DOWN’
movement and the method of locking it.

» Swivel the work table to the required angle and lock it.

Remove Taper dowels if provided for ‘0’ set-
ting before swivelling the table.

Cross - traverse movement of the work table
and remember the value of the graduations
on the graduated dial.

» Lock the work table in position.

Mount a grinding wheel on tool and cutter grinder

Objective: This shall help you to

* mount a grinding wheel on the tool and cutter grinder.

Select and inspect grinding wheel: Select the wheel
to be mounted and visually check for cracks.

Check the bore of wheel is the same size as the spigot
diameter of the adopter.

“Ring test”, for the wheel by holding loosely with fingers in
the bore and tap lightly with a piece of wood and listen for
adistinct ringing sound to denote wheel is free from cracks.

(Fig 1)

If the sound is a dull, the wheel is cracked and
should not be used.

Fig 1

MA20N21111Y1

Mount grinding wheel
Clean the wheel adopter.
Clean the side of the wheel.

Ensure that paper washer is on each side of the wheel
before mounting.

Fit wheel to spigot.

Place locking washer over spigot and up to the front face
of the wheel.

Screw on lock nut by hand and tighten with wheel key.
(Fig2)

Fig 2

MA20N21111Y2

Dressing a cup grinding wheel
Switch on wheel head spindle.

Hold dressing stick firmly with both hands atone end, ata
suitable angle.

Move forward until gently touches front inside face of the
wheel (Fig 3)

Slowly move dressing stick back ward and forward until
wheel space to a thin pointed edge.

When wheel looks black and shining, it needs
dressing.

Fig 3

MA20N21111Y3
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Capital Goods & Manufacturing
Machinist - Tool and Cutter Grinding

Exercise 2.1.112

Demonstrate and practice of grinding of slab milling cutter

Objectives: At the end of this exercise you shall be able to

* set the cutter and the wheel head for sharpening slab milling cutter

* sharpen the slab milling cutter.

Job Sequence

Using linear setting method
* Mountthe cutter on the mandrel and between centres.

* Turn the wheel head to 1° to the table and lock in
position. This prevents grinding on both sides of the
wheel when the cutter passes in front of it. (Fig 1)

Fig 1

===
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MA20N21112H1

» Set the table graduations at‘0’i.e. table set parallel to
table movement.

* Adjust the grinding wheel centre height with a height
setting gauge.

» Boltthetoothrestholdertothe wheelhead and setthe
tooth rest to the spiral angle of the cutter.

» Setthe pointoftooth restonthe acute angle side ofthe
cutter and at the same centre height of the table
centres with a centre setting gauge. (Fig 2)

Fig 2

ACUTE ANGLE
SIDE OF CUTTER § _

OBTUSE ANGLE
SIDE OF CUTTER

CLEARANCE ANGLE OBTAINED
BY LINEAR SETTING METHOD

CENTRE
DISTANCE
OBTAINED FROM
LINEAR SETTING

MA20N21112H2

Lowerthe wheel head (for off-set) anamount calculated
tothe required clearance angle formula

Amount of off-set = Cutter diameter x clearance angle
required x0.0087

Start wheel head motor, contact the first tooth with the
grindingwheel.

Traverse the work table carefully across the
wheel face using hand traverse. Maintain a
turning force on the cutter to hold the tooth
firmly against the tooth rest. (Fig 3)

Fig 3

FACE OF TOOTH
SLIDES ALONG THE
REST BLADE ON
TRAVERSING

MA20N21112H3

Do not over traverse the cutter tooth being
ground past the tooth rest blade.

During traverse, the tooth face moves over the
tooth rest to present the edge of the particular
tooth continuously at the correct angle to the
wheel. Great care is necessary in setting the
tooth rest for achieving the accuracy.

Grind the tooth opposite to the 1sttooth already ground.

With an O.S.micrometer check for taper across each
end of the ground tooth. If necessary, correct it by
aligning the work table.

Rotate the cutter to bring the next tooth on to the tooth
rest and continue until all teeth have been ground.




Using angular setting gauge method
Repeat steps as in linear setting method

« Set the point of tooth rest at acute angle side of the
cutter and atthe same centre height of the wheel head
such that the outer rim of the wheel and the high point
of the tooth rest coinside in a point. (Fig 4)

CLEARANCE ANGLE OBTAINED
BY LINEAR SETTING METHOD

MA20N21112H4

Skill Sequence

» Boltthe centre setting gauge to the wheel head, rotate
the cutter until a point on the face of the cutter, (acute
angle side) is in contact with the tip of the gauge. This
point of cutter is now on its own centre line.

+ Clampanangularsetting gauge to the mandrel with the
gauge set at ‘0’. Rotate the cutter to the required
clearance angle and lock in position.

* Lowerthewheeluntilthe toothrestis onthe same level
as the cutter tooth, with the cutting edge of the wheel
opposite to the acute point of cutter tooth. (Fig 4)
Unlock the setting gauge, start the wheel head motor
and commence grinding.

* Repeat steps as in the linear setting method and
complete the grinding.

Sharpening the cutting face of a slab milling cutter

Objective: This shall help you to
» sharpen the cutting face of a slab milling cutter.

On repeated re-sharpening the cutting face of a helical
fluted milling cutter becomes short the chip space. To
increase the life and cutting efficiency of the cutter, it has
to be reconditioned by deepening the helical flute, at the
same time maintaining the original positive rake angle on
the cutting face.

This operation is done in two stages.
i Gashing,and
i grinding the cutting face.

Gashing or roughing: the depth of flute is deepened by
this operation. Proceed as follows.

- Mountthe dishwheel onthe extension spindle and true
it.

- Mount the cutter on the mandrel and set in between
centres.

- Swiveland align the wheel head with the hand of helix
and helix angle of the flute, so that the wheel touches
the bottom of the flute but not the cutting face of the
flute.

- Fix the tooth rest to the wheel head and set its blade
touching the cutting face of the flute. (Fig 1) Set table
stops.

- Startthe wheelhead motorand commence grinding by
traversing the table and at the same time keeping in
constant touch with the tooth rest blade by manually
applying a turning force to the mandrel.

- Lowerthe wheelhead for successive depth of cut, until
you reach the required depth of flute.

Fig 1

POSITIVE RAKE )K

/ \ DISH WHEEL

MA20N21112J1

OFF-SET FOR POSITIVE RAKE ANGLE

Avoid heavy cut to avoid the rapid wheel wear.

Grinding the cutting face

Mount the dish wheel on the extension spindleininverted
position.

Obtain a new helicalfluted cutter from stores/tool grib equal
to the number of teeth, helix angle, hand of helix and
diameter (approximately) of the cutter to be sharpened.
This is to be used as a masterpiece during grinding of the
cutting face.

Mountthe masterpiece and the cutterto be face-groundon
along mandrel (Fig 2)in perfectalignmentandin between
centres.
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Fig 2

CUTTER TO BE GROUND

MANDREL

MASTER PIECE

MA20N21112J2

Swivel and align the wheel head with the hand of helixand
helix angle of flute, so that the tapered face of the wheel,
perfectly matches with the cutting face of the tooth of the
cutter to be ground.

Fix the tooth rest with a micrometer adjustment to the
wheel head, set its blade touching the cutting face of the
tooth of the masterpiece cutter, as done in the gashing
operation.

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.1.112

Set table stops carefully, not allowing over-travel on the
blade of the tooth rest in order to control the helical path
of the cutter.

Start the wheel head motor and commence grinding, by
traversing the table and at the same time keeping in
constant touch with the tooth rest blade by manually
applying a turning force to the mandrel.

Lower the tip of the blade of the tooth rest by
micrometer collar adjustment, for successive
depth of cut {radial cut ( Fig 1) see the arrow
head} until the entire cutting face is ground
forming a keen cutting edge on the tooth.

Apply only light cuts. Heavy cuts may cause
wheel loading or burning of the cutting edge.

While aligning the wheel, if the cutter is of a
quick helix type, utmost care must be taken to
see that the wheel does not touch the next
tooth.

Grind and complete the cutting face of all the teeth of the
cutter.



Capital Goods & Manufacturing
Machinist - Tool and Cutter Grinding

Exercise 2.1.113

Re-sharpening side and face milling cutter

Objectives : At the end of this exercise you shall be able to
» sharpen peripheral teeth of straight fluted side and face cutter
* sharpen side teeth of side and face cutter to the given thickness.

MILLING CUTTER

O 7

RE-SHARPENING SIDE AND FACE

N4
|
2 — £
§ %
|
@80h7 12h7
NOTE: w
SIDE
GRIND  7° PRIMARY CLEARANCE
25° SECONDARY CLEARANCE CLEA-
RANCE N SECONDARY
ANGLE CLEARANCE
ON PERIPHERAL TEETH ~ x\ N\
Y _
7° PRIMARY CLEARANCE RAKE N
15° SECONDARY CLEARANCE ——— LAND ANGLE &"Z' LAND
+ / W\ XX
ON SIDE TEETH
0.021 SIDE
i SIDE RELIEF
- oozt RELIEF
(B80h7 - 807553 PRIMARY
CLEARANCE
N4 SMOOTH MACHINING Ra-0.2
1 2.1.113
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:2 DEVIATIONS TIME :
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Job Sequence

Grinding primary clearance angle of peripheral teeth
of a side and face milling cutter

* Mount taper cup wheel and true it.

» Adjust the grinding wheel centre height with a height
setting gauge.

» Set the table graduations at 0°.

* Turnthe wheelheadto 1°or2°. This prevents grinding
on both sides of the grinding wheel.

*  Mount the cutter on the mandrel between centres.

» Set the cutter to primary clearance angle (7°) (Fig 1),
by using an angular setting gauge or by any other
suitable method.

» Set thetoothrestunder thefirsttooth to be ground and
unlock angular setting gauge.

Where possible, place the tooth rest under the
side teeth, as this gives greater clearance
between the wheel and tooth rest, and offers
greater convenience for adjustment. (Fig 1)

Fig 2 1

25°

-/

MA20N21113H2

* Repeatand complete allthe otherteethleaving uniform
width of land on all peripheral teeth.

For grinding side teeth on a side and face milling
cutter (primary clearance)

Primary clearance

* Mount the cutter on the stub arbor with sufficient
spacers behind the cutter andfix the arborin the cutter
head. Spacers are provided to allow the grind wheel to
grind the other side and avoid resetting.

» Set the table graduations at ‘0.
» Swivel the cutter head to 90° (Fig 3)

Fig 1

MA20N21113H1

Fig 3 ‘

=

MA20N21113H3

» Tilt the cutter head to 7° for primary clearance angle.
(Fig4)

» Fix the tooth rest on the cutter head and adjust the
tooth rest until it positions the first tooth to be ground
parallel to the table top. This is a visual setting.

» Start the wheelhead motorand commence grinding the
1st tooth.

» Sharpen the opposite tooth and check for dimension
andtaper.

» Correct, if necessary.

»  Complete the grinding of all the teeth.

Grinding secondary clearance

* Rotate the cutter to 25°, for secondary clearance.

» Position the wheel such that the next teeth will not be
ground by the grinding wheel.

» Start grinding the secondary clearance on the first
tooth. Check the land width. It should be 1 mm
approximately. (Fig 2)

Fig 4

MA20N21113H4

» Adjust the wheel head height to cover the first tooth to
be ground without fouling the tooth above. (Fig 1)

» Set the stop dogs.

« Start the wheel head motor and grind the first tooth.
Repeat and complete all the teeth.
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Secondary clearance

» Tiltworkheadto 15°, and adjust the height of the wheel
head, to clear the above tooth.

» Grind secondary clearance on all teeth leaving 1 mm
land.

Grinding inside edge (other side) of the cutter
(Primary clearance)

* Mount the wheel in an inverted position on the
extension spindle and true. (Fig 5)

+ Tiltcutterhead spindle to 7° in the opposite direction of
the previous setting.

* Fix the tooth rest holder to the table, and adjust it to
position the first tooth parallel to the top of the table.
(Visual setting)

Fixing the tooth rest holder on the wheel head
in this set up, may cause the wheel to foul the
tooth rest. Take care of it.

« Start grinding primary clearance, on all the teeth.

Skill Sequence

MA20N21113H5

Secondary clearance

« Tilt the cutter head to 15° and adjust the wheel head
position and tooth rest position to grind the secondary
clearance.

» Grind secondary clearance on all the teeth leaving
1 mm land.

Sharpening the cutting face of straight flute cutter

Objective: This shall help you to
* sharpen the cutting face of a straight flute cutter.

Onrepeated re-sharpening the cutting face of the milling
cutter becomes short, and thus reduces the chip space.
Under such condition the flute has to be deepended by
maintaining the original positive rake angle on the cutting
face.

To grind the cutting face of straight flute, follow the
steps given below.

- Mount the dish wheel on the extension spindle and
true.

- Mount the cutter, on the stub arbor with sufficient
spacers atthe back of the cutter and fix it with the cutter
head.

- Set the index-drum to suit the number of teeth of the
cutter.

- Lowerthewheelhead, adjustthe cross-feed movement,
and align the cutting face parallel and touching the
rotating face of the wheel, by adjusting the index drum
adjusting screws. (Fig 1)

- Start the wheel head motor and commence grinding.

Fig 1

A= OFF-SET FOR POSITIVE RAKE

MA20N211131

Apply only light cuts, without burning the cutting
edge.

Apply depth of cut by turning the adjusting
screw of the index-drum, not by cross-feed
movement (see the arrow in the Fig 1) which

will increase the original positive rake angle.

10 CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.1.113




Capital Goods & Manufacturing
Machinist - Tool and Cutter Grinding

Exercise 2.1.114

Grinding of end mill cutter

Objectives : At the end of this exercise you shall be able to
* set tool and cutter grinder for sharpening end mill cutter

* sharpen peripheral teeth of helical fluted teeth

* sharpen end teeth of end mill cutter.

RADIAL

RAKE e

PRIMARY CLEARANCE

ANGLE

AXIAL RAKE

OR

HELIX ANGLE ‘\

e

/i\

ANGLE ON

PRIMARY CLEARANCE

END TEETH 5°

RECOMMENDED TOOL GEOMETRY (END MILL CUTTER)

O 1

GRINDING OF END MILL CUTTER

MILLING TOOL AXIAL RADIAL CLEARANCE PRIMARY
MATERIAL ANGLE ON
OPERATION MATERIAL RAKE RAKE END TEETH CLEARANCE
DIA mm
STEEL
END H.S.S 30TO35 10 TO 20 3707 6 [10[12 |16 20
OPERATION
12°111°10°| 9° | 8°
CAST IRON " " " i " oo w w
MACHINABLITY
ALUMINIUM v " 30 TO 45 15 TO 20 87O 12 15°, 14°, 13°, 12°, 10°
NOTE:
@ 25 h7 - 25 S5
1 2.1.114
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS +0.06 TIME :

CODE NO. MA20N21114E1
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Job Sequence

Sharpen an end mill cutter

e An end mill cutter is sharpened in two
separate operations.

— Sharpening of peripheral teeth
— Sharpening of end teeth.
Peripheral teeth (Fig 1)

Fig 1

TOOTH REST CAN BE PLACED TO
SUPPORT PERIPHERAL TOOTH

SET-UP FOR GRINDING
PERIPHERAL TEETH OF END MILL

Fig 2 HEAD MAY BE TILTED FOR
CUTTER CLEARANCE GRINDING

FIRST TOOTH TO BE SHARPENED

SET-UP FOR GRINDING END
TEETH ON END MILL

MA20N21114H2

MA20N21114H1

*  Mount the end mill in the cutter head.
* Mount a taper cup wheel and true its cutting face.

» Align the axis of the wheel spindle and cutter head
spindle using a centre gauge.

» Setthe work head at zero graduation.

» Fixtoothresttothe wheelhead and setitto the desired
clearance angle (7°) and helix angle of the flute.

+ Offsetthe wheel head axis by 1° or2° to clear opposite
rimof grinding wheel.

« Sharpenthe edge offirsttooth by traversing the wheel
using the table traverse and atthe same time rotate the
cutter head spindle by hand following the helical path.

* Rotatethe cutterthrough 180° and sharpenthe opposite
teeth.

« With a micrometer, check the ground teeth for taper.
» Adjustthe cutter head if necessary to eliminate taper.
« Sharpen all other teeth.

End teeth

* Rotate the cutter head to 90°.

* Mount the tooth rest on the cutter head and set it to
level with centre gauge.

« Tiltthe cutter head to the required primary clearance
anglei.e 7°. (Fig 2)

« Set the first tooth on the tooth rest, parallel to the top
surface of the table.(Fig 3)

Fig 3

TOOTH REST

\TOOTH TO BE GROUND

PRESS TOOTH FIRMLY AGAINST
REST BY HAND

SET-UP FOR GRINDING
CLEARANCE ON END TEETH

MA20N21114H3

Toothrestshould support the peripheral tooth
edge as close as possible to the edge of the
end tooth.

Sharpen the first tooth, taking only light cuts.

Sharpen all the remaining teeth in turn.

Secondary clearance

« Tilt the cutter head to 15° and adjust the tooth rest
suitably to grind secondary clearance.

» Grind secondary clearance on all the teeth, leaving
1 mm land.
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Capital Goods & Manufacturing

Machinist - Tool and Cutter Grinding

Exercise 2.1.115

Re-sharpening of shell end mill cutter

Objective: At the end of this exercise you shall be able to
* set the cutter to primary clearance angle and grind.

&

7
A

Q

Job Sequence

Peripheral teeth

Mount the shell end mill in the cutter head.
Mount a taper cup wheel and true its cutting face.

Align the axis of the wheel spindle and cutter head
spindle using a centre gauge.

Set the work head at zero graduation.

Fix tooth rest to the wheel head and set it to the
desired clearance angle (7°) and helix angle of the
flute.

Offset the wheel head axis by 1° or 2° to clear opposite
rim of grinding wheel.

Sharpen the edge of first tooth by traversing the wheel
using the table traverse and at the same time rotate
the cutter head spindle by hand following the helical
path.

Rotate the cutter through 180° and sharpen the
opposite teeth.

With a micrometer, check the ground teeth for taper.
Adjust the cutter head if necessary to eliminate taper.

Sharpen all other teeth.

SHELL END MILL B

End teeth
Primary clearance
Rotate the cutter head to 90°

* Mount the tooth rest on the cutter head and setit to
level with centre gauge.

» Tilt the cutter head to the required clearance angle
i.e7°

» Set the first tooth on the tooth rest, parallel to the
top surface of the table.

Tooth rest should support the peripheral tooth
edge as close as possible to the edge of the
end tooth.

Sharpen the first tooth, taking only light cuts.

Sharpen all the remaining teeth in turn.

Secondary clearance

Tilt the cutter head to 15° and adjust the tooth rest
suitably to grind secondary clearance.

Grind secondary clearance on all the teeth, leaving 1 to
3mm land.

The clearance angle of the cutter will vary
according to its diameter.

1 2.1.115
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
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Capital Goods & Manufacturing Exercise 2.2.116

Machinist - Milling

Practice of facing on milling machine

Objectives: At the end of this exercise you shall be able to
 setting up of job on milling machine

 setting up of side and face milling cutter

* milling by side and face milling cutter.

40

60 25

Job Sequence

» Check the raw material for the correctness of the » Hold the work piece in the vice and align the milling

size (deburr if necessary)

Alignthe machine vice with reference to the column
using a dial indicator.

Mount ¢ 27 stub arbor and a shell end mill cutter of
size ¢ 63 X40X 27 bore on vertical milling machine.

Set the r.p.m of the cutter near to 100.

cutter for machining.

Move the longitudinal slide manually towards the
cutter such that the workpiece comes in contact with
the cutter gently, sudden contact may damage the
workpiece and the cutter may break.

Machine the block to size and check.

1 30x45x65 Fe310 2.2.116
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE NTS DEVIATIONS +0.06 TIME :
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Skill Sequence

Mount a stub arbor and shell end mill cutter on vertical milling machine

Objective: This shall help you to

* mount a stub arbor and shell end mill cutter on a vertical milling machine.

Setthe lowestavailable spindle speed to avoid free rotation
of the spindle nose.

Ensure that the machine is switched off to avoid any
accident while fixing the stub arbor and cutter.

Clean the taper portion of the arbor and spindle nose to
make it free from dust, chips etc and to ensure correct
fitting and true running of the arbor. (Fig 1)

For cleaning use soft cloth free from dust, chips etc, to
avoid scratches on the surfaces.

Insert the stub arbor taper shank into the spindle nose.

Hold the stub arbor in position and screw in the draw - bar
from the top side of the spindle nose.

Fig 1

MA20N22116H1

Ensure that the arbor notches fitin the keys of the spindle
nose to get the drive.

Tighten the draw - bar and lock - nut. (Fig 2)

Fig 2

MA20N22116H2

Remove the locking screw screw from the arbor end.
(Fig3)

Cleanthe arbor spigot, bore and contact faces of the cutter
and notches.

Slide the cutter on the spigot such that the notches fit over
the arbor keys. (Fig 4)

Fig 3

MA20N22116H3

Fig 4

STUB ARBOR

SHELL END MILL

—a——LOCKING SCREW

MA20N22116H4

Use a rag while handling the cutter to avoid
injury tothe hands due to the sharp edges of the
cutter.

Hold the cutter in position and tighten the locking screw
using a pin spanner.
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Avoid excessive tightening to prevent any damage.

Ensure that the end face of the locking screw is
not projecting beyond the cutting edges of the
cutter to avoid fouling with the work piece. This
may happen after the cutter has been re -
sharpened a number of times.

Getfamlliar thoroughly with the machine before
attempting to operate it. When in doubt, obtain
additional instructions/ guidance from the
instructor.

Switch on the machine and check visually that the cutter
runs true.

Mill a flat surface on vertical milling machine

Objective: This shall help you to
* mill a flat surface on a vertical milling machine.

Mount and align the machine vice on the table of the
vertical milling machine.

Hold the work piece in the machine vice.
Mount the stub arbor in the spindle.

Mount the face milling cutter / shell end milling cutter into
the stub arbor.

Select a H.S.S cutter with right hand helix for proper
shearing of the material due to the positive rake angle.

Select the diameter or the cutter (A) more than the width
of the job (B), so that the full surface is machined in one
pass. (Fig 1).

Fig 1 A

b
L

MA20N22116X1
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Capital Goods & Manufacturing
Machinist - Milling

Exercise 2.2.117

Drill on P.C.D. on milling machine with accuracy * 0.02 mm

Objectives: At the end of this exercise you shall be able to

* set rotary table on milling machine
* clamp job on rotary table
« drill on pitch circle diameter using rotary table.

6 HOLES @10mm ON 25mm PCD

&

70
1
(1
N

%

%,

Q

70

Job Sequence

e Mill the Job to the size of 70 x 70 x 20 mm.

» Mark the Job as per Drawing and punching witness
marks. (Fig 1)

Mountthe rotary table on the vertical milling machine.

Hold the Job on the rotary table using suitable work
holding devices. (Fig 2)

1 80x80x25 Fe310 22117
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE NTS DEVIATIONS +0.02 TIME :
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Fig 1 6x@10MM ON 25mm PCD

70
+

70

MA20N22117H1

MA20N22117H2

WORKPIECE FITTED ON ROTATE TABLE

Mount the drill in the vertical milling machine spindle.

Set the drill to the centre of the Job.

Off set the drill to the half of the pitch circle diameter.

(Fig3)

Fig 3

CENTRE DRILLING THE WORKPIECE

MA20N22117H3

Now set the number of holes to be drilled say it 6.

360 360

= GOF
Mo of divisions B

Index =

Rotate the table for 60° and then drill the hole.
Perform above move for five more times.

So that a complete 360° and six holes are achieved
Six holes get drilled.

Deburrthe holes.

Remove the attachments.
Skill Sequence
Circular table attachment
Objective: This shall help you to
e drill holes on milling by using rotary table.
This attachment is used for profile milling, surfacing Fia 1
ig

quantities of small pieces in the one set up, and for many
other circular operations in the horizontal plane such as
slotting and dove tailing.

It consists of a base, aworm gear drive mechanismand a
small circular work table. (Fig 1)

The base is bolted to the table. A crank for manual feed is
provided.

The work piece is secured to the circular table and the
table is rotated by the crank.

By combining the rotary motion with one or more of the
other movement of the machine, profiles of almost any
shape can be milled. The hand crank can be replaced by
an indexing device for requiring accurately spaced slots,
holes orgrooves.

MA20N22117J1
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Capital Goods & Manufacturing

Machinist - Milling

Exercise 2.2.118

Tapping and reaming operation using milling machine

Objectives: At the end of this exercise you shall be able to
* set the job on the machine vice
» tap and ream using milling machine.

A 2x 28 H7

212 H7

2 x M12x1.75

O 7

TAPPING AND REAMING ON

MILLING

MACHINE

w o ' - - (f_r N - - _ _| ! - _ 1
< ™
] C)
|
@ ) | qa 1
T
A =40= 22
60
SECTION AA
NOTE:
@8HT -8.0 1058
@12h7 - 12.0 100
1 50x25-65 Fe310 22.118
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Job Sequence

Check the size of the raw material with steel rule

Machine the block to size 60X45X22mm on vertical
milling machine

Mark the drill holes using vernier height gauge
Punch hole centres with center punch
Fix the machine vice on vertical milling machine table

Align the vice jaw parallel to the column using dial test
indicator.

Fix the work piece in the vice with suitable parallel
block.

Located the zero point in x and y axes as shown in
Fig 1.

Fig 1 v

XoYo

x
MA20N22118H1

Hold the drill chuck on the machine spindle using collet
chuck.

Fix center drill.

Calculate the xand y axes movementfor 5 hole location
from the origin, as shown in Fig 2.

Fig 2

MA20N22118H2

Move the xand y axes to the calculated values and lock
the table movement in x and y axes to position 1.

Drill center drill, drill, ream and tap. Similarly move the
table on other location drill center drill, drill, ream and
tap.

Remove the work piece ,clean deburrand apply oiland
preserve itforevaluation.

Reaming

20

Check the size of the pre machined work piece
Mark the holes centers as per drawing

Punch mark the hole center with center punch

Set the align the machine vice jaw parallel to the
machine column

Fix the work piece on the vice with suitable parallel
blocks without obstruction

Fix the center drill in drill chuck
Set the RPM
Align the hole center with spindle center

Lock the table movementinlongitudinal and transverse
movementthatis xandy axes and setzero on both the
axes

Don't disturb hole location

Put on the spindle

Drill the center drill to the required depth

Drill pilot drill @a 6mm

Drill@11.75mm

Fix the machine reamer @12 mm on the spindle
Set 1/3 of the RPM for drilling &12mm

Put ON the spindle

Raise the table towards the reamer until itjust touch the
work surface. (Fig 3)

Fig 3

MA20N22118H3

Engage the upward auto feed or slowly feed the the
spindle down wards until; the reamers just clear the
bottom of the hole.

Stop the spindle rotation.
Move the table downwards or spindle upward.

Unlock the table movement.

Taping

Position the tap hole centre by moving Xand Y axes to
the required distance as in the job drawing.

Don't disturb hole location

Lock the table movement
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*  Drill center drill, pilot drill and tap drill for M12.
» Fix the dead center or spring center on the spindle.
* Place the tap with tap wrench as shown in Fig 4.

* Apply pressure on tap wrench while rotating the wrench
in clockwise direction.

» After2 or 3 complete rotation, rotation the tap wrench
in opposite direction about 4 turn to break the metal
chips.

* Follow the same steps until you complete the tapping
to the full length of the hole.

* Remove the tap from the work piece by rotating the tap
in counter clockwise direction.

« Similarly position and tap the other tap hole as per
drawing.

Skill Sequence

Rigid Tapping

MA20N22118H4

Objective: This shall help you to
» perform rigid tapping on milling machine.

Rigid tapping is the second most common method of
tapping on the mill. With this technique the tap is clamped
in the spindle and threaded into the workpiece under
spindle power. Smaller taps up to 3/8" can be clampedin
a key less Jacobs-style chuck as shown in Fig 1. Larger
taps should be clamped using a split sleeve tap driver or
a collet chuck.

Fig 1

MA20N22118J1

The process for rigid tapping using a mill is as follows:

1 Clamp the part securely, ensuring adequate room
beneath if tapping through holes.

Selectan appropriate tap. Spiral point(i.e."gun")taps.
Load the tap into a Jacobs-style chuck, or for larger
taps into a split sleeve tap driver or collet chuck.

Make sure the spring loaded spindle lock (the
micrometer stop) is at its lowest position so it cannot
engage the quill depth stop.

Place the mill in low range, the slower the speed the
better for rigid tap.

6 Apply cutting oil to the tap.

Turn on the spindle in the forward direction and firmly
bring the tap into engagement with the part. Keep your
hand on the power switch.

After 4 or 5 threads, turn the spindle off and to the
reverse direction to break the chip or withdraw the tap
from the hole. You can switch directions very quickly
if necessary to preventover-threading.

Be cautious to not run the tap past the location where
the threads end (left), unless using a reduced shank
tap (right).
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Capital Goods & Manufacturing Exercise 2.2.119
Machinist - Milling

Perform spot facing operation using milling machine with accuracy
+ 0.02 mm

Objectives: At the end of this exercise you shall be able to
* mill the work piece to the given size

* mark and drill holes using vertical milling machine
» spot face hole using slot / end drill.

SPOT FACE @10 4 X & 5 THROUGH HOLES

SPOT FACE 220 210

VZ
R 4

1

45

6N

=40 =
60
L \ \ \
! 1 [
? | ! |
\ &
,
| | | )
Job Sequence
» Mark the work piece as per drawing to drill hole and » Setrequired RPM

spot face. * Raisethetabletotouchthe cuttingedge justtouchthe

» Clampthe work piece on machine vice jaw parallel to work surface

the vertical column. » Setthe vertical movement dial to zero

* Mount the collet in vertical milling machine spindle.

Align the hole location to the spindle center drill and »  Feed the table towards the slot drill to spot face the

. required depth.
as per marking.
*  Mount slot drill in collet chuck.
01 50 x 25-65 - Fe310 - - 2.2.119
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS TIME :
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Capital Goods & Manufacturing
Machinist - Milling

Exercise 2.2.120

Make a slot on face of the Job using milling machine with an accuracy

+ 0.02 mm

Objectives: At the end of this exercise you shall be able to
* set the Job on milling machine

* hold the cutter on machine spindle

* mill the slots by selecting proper speed and feed.

N8
ALL OVER

70 55 40

0| - ___________))
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N

335 22.25 150
NOTE:
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- SMOOTH MACHINING Ra-1.6
1 155x50x75MM CAST IRON 23 1 2.2.120
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Job Sequence

* Mill the job to the size of 150 x 45 x 70 mm.

* Mark the slots to size as per drawing and punch
witness marks.

* Mountandalignthe vice onthe vertical milling machine
table.

* Mount ¢ 22 mm end mill cutter for milling in the vertical
milling machine.

« Setthe r.p.m. closer to 300.

* Mill the slot 33.5 x 21.18 x 150 mm long to size.
(Fig1)

e Deburr and check the dimensions of the slot with a
depth micrometer and vernier caliper.

Skill Sequence

Fig 1

MA20N22120H1

* Reset and align the job for the next slot of the job.
* Mill the slot 40 x 16 x 70 mm long to size.

* Deburrand check the dimensions of the slots for their
size.

Mill a slot by end mill cutter on vertical milling machine

Objective: This shall help you to
* mill a slot on a vertical milling machine.

Mark the job as per drawing for slot milling and punch the
witness marks on the lines.

Mount the plain machine vice on the machine such that
the vice jaws are parallel to the column.

Clamp the workpiece in the machine vice such that the
face is 5 to 6 mm above the vice jaws.

Select an end mill cutter which is smaller than the width
ofthe slotto be milled. This is only for the manipulation of
the cutter in the slot while milling.

Mount the end mill cutter in the collet chuck.

Ensure that the end mill cutter is gripped
without any wobbling to avoid breakage of the
cutter orvibration during the cutting operation.

Set the r.p.m., table feed and clockwise cutter rotation.

Setthe nearestlower speed and feed available
if the machine does not have exact values.

Stick tissue paperto the reference sides of the workpiece
and set the datum for the cross and vertical slides.

Set the cutter at the middle of the slot to (X + W/2) mm
taking reference from the side datum where Xis marked
in the drawing. W is the width of the slot. (Fig 1)

Setthe depth of cut taking reference from the top surface
of the job. (Fig 2)

Be sure that whenever depth of cut or setting

is carried out the cutter is away from the job.

Considerthe following hints while setting the depth of cut.

The maximum depth of cut that can be applied is equal to
the diameter of the end mill.

Fig 1

X+Wi72

MA20N22120J1

Ifthe diameter of the end millis between 2 and 6 mm apply
a small depth of cut (e.g. 0.4 to 0.5 mm).

Keep 0.4 t0 0.5 mmon both the sides and depth of the slot
forfinal finish.

Lock the vertical and cross-slides.
Adjust the coolant nozzle point on the cutter.

Start the spindle and the coolant pump.
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Fig 2
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MA20N22120J2

Move the longitudinal slide manually towards the cutter
suchthatthe workpiece comes into contact with the cutter
gently.

Sudden contact may damage the workpiece
and the cutter may break.

Millthe depth atthe middle of the slotleaving0.4t0 0.5 mm
for the final finish. (Fig 3)

Fig 3

——
0.5

Q. [MA20N2212003

Move the cutterto the leftto a diameter of X+ 0.5 mman
mill the side of the slot. (Fig 4)

Fig 4

X+0.5

MA20N22120J4

Ensure that the datum is set again whenever
the cutter is changed or the cutter overhang is
adjusted or the job disturbed.

Move the cutter to the right to a distance of (X + W) -
0.5 mm and mill the right slide of the slot. (Fig 5)

Fig 5

(X+W) - 0.5

MA20N22120J5

Follow the above procedure and mill the slot to size.
(Fig6)

Fig 6

MA20N22120J6

Deburrthe job.

Check the slot for dimension.

Do not talk to anyone while operating the
machine, not allow anyone to turn on your
machine for you.
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Capital Goods & Manufacturing Exercise 2.2.121
Machinist - Milling

Internal groove milling with an accuracy of * 0.02 mm

Objectives: At the end of this exercise you shall be able to

* mill the work piece to the required size

* set the rotary table on vertical milling machine

* clamp and set the work piece rotary table

« align the hole center and spindle center and rotary table center in one line, bore and cut internal groove
using boring head.

95
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\ \
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01 C.| BLOCK 60X50X100 - C.I BLOCK - - 2.2.121
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS TIME :

INTERNAL GROOVING

S @ CODE NO. MA20N22121E1
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Job Sequence

* Check the size of the raw material with steel rule. .
*  Mill the block to 55X45X95mm maintaining all the .

surface mutually perpendicular and parallel.

* Mark the center portion of hole center as shown in .

drawing.

» Clamptherotary table on vertical milling machine table

Fix the boring bar in the head

Adjust the tool tip projecting 4 mm away from the
boring bar

Select the suitable spindle speed

Raise and move the table only in X direction, such that
tool tip just touch on top of the work piece. (Fig 3)

and set the work piece on rotary table with suitable
parallel blocks. (Fig 1)

Fig 1

Fig 3

BORING BAR

WORK PIECE TOOL
‘\

A}

MA20N22121H3

MA20N22121H1
0

» Align the hole center to the spindle center in one line .

* Lock the movement X and Y, set zero on X and Y
movement .

* Drill hole using slot drill or double fluted drill to 20.00 .
mm diameter.

» Enlarge the hole to diameter using boring head. .

» Grind the grooving tool and maintain the width of the .
tool to 3.00 £ 0.02 mm.

» Select 10mm straight bring bar

» Fix the tool in the straight boring bar as shown in

Setzeroonthe vertical screw dial bring back the x axis
movement to zero position

Raise the table to 22mm as shown in Fig 4

Put on the spindle slowly move the x movement when
it touches the inside bore, set zero on x movement

Move 1 mmintothe bore, and give the feed by rotating
the rotary table

Continue rotating (360°) till its form the full circle

Similarly give depth in x movement and feed in rotary
table until 3mm depth is reached

With draw the tool to the hole center
Put off the spindle
Lowerthetable (verticalmovement)

Remove and clean the machine and work piece.

Fig 2.

Fig 2

Fig 4 ﬁ

22

MA20N22121H4

MA20N22121H2

Skill Sequence

Center the rotary table with the vertical mill spindle

Objectives: This shall help you to

* mount and centre the rotary table with milling machine spindle

* centre the work piece with rotary table.

Center the rotary with vertical mill spindle -

- Set the vertical head perpendicular to the machine -
table

Mount the rotary table on the milling machine table.

Mount a dial indicator in the milling spindle.
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- Bring the dial indicator into contact with the bore
diameter of rotary table (Fig 1)

Fig 1

MA20N22121J1

In the Fig 1 it looks like tip of the indicator is hanging in
space , but it is actually touching the back of the hole in
the rotary table. Turn the table through 360 degrees of
rotation watch for the maximum deflection on the indicator.
Then rotate the spindle 90 degrees to the left and 90
degrees to the right. The true center will be half way
between the two readings.

- Adjust the machine table by the longitudinal (X) and
cross feed (Y) handles until the dial indicator register
no movement.

- Lockthe millingmachine table and saddle ,and recheck
the alignment .

- Readjustif necessary
Center a work piece with rotary table

To quickly align each work piece , a special plug can be
made to the fit the center hole of the work piece and the
hole in the rotary table. Once the machine spindle has
been aligned with the rotary table, each succeeding piece
can be aligned quickly and accurately by placingitover the
plug (Fig 2)

If there are only a few pieces , which would not justify the
manufacture of a special plug. Or if the work piece does not
have ahole throughit center, the following method can be
used to center the work piece on the rotary table.

Boring on vertical milling machine

Fig 2

MA20N22121J2

- Aligntherotary table with the vertical millhead spindle.

- Lightly clamp the work piece on the rotary table in the
center.donotmove the longitudinal (X) or cross feed (Y)
feed handles.

- Disengage the rotary table worm mechanism .

- Mountadialindicatorin the milling machine spindle or
milling machine table, depending upon the work piece.
(Fig3)

- Bring the dial indicator into contact with the surface to
be indicated, and revolve the rotary table by hand.

- Withasoftmetal bar, tap the work piece (away from the
indicator movement) until no movement is registered
on the indicator in a complete revolution of the rotary
table.

- Clampthe work piece tightly, and recheck the accuracy
of the setup.

Fig 3

MA20N22121J3

Objectives: This shall help you to
e drill hole at a particular location
* bore hole using boring head.

Mountand align the machine vice on the table of the vertical
milling machine and clamp the workpiece.

Ifthe jobis large enough, it can be clamped directly on the
machine table using clamps. (Fig 1)

Note that the work-holding device may be
clamps, stops, nut, bolts, etc. depending upon
the shape and size of the workpiece to be
bored.
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MA20N22121X1

WORKPIECE FITTED TO MACHINE TABLE

Set up a centering device in the chuck in the vertical
spindle, touch one edge of the workpiece with the centering
device. (Fig 2)

Set the cross-slide dial at zero.

Fig 2
COLLET CHUCK
CENTERING
DEVICE
WORKPIECE
A\ FIXED JAW

MA20N22121X2

Touchthe adjacentside of the workpiece with the centering
device.(Fig 3)

Fig 3 ADJACENT SIDE

L
ok

L-—

CENTERING
INSTRUMENT

MA20N22121X3

Set the longitudinal slide scale at zero.

Wind down the machine table and clear the centering
device.

Remove the device and the collet chuck.

Lock the longitudinal and cross slides.

Set the spindle speed and power feed to suit the material.
Centre drill and drill hole of @ 20mm in steps. (Fig 4)

Wipe the taper on the boring head and spindle. Insertthe
boring head into the spindle and tighten. (Fig 5)

Fig 4

CENTRE DRILLING THE WORKPIECE

MA20N22121X4

Fig 5

MA20N22121X5

Select the boring bar long enough to bore to full depth.
Mount it in the head and tighten firmly.

Set the work piece centre coinside with spindle centre.

Beware of back-lash in the slides movements.

Fix the finishing tool in the boring bar.

Off set the boring bar, such that the cutting tool just
touches the inner surface of the bore and lower the table.

Give 0.8mm cut and set speed and feed.

Startthe machine. Engage vertical powerfeedingmovement
and bore it. Apply sufficient coolant. (Fig 6)

MA20N22121X6
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At the end of the cut stop the machine

Lowerthetable, check the bore dia with inside micrometer.
(Fig7)

Adjust the cut for finishing and finish the bore.

Check the final bore diameter using an inside micrometer

and the bore location using a standard plug/pin and depth
micrometer.

If boring head is not available, use boring bar
with collet chuck.
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Capital Goods & Manufacturing

Machinist - Milling

Exercise 2.2.122

Make straight teeth rack using milling machine with an accuracy 0.05 mm

Objectives: At the end of this exercise you shall be able to
mill the rack blank as per drawing
calculate the rack proportions

set the cutter in the arbor

prepare the milling machine for linear indexing
mill the rack using linear indexing.

MODULE = 2
| 30 |
| |
Qo
o
|
. |
l
115 ‘ 20 ‘
I 1
1 1SSQ 32-120 Fe310 2.2.122
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS #0.05 TIME

D

STRAIGHT TEETH RACK MILLING

CODE NO. MA20N22122E1
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Job Sequence

Rack cutting

» Calculate therequired rack proportions fora2 module
straight tooth rack.

Whole depth = 2.25 xm
=225x2=45mm

Linear pitch = xm
=3.14x2
=6.28 mm.

Indexing calculation

Linear pitch of rack

Indexing = x Gear ratio

Pitch of table lead screw x E

6.28x40 1

X —

5 3
=16.746 rounded offto 16.75

1 24
Gearratio= —=_—
3 72

» Mill the rack blank to the given dimension as per the
drawing.

* Clean the machine table and mount the machine vice
keeping the jaws perpendicular to the machine
column.

« Align it with dial test indicator.

» Clamp the job such that it projects 10 mm above the
jaw surface.

*  Mount the 2 module rack cutter at the middle of the
arbor.

» Bringthejob underthe cutter such thatthe centre ofthe
cutter form is aligned to the edge of the job. (Fig 1)

Fig 1

MA20N22122H1

« Eliminate the backlash, adjust the graduated collar of
the cross-slide and the elevating screw to zero.

« Startthe machine and mill the initial portion of the rack
to a depth of 4.50 mm in two steps; 3 mm for the
roughing cut and 1.5 mm for the finishing cut.

» Clearoffthe job from the cutter and stop the machine.

« Slide the job using a cross-slide to a pitch distance of
6.28 mm and reset the collar again to zero. (Fig 2)

Fig 2 6.28

— i —

MA20N22122H2

« Start the machine and mill the next tooth.

* Repeat the above sequence and mill the remaining
rack teeth over the entire length of the job.

Rack milling using rack milling attachment

» Calculate the required rack proportions of a 2 module
of straight tooth rack.

* Mount the machine vice parallel to column face and
mount the job.

* Mount the rack cutting attachment.

* Prepare the milling machine for linear indexing with
driver 72 teeth (index head spindle), driven 24 teeth
(lead screw) and 20 hole circle plate.

* Mountthe cutternumber 1 ontothe spindle of the rack
cutting attachment.

» Positionthejobunderthe cutterforthe firsttooth space
cutting. (The direction of table movement will depend
onthe number ofidlers for the same rotation of crank.)

* Give the depth of cut to 4.5 mm.
« Mill the first tooth space.
* Index for the next tooth space.

* Index the crank movement = 16 full turns and 15 hole
in a 20 hole circle plate.

» Cut the second tooth space.

* Checkthethickness ofthe tooth 3.14 mm, usingagear
tooth vernier caliper.

* Repeat the process and finish the rack.
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Capital Goods & Manufacturing Exercise 2.2.123
Machinist - Milling

Make helical teeth rack using milling machine with an accuracy 0.05 mm

Objectives: At the end of this exercise you shall be able to
mill the rack blank as per drawing

calculate the rack proportions

set the cutter in the arbor

prepare the milling machine for linear indexing

mill the rack using linear indexing.
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Job Sequence

Rack cutting

» Calculate therequired rack proportions fora2 module
helical tooth rack.

Whole depth = nm X 2.25 (nm - normal module)
nm =m X cos o ( module = m)

=2 xcos 15°

=2x0.9659 = 1.93
Whole depth

=1.93x2.25

=4.34 mm
Linear pitch

=[x nm

=3.14 x1.93 = 6mm

» Cleanthe machine table and mountthe swivelmachine
vice keeping the jaws perpendicular to the machine
column.

« Align it with dial test indicator.
» Swivel the vice 15° with respect to column.

» Clamp the job such that it projects 10 mm above the
jaw surface.

* Mount the 2 module rack cutter at the middle of the
arbor.

» Bringthejob underthe cutter such thatthe centre ofthe
cutter form is aligned to the edge of the job. (Fig 1)

Skill Sequence

Fig 1

O

MA20N22123H1

Eliminate the backlash, adjust the graduated collar of
the cross-slide and the elevating screw to zero.

Start the machine and mill the initial portion of the rack
to a depth of 4.34 mm in two steps; 3 mm for the
roughing cut and 1.34 mm for the finishing cut.

Clear off the job from the cutter and stop the machine.

Slide the job using a cross-slide to a pitch distance of
6.00 mm and reset the collar again to zero. (Fig 2)

Start the machine and mill the next tooth.

Repeat the above sequence and mill the remaining
rack teeth over the entire length of the job.

Fig 2

T

MA20N22123H2

Cutting rack teeth on universal milling machine using graduated dial

Objective: This shall help you to

» prepare machine for rack milling and cut rack teeth using graduated collar of cross-feed traverse.

If length of rack to be cut is short (ie. less than the max.
travel of cross feed) it can be done on normal horizontal
milling machine.

If it is more than the max. traverse of cross feed traverse
it should be done using a rack milling attachment.

Mill rack on horizontal milling machine

Clamp the vice on the table in such a way that its jaws are
parallelto the spindle axis, and align the fixed jaw with dial
testindicator. (Fig 1)

Move the table far away from the column.

Fig 1

MA20N22123J1
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Mount the rack cutter (cutter No.1) in the arborin such a
way that there is a 5 to 10 mm. gap between the job and
the cutter. (Fig 2)

Fig 2 X+5 X+5

———CCCCCaaT

MA20N22123J2

Set the datum (ie ‘0’) on graduated dials of the vertical
traverse and cross traverse, when the cutter is touching
the job on the top and at the edge. (Fig 3)

Apply depth of cut raising the knee.
Total depth of cut =2.25 x m.

Fig 3

1 RACK CUTTER
RACK BLANK
| /

O

MA20N22123J3

Cut a groove by feeding the job against the cutter
horizontally as per pitch and depth. (Fig 4)

Move the cross-slide using agraduated dial by a distance,
P = n x module, towards the column and cut the next
groove.

Deburr the tooth and measure the tooth thickness on the
pitch line using a gear tooth caliper.

Thickness = 1.5708 x m
Make necessary correctionin the depth of cut, if necessary.

Cutthe remaining teeth.

Fig 4 P P2 P2

FIRST SECOND
GROOVE

{’:;;LLE
" DEPTH

MA20N22123J4

PITCH LINE
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Capital Goods & Manufacturing
Machinist - Milling

Exercise 2.2.124

Measurement of teeth by vernier gear tooth caliper

Objectives: At the end of this exercise you shall be able to

* calculate the values of chordal tooth thick ness and chordal addendum of spur gear

* measure the chordal tooth thickness of spur gear.

CHORDAL THICKNESS

L0

PITCH CIRCLE

MA20N22124H1

Job Sequence

» Calculate the chordaladdendum of a spur gearwhose
module = 2 and number of teeth = 28 Formula to
calculate chordal addendum (ac). (Fig 1)

Fig 1 te

MA20N22124J1

j , where m = module

Z=number of teeth

36

=2+28 (1- cos 3.214)
=2+28(1-0.9984)
=2+ 28(0.0016)
=0.0448 mm

ac = 2.0448 mm

Calculate the chordal tooth thickness of spur gearm =2
number of teeth = 28 formula to calculate chordal tooth -
thickness (tc)

90
tc=mzsin (—)
z

90
=2x 28 sin (—)
z

= 2x 28 sin (3.214)
= 2x28 x 0.056
tc = 3.136 mm



Clean the gear tooth Vernier caliper thoroughly

Fig 3
Set the chordal addendum in vertical scale of gear
tooth Vernier caliper _
Place the gear tooth Vernier caliper jaws parallel and ) | :
perpendicular to the teeth as shown in Fig 2&3 \@, T

Fig 2

MA20N22124J3

Note : The vertical scale must seat on the top
of the gear tooth (on outside diameter)

* Measure the chordal tooth thickness (TC) by adjusting
the horizontal scale and note down the reading.

* Repeat the same procedure to measure the other
tooth.

MA20N22124J2
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Capital Goods & Manufacturing Exercise 2.2.125
Machinist - Milling

Make spur gear using simple indexing with an accuracy 0.05 mm

Objectives: At the end of this exercise you shall be able to

mount and align the universal index head on a plain milling machine

set the index head for simple indexing

mount the gear blank in the mandrel and set the mandrel in between centres
mount a module cutter on the arbor

centralise the gear blank with the cutter

cut spur gear on the gear blank

check the chordal addendum with a vernier tooth caliper.

1.5x45°

1.5x45°
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Job Sequence

» Check he sizes of the given blank.

* Mountthe universal index head and foot stock on the
table of the plain milling machine.

» Align the index head and foot stock using a test bar
and dial test indicator.

» Settheindex head for simple indexing for the number
ofteeth 28 (one full turns and 9 holes of 21 hole circle)

+  Set9holesinbetween the fingers of the sector arms.
(Fig1)

Fig 1

MA20N22125H1

* Mountthe blank with the mandrel between the centres
of the index head using a drawing plate and drawing
dog.

¢ Mount a 2-module cutter number 4 on the arbor.

» Centralise the gear blank with respect to the cutter
centre. (Fig 2) using atry square and cross feed screw
as shown in the sketch (A =R - 1/2).

» Give adepth of cut equal to 4.5 mm using the vertical
feed.

» Set the spindle speed to 90 r.p.m.
» Mill the first tooth space.

» Indexforthe nexttooth space by moving the crank pin
through one full turns and 9 holes of 21 hole circle.

» Set the chordal addendum in the gear tooth vernier
caliper.

Fig 2

CUTTER

WORKPIECE !

_I°O

|~=— CENTERLINE

MA20N22125H2

Checkthe chordal thickness using agear tooth vernier
caliper. (Fig 3)

Fig 3

CHORDAL THICKNESS

L=

PITCH CIRCLE

MA20N22125H3

Repeat the indexing and mill all the other teeth and
finish.

Repeat the indexing and cut all the other teeth and
finish.

Eliminate backlash by moving the index crank only in
the forward direction.
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Capital Goods & Manufacturing
Machinist - Milling

Exercise 2.2.126

Make spur gear using differential Indexing with an accuracy 0.05 mm

Objectives: At the end of this exercise you shall be able to

* calculate and set the gear train for cutting 51 teeth by differential indexing
* check gear tooth with gear tooth vernier caliper
* mill the spur gear teeth by differential indexing.

—»—— ALL CHAMFERS 1.5 x 45°
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Job Sequence

» Calculate the dia ofthe gearblank and tooth proportions.

+ Calculation

OD =m(z+2)
=2(51+2)
=2(53)
=106

OD =106 mm.

Indexing

GearRatio =(A-N) ﬂ
A

(48-51) 20

48

—3Xﬂ

48

-3x24  4p
1x24 15

2 a0
e X —_—
24 48
Driver 72, 40
Driven24,48
(A-N)is Negative It Geartrainis compound, oneidle gear
is used.

Indexcrankmovement = ﬂ

B 12 6x3

15

18

Index crank should be move 15 holes in 18 holes circle
plate for 51 times.

* Mount the universal index head and foot stock on the
table of the plain milling machine.

» Aligntheindex head andfoot stock using atestbarand
dial test indicator.

» Setthe gear train. (Fig 1)

* Mount the cutter No 4 (Module 2) on the arbor.

» Calculate and set the spindle speed.

* Mill the First tooth to the depth of 4.5 mm.

* Indexand performto cut 51 tooth in the same manner.

* Measure the tooth thickness by gear tooth vernier
caliper.

Fig 1

INDEX HEAD
SPINDLE 72 TEETH

imml

48 TEETH

AUXILIARY WORM
SHAFT 40TEETH

IDEL GEAR
\; INTERMEDIATE
GEAR 24 TEETH

CHANGE GEARS SET UP TO CUT 127 TEETH

MA20N22126H1
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Capital Goods & Manufacturing Exercise 2.2.127

Machinist - Advance Milling

Perform boring operation on vertical milling machine with an accuracy
0.05 mm

Objectives: At the end of this exercise you shall be able to

* prepare vertical milling machine for boring operation
 select and mount a boring bar

* bore circular holes to an accuracy of H7 using boring bar
* check sizes using inside micrometer.

‘ 25 +0.005 ‘
| |
@22H9 |
ol | TN —— |
B ————— ——t 1t 8
1
50 20
Job Sequence
* Check the raw material with steel rule. » Centredrillthe hole.
* Mill to the size of 50 x 50 x 20mm.  Drillthe holes in steps to a maximum of &20.00mm.
* Mark and punch the centre position of & 22 circle. * Mount 15mm boring bar in the boring head.
« Clamp the workpiece on the vice on vertical milling « Off set the boring bar. Such that the cutting tool just

touches the inner surface of the bore and lower the
table.

machine.

« Align the centre of the circle with the axis of the

spindle using a centering attachment.
* Lock the longitudinal and cross slides.

+ Set the spindle speed and power feed to suit the

Give 0.5mm cut and set speed and feed.
Rough and finish bore to 22mm using boring head.

Check the size using a inside micrometer.

O £

BORING OPERATION ON VERTICAL
MILLING MACHINE

material.
NOTE:
@22H9 - 227352
1 55x55x25MM C. 2.2.127
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS +0.05 TIME

CODE NO. MA20N22127E1
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Capital Goods & Manufacturing
Machinist - Milling

Exercise 2.2.128

Make helical gear on milling machine with an accuracy 0.05 mm

Objectives: At the end of this exercise you shall be able to
* set the universal dividing head for helical milling using compound gear trains
* mount appropriate module cutter on arbor
* swivel table according to the hand of the helix and helix angle
* mill the helical teeth to the desired depth.
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Job sequence

Milling helical gear

Calculation of helical gear blank

Given:
Module 12
No. of teeth : 50
Helix Angle : 20°R.H.
oD =pd+2nm nm = m x cosf
Zxnm =2x0.9396
pd = Cosd =1.8792
50x1.8792
Pd = T 9396
=100 mm.
. OD =pd+2nm
=100 + (2 x 1.8792)
=100 + 3.7584
=103.7584 mm
Toothdepth =2.25 x nm
=2.25x1.8792
=4.2282 mm
Z
Selection of Cutter No 2' = Cos 3ﬁ
50
i} Cos 20*
=60.27 (or) 60
Cutter No. 2
Gear Ratio = machine lead

Job lead

machine lead = 40 x Pitch of the lead screw.
Assuming Pitch of the lead screw = 5mm
machine lead =40 x 5 =200 mm

Joblead: tan [ = Tr_d
|

d
tan p

|_3_142 =100
tan 20°

3142100

0.3639
=863.42 mm
Rounded value =860 mm

machine lead

Gear Ratio = m

Driver 200 20 1x20 1x24 20x2

Driven 860 B6 243 2x24 43 x2

24 40

~ 18 86
The gears 24, 40 are the driver gears and 48,86 driven
gears.
Milling a helical gear

» Setthe universal index head for helical milling, using
acompound gear train of

24 40 B Drivers
48 «86  Drivens

(Fig 1)

Fig 1

24

MA20N22128H1

+ Set the index head to index 50 divisions by simple

indexing.

40 40 4«4 16
M 50 5x4 20

* Theindexcrank should be moved 16 holesin 20 holes

circle plate for 50 times.

* Mount the job with a mandrel in between centres and

align it.

*  Mount 2 module cutter no. 2 (55-134 teeth) on the

arbor.

Refer to related theory on selection of
cutter number for helical gear.

+ Centralise the job with respect to the cutter.
+ Set the depth of cut to 4.23 mm.

* Lockthe vertical feed.

+ Swivel the table to 20° for right hand helix.
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Refer to Skill Sequence on helix milling for
the correct direction of swivelling.

Feed the blank to mill the first tooth space.

Ensure thatthe back stopper pinis disengaged
from the index plate.

Stop the machine and take the table back to
starting point.

Index the blank (16 spaces in 20 hole circle) for next
tooth space.

If necessary make the required adjustments.
Repeat the same steps and mill the remaining teeth.

Deburrthe gearon the centre lathe using a second cut
file.

Fig 2

Eliminate backlash before indexing.

Do not move the table while indexing.

Cut the second tooth space.
Remove the burrs.

Check form ofinvolute curve forsymmetry and thickness
of the tooth using vernier gear tooth caliper, at a point
normal to the helix angle. (Fig 2)

0o 7 2 3 4 5 6 7 8

PLANE NORMAL TO HELIX ANGLE

Tl
MA20N22128H2
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Capital Goods & Manufacturing Exercise 2.2.129
Machinist - Advance Milling

Make straight flute milling on milling machine with an accuracy 0.05 mm

Objectives: At the end of this exercise you shall be able to

 calculate, set the universal dividing head with proper index plate

* select and position the cutter in the arbor

« offset the cutter from the centre line of the job to obtain the rake angle
* mill flutes and land of the reamer.

Diameter of blank = 25.5 mm

Number of Teeth=8

2255
‘ SQ

SHANK

7l
AN
10

[
|
o | 40

DIA-25.5

FLUTE

223

LAND

120

1 @30 x 185 Fe310 - - 2.2.129
NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS +0.06 TIME

STRAIGTH FLUTE MILLING
@ ‘5‘ CODE NO. MA20N22129E1
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Job Sequence

» Check the size of raw material as per blank size by
steel rule.

» Machining the blank of straight flute reamer to the
required size on the lathe.

* A universal dividing head and tailstock bolted on the
milling machine, after setting their axis exactly
perpendicular to the machine spindle (horizontal
universal milling machine).

* The work (reamer blank) is mounted between the
centers or supported centre of tailstock and hold it by
three jaw chuck of dividing head.

o @3"x1/2"x1"x45° single angle milling cutter is mounted
on the middle of the arbor, and is then centered
accurately with the dividing head spindle axis by
adjusting the positioning of the table.

» The alignment of the cutter with the blank is checked
by raising the table when the centre of the cutter must
touch the centre point of tailstock.

» Select the proper index plate, bolt it to the dividing
head and set the index crank and sector arm.

* The table is raised till the cutter just touches the
periphery of the reamer blank. Micro dial of the vertical
feed screw is set to the zero position.

» Then the blank is set over from the radius position
relative to the cutter centre line, by rotating the index
crank one complete turn (9 degree). The blank is again
centered with the cutter, by shifting the cross feed
SCrew.

» The table is next raised to give the required depth of
cut 3.2 mm. The machine is started and feed is applied
to finish the first tooth space of reamer. After the end of
cut the table is brought back to the starting position.
Index for next tooth space by rotating the 5 complete
turn. The operation is repeated till all the teeth are
completed.

* Remove the single angle milling cutter from the arbor
and then @4"x1/2"x1” side and face milling cutter
mounted on the arbor.

» Byleftthe space of land 1/8” to 1/64” touches the cutter
with the periphery of the blank by lifting the table.

» After that feed applied and finish the first tooth.

» The operation is repeated till all the teeth (8teeth) are
completed.

* Then stop the machine.

Necessary calculations
Blank diameter = 25.5mm. Number of teeth = 8

Diameter of the blank

Depth of cut = Mumber of flute

255
= — =3.18 = 3.2 (approx)

Then, Depth of cut = 3.2mm

& 40
ndexing: —
g M

Where, N =Number of flute

40
Then, — = — =5 complete turn
M 8

Offset: 9 degree offset to be applied for rake angle by
rotating the index crank one complete turn.
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Capital Goods & Manufacturing
Machinist - Milling

Exercise

2.2.130

Make helical flute on milling machine with an accuracy 0.02 mm

Objectives: At the end of this exercise you shall be able to
* set the cutter

* mount the indexing head (universal) and gear train
* set the Helix angle

 cut the Helical flute.

TWO GROOVES AT 18071
OF 6 WIDTH. LEAD 100mm
DEPTH OF GROOVE 2mm
CENTRE HOLES
Ax2.5 1S:2473
=
z . 3 . A
] 2x45 S 2x45 1.5x45
Q
— —
//;// /;///
7
N\ -
~ ~
N~
1.5x45° 100 50 s
N
Q
200
STARTING POINT FINISHING POINT
NOTE:
Q 20h7 - 20 o5
@ 30h7 - 30
PREMACHNED BLANK AS PER DRAWING
1 @32x205 Fe310 2.2.130
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS 0.06 TIME
HELICAL FLUTE MILLING
@ 5 CODE NO. MA20N22130E1
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Job Sequence

Mill helical flute on vertical milling machine using
end mill

» Clean the working surfaces of the table, index head
and foot stock. Mount the index head at the left end
of the table.

» Arrange a gear train for 100 mm lead of helix and for
right hand helix.

Machine lead B Driver

Gear ratio =

Job lead "~ Driven

There is no need to swivel the table for the
helix angle.

Ensure that the gear driving mechanism
operates freely and the back stopper pin is
disengaged from the index plate.

* Mount a dia. 6 mm slot drill or end mill in the collet
chuck and fix the collet chuck in the spindle of the
vertical milling machine.

* Mount the job between centres and fix the dog in the
driving bracket.

* Align the end mill to the centre of the job. Adjust the
table position at the starting point. (Refer to the Job
drawing.)

Skill Sequence

» Set the spindle speed to suit the 6 mm dia. end mill
or slot drill for mild steel.

» Start the machine spindle. Apply depth of cut 2 mm
gradually.

» Feedthe workpiece slowly by turning the index crank
of the index head, and mill the right hand helical flute
up to the finishing point. (Refer to the Job drawing.)

» Stop the machine spindle, lower the table and bring
back the position of the end mill to the starting point.

» Alterthe geartrainto milllefthand helix, by adding one
idlergear.

+ Start the spindle, raise the table and apply depth of
cut, until the cutter face just touches the bottom of the
flute already milled.

» Startfeeding the workpiece by rotating the index crank
and mill the left hand helical flute up to the finishing
point.

Ensure thatthe back stopperpinis disengaged
from the index plate before starting feeding.

Take care of backlash, when you reverse the
feed direction.

» Stop the machine spindle, remove the job and deburr
helical flute using smooth flat file.

Milling helix on universal milling machine

Objectives : This shall help you to
 cut helical grooves on cylindrical workpieces

 cut helical flutes on slab milling cutters, end mill cutters and hand reamers

» cut teeth on helical gear.

Helix is the form of line generated by the progressive
rotation of a pointaround an axis of acylinder. (Fig 1) This
operation of cutting helix is often required in a machine
shop, when milling helical teeth on milling cutters, end
mills, counterbores, twist drills, reamers, helical gears
and cams. Helical milling can be done on the universal
milling machines with the help of a universal dividing head.

Fig 1 b

ap
N

-~

PATH OF
THE HELIX

8

~
f HELIX ANGLE
1

PITCH

f

CIRCUMFERENCE = TX D

MA20N22130H1

To cut a helix on universal a milling machine, proceed as
follows.

Fixuniversal dividing head atthe lefthand end of the work
table of the universal milling machine.

Selectanindex plate suitable for the number of divisions
required and fix it. Set the sector arms.

Disengage the back pin from the index plate
and insert the index plunger in the numbered
hole of the index plate.

Determine the lead of helix for the given workpiece fromthe
working drawing.

m=outside dia
Rule = i

Tan of helixangle

In case of helical gears instead of outside
diameter, P.D ie pitch diameter of the gear
should be taken into calculation.
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Calculate, selectandfix the change gears suitable forthe
lead calculated.

Lead of machine

Rule =
Lead of helix

Driving gears
Oriven gears

gear on lead screw = 1st gear on stud

gear on worm shaft « 2nd gear on stud

Refer to Fig 2 for the correct position of gears in the gear
train for quick and correct selection of change gears.

Referto Table | for selection of the change gears supplied
for helical milling.

Fig 2
GEAR ON WORM
SHAFT (DRIVEN)
BRACKET FOR
INTERMEDIATE
GEAR
1st GEAR
ON STUD
2nd GEAR ON STUD
GEAR ON LEAD SCREW
(DRIVER)
BRACKET FOR
REVERSE GEAR
2nd GEAR
ON STUD
1st GEAR IDLER
ON STUD
£
S
b) IDLER INTRODUCED FOR CUTTING LEFT-HAND SPIRAL 2
S
=z
ARRANGEMENT OF CHANGE GEARS g
=

Fig 3

A X

MA20N22130H3

Fixthe work between centres, ensure thatthe driving dog
properly ‘fits in’ (without slack) in the dog driver.

Whenthe job is held between the self-centering
chuck and centre, there is a chance the chuck
may be loosened particularly when cutting left
hand helix, because of the threaded end of the
spindle nose of the dividing head. This point

should be taken care of.

Swivel the table to the calculated angle of the helix.
The direction of table swivelling will be according to the
hand of the helix. (Fig 4)

Know the lead of your machine yourself. Ifyou
are not thorough in understanding the term
“machine lead”, refer to Related Theory on

Fig 4

A

MA20N22130H4

helical milling.

Ensure the hand of helix from the working drawing or
sample given (Fig 3) and fix accordingly one idler or two
idlers, or no idler. (Fig 2)

Checkthe direction of rotation of the spindle of
the dividing head, when the work table
advances towards the cutter.

When looking from the back of the dividing
head, for R.H. helix, the spindle should rotate
in clockwise direction and for L.H. helix in

anticlockwise direction. (Fig 2)

Move the table transversely (‘cross-feed’) until there is
20 mmorso, clearance between the table and the column.

Fix the arbor (long arbor) in the machine spindle.

The diameter of the arbor should correspond to the
diameter of the bore of the cutter to be selected.

Select a cutter suitable for the given helical operation.
(Fig5)
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Effect of Table
not swivelled during
helical milling.

Efects of Table
swivelled during
helical milling.

@D 2N

Width of the groove
is more than the
cutter width.

Width of the groove
is equal to the width
of the cultter.

Fig 6

MA20N22130H6

5

Shape ofthe groove Shape ofthe groove
will not be the same will be same as the
as the cutter. cutter.

Width and shape is
same as the cutter.

Width and shape is
same as the cutter.

Set the speed of the spindle for the machine to suit the
material of the workpiece. (Refer to Related Theory on
cutting to speed and feed of milling cutters.)

Start the machine spindle. Raise the table and get the
‘feel’ of touching the cutter on the workpiece. Set the
graduated dial of the vertical movement at ‘0’.

Apply depth of cut (full or part thereof) and feed by hand
the longitudinal movement. Ensure that the width of
groove is exactly equal to that of the cutter.

Direct the flow of coolant at the point of cutting and mill the
firstgroove.

Ensure that the cutter does not foul the dog or
the jaws of the chuck, at the end of the cut.

Stop the machine spindle. Reverse the table to the
starting position. Leave atleast 10 mm clearance between
the cutter and the edge of the workpiece.

Lock theindex plate in position by inserting the ‘back pin”
and index for the next flute/teeth.

Do not forget to release the back pin as soon
as indexing for the next division is over.

Only those cutters, whose side cutting edges
incline more or less towards each other, ie. a
double equal angle cutter, or double unequal
angle cutter or convex cutter or gear tooth
cutter may be used.

Tighten the cutter on the arbor in its proper position with
reference to the workpiece.

Bring the table back to horizontal (zero) and set the end
of the work under the axis of the cutter. Thisisin orderto
have the cutter in such a position, that the full depth and
exact shape of the groove will be cut. Itis easier to judge
the proper setting when the table is horizontal.

Adjust the position of blank to the centre of milling cutter.
(Fig6)

Swivel the table again to the required angle and clamp
tightly.

Start the machine spindle, cut the second flute/tooth.

Ensure that the index head spindle is not
locked by its lock lever while the cutting
operation is progressing.

Stop the machine spindle and reverse the table again to
the starting position.

Check the thickness of the tooth, (in case of helical gear)
by the gear tooth vernier caliper at 90° to the helix angle.
In the case of grooves, check the width and depth, by
suitable measuring instruments.

If necessary adjust the depth of cut to correct the width of
the groove, or the thickness of the tooth.

Repeat the above steps and complete the helical milling
operation.
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CHANGE GEARS FOR SPIRAL MILLING

Fig A Fig F
./
Fig B Fig G 5
/ d
Z° \
VY
Zy Za
— —
Fig C Fig H . .,
Fig D Fig |
Fig E Fig J
Zq4
ZC
za g
—_— Z
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TABLE1
CHANGE GEARS FOR SPIRAL MILLING

Lead Number of teeth Type of Dividing Head Lead Number of teeth Type of Dividing Head
in change gears in change gears
130 180 130 180
mm Za Zb Zc  zd Spiral Spiral mm_ Za 2Zb Zc¢ Zd Spiral Spiral
RH LH RH LH RH L-H RH L-H
Figure Figure

2456 100 24 86 44 B E G K 66.00 100 48 64 44 B E G K
26.06 100 28 86 40 B E G K 66.67 72 - -2 A D F I
2679 100 24 86 48 B E G K 68.22 86 48 72 44 B E G K
2866 100 28 86 44 B E G K 69.77 86 48 64 40 o} E H K
2933 100 24 72 44 c E H K 70.00 100 56 64 40 B E G K
31.11 100 40 72 28 c E H K 7111 100 64 72 40 B E G K
3126 100 48 86 28 B E G K 7200 100 72 64 32 B E G K
3275 100 44 86 32 B E G K 73.14 100 64 56 32 B E G K
3423 100 44 72 28 B E H K 7367 100 72 86 44 B E G K
35,56 100 40 72 32 B E H K 74.42 86 R y 32 A D F |
35.72 100 48 86 32 B E G K 75.00 64 - < 24 A D F |
36.00 100 48 64 24 c E H K 7543 100 48 56 44 B E G K
36.47 100 56 86 28 B E G K 76.44 100 32 72 86 B E G K
37.33 100 48 72 28 B E G K 77.00 100 56 64 44 B E G K
38.15 100 44 64 28 C E H K 7855 100 24 4 72 c E H K
39.12 100 44 72 32 B E G K 7959 86 56 72 44 B E G K
40.00 100 40 64 32 C E H K 80.00 100 - - 40 A D F |
42.00 100 48 64 28 C E H K 81.40 86 56 64 40 B E G K
42.67 100 48 72 32 B E G K 82.69 86 64 72 40 B E G K
43.41 86 56 2 24 c E G K 8333 100 64 86 56 B E G K
44.00 100 44 64 32 c E H K 84.00 100 56 64 48 B E G K
4465 100 48 86 40 B E G K 85.05 86 32 56 64 C E H K
46.89 100 72 86 28 B E G K 86.00 100 32 64 86 B E G K
47.63 100 64 86 32 B E G K 86.82 86 56 72 48 B E G K
48.00 100 48 64 32 B E H K 88.00 100 - - 44 A D F |
49.00 100 56 64 28 B E G K 88.90 72 - - 32 A D F |
4965 86 48 2 32 c E H K 8954 86 56 64 44 B E G K
49.78 100 56 2 32 B E G K 90.00 100 72 64 40 B E G K
50.65 86 56 7228 c E H K 9096 86 64 72 44 B E G K
5210 100 56 86 40 B E G K 9164 100 28 44 72 B E H K
53.34 100 48 7240 B E G K 9334 100 56 48 40 B E H K
54.00 100 24 64 40 B E G K 9556 100 86 72 40 B E G K
55.00 100 44 64 72 B E G K 96.00 100 - - 48 A D F |
56.89 100 64 72 32 B E G K 97.67 86 56 64 48 B E G K
5789 86 56 72 32 B E G K 98.29 100 32 56 86 B E G K
58.67 100 48 72 44 B E G K 99.00 100 72 64 44 B E G K
59.54 100 64 86 40 B E G K 9956 100 64 72 56 B E G K
60.00 100 48 64 40 B E G K 100.00 64 - - 32 A D F |
6172 100 24 56 72 B E G K 100.59 100 64 56 44 B E G K
6222 100 56 72 40 B E G K 101.75 86 28 64 100 B E G K
62.78 86 24 64 72 B E G K 102.33 86 - - 44 A D F |
63.00 100 28 64 72 B E G K 103.20 100 24 40 86 B E G K
64.00 100 - - 32 A D F I 10451 72 28 64 86 B E G K
64.50 100 24 64 86 B E G K 10512 100 86 72 44 B E G K
6512 86 56 64 32 C E H K 106.30 86 64 56 40 B E G K
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Lead

Number of teeth

Lead Number of teeth Type of Dividing Head Type of Dividing Head

in change gears in change gears

130 180 130 180
mm Za 2Zb Zc zd Spiral Spiral mm_Za Zb Zc zd Spiral Spiral
=H LH RA LA RH LH RH LH
Figure Figure

10715 100 72 8 64 B E G K 14934 100 64 48 56 B E G K
10800 100 72 64 48 B E G K 150.00 64 - - 48 A D F '
10910 44 - YRR — | 150.50 100 86 64 56 B E G K
10901 100 64 5 48 B E G K 15152 71 24 44 100 C E H K
T 72 - 20 A — | 152.38 72 64 56 48 c E H K
163 86 - % A — | 152.89 100 86 72 64 B E G K
112.00 100 - T s A — | 153.49 86 44 48 72 B E G K
314 100 72 o a4 5 E o " 155.04 86 32 48 100 B E H K
1467 100 48 72 8 B E G K 155.56 72 - - 56 A D W '
1576 86 o4 - 5 - ” 156.36 100 40 44 86 B E G K
11628 8 32 64 100 B E G K 15767 100 44 48 8 FBé& TAHC K
11734 100 64 78 44 5 E G " 158.40 100 44 40 72 B E G K
118.25 100 44 64 86 B E G K 1568.73 72 32 56 100 B E G K
119.07 72 24 56 100 B E G K 159.25 72 32 48 8 B E G K
120.00 100 40 48 72 B E G K 160.00 100 40 32 64 C E H K
12153 72 28 64 100 B E G K 162.04 72 28 48 100 B E G K
122.86 100 40 56 8 B E G K 162.97 100 64 44 %6 B E G K
12343 100 72 56 48 B E G K 164.58 100 72 56 54 B E G K
12403 86 64 48 40 B E H K 1661 86 40 56 100 B E G K
125.00 64 - - 40 A D F | 166.67 48 - - 4 A D F |
12558 86 72 64 48 B E G K 167.45 86 - - 1” A D F |
126.00 100 72 64 5 B E G K 168.00 100 72 48 %6 B E G K
126.85 86 24 44 100 B E G K 169.30 86 32 44 100 B E G K
128.00 100 - - 64 A D F | 171.43 56 - - 48 A D F |
129.00 100 86 64 48 B E G K 172.00 100 - - 86 A D F [
130.23 86 - - 56 A D F | 172.80 100 48 40 72 B E G K
130.91 100 40 4 72 B E G K 173.64 72 40 64 100 B E G K
13156 86 72 56 44 B E G K 174.42 86 48 64 100 B E G K
132.00 100 44 48 72 B E G K 175.00 64 - - 56 A D F [
132.89 86 32 56 100 B E G K 176.00 100 44 32 64 C E H K
133.78 100 86 72 56 B E G K 176.78 64 72 56 44 C E H K
134.38 100 56 40 43 B E H K 177.78 72 - - 64 A D F |
135.66 86 28 48 100 B E G K 178.58 64 32 56 100 B E G K
136.51 72 32 56 86 B E G K 17917 72 48 64 86 B E G K
137.50 64 - 4 44 A D E I 180.00 100 40 32 72 B E H K
138.89 72 32 64 100 B E G K 181.82 44 - - 40 A D F I
139.54 86 40 28 72 B E G K 182.28 64 28 48 100 c E H K
140.80 100 44 40 64 B E G K 182.72 86 44 56 100 B E G K
142.86 56 _ _ 40 A D E I 183.27 100 72 44 56 B E G K
143.34 100 40 48 86 B E G K 184.14 86 44 40 72 C E H K
144.00 100 - _ 72 A D F I 185.19 72 32 48 100 B E G K
145.35 86 40 64 100 B E G K 186.05 86 32 40 100 B E G K
146.55 86 72 64 56 B E G K 187.64 100 48 44 86 B E G K
147.43 100 48 56 86 B E G K 189.20 100 44 40 86 B E G K
147.98 86 28 44 100 B E G K 190.00 72 44 64 100 B E G K
148.84 86 _ _ 64 A D F | 192.00 100 72 48 64 B E G K
192.86 64 72 56 48 B E H K
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Lead Number of teeth Type of Dividing Head Lead Number of teeth Type of Dividing Head
in change gears in change gears
130 180 130 180
mm Za Zb Zc Zd Spiral Spiral mm Za Zb Zc Zd Spiral Spiral
RH L-H RH L-H R-H L-H R-H L-H
Figure Figure
193.50 100 72 64 86 B E G K 246.86 100 48 28 72 B E G K
195.35 86 56 48 72 B E G K 250.00 32 - - 40 A D F |
196.57 100 64 56 86 B E G K 251.16 86 48 32 72 C E H K
198.00 100 44 32 72 B E G K 252.00 100 56 32 72 B E G K
199.07 72 40 48 86 B E G K 25253 72 40 44 100 B E G K
19934 86 15 55 100 B = G ” 254.63 72 44 48 100 B E G K
255.81 86 44 40 100 B E G K
200.00 24 - - 24 A D F ' 256.00 100 56 286 64 B E G K
200.67 100 56 48 86 B E G K 257.15 56 - - 72 A D F |
201.60 100 56 40 72 B E G K 258.00 100 72 48 86 B E G K
202.02 72 32 44 100 B E G K 26061 72 48 44 8 B E G K
203.49 86 56 64 100 B E G K 261.63 86 72 64 100 B E G K
204.76 72 48 56 86 B E G K 262.50 64 56 48 72 C E H K
206.40 100 48 40 86 B E G K 264.00 100 44 24 72 C E H K
20741 72 56 48 64 c E H K 265.78 86 64 56 100 B E G K
208.34 72 48 64 100 B E G K 266.67 48 - = 64 A D F !
209.03 72 56 64 86 B E G K 267.86 64 48 56 100 B E G K
21117 64 44 56 86 B E G K gos.7s 64 = - 8 A D F !
21311 86 56 44 72 B E G K 270.29 100 44 28 86 B E G K
215.00 100 40 32 86 B E G K 271.32 86 56 48 100 B E G K
21600 100 48 32 72 B E G K 230 NggP 64 6 36 B E G K
21717 72 40 44 86 C E H K P 32 - - a4 A D F !
21818 44 i i 18 A D = | 277.78 72 - - 100 A D F |
278.71 72 56 48 86 B E G K
218.91 100 56 44 86 B E G K 279.07 86 48 40 100 B E G K
219.43 100 48 28 64 C E H K 280.00 40 - - 56 A D F |
220.00 40 - - 44 A D F | 281.45 100 86 44 72 B E G K
221.14 100 72 56 86 B E G K 284.08 64 40 44 100 B E G K
22222 72 32 40 100 B E H K 28572 28 - - 4 A D F '
22322 64 40 56 100 B E G K 286.46 64 44 48 100 B E G K
29396 64 40 48 86 B E H K 288.00 100 64 32 72 B E G K
224 00 100 56 32 64 B E G K 290.68 86 40 32 100 B E G K
29500 64 _ _ 72 A D F | 293.02 86 56 32 72 B E G K
20608 72 56 44 64 B E H K 294.86 100 48 28 86 B E G K
29708 64 32 44 100 c E H K 295.98 86 56 44 100 B E G K
29858 56 _ _ 64 A D F | 297.62 56 40 48 100 B E H K
22933 100 64 48 86 B E G K 298.67 100 56 24 64 B E H K
23036 64 48 56 86 B E G K 299.01 86 72 56 100 B E R K
23149 72 40 48 100 B E G K 300.00 48 - - 72 A D F !
23256 86 _ _ 100 A D F | 301.00 100 56 32 86 B E G K
23333 48 _ _ 56 A D F | 303.04 72 48 44 100 B E G K
23440 86 56 40 72 B E G K 304.05 72 56 44 86 B E G K
236.50 100 44 32 86 B E G K 305.56 72 44 40 100 B E G K
23808 72 48 56 100 B E G K 30714 %6 - - 8 A D F
23889 72 _ _ 86 A D F | 309.60 100 72 40 86 B E G K
24000 40 _ _ 48 A D F | 310.08 86 64 48 100 B E G K
24080 100 56 40 8 B E G K 31205 64 - - 10 A D F 1
24306 72 56 64 100 B E G K 31385 64 % 48 8 B E G K
24554 64 44 56 100 B E G K 314.29 28 ) ) a4 A D F !
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Lead Number of teeth Type of Dividing Head 342.86 56 64 48 72 C E H K

in change gears 343.75 64 44 40 100 B E G K

130 180 344.00 100 64 32 86 B E G K

mm Za Zb Zc Zd Spiral Spiral 34554 64 72 56 86 B E G K

RH L-H RH LH 34747 72 64 44 8 B E G K

Figure 350.00 32 - - 56 A D F I

35354 72 56 44 10 B E G K

31534 100 44 24 8 B E G K 357 15 56 - 0 A D f :

317.46 72 64 56 100 B E G K w834 72 a8 32 @  c £ 1«

31852 72 64 48 8 B E G K 350,00 40 - B e —— :

310.77 86 44 32 100 B E G K 20458 64 48 100 B £ © «

320.00 40 - - 64 A D F ! 36545 86 44 28 10 B E G K

32250 64 48 40 8 C E H K 20607 4 - e — |

32408 72 56 48 100 B E G K 37038 72 64 48 10 B E G K

32558 8 56 40 100 B E G K 37208 8 64 40 100 B E G K

327.38 56 44 48 100 B E G K 37327 72 86 64 100 B E G K

32918 100 64 28 72 B E G K 37500 64 48 40 100 B E G K
33223 86 40 22 100 B E G K
33333 72 48 40 100 B E G K
33445 72 56 40 8 B E G K
336.00 100 56 24 72 B E G K
33827 8 64 44 100 B E G K
34091 64 48 44 100 B E G K
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.131

Personal and CNC machine safety, safe handling of tools safety switches &

material handling

Objectives : At the end of this exercise you shall be able to
* follow personal safety in CNC workshop
* maintain safety of CNC machine .

Fig 1

MA20N23131H1

Do’s
* Awelltrained operator should operate the CNC Machine.

* Only one operator should operate the machine at a
time.

» Check the lubrication oil and Hydraulic oil level before
starting the machine.

» Ensure doors are closed before switching ON the
Machine.

» Keeplessspeedwhile operatingin JOG mode, especially
when the tool is near the chuck/Job.

» Operator should ensure the machine zero point while
starting the machine.

» Operatorshould check the work offset for every required
set tool and the same to be entered in the program.

» Special care should be taken while changing the tool.
» Checkthe partprogram for correction before operating.

» Learnall Gcodes, and M codes, ofthe control installed
in your machine .

» Learn all offset, Referrence points pertaining to your
machine.

» Learn the basic maintenance schedule for your
machine.

Ensure that the stabilizer is ON before starting.

Don’ts

Do notoperate machine without the working knowledge
of the machine.

Do notoperate the machine when covers are removed.

Do notinsertany bar or tool holder in the spindle while
rotation.

Do not open the control panel, without switching OFF
power.

Do not operate the machine without tryingin simulation.

Do notattend electrical fault, without removing the main
fuse carriers.

CNC machine safety system

The built-in safety system on a CNC machine includes
guards and protective devices which should be securely
fitted and always kept in position while the machine is
being used. It may include.

Emergency Stop Button

Used to shut down the machine immediately. Itis located
onthe control panel and atother points on the machine, for
example the hand held unit.
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Soundproof Casing

Reduces noise emission generated by the operating section
and protects the operator from the risk of flying objects or
toolfragments.

Curtain Guards

Made of PVC and designed to protect the operator from the
risk of airborne chips or tool fragments.

Guard Fence

The fence marks the working area in which the machine
moves. It protects the operator from the risk ofinterference
with moving parts. The guard may be of an open type or
made of mesh.

Below mention points are some general personal safety
rules that you can use as a guide only. You might like to
add any other rules that apply to you.

Tool Safety

Below are some general tooling safety rules that you can
use as a starting guide. You might like to add any other
rules that apply to you.

Do:

« Always check that the machine is not operating when
loading a tool magazine.

» Always check that tools are in good condition, for
example, sharp and free of cracks.

+ Always check that tools are set correctly.

» Always check that the correct tool data is entered into
the CNC program.

« Always test tools before use.

* Always check that the seating surfaces are clean
before installing tools.

» Always check that spindle direction is correct for right-
hand or left-hand operation.

* Only use tools within the limits specified by the
manufacturer.

*  Only tighten tools to recommended torque values.
Material handling

Material handling now features technology that matches
the sophistication of the machines that prepare the pieces.
Swing arm panel feeders ensure continuous operation;
panel stackers provide many options for storage and
retrieval; robotics transfer pieces from machine to machine;
conveyors and lift systems speed the transfer of materials
with @ minimum of human involvement; fully automated
stacking/destacking machines easily handle input from
multiple conveyors and trolleys.
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.132

Demonstration of CNC lathe machine, its parts and function

Objectives : At the end of this exercise you shall be able to
* identify the parts of CNC lathe machine

* list out the functions of each part of the CNC lathe machine.

Fig 1

MA20N23132H1

Job Sequence

 Identify the parts of CNC lathe machine and its function.
» List out the name of the parts in the given table 1

» Instructor will demonstrate the parts and its functions.

Instructor to guide to identy CNC machine parts
and axis control.
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Table 1

Part No.

Name of the parts

Function of the part

10

1

12

13

Get it checked by the instructor.
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Capital Goods & Manufacturing Exercise 2.3.133
Machinist - CNC Turning

Working of CNC machine parts by using multimedia based simulator

Objectives: At the end of this exercise you shall be able to
* operate the multimedia based simulator
* identify the CNC machine parts on simulator

Fig 1

—
/ oozl o ,
[ ~7 ER

MA20N23133H1

e Instructor will show the C.N.C Machine
parts by using multimedia basd simulator
Trainees should identify and understand the
working parts and write in the parts given
below table - 1

* Instructor to refer the previous exercise.

Table - 1

Sl No. CNC parts Identified by trainee in simulator

O O[N] W |N

=
o

—_
N
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Capital Goods & Manufacturing

Machinist - CNC Turning

Exercise 2.3.134

Identify machine over travel limits and emergency stop on the machine

Objectives: At the end of this exercise you shall be able to

* identify the over travel limit switches and x and z axes in CNC turning center

¢ identify emergency stop and operate it.

Job sequence

TASK 1 : Indentification of machine over travel limit switches in x and y axis

1 Soft over travel

2 Hardware over travel

specific parameter

Hardware over travel limit is controlled
switch.

There are two types of over travel limit Fig 2

Software over travel can be controlled by the

by limit

Identification of hardware over travel switch (Fig 1)

Fig 1

OVER TRAVEL LIMIT SWITCH

-OT UMIT
SWTICH

REFERENCE POINT DOG

REFERENCE POINT
LIMIT SWTICH

- OT DOG

MA20N23134H2

Fig 3

REFERENCE POINT LIMIT
SWTICH

MA20N23134H1

» Position the X axis in the middle of the x axis movement
* Remove the telescopic cover at both ends.

* Observe the over travel limit switched in both direction

that is x - and x +.

+ Similarly position the z axis movement in the middle of

the lathe bed.

* Open the telescopic cover at both the ends and observe

the observer travel limit switches.

» Refix the telescopic cover, take care no dust practical

should enter into the remove slide.

* Fig 2 shows the x axis dog and limit switch

* Fig 3 shows the z axis dog and limit switch
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TASK 2 : Identification emergency stop bush button

Emergency stop button are designed in such a mannerin
which their role is more physical, such as interrupting a
power supply to the machine control system. It is a basic
big red pushbuttons fixed on machine control panel.

Emergency stop pushbutton that has mechanical plastic
or metal tabs and grooves internally such that when you
push it (interrupting the circuit), it is held in that position
until you twist it. They are designed to be large, hard to
miss, and easy to push sample is given Fig 1.

Note : Pratice to put off and relace the emergency switch.

Caution: Do not try to rotate in anticlockwise
direction.

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.3.134

Fig 1

MA20N23134J1
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Production & Manufacturing
Machinist - CNC Turning

Exercise 2.3.135

Tool path for turning, facing, grooving, threading and drilling

Objective: At the end of this exercise you shall be able to

* layout the tool path for various turning operation.

Job Sequence

TASK 1: Tool path for end facing operation (Fig 1&2)
» P1 positioning facing tool from tool reference point in
rapid movement.

» P2 positioning tool for facing on work piece in rapid
movement.

Fig 1

X-AXIS
MACHINE

R @F

TOOL REFERANCE
POINT

ZERO ‘

- I —— [ -
Z-AXIS
WORK ZERO

—_— e

MA20N23135H1

TASK 2: Turning tool path (Fig 1)

Fig 1

X - P
e
pa - e
e
PsV P2
,,,,, { z-

T
MA20N23135J1
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Fig 2
ol b

MACHINE — Yy TOOL REFERANCE
ZERO — POINT
P2 /

/
7 7 7 7 - iﬁi;
WORK ZERO

MA20N23135H2

P3 End facing operation in feed movement.
P4 with drawing tool from work piece in rapid movement

P5 positioning the tool in reference point in rapid
movement.

P1 to P5 - indicate the tool movement
Dotted line indicate tool movement is rapid

Thick line indicate the tool movement in cutting feed.



TASK 3: Grooving tool path (Fig 1)

Fig 1 /\/j

_ =P

X- AXIS P2

Z- AXIS

MA20N23135X1

TASK 4: Threading tool path (Fig 1 & 2)

» P1=positioning of threading tool from reference point
in rapid movement

» P2 = giving depth of cut to cut thread

Fig 1

X-AXIS

@ 36

Z-AXIS

75

MA20N23135Y1

TASK 5: Tool path for drilling operation (Fig 1)

* P1 = position the tool at x zero and z 2 to 3 mm away
from work zero in rapid movement.

* P2 =move the tool in z - direction to the required depth

* P3 = with draw the tool to start positions in rapid
movement.

» P4 =send back the tool to reference point/tool change
position.

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.3.135

P1 to P5 - Indicate the tool movement for grooving
operation.

Position the tool at required length in rapid movement.
Feed the tool to the required depth in cutting feed
With draw the tool just away from the outside diameter

Send back the tool to the reference point

P3 = start cutting thread to required length

P4 = with draw the tool in X axis just away from the
threading diameter.

P5 = Once again position the tool rabidly in p1.

Repeat the same until threading depth is completed.

Fig 2
P5
P4 F ***** -_— — — — 7’ P1
| |
| |
A |
\ !
| |
o
\ |
5
P% fffff —— ;@2 ]
g
=
Fig 1
T
//
X-AXIS y ToOL
L REFERENCE
. POINT

P1
Pzl ] " P3 Z-AXIS

MA20N23135Z1
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Capital Goods & Manufacturing

Machinist - CNC Turning

Exercise 2.3.136

Identification of safety switches and interlocking of DIH modes

Objectives: At the end of this exercise you shall be able to
* identify safety switches in CNC lathe
¢ identify inter locks used in CNC lathe.

Fig 1

9" TFT MONITER

ALTER

INSERT

[T — —
‘4- B | ® |
c

YH

No. ¥
Q

YP

MENU

ON

PRGRM

OFFSET|

< @@ = = = >

OFF
MC

OPR
ALARM

AUX
GRAPH

14
]
L EMERGENCY STOP

MA20N23136H1

Job sequence

lathe.

record in the table 1.

1 Trainer shall demonstrate the safety
switches are provided in CNC lathe.

2 Identify and demonstrate the various
interlocking system provided in CNC

3 Ask the trainees to identify, observe and

(part program with / blocks)

Table 1
SI.No. Condition Operation Observation

1 Edit key is OFF position Enter the part program | ...
2 Keep door in open position Press cycle start | ...
3 Chuck, open position Start spindle rotationin MDImode | ...
4 Emergency stop switch in Homing the axis pressed condition | ...
5 Close the feed rate over ride Move the axes switch to ‘Zero’ position | ...
6 “Machine lock” switch in ‘ON’ position | Start the auto cycle to machine thejob | ...
7 Optional stop switch in ‘OFF’ position | Start the Auto cycle to machine job

with various operaton | ...
8 Block skip switch in OFF position Start the auto cycle to machine job

Get it verified by the trainer.
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Capital Goods & Manufacturing Exercise 2.3.137

Machinist - CNC Turning

Identify common tool holder and insert shapes by ISO nomenclature

Objectives: At the end of this exercise you shall be able to

¢ identify the tool depending upon the feed movement

* identify the clamping systems and design on inserts and tool holders
¢ identify the shapes of insert commonly used.

Job Sequence

TASK 1: Identify the hand of tools in Fig 1 and recondition Table 1

Fig 1 FEED Table 1
@ - Hand of tool
4
v
(b) FEED c
N
N
(c) FEED FEED
7 B
TASK 2 : Identify the clamping system shown in Fig 1 and record it in Table 2.
Table 2
Fig 1
Clamping system
C D C
D
M.W
P
M,W | m S
S
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TASK 3: Identify the clamping design shown in Fig 1 and record it in Table 3

Fig 1
©

AN

MA20N23137X1

Table 3
Clamping design

o |0 |T| o

TASK 4: Identify the tool shown in Fig 1 and record i

Name of tool............

Fig 1

h

MA20N23137Y1

TASK 5: Identify the insert shape shown in Fig 1 and record it Table 4.

Fig 1 c

<
= - Py
)
bo
MA20N2313721

Table 4

Insert shape

s|i<|d|o|x|x|glo

Note: Trainer shall display all the tool holders,
inserts and explain the purpose and its
technical names.

68 CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.3.137




Capital Goods & Manufacturing Exercise 2.3.138

Machinist - CNC Turning

Select cutting tool holder and insert for each operation

Objectives: At the end of this exercise you shall be able to
* select suitable insert for various finish turning operation for machining alloy along steel
» select the corresponding tool holders for the operation.

Fig 1

|
S | F @
| - -
=

1.FACING 2. TURNING 3.FORM TURNING

1 FT

N 1
ZAN AN

4.GROOVING 5.THREADING 6.BORING

MA20N23138H1

Note: trainer shall provide required catalogue
and guide the trainees in selecting inserts and
its tool holders.

Job Sequence

» Select material according to ISO from the catalogue » Determine the machining condition
S/NO 1to 6

 Identify the operation from the drawing and select the
shape of the inserts

» Select the clamping system.

» Select the corresponding tool holders.
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Skill Sequence

Selection turning tool from tool catalogues

Objective: This shall help you to

* select turning insert and its tool holder for particular operation.

First step
Define material and type of operation,

Define material according to ISO'P', 'M'and 'K' and identify
the operation from the contents.

Second step
Define application and machining conditions.

Locate first choose of insert geometry and grade by
application.

F- Finishing
M- Medium
R- Rough

Conditions

O - Good
O - Normal
@ - difficutt

Third step

Choose insert with recommended cutting data.

» Selectthe insert from the ordering page and note down
the speed, feed and depth of cut recommended.

Flg 1 TOLERANCES INSERT THICKNESS
INTERNAL i i
C | N M| G 09| 03|08 - PF
1 2 3 4 5 6 7 8
\ N AN
\ N AN

\ N ~

N
5. INSERT SIZE - CUTTING EDGE LENGTH

\
\
1. INSERT SHAPE |
N ~

\ N N
\ ~
\, [2.INSERT CLEARANGEANGLE | ™~
\

N ~

TOOLHOLDERS N AN A
EXTERNAL \ N ~
P|C|L |N|R 16 |16 | H 09
B | 1 c | 2 D E | F G 5
c3 TN 1
A ~~ - !
INTERNAL T~ ~ !
S|25| T S| C C|R 09
H | J G B 1 2 D 5

L
©
\ BAR DIAMETER L

S = SOLID STEEL BAR HOLDER STYLE
S =STEEL BARWITH
COOLANT SUPPLY

COROMANT CAPTO
COUPLING SIZE

TURNING TOOLS
CODE KEY FOR INSERTS AND TOOLHOLDERS

MA20N23138J1

Fourth step

Choose tool holder

Select the tool holder using the insert shape and size.
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.139

Fix inserts on the tool holder

Objectives: At the end of this exercise you shall be able to

¢ remove the insert from the tool holder
¢ fix the insert on the tool holder.

Job Sequence

Replace the insert. (Fig 1)
Clean the insert and tool holder.
Check the condition of the insert and shim.

If damaged remove the insert from the tool holder with
proper allenkey.

Check the shim for damage. If it is damaged replace or
index to next corner.

Clean the seat of insert and shim.
Place the shim in proper location.

Place the insert with sharpe cutting edge or new one
against the supporting points.

Clamp the insert with proper allenkey.

Fig 1

MA20N23139H1

Note: Pay full attention while removing or
tightening - otherwise you may damage the
screw.
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Capital Goods & Manufacturing

Machinist - CNC Turning

Exercise 2.3.140

Cutting tool material for various applications

Objective: At the end of this exercise you shall be able to
 decide cutting tool material for various applications.

Job Sequence

Write the suitable tool material for the job material

mentioned in the table 1

Table 1

Sl No.

Job material

Tool material

Low carbon steel

High carbon steel

Stainless steel

Grey castiron

Brass & Bronze

Aluminium

Aluminium casting

Copper

Ol oI N || O | W |IN|—~

Gun metal

—_
(@]

Tool steel

Note: Trainer shall provide any tool catalogue
for the selection of cutting tool material in
accordance with ISO.
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.141

Cutting parameters from tool manufacturer’s catalogue, cutting speed and

feed

Objective: At the end of this exercise you shall be able to
* select the recommended cutting parameters by using catalogue.

Job Sequence

Trainer shall collect catalogue from tool
manufacturer and ask the trainees to fill the
data in table 1 according job material.

Table

Speed / feed /depth of cut for general turning

Part Material Cutting speed Feedrate /mm/rev

Depth of cut mm

Ve m/min Rough Finish

Finish

0.4R

Mild steel

High carbon steel

Aluminium

Copper

Castlron

Tool steel
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Capital Goods & Manufacturing Exercise 2.3.142

Machinist - CNC Turning

Linear interpolation and circular interpolation assignments and simulation

on software

Objectives: At the end of this exercise you shall be able to
» write CNC program with G00 & G01

» write CNC program with G02 & G03

 enter and verify the program in Simulator.

Task 1: Plain turning Task 4: Programming with G01, G02
Fig 1 a Fig 1 3.5X45°
»‘ - 7Y
= pP5
o - / P4
—— &2"/'x N
P3 P2\ =3
—t ¢ 8 T8
W =
g 8
» Q
100 0
E: ‘ 30 50 0 g
I o
Task 2: Facing, plain turning and step turning g

Task 5: Programming with G01, G02 & G03

Fig 1
Fig 1 I
o e /
- L,/ & /
- / /
— // Il
‘ AR !
e v =) //
grr——"——7— " —H{ 8 8 L8
Q a7
= J N O I o /§0
25 75 % ‘ = 5
& 60 30 g
2 80 b
= E
Task 3: Programming with linear interpolation b
Task 6: Part program
Fig 1
Fig 1 y
P5 ,Qy
LN\P3
g Pa— Y P2
R3O
7.5 _— ol o] o
& g 08| 8| ®
S N Pi - a 5
50 28 g
15 g
25 &
35 g
g
=

74




Job Sequence

TASK 1: CNC Programming for Plain turning - (Fanuc control)

N5 G90, G55, G95;
N10T0101, S500 M04;
N15 G00 X55.00 Z2.00;
N20 G01 X-0.1 Z0.00;
N25 G00 X-0.1 Z5.00;

TASK 4 : Programming with G01& G02
N5 G90 G55 G95;

N10 T0404 S500 M04 ;

N15 G00 65 Z0.0;

N20 G01 X-0.1 Z20.0;

N25 G00 X-0.1 Z5.0;

N27 G00 X62.0 Z5.0;

N30 G01 X62.00 Z-80;

N35 G00 X64.00 22.00;

N40 G01 X31.00 Z0.00;

N30 GO0 X50 Z 5.00;

N35 G01X50 Z-100.0;

N40 G00 X100 Z100.0;

N50 G28 G91 X0 Z0 T0100;
N55 MO05;

N60 M30;

N45 G01 X36.00 Z-2.50;

N50 G01X36.00 Z-46.00;

N55 G02 X44.00 Z-50 14.0 KO0.00;
N60 GO1X53.00 Z-50;

N65 G01X60.00 Z-53.50;

N70 G01X60.00 Z-80;

N75 G00 X100.00 Z-100.00;

N80 G28 G91 X0 Z0T0400 MO05;
N85 M30;

TASK 5 & TASK 6: Write the CNC program using G01, G02, G03 with I, J and R

e Enter the CNC program task 1 to task 6 in CNC

simulator

TASK 7 _-SIENUMERIC PROGRAM IN SIMULATOR

G90 G55 G95
WORKPIECE(,,,"CYLINDER",0,0,150,110,54)
T="FINISHING_T35A"
S500 M04

G00 X55.0022.0
G01X-0.1Z0.0F0.1
G00 X-0.125.0

G00 X50.025.0
G01X50.0Z-100.0
G00 X1002100

M04

M30

* Verity the program by simulating with CNC simulator.

Fig 1

SIEMENS
HC/UES/B081/0881

¢ r ; 2
Bl THANISHING T35 n (il
Rapid trau 180% 08:62:43
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TASK 8 : SINUMERIC PROGRAM IN CNC SIMULATOR
N10 G90 G55 G95

N15 WORKPIECE(,,,"CYLINDER",0,0,150,110,60)
N20 T="FINISHING_T35A"

N25 S500 M04

N30 G00 X65 Z0

N35 G01 X-0.1 Z0FO0.1

N40 GO0 X-0.1 Z5

N45 GO0 X62 Z5

N50 G01 X62 Z-80

N55 GO0 X64 Z2

N60 G01 X312Z0

N65 G01 X36 Z-2.5

N70 G01 X36 Z-46

N75 G02 X44 Z-50 14 KO

N80 G01 X53 Z-50

Skill Sequence

N85 G01 X60 Z-53.5
N90 G01 X60 Z-80
N95 GO0 X100 Z 100
N100 M05
N105M30

Fig 1

SHCMET NS,

420 -
b L P R
HI1RS ron

O R EHEREDEE =

Entering and simulatating program in sinutrain

Objectives: This shall help you to

e open the simutor

e enter new program

* verify the program by simulation method

Open simulator

Press program manger (Fig1)

Fig 1

Length Date
11/81/18 384
11781718 3:84:
11/83/22
11/83/22

89/29/14

11/81/18  3:84:
11/81/18 3:84:
11/81/18 3:04:
11/81/18 3:04:

—
-]

The screen will display as in Fig 2.

Fig 2

Clate ‘me
1R AT

R 1254
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Press new

The screen will display as in Fig 3.

Type the program using computer key board as in Fig 5

Fig 3

SIEMENS

Name
- 2 Part programs

11/81/18 3:04:11 PM
11/81/18 3:04:12 P
099 _iaEE4 PH

Fig 5

SIEMENS

HC/LIE

H15 UORKPIECE(, ,, "CYLIHDER",®, 0, -100, -80,50)1
H28 T="FINISHIHG_T35 A"{
H25 M4 55007

N30 GB@ X52.0 20.0%

N35 GA1 X-0.1 20.0 FO.1Y
N4O GBO X48.0 22.0%

N45 GB1 X48 2-701

N50 GB1 X52 2-70 1

NS5 GB@ X52 22.0Y

NeO GO X45 22.8

65 GA1 X45.0 2-35.07
N0 GBI X49.0 2-35.07
N75 GB@ X100 21007

Enter the name of the program and press ok

The screen will display as in Fig 4

Press simulation as in Fig 6.

The screen will display the simulation.

Fig 4

SIEMENS
NG/UKS/EX1/EX181

]
B w

Fig6

SIEMENS
NC/UKS/EX1/EX108

e e I

106088 1| B TFAMSHNG_T35A DI
Rapidtray  106% 08:02:58
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Capital Goods & Manufacturing Exercise 2.3.143
Machinist - CNC Turning

Write, simulate CNC part programming using simulator with canned cycles

Objectives : At the end of this exercise you shall be able to
» switch on the CNC machine simulator

» write part program in fanuc control

* input the program & simulate.

Fig 1
A
o A
. & A | g
§ - - - N - - 8 3
N ] | | =
- !
!
2x45° o 4
. 50 N §
Job Sequence
+  Write the part program in fanuc system. * Input the part program in the simulator.
» Check up with the instructor. * Run and check the correctness of the program using

the simulator.
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Control system

Fanuc - series oimate TD

Part program
00009;
N1 ; (Turning)

G28 uo
G92 S2000
G96 S200
G00 X30.0
Z0.0;

GO1 X-1.0
G00 X28.0
G71 u1.0
G71 P10
N10 GO1
X16.0;

X200 z-2.0;
Z-25.0;

X240  z-40.0;
N20 GO1
G00 X30.0
G28 uo
MO05 ;

MO1 :

N2 ; (Centre drill)

G28 uo
T0202;

Go7 S800
G00 X0.0
GO01 Z6.0
G00 Z5.0
G28 uo
MO05 ;

MO1 ;

N3 ; (6 Drill)
G28 uo

WO;
TO101;
MO03 ;

750 M08 ;

F0.1;
Z2.0;
R1.0;;
Q20
Z0.0

uo.0
FO0.1;

Z-50.0
Z5.0
WO ;

FO0.1;
M09 ;

WO ;

MO04 ;
Z50
F0.08;
M09 ;
WO ;

MO8 ;

WO ;

WO0.0

FO0.1;

T0404;
Go7
G00
G74
G74
G00
G28
MO05 ;
MO1 ;

S1000
X0.0
R2.0;
Z-20.0
Z5.0
uo

MO04 ;
Z5.0 MO8 ;
Q10000 FO0.06;
M09 ;

WO ;

N4 ; (OD Grooving 3 mm width)

G28
T0303;
G97
GO0
GO1
G75

G75
G00
Z5.0
G28
MO5 ;
MO1 ;

uo

S600
X22.0
Z-23.0
R2.0;

X16.0
X25.0;
M09 ;
uo

N5 ; (Threading)

G28
TO505;
G97
GO0
GO1
G76
G76
GO0
G28
MO05 ;
MO1 ;
M30;
%

uo

S600
X220
Z3.0
P030060
X16.755
X250

uo

WO ;

MO03 ;
Z5.0
FO0.1;

MO8 ;

Z-250 P500

WO ;

WO ;

MO04 ;
Z50
FO.1;
Q150
Z-22.0
Z50
WO ;

MO8 ;

R20;
P1622
M09 ;
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Q2000 FO0.06;

Q300 F2.5;
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.144

Avoiding collisions caused by program errors, by making deliberate
program errors and verification/simulation software

Objectives: At the end of this exercise you shall be able to

* rectification, rectify the collision.

find various causes for collisions

Job sequence

¢ Plain turning and Facing operation program is written. N3 T0101;
» Verify the program on simulation software. N4 G00 X60.0 200 Mos;
] ) N5 GO0 X0.0 FO.1;
¢ |dentify the errors if any. NG GO0 X48.0 72.0:
* Rectify the errors. N7 GO0 Z-50.0 FO0.1;
N8 GO0 X60.0 Z0.0 MQ9;
Fig 1 N9 G28 uo WoO;
r N10  MO5;
é N1 M30;
Correct program
05555;
e N1 G28 uo WO;
N2 G97 S1000 MO3;
I N3 TO101;
N4 GO0 X60.0 Z0.0 MOS;
N5 G01 X0.0 FO.1;
g — — g N6 GO0 X48.0 72.0;
N7 GO01 Z-50.0 FO.1;
50 £ N8 G00 X60.0 Z0.0 MQ9;
- s N9  G28 uo Wo;
g N10  MO5;
Wrong program N11 M30;
05555
N1 G28 uo WoO;
N2 G97 S1000 MO03;
Collisions and rectifications
Sl No Identification of errors Effects Rectification of errors
1 GO0  X0.0 FO.1; Will damage turret & Tool holder, GO01 X0.0 FO.1;
Machine Alignment, and affect
Accuracy
2 GO0  Z50.0 FO.1; -do- G01 Z-50.0 FO.1;
Operator alter the programme -do- Check the programme
in wrong format. and correct it.

4 Improper holding the job and tool. -do- Check the reason for
inproper holding and
correct it.

5 Wrong selection and mismatch the -do- Select proper tool for the

tool for operation particular operation.

6 Wrong offset for Job and Tool -do- Check offset for Job and
Tool.
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.145

Conduct a preliminary check of readiness of the CNC turning centre

Objectives: At the end of this exercise you shall be able to
* check cleanliness of the machine

* check oil levels

» check correct working of lubrication system

* send the turret to machine reference point.

Fig 1

MA20N231459H1

Job sequence

» Ensure the cleanliness of machine.

» Use banian waste to clean.

* Ensure there is no oil spill around the machine.
» Switch ‘ON’ the Machine.

*  Move the tool in JOG mode to a safe place.

Send the turret to machine Reference point.

Check the lubrication oil level and ensure it is within
the acceptable level.

Check hydraulic oil level.
Check coolant oil level.

Check correct working of lubrication system by
manual operation.
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Capital Goods & Manufacturing

Machinist - CNC Turning

Exercise 2.3.146

Starting the machine, do homing on CNC simulator and machine

Objectives: At the end of this exercise you shall be able to

* perform homing in CNC simulator

e perform homing on CNC machine using JOG and MPG modes.

Fig 1

1 )

PROGRAM

G27G40
G54T0101
G50S000
G96S200H3
G0X126Z1M8

AUM
PROGRAM

.

00071

NOJO0010

00:31:07

N

/

OO0 O

Gr|7%A|8¢
Zn4715Y 65
M, S, [Te[15]2" [3 ]
EBET 4+ O* " ¢
[ Jre fia e v o]

SYSTEM][M ESSAGE g;i‘;gM

B il

PAGE ¢

ALTER |[ INSERT ||DELETE

HELP

RESET

r
MODE SELECTION FEED RATE RAPID FEED RATE HANDLE/
HANDLE! OVER RIDE % OVER RIDE % OVER RIDE % STEP FEED
X 80 90
ég’\TI? xZSTEP 80 . 100 o 100 01 R
O Job o o \110 o
O ZERO O O O 120 ot Q 10
EDIT RTH 10 e
rsamc | O sewoe O | e W o e
cw STOP X+ O O O O O
2 N N
200, O 0000
z v z
O O N N
PROGRAM
FEED HOLD CYSTART  EDIT S B N i oFF CNC oy PROJECT
= 2 N N SN
N N N I N N AN I N [ N/
X-
N

MA20N23146H1
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Job sequence

TASK 1: “Machine ON” and Homing on simulator

Switch ON (System)

Select the simulator software for turning
Select the fanuc oit CNC system
Release emergency button

Unlock the edit key using cursor

Give little movement by pressing X -, Z -

Pres reference switch

\J

Press X’ button to move X axis to the origin
Press ‘Y’ button to move ‘Y’ axis to the origin

CNC machine simulator ‘Zero Ref’ homing reached

TASK 2: “Machine ON” and Homing on machine

Practice starting referencing and manual mode
operations till you become familiar.

» Switch on the main power connection to the machine.
» Switch on the voltage stabilizer.

» Switch on the isolation switch.

*  Press "NC ON" push button.

» Wait for the screen to indicate module setting status.

(Fig 1) *
Fig 1 )
D6A1-01 i

SLOT 01
SLOT 02 .

MA20N23146X1

» Display of software configuration (Fig 2)

Fig 2

D6A1-01 .

Now press " CONTROL ON" push button LCD display
will be on.

The machines will be in "MDI" mode by default.

Note “release EMG switch, if pressed and press control
on

Press "reset" switch on the control panel.
Press "jog" mode switch.

Press X-

Press Z-

Press "reference" mode switch

Select X axis and press + button.

Wait till the display indicate the completion of X axis
referencing.

X =260 mm

Select Z axis press + button wait till the display indicate
the completion of Z axis referencing.

Z =450 mm.

OMM-
PMC

The display and the X and Z value may be
different machine.

MA20N23146X2
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Skill Sequence

Jog incremental and MDI mode operation

Objectives: This shall help you to

* operate in JOG mode

* operate in (manual puls generator)
e operate in manual data input mode.

MDI MODE operation

Pictorial representation of JOG mode operation is
shown in Fig 1.

Pictorial representation of incremental mode operation
is shown in Fig 2.

Set mode switch to MDI selection

Select program soft key the new empty screen appear.

Enter GO G91 X 100.0. Then press insert button
Press the Cycle start button.

The Axis X will move 100 mm in (+) direction from the
previous tool position

Repeat the step and give X-100.0 then
The Axis X will move 100mm in (-) direction

Now the tool will reach the programmed position.

Fig 1
9 JOG MODE OPERATION
POSITION THE 'X' AXIS 'X' = 100.856
/\/\/\ PRESS JOG MODE POSITION THE 'Z' AXIS 'Z' = 150.369
X SELECT 'X' AXIS
TO MOVE THE TOOL DOWN, PRESS "-"
+ = TO MOVE THE TOOL UPWARDS, PRESS "+"
STOP PRESSING WHEN X = NEAR BY 100mm.
SET THE FEED CONTROL KNOB AT 30% TO 50% 5
TAKE CARE TOOL SHOULD NOT TOUCH THE JOB OR MACHINE PART 3
FOR POSITIONING IN 'Z' AXIS SELECT 'Z' AXIS. o
3
g
=
Fig 2

INCREMENTAL OPERATION

o—

ol

X10 | X100 | X1000 |

SELECT REQUIRED VALUES IN MICRONS,

X10000 |
EX: X100 = 100p

J

X OR AXIS ( SELECT 'X'OR'Z)

N

HAND WHEEL

N>

KEEP ON ROTATING HAND WHEEL TILL THE READING IN 'X' = 100.800

vV VvV VYV

SELCET 'Z' AXIS SIMILARLY POSITION 'Z' = 150.369

SELECT X10 ROTATE HAND WHEEL TILL THE READING SHOWS X' = 100.85
SELECT X1 ROTATE HAND WHEEL TILL THE READING SHOWS 'X' = 100.856

SN
N

- MOVEMENT IN PLUS DIRECTION

- MOVEMENT IN MINUS DIRECTION

MA20N23146Y2
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.147

Facing and turning program

Objectives: At the end of this exercise you shall be able to
» prepare CNC program for the given drawing

* enter the program in CNC simulator using edit mode
* verify the program by simulation on CNC simulator.

35 35
01 2.3.147
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS TIME :

=&

FACING AND TURNING PROGRAM

CODE NO. MA20N23147E1
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Job Sequence

*  Write the CNC program for facing operation

*  Write the CNC program for plain turning operation.

»  Write the CNC program for step turning

» Enterthe program in CNC simulator using edit mode
» Verify the program by simulation in simulator

Program (facing and turning)

03001 - program number
N5 G90 G55 G95; - preparatory functions
N10 T0505 M04; - Tool change with spindle on ccw

N15 G00 X52.00 Z0.00; - Positioning for facing
N20 G01 X-0.1 Z0.00 FO.1;

M25 GO0 X48.00 Z5.00;

N30 G01 X48.00 Z-70.00;

N35 G01 X52.00 Z-70.00;

N40 G00 X52.00 Z2.00;

N45 G00 X45.00 Z2.00;

N50 G01 X45.00 Z - 35.00;

N55 G01 X49.00Z 35.00

N60 G00 X100 Z100;

N65 G28 G91 X0.00 Y0.00 TO500 MO5;
N70 M90;

N75 M30;

Tool path shown in Fig 1.

Skill Sequence

Enter CNC program in edit mode

Fig 1 B

X-AXIS W&o
s
N35 e
N40 -
I’ N30 7 i N45
N50 =
&
N55 IS =
Z|/
v " —— 23 (S
\ WORK ZERO

MA20N23147H1

SIEMENS CNC SIMILATION PROGRAM,
N10 G54 G90 G95

N15 WORKPIECE(,,, "SYLINDER", 0,0,-100,-80,50)
N20 T="FINISHING_T35A"

N25 M04 S500

N30 G00 X52.0 0.0

N35 G01 X-0.1Z0.0 FO.1

N40 GO0 X48.022.0

N45 G01X48 Z-70

N50 G01 X52 Z-70

N55 GO0 X52 Z2.0

N60 G00X45Z72.0

NG5 G01X45.0Z-35.0

N70 G01X49.0Z-35.0

N75 G00 X100 2100

N80 M05

N85 M30

Objective: This shall help you to
* enter the programme in fanue control.

Fanuc control
Go to JOG mode

\J

Press part program

\J

Press edit

\J

Enter % and new program number of job

\J

Press Select program

\J

(blank space open for entry of program)

\J

Write program using numerical key and edit key
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.148

Mounting Jaws to suit the part holding area on CNC machine

Objectives : At the end of this exercise you shall be able to

* remove the jaw and reload it
» check the concentricity with dial test indicator.

Job Sequence

Loosen allen screws of all the three jaws
Count the number of serration radially outwards

Leave equal number of serration (rack) outwards
and hold jaws firmly

Ensure the space slightly higher than the diameter of
job
Tighten the allen screw using suitable allen key.

Check the clamping of job.

Fig 1

CHUCK

JAW

ALLEN SCREW

MA20N23148H1
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.149

Mounting tools on the turret according to part & process required

Objectives : At the end of this exercise you shall be able to
* prepare tooling sheet as per part drawing

¢ select suitable insert and its holder

» assemble the tool assembly in turret.

Fig 1

MA20N23149H1

Job Sequence

* Read the job drawing and list out the turning operation » Prepare the tooling sheet as per the operation including
and arrange the operation simple to complex insert and tool holder example as in chart 1
CHART1
PART NO DATE
PART NAME PROGRAMMER:
MACHINE: CNC LATHE MATERIAL /ALUMINUM
SEQ OPERATION TOOL STATION
1 FACING (ROUGH) CNMG-432 INSERT, 30 GRADE 1
DCLN HOLDER, -5°,RH, 1" X 1"X6" LONG
2 O.D TURNING (ROUGH) CNMG-432 INSERT, 30 GRADE
DCLN HOLDER, -5°, RH, 1"X1"X6" LONG 1
3 O.D TURNING (FINISH) VNMG -432 INSERT
DVJNHOLDER,-3°, RH, 1"X1"X6" LONG 2
4 0.D GROOVING GROOVING INSERT, SEAT SIZE 3, CUTTING 3
WIDTH 0.125" MIN TO 0.187" MAX
CUTOFF/GROOVING HOLDER, SEAT SIZE 3
75"X. 75"X 5" LONG
5 O.D THREADING TRIANGLE LAY DOWN INSERT, 60° 8 TPI
EXTERNAL THREAD HOLDER, RH, 75" x75" X4" L 4
6 DRILLING 5/8 DIAMETER HSS TWIST DRILL
NUMBER 35 DOVETAIL CHUCHHOLDER 5
7 BORING (ROUGH) DPGT-21155° INSERT 6
SDUP HOLDER, STEEL, RH, @3/8" SHANK X
6" LONG, 0.6" MIN BORE DIAMETER
8 BORING (FINISH) DPGT-211 55° INSERT 7
SDUP HOLDER, CARBIDE, RH, &3/8 SHANK
X6"LONG, 0.6" MIN BORE DIAMETER
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Fix insert in the appropriate tool holder (Fig 1)

Fig 1

WITH CNMG INSERTS: RTTURN- OD CNMG

MA20N23149J1

» Fix tool holder shank in respective tool holder for turret
supplied along with the machine. (Fig 2)

Fig 2

MA20N23149J2

* Insert the turret tool holder assemble in the turret,
alining rack matching with internal rack in turret and
butting against the turret.

» Clamp the tool holder assembly with suitable allenkey.

» Simillary assemble and mount the external turning tool
in turret as shown in Fig 3, asper tooling sheet.

MA20N23149J3

» Forinternal boring operation

» Select appropriate boring insert and it box bar (Fig 4)

Fig 4

MA20N23149J4

Select suitable sleeve(Fig 5) and tighten it

Fig 5

. Yoo
0

MA20N23149J5

Insert the boring bar in Fig 6 and tighten it

MA20N23149J6

Mount the assembly in the turret

For centre drilling and drilling operation select correct
size tool asper drawing assemble Fig 7 in turret and
Fig 8 in holder and Fig 9 in drill chuck.

Fig 7

MA20N23148J7

Fig 8

MA20N23149J8

MA20N23149J9
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.150

Perform work and tool setting

Objectives : At the end of this exercise you shall be able to

» set the work co-ordinate system

* set the tool with respect to the work co-ordinate system

¢ set the live tool datum.

PROCEDURE

TASK 1: Work co-ordinate setting on the face of chuck (Fig1)

+ Set the work piece zero at the chuck face

Fig 1

CHUCK FACE

MA20N23150H1

The work piece will be in 1st quardrant that is
z and x values in positive. Generally fixtures
are fitted on the face of the jaw.

»  Work co-ordinate on face of jaw (Fig 2)

+ Setthe work piece on the face of the jaw as shown in

Fig 2.

+ Inthis case the x zero and z zero is work piece seating

side is/or in the face of jaw

Fig 2

JAW FACE

MA20N23150H2

Work piece coordinate on front face (Fig 3)

Set the work piece zero as shown in Fig 3

In this case the work piece in second quardrant, that
is x is positive z axis is negative

Fig 3

MA20N23150H3

TASK 2 : Tool reference point and commanding point

» Turret reference point in relation to the work co-ordinate

system is shown in Fig 1

Fig 1

M = MACHINE ZERO POINT.
(UNCHANGEABLE REF. POINT
DETERMINED BY MACHINE
MANUFACTURER)

CLAMPER

N = TOOL MOUNTING —L\_| TooL
REFERNCE POINT.

W = WORK PIECE ZERO M w
POINT. (CAN BE FREELY J————— {;7
DETERMINED BY THE

PROGRAMMER AND CAN BE

_,_r' WORKPIECE
MOVED WITHIN PROGRAM

Fig 2

-

o

MA20N23150J1

REFERENCE POINTS

MA20N23150J2

TOOL REFERENCE POINTS

Tool reference point in relation to the turret reference
point is shown in Fig 2

X=tool length in x axis from reference point.
Z=tool length in z axis from reference point.

P =commanding point on tool in relation to the work
coordinate system

90

Measure x and z distance and enter in tool offset
page, then 'p' will become commanding point

Measurement of tool offset differ control to
control, the above if methods is sinumeric
control.




For various tool the commanding point are shown in
Fig 3

Fig3 p

MA20N23150J3

TURNING TOOLS

For tools such as drill and other point to point tool
used in milling or turning the reference point is always
the extreme tip of the tool measured along z axis . x
will always zero (Fig 4)

Fig 4

1
]

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.3.150

Measure the tool centre distance from the machine
centre in x axis and that will be x axis tool offset.

Measure the distance from the reference point and
the tool tip in z and that is tool offset in z axis

For boring tool measure the distance from machine
centre to the boring to tool tip that is x axis tool offset

Similarly measure the length from the reference point
to tool the in z direction. That is the tool offset in z
direction as shown in Fig 5

Fig 5

|
|
|
|
|
|
I
|
MA20N23150J5
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.151

CNC turning centre operation in various modes (JOG, MDI, MPG & AUTO Mode)

Objectives : At the end of this exercise you shall be able to

* measurement work offset values in z and x axis
* measure the tool offset values in x and z axis.

Job Sequence

TASK 1: Measurement of work offset (Fig1)

Fig 1
CHUCK

WORK Ve

MA20N23151H1

Ensure the work secured firmly in chuck

Index the tool in MDI mode with tool offset cancel and
set tool offset X0,Z0, and tool type

Switch 'ON' spindle
Carry out slight facing of the job
After the finish cut move the tool back in X direction only

Now switch off spindle

Go to Tool off set mode

Press GEOM soft key and position the cursor using cursor
movement button and select the offset number G54

Enter the Z-axis valveZ0.0
Press soft key

Now rotate the spindle in appropriate direction and
machine the outside diameter ('OD')

Do not disturb X-axis

Take tool away in Z-direction only

Stop the spindle

Measure the outer diameter of the job using micrometer
Go to OFFSET soft key

Press GEOM soft key

Position the cursor to the required work offset number
and enter the measured value. (eg: X32.62)

Press soft key

Note: The tool used for measuring work off set
the tool offset is zero in X and Z direction.

TASK 2: Tool offset measurement (Fig 1) in fanuc control

Fig 1

CHUCK
X
/ JOB

TR

MA20N23151J1

TOOL OFFSET METHOD

X axis tool offset method

Reference tool is T01 and offset is zero in X and Z
axis.

Clamp job in chuck.

Select MDI mode. Press in MDI prog-screen.
Enter tool number: T0O200 (Turning tool).

92

Press insert button, Press cycle start button.

Tool cutting edge position with spindle ON CW or CCW in
MDI mode.

Enter MO3 SI500 Press reset button, Press cycle start
button.

To select jog mode or MPG mode to move x and z axis.

Touch the job in x axis just clean OD turning to ensure no
disturbance in x axis. (Fig 1)

Measure the outside diameter.

Using cursor in geomentry screen select Tool no : 2 x
axis select.

Enter job diameter
Ex: x28.62 Press measure button in soft key
Now tool cutting edge in job centre is OK.

Tool offset in X axis is saved



Z axis offset method
Spindle ON rotate the job.

Select jog mode or MPG mode to move axis. Manually
turning job facing position no disturbance Z axis. (Fig 2).

Fig 2

Z AXIS OFFSET METHOD

N
MA20N23151J2

Select offset button press in geomentry mode.
Use cursor select tool no 2 and z axis.

Enter Z0.

Enter Z0 press Measure in soft key

Now z axis tool offset OK.

Tool offset is Z axis is saved

Second tool offset

Select MDI mode Press MDI Prog Screen.

Enter tool no (Threading tool) TO300 Press Reset button
Press Cycle start.

Select jog mode or MPG mode then move axis.

Same procedure MPG mode incremental touch job in x
axis with piece of paper Do not distrub X axis (Fig 3).

Fig 4

-

— = e

—————— 7

MA20N23151J4

Z AXIS OFFSET METHOD

Select offset button in geomentry mode.

To use cursor select tool no 3 and z axis.
Enter Z0.

Ex : Z0 Press Measure in soft key

Now second tool z axis offset saved.
Internal drilling tool x axis offset method
Fix the turned job in chuck

Select MDI mode press enter tool no T0400 and cycle
start.

Select jog or MPG mode to move axis on the job of top
side.

Check with piece of paper whether contact of dowel pin
with the job is proper. (Fig 5)

Fig 3

MA20N23151J3

Z AXIS OFFSET METHOD

Fig 5
TURRET

GEOMENTRY
CHUCK DOWEL \_}
PIN 210 1

|

Q
————1—%8 I

J

DIAMETER OF JOB + DIAMETER OF DOWEL PIN = TOTAL DIA
INTERNAL DRILLING TOOL X AXIS OFFSET METHOD

MA20N23151J5

Select offset button press in geomentry mode.
Use cursor to select tool no 3 and x axis.
Enter constant same dia.

Ex: x28.62 Press Measure button in soft key
Threading tool offset measurement

Z axis offset

Select MPG mode in incremental variation. To move axis
Z position.

To check by inserting a piece of paper between tool and
the job ensuring that there is no disturbance in Z axis
(Fig 4).

Select offset screen in geomentry mode.

Use cursor to select x mode and tool number.
Enter dia.

Ex : Job dia + Dowel pin dia = Total dia
30+10=40

Enter dia x40 Press Measure button in soft key
Drill cutting point in job centre point.

Then fix the drill.

Touch the job face a piece of paper whether contact of
drill with the job in proper.

Enter Z0 Press Measure in soft key
Drilling tool off set is saved

Tools nose radius shall get automatically
added in the tool offset.But in programming,
TNC is considered through G codes.
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Capital Goods & Manufacturing Exercise 2.3.152

Machinist - CNC Turning

Entering the tool offset, tool nose radius and orientation for TNRC in offset
page on CNC simulator

Objectives : At the end of this exercise you shall be able to
* identify the tool offset page
* enter tool data in offset page.

Job Sequence

* Pressfunction key OFFSET SETTING. Fig 2
) /

* Press chapter selection soft key [OFFSET] or press OFFSET/GEOMETRY 00001 N0O00O
OFFSET SETTING several times until the tool NO. X 2 R T
compensation screen is displayed. W 001 0.000 1.000 0.000 0

. . W 002 1.486 -49.561 0.000 0
* Pressing soft key [GEOM] displays tool geometry
. . . W 003 1.486 -49.561 0.000 0
compensation values as in Fig 1. W 00 1486 0.000 " .
W 005 1.486 -49.561 0.000 0
Fig1 - ™ W 006 1.486 -49.561 0.000 0
OFFSET/GEOMETRY 00001 NOOOOo W 007 1.486 -49.561 0.000 0
NO. X z R T W 008 1.486 -49.561 0.000 0
ACTUAL POSITION (RELATIVE)
G 001 0.000 1.000 0.000 0 U 101.000 W 202.094
G 002 1.486 -49.561 0.000 0 =
G003 1.486 -49 561 0.000 0 MDD 445 4+ o 16:05:59
G 004 1.486 0.000 0.000 0 o
G 005 1.486 -49 561 0.000 0 W . k1 11GPRT] ) =
G 006 1.486 -49.561 0.000 0 zZ
WITH TOOL WEAR OFFSET <
G 007 1.486 -49.561 0.000 0 =
G008 1486 -49.561 0.000 0 TIP may be specified on the geometry compensation
ACTUAL POSITION (RELATIVE) screen or on the wear compensation screen.
U 101.000 W 202.094 : -
> Note:A decimal point can be used when
MDD #+e wes e 16:05:59 entering a compensation value.
9 [WEAR] [GEOM] [WORK] [ 1LQPRT] ) S Procedure for entering tool offset data in CNC
g simulator and on machine will be same.
g
=

WITH TOOL GEOMETRY OFFSET
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Pressing soft key [WEAR] displays tool wear
compensation values. (Fig 2)

Move the cursor to the compensation value to be set
or changed using page keys and cursor keys, or enter
the compensation number for the compensation value
to be set or changed and press soft key [NO.SRH].

To set a compensation value, enter a value and press
soft key [INPUT]. To change the compensation value,
enter a value to add to the current value (a negative
value to reduce the current value) and press soft key
[+INPUT]. Or, enter a new value and press soft key
[INPUT].

TIP is the number of the virtual tool tip (see
Programming).

Dimensions and annotations (2 methods): Select the
import (Show model annotations) dimensions used to
create the model

Create (New reference) dimentsions (Note: reference
dimensions cannot be changed) (Fig 3)

When importing dimensions try using the feature/view
option versus inserting all the dimesnions for the mode
as it will cluster all them togerther. Feature helps reduce
the cluster and yet the dimensions are editable, providing
the benfit to edit the actual parts and assemblies in a
bi-directional fashion from the drawing.

Editing the sheet: Use the "Note" tool to enter your
name and part number. (Fig 4)
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Skill Sequence

Direct input of tool offset value

Objective: This shall help you to
* measure and direct input tool datas.

Setting of Z axis offset value

Cut surface A in manual mode with an actual tool.
Suppose that a workpiece coordinate system has been
set. (Fig 1)

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.3.152

Release the tool in X axis direction only, without moving
Z axis and stop the spindle.

Measure distance B from the zero point in the workpiece
coordinate system to surface A.
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Fig 1 X
o )
v SURFACE B
T
W SURFACE A

MA20N23152J1

Set this value as the measured value along the Z—axis
for the desired offset number, using the following
procedure. (Fig 2)

Fig2 - ~
OFFSET/GEOMETRY 00001 N0OOOOO

NO. X z R T
G 001 0.000 1.000 0.000 0
G 002 1.486 -49.561 0.000 0
G 003 1.486 -49.561 0.000 0
G 004 1.486 0.000 0.000 0
G 005 1.486 -49.561 0.000 0
G 006 1.486 -49.561 0.000 0
G 007 1.486 -49.561 0.000 0
G 008 1.486 -49.561 0.000 0

ACTUAL POSITION (RELATIVE)
U 0.000 w  0.000

\ 0.000 H 0.000
>MZ120.
MDD ##% sk wax 16:05:59

[NO,SRH] [ MEASUR ] [ INP.C. ] [ +INPUT][INPUT]

- /

MA20N23152J2
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Press the function key OFFSET SETTING or the soft
key [OFFSET] to display the tool compensation screen.
If geometry compensation values and wear
compensation values are separately specified, display
the screen for either of them.

Move the cursor to the set offset number using cursor
keys.

* Press the address key Z to be set.
+ Key in the measured value (j).
* Press the soft key [MESURE].

* The difference between measured value & and the
coordinate is set as the offset value.

Setting of X axis offset value.
» Cutsurface B in manual mode.

* Release the tool in the Z—axis direction without moving
the X—axis and stop the spindle.

* Measure the diameter a of surface B. Set this value as
the measured value along the X—axis for the desired
offset number in the same way as when setting the
value along the Z-axis.

* Repeat above procedure for other necessary tools. The
offset value is automatically calculated and set.

» Forexample, in case 0=69.0 when the coordinate value
of surface B in the diagram above is 70.0, set 69.0
[MEASURE] at offset No.2.

* In this case, 1.0 is set as the X—axis offset value to
offset No.2.

Compensation values for a program created
in diameter programming

Enter diameter values for the compensation
values for axes for which diameter
programming is used.

Tool geometry offset value and tool wear offset
value.

If measured values are set on the tool geometry
compensation screen, all compensation values
become geometry compensation values and
all wear compensation values are set to 0. If
measured values are set on the tool wear
compensation screen, the differences between
the measured compensation values and the
current wear compensation values become the
new compensation values.

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.3.152



Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.153

Program checking in dry run single block mode

Objectives : At the end of this exercise you shall be able to

* load the program to run in auto mode operation

* check the program in dry run using single block mode.

Job sequence

* Load the program to run in auto mode operation
+ Keep the feed rate and rapid knobs to zero position.
* Press cycle start

* Pressdry run and single block mode

Skill Sequence

» Open the rapid switch to 30%

» Press cycle start button, the execution of the program
is stopped after the current block is executed.

» Press cycle start button to executeive next block.

» Similarly continued until the end of program that is
M30;

Running program in auto mode/memory operation

Objectives: This shall help you to
* load the program to run in auto mode
* execute the program in auto mode.

Memory operation

Programs are registered in memory in advance. When
one of these programs is selected and the cycle start
switch on the machine operator's panel is pressed,
automatic operation starts, and the cycle start LED goes
on.

Steps in memory operation
- Press the MEMORY mode selection switch.

- Select a program from the registered programs. To do
this, follow the steps below.

- Press to display the program screen.

- Press address @

- Enter a program number using the numeric keys.
- Press the [O SRH] soft key.

- Press the cycle start switch on the machine operator's
panel. Automatic operation starts, and the cycle start
LED goes on. When automatic operation terminates,
the cycle start LED goes off.

To stop or cancel memory operation midway
through, follow the steps below.

Stopping memory operation

- Press the feed hold switch on the machine operator's
panel. The feed hold LED goes on and the cycle start
LED goes off. The machine responds as follows.

- When the machine was moving, feed operation
decelerates and stops.

- When dwell was being performed, dwell is stopped.

- When M, S, or T was being executed, the operation is
stopped after M, S or T is finished.

- When the cycle start switch on the machine operator's
panel is pressed while the feed hold LED is on,
machine operation restarts.

Terminating memory operation

- Press the key on the MDI panel.

Automatic operation is terminated and the
reset state is entered.

- When aresetis applied during movement, movement
decelerated the stops.
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Dry run and single block mode

Objective: This shall help you to

* run the program in dry run mode and single block mode.

Dry run

The tools is moved at the federate specified by a parameter
regardless of the federate specified in the program. This
function is used for checking the movement of the tool
under the state that the workpiece is removed from the
table.

Steps for dry run operation (Fig 1)
- Load the program
- Select auto mode operation

- Press the dry run switch on the machine operator's
panel during automatic/memory operation.

- Press cycle start. The tool moves at the feed rate
specified in a parameter.

- Rapid traverse switch can also be used for changing
the feed rate.

Fig 1
TOOL u

CHUCK

N\

MA20N23153H1

DRY RUN

Single block operation

Pressing the single block switch, starts the single block
mode. When the cycle start button is pressed in the single
block mode, the tool stops after a single block in the
program is executed. Check the program in the single
block mode by executing the program block by block.

Steps for single block (Fig 2)

Press the single block switch on the machine operator's
panel. The execution of the program is stopped after the
current block is executed.

Press the cycle start button to execute the next block.
The tool stops after the block is executed.

Refer to the appropriate manual provided by the machine
tool builder for single block execution.

Fig 2 CYCLE START
CYCLE START CYCLE START

LJSTOP

CYCLE START TOOL

'JTO P

WORKPIECE

MA20N23153H2

SINGLE BLOCK
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.154

Absolute & incremental programming assignments by simulation

Objective: At the end of this exercise you shall be able to

* program with absolute and incremental system.

TASK 1 : Method of Programming 1 (Fig 1)

There are two methods of dimensioning .
1 Absolute system of programming (or) fixed

2 Incremental system of Programming (or) floating zero
system of dimensioning. (or) previous point zero system
of dimensioning.

Absolute Programming

In absolute dimensions programming all the point of the
tools is coming from the datum point (or) zero point.

Incremental Programming

In this system, tool move form the previous point.

Fig 1

o70
° ﬁ 250
3 ,ﬁ 2

70

100

Absolute program in table 1.

MA20N23154H1

TABLE 1
Absolute
Position X Z
1 0.0 0.0
2 50.0 0.0
3 50.0 -70.0
4 70.0 -70.0
5 70.0 -100.0
Incremental program in table 2.
TABLE 2
Incremental
Position U w
1 0.0 0.0
2 50.0 0.0
3 0.00 -70.0
4 20.0 0.0
5 0.0 - 30.0

Example 1 : The points 1 to 5 in the drawing indicates
the absolute in Table 1 and Incremental in Table 2

TASK 2 : Method of Programming 2 (Fig 1)

Fig 1 075
7 6
255

245
5 f 4 /
3 2

50 40 30

MA20N23154J1

Exercise for Absolute & Incremental Methods

Write the points for the following figures in absolute &
incremental programming.

Absolute

Position

N O B~ WOIN |-
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Incremental

Position U W

1

2

TASK 3 : Method of Programming 3 (Fig 1)

Trainees to indicate the co-ordinate values in the given Absolute

tables.
Position X Z

Fig 1 aro
6 5 1

250
2

35 25

MA20N23154K1

Incremental

Position U W
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TASK 4 : Plot the points in absolute and incremental modes for Figs 1,2 & 3.

Fig 1
(G90) (G91)
SLNO | X axis | Z axis SLNO | X axis | Z axis
3 1 1
S
g § 2 2
S
o 3 3
N
Q
_ _ _ D 4 4
N
5 5
15
6 6
30 7 7
45 8 8
75 9 9 §
5
S
pd
S
<
=
Fig 2
(G90) (G91)
SLNO | X axis | Z axis SLNo | X axis | Z axis
1 1
_ 8
g/Q 2 2
g|®
gl S 3 3
gl ®
Q 4 4
_ _ _ _ D
N 5 5
15
6 6
25 7 7
30 8 8
o~
45 9 9 é
75 3
5
S
<
=
Fig 3 (G90) (G91)
SLNO | X axis | Z axis SLNO | X axis | Z axis
15 1 1
/7 13
12 Yo 2 2
o 9 3 3
30°
V- . ; ;
v 7
5 5
\\ 6
/ 5 6 6
4
0” D
f& ~—3 g g 7 7
/ 3 8 8
2 1 [S]
9 9
o
<
Q 10 10
o
N
& 11 1
D
N 12 12
12 15 15 15 15 10 13 13 .
I
&
14 14 £
S
z
15 15 S
<
=
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TASK 5 : (Fig 1)
Write the tool path using G01, G02 & G03 with G90 +G91

Fig 1

%7
w
x
N
%

40

+X

+Z

-60 -40 -20

MA20N23154Y1

G90

N1
N2
N3

N5
N6
N7
N8
N9
N10
N11
N12
N13

GI1

N1

N2

N3

N5

N6

N7

N8

N9

N10

N11

N12

N13
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TASK 6 : (Fig 1)
Write the tool path using G01, G02, G03 with G90/G91.

Fig 1 GI1
&S & N G X Z I K
/ N1
. i o o N2
: g V¢ / N3
g N i N4
- - . - N B} - - +Z N5
80 N6
N7
N8
N9
E N10
g N11
= N12
G90
N G X Z I K
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.155

Checking finish size by over sizing through tool offset on CNC simulator

Objective: At the end of this exercise you shall be able to

¢ do the correction of size in tool offset.

Job sequence

Switch ON machine as per procedure

Enter the program as per drawing

Run the simulation on dry run with machine

Ifthereis noerrorrunthe machine in SBL or Auto mode
Check the finished dimensions

Ifthereis any error compared to the required dimension,
calculate the difference

Addthe differencein value tothe respective axisinthe
tool offset

Run and produce a sample tothe correct measurement.

After completing the operation enter actual value of

Add the Tool wear offset difference value on the table
column in Table 2.

Table 2
Tool Number X axis Value | Z axis Value
1 -0.02 -0.05
2
3
4

To avoid the rejection of job the first piece is made,
slightly increased in size in offset.

After completion of the first piece,check all the
dimension without removing the chuck.

Observe the difference value of drawing size and Acutal
size, and this difference, if any, should be ‘input’in the
wear off set.

job in Table 1
Table 1
Tool Numbers | X axis Value Z axis Value

1 20.02 45.05
2
3
4

Note

Required size of the is job X 20 + 0.00
Z45+0.00

Go to wear offset page and input the X,Z difference
value

104
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Capital Goods & Manufacturing Exercise 2.3.156
Machinist - CNC Turning

Facing and step turning in auto mode

Objectives : At the end of this exercise you shall be able to
» prepare CNC program for the given job drawing

* enter the program in CNC control

* verity the program by simulation

* run the program in auto mode.

220
[ 2X45°
15 25 25
1 2 50 x 80 - ALUMINIUM - 1 2.3.156
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. Ex. NO.
SCALE 1:1 TOLERANCE : +0.02 TIME:
FACING AND STEP TURNING IN AUTO MODE

E @ CODE NO : MA20N23156E1
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Job sequence

*  Write the CNC program in sinumeric control

*  Mount the work on 3 jaw chuck

* Mount the turning tool in tool turret

* Measure the work and tool offset

« Enter the work and tool offset in relevant page
» Verify the program by simulation.

» Check the program by dry run method .

Work piece should by removed or shift the
work offset in z axis only during dry un method.

* Run the program in auto mode

» Check the a part dimensions and compare with drawing
dimension

+ Ifthereis any error in dimension do the wear correction.
PRAGRAM FOR FACING AND STEP TURNING
N1 G90 G55 G94 G71

N2 WORKPIECE (,,, "CYLINDER", 0,0,80,68,50)
N3 T="ROUGHING_T80A"

N4 S500 M03

N5 GO0 G42 X55 20

N6 G01 X-0.1 Z0 FO.1

N7 G00 X-0.1Z5

N8 GO0 X42 75

N9 G01 X42 Z-64

N10 GO1 X55

N11 GO0 X55 Z5

N12 GO0 X31 Z5

N13 GO1X31Z-49

N14 GO1 X42 Z-49

N15 GO0 X42 75

N16 GO0 X21 Z5

N17 GO1 X21 Z-24

N18 G01 X32 Z-24

N19 GO0 G40 X100 Z100

N20 T="FINISHING_T35A"
N21 S700 M03

N22 GO0 G42 X16 Z5

N23 G01 X16 Z0 FO0.1

N24 G01X20Z-2

N25 G01 X20 Z-25

N26 G01 X30 Z-25

N27 G01 X30 Z-50

N28 G01 X40 Z-50

N29 G01 X40 Z-65

N30 G01 X42 Z-65

N31 G00 G40 X100Z100

N32 M05

N33 M30

NOTE N1 TO N7 FACING

N8 TON19 STEP TURNING ROUGHING
N20 TO N33 FINISH TURNING

Fig 1 shows the detailed tool path for roughing and
finishing operation.

Fig 1

50 |

-50

MA20N23156H1

-80 -60 -40 -20 -0 20
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Capital Goods & Manufacturing Exercise 2.3.157
Machinist - CNC Turning

Recovering from axes over travel, on CNC simulator

Objective: At the end of this exercise you shall be able to
 release the axes over travels.

Job Sequence

» Observe on CNC simulator monitor screen the axes * Move the axis in opposite direction to recover the over
over travel in 'x' or 'z' axes travel limit

» Pressreset button to clear over travel alarm » Continue the further operation (AUTO, MDI)

» Select MPG mode. Note: The trainer shall demonstrate on how to

recover the axes over travel in X and Z axis
using CNC simulator and ask the trainees to
practice it.

» Accordingly select the axis
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Capital Goods & Manufacturing Exercise 2.3.158
Machinist - CNC Turning

Part program preparation, for turning with chamfering & radius turning with
TNRC

Objectives: At the end of this exercise you shall be able to
 write the part program for given job in SINUMERIC / FANUC
* input the program into the computer / CNC machine

* operate the simultor

* transfer to machine and execute simulated programe.

‘*R5

% 250

3x45° —————=

240

56
|
|
|
I
|
|
\
|
|
|
[
|
|
|
|
|
|
|
|
|
|

oho
|
|
|
|

15 15 5 20 15

Job Sequence

Switch ON the CPU and Monitor. ¢ Run the Simulation in AUTO mode .

« Selectthe software. « Transferthe programe to the machine.

+ Enter the program in edit mode. * Taketheoffset.

« Selectrequired tool and clamping device. *  Execute the program.

+  Select the path. + Check the dimension and remove the job.

« Switch off the machine.

1 @ 60 x 100 N Fe310 N N 2.3.158
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS 0.1 TIME :

TURNING OPERATION

5 @ CODE NO. MA20N23158E1
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PART PROGRAM (IN SINUMERIC)

Fig 1

3x45°

— R5

250

——

@40

56

20

% 225
N5
N10
N15
N20
N25
N30

G71
G00
D5

MO03

5

v
@80
I
|

R26 =1

N35 DO

MA20N23158H1

N40 GO0

N5

GO

N10 GO1
N15 GO1
N20 G90
N25 GO1
N30 X40;

R 20 = Sub Program Number or Sub routine No.
R 21 = Starting position of X axis (Absolute)
R22 = Starting position of in Z axis (Absolute)
R23 = Finishing allowance of X (Incremental)
R24 = Finishing allowance of Z (Incremental)

00002
G21 G90 G95 G55

G28

uo

TO101;

G97
G00
GO1
G71
G71
N10
GO1
GO1

G71
G71

A C

51500
X65.0
720
u1.0
P10
GO1
Z0.0
G42

U -
P---

Depth cut per pas in ‘X’ axis (Radial Value)

1 X0
Z0 FO.1;
G42
G03
Z-15

X22
X30
FO1,;

FO.1;
Z4

N45 M30;
L185 (SUB PROGRAM)
N35 Z-35;
N40 G90
N45 GO1
N50 X56
N55 GO1
N60 X65;
N65 M17;

B4 FO.1;

G02
Z-55;
Z-58;
G40

G900 G95;
G53 X180 Z0;

S900 FO.1;
GO0 X65 Z2
R20=185R21=65 R22=0 R23=0.3 R24=0.3

R27=42 R29=41 L95 P1; (stock

Removal cycle)
MO5;
G90 G53 X180 Z0;

X50 Z40  BS5;

Z-70;

R -PARAMETER FOR STOCK REMOVAL CYCLE(L95)

WO

MO3;
Z5.0 MOg;
F.01;
R1.0;
Q20 U0.0 WO0.0 FO.1;
X0.0 FO.1;
FO.1;
x22.0 FO.1;

U W

Relief Amount
Starting block number

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.3.158

PART PROGRAM [FANUC]

G03 X300 Z-4.0 R4
Z-15.0F0.1;

GO01
X40.0;
Z-35.0;

G02 X50.0 Z-40 R5
Z-55.0 F0.1;

GO1

R26 = Roughing cuts

R27 =Tool Nose Radius compensation

R29 = Type of turning (Roughing , Finishing)
L95 = Stock removal cycle

P1 = No.of Tool passes

FO.1;

FO.1;

X56.0 Z-58.0;

N20 GO1

G40 Z-70.0FO0.1;

GO0 X650 750 MO9;

G28 U0

MO5;
M30;

G71 - Turning Cycle

Fee;

msSCco

Feed

WO;

Ending block number
Finishing Allowance in ‘X’ axis
Finishing Allownace in ‘Z’ axis
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Capital Goods & Manufacturing Exercise 2.3.159
Machinist - CNC Turning

Part program writing and execute

Objectives: At the end of this exercise you shall be able to

* write the part program

* check the setup

» execution of turning operation in automatic mode with TNRC
e grooving and threading.

220 @28x1.5mm Pitch

\ 2X45°

1X45°
»H<7 2X45°

A ”
g S
Q NI B B B 9 N S
| 30 5 20
85

Job Sequence
»  Write the job sequence. + Setjob and work offset and tool offset.
* Prepare the CNC program using canned cycles in » Verify the program by simulation and dry run method.

both control (simens an fanuc). « Execute the program in auto mode.

» Verify the program using CNC simulator.

» Loadthe programin CNC machine.

1 @ 45 x 105 - Fe310 - - 2.3.159
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 PART PROGRAM FOR CNC SIMULATOR AND DEVIATIONS +0.1 TIME :
CNC MACHINE FOR TURNING, GROOVING
‘S‘ @ AND THREADING CODE NO. MA20N23159E1
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Capital Goods & Manufacturing Exercise 2.3.160
Machinist - CNC Turning

Checking finish size by over sizing through tool offset on the machine

Objective: At the end of this exercise you shall be able to
* do the correction of size in tool offset.

Fig 1

20+0.00

4'_'—1 | 45+0.00

MA20N23160H1

Job Sequence

+  Switch ON machine as per procedure Note
» Enterthe program as per drawing * Required size of the is job X 20 + 0.00
. Run the simulati d ith hi Z45+0.00
un the simufation on dry run with machine «  Go to wear offset page and input the X,Z difference
+ Ifthereisnoerrorrunthe machinein SBL or Auto mode value
* Checkthe finished dimensions Tool Number X axis Value | Z axis Value
» Ifthereisanyerrorcomparedto the required dimension 1 -0.02 0.05
calculate the difference )
» Addthedifferencein value tothe respective axisinthe
tool offset 3
* Runandproduce asampletothe correctmeasurement. 4
After complete the operation enter actual value of » Add the Tool wear offset difference value on the table
job column
» To avoid the rejection of job the first piece is made,
Tool Numbers | X axis Value Z axis Value slightly increased in size in offset.
1 20.02 45.05 » After completion of the first piece,check all the

dimension without removing the chuck.

» Observe the difference value of drawing size and Acutal
size, and this difference, if any, should be ‘input’in the
wear off set.

2
3
4

Skill Sequence

Correction of work piece diameter in CNC lathe

Objective: This shall help you to
* turn the work piece to correct dimensions in diameter and its length (X and Y).

1 ifthe work diameter measures more than the required Or
value Enter the difference between the measured value and the
Reduce the tool's x offset the difference between the required value against x wear with a minus sign

measured value and the required value
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Example: Required value 35.20mm

measured value 35.37mm
Xtool offset 47.32mm
Solution (a)
Tool offset correction =35.37-35.20
=0.17
New tool offset =47.32-0.17 =47.49
Solution (b)

Keep the tool offset unchanged (47.32) and enter
-0.17 against X wear.
2 Ifthe work diameter measures less than the required value
Increase the tool's X offset the difference between the measured value and the required value.
Or

Enter the difference between the measured value and the requied value against X wear with a plus sign

Example: Required value 40.37mm

measured value 40.15mm

X tool offset 57.732mm
Solution(a)

Tool offset correction =40.37 -40.15=0.22

=0.22

New tool offset =57.732 +0.22 =57.952

Solution (b))

Keep the tool offset unchanged 57.732 and enter +0.22 against X wear.

3 Ifthe work piece length is measured less than the required value

Reduce the tool's Z offset by the difference between the measured value and the programmed value

Example:
Solution (a) Tool offsetin Z =40.00mm
Programmed length =50.00mm
Measured length =49.50mm
Difference =0.50 mm
New tool offsetin Z 40.00-0.50 =39.50
Solution (b) Keep the tool offset in Z unchanged (40.00) and enter -0.50 against Z wear.

4 Ifthe work piece length is measured more than the required value

Add the tool Z offset by the difference between the measured value and programmed value

Example :
Solution (a) Tool offsetin Z =40.00mm
Programmed length =50.00mm
Measured length =50.50mm
Difference =0.50mm
New tool offsetin Z =40.00 +0.50 =40.50
Solution b Keep the tool offset in Z unchanged 40.00 and enter +0.50 against Z wear.
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.161

Machine parts with external and internal-features

Objectives : At the end of this exercise you shall be able to
write the program for external features

write the program for internal features

verify the program

execute the program in CNC turning centre

maintain the dimensions as per drawing.

2X45° (TYP
(TYP) M30 X 2 /ﬁR?»
PZ
12
M16 X 1.5
- ﬂ 1X45° (TYP)
| |
\ \ 1 7\ 7
; Ty
|
| |
| 0
I 5| 8 g | R3 L/ S| 8
al Q| 8 w® | | RS
\ !
|
| |
|
\ \
I
| |
|
| |
|
25 4
-
31 15 4 30
1 @50 X 110 - ALUMINUM 1 2.3.161
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS + 0.02 TIME :

EXTERNAL AND INTERNAL

E @ TURNING OPERATION

CODE NO. MA20N23161E1
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Job Sequence

1st Operation (External) * Go getit verified by your trainer

*  Write the CNC program for external operations in fanuc CNC external operation program in simens control (Fig 3)
and siemens control using stock removal grooving and
threading cyles

Fig 3

» Part of using parting cycle

+ Enter the program in CNC machine and verify the
program by simulation and dry run method.

+ Set the workpiece on self centring chuck

+ Setthe tools in turret in accordance with program

+ Fix the work zero at the front end face of work piece

» f 7 o
F' 1 E i 188888 2 128 8238 v = = TPLUHGE_CUTIER_X & nl_ -
( Ig ) H28 M9 Rapid trau 78% #8:14:-21

Fig 1 X

N1 WORKPIECE(,,, "CYLINDER" ,0,0,100,85,50)
N2 T="FINISHING _T35A"

- /N {}’Z N3 M03 S$1000

N4 G95 F100

N5 G00 X100 Z100

+ Set the tool offset for rough turning finish turning N6 GO1 X55 Z5
grooving and threading tool.

* Check the tool offset

MA20N23161H1

N7 CYCLE62("111",0,,)

_ N8CYCLE952 ("111",,"",2101311,0.10,0,1,0.1,0.1,
* Runthe program in auto mode 0.5,0.1,0.1,0,1,0.1,0,,,,,2,2,,,0,2,,0,12 1100010,1,0)
* Check the dimensions of the work pieCe. It any error N9 G00 X100 Z100
correct it by wear offset. And once again run the
program and check the dimension N10 GO0 X13 Z5F100

+ Load the parting program and run the program and ~ N11G01X13Z0F100
part off the work piece keeping 1mm on face is machine N12 G01 X16 Z-1.5
it

2nd Operation (Internal)

N13 G0.1 X16 Z-34
N14 GO1 X20 Z-34

+ Determine the facing allowance
N15 G01 X30 Z-49

* Hold the work piece on 44mm and projecting 10mm
away from the jaw of self centering chuck. (Fig 2) N16 GO1X38 Z-49

N17 G03 X44 Z-52 I0K-3
_\:mmmﬁ :1BGO1X44 Z-80

9G01 X552Z-80
— -3 N20 G00 X100 2100
N21 M05
N22 T="FINISHING _ T35A"
+ Set the ‘U’ drill 16mm boring tool, grooving tool and N23 S100 M03

Fig 2

e

MA20N23161H2

threading tool in accordance with program N24 GO0 X55 Z5
* Settool offset and work offset N25CYCLE940(16,-34, "A"1,1,0,1,1,,,,, 45,70,1,0.1,0.
+  Shift work zero in to the work piece as per the facing 1,13,,,,2,1100)

allowance determined and set new work zero N26 GO0 X100 Z100
* Runthe program, and check the dimension N27 MO5
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N28 T= "THREADING_1 5" Fig5 THREAD LONGITUDINAL
N29 S500 M03
N30 GO0 X55Z5 LA EAE o kg

N3 CYCLE199 (0 16,32 ,,1, 2, 0.9201,0,30,0,4,0,1.
5,1110101,4,2,0.3,0.5,0,0,1,0,0.53122,1,, "ISO_METRIC",
"M10",102,1)

N32 G00 X100 2100

N33 M05

N34 T="PLUNGE_CUTTER_3A"
N35 G00 X155 Z5

N36 CYCLE92 (55,-81,10,-
2,1.5,1,2000,1000,3,0.1,2,200,032,0,,2,0)

N37 GO0 X100 2100
N38 M05

N39 M30

Fig3 STOCK REMOVAL
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SUB PROGRAM 222
N1 G01X30Z0 FO0.1
N2 G01X27.744 Z-2
N3 G01 X27.744 Z-29
N4 X22 7-29

N5 G02 X16 Z-32 CR=3

N6 G01X16 Z-44

N7 M17

SUB PROGRAM 333
N1 G01X30Z0 FO0.1
N2 G01X27.744 Z-2
N3 G01X27.744 Z-29
N4 X22 7-29

N5 G02 X16 Z-32 CR =3

N6 G01X16 Z-44
N7 M17
N1 G54 G90 G95 G71

N2 WORKPIECE(,,, "CYLINDER",0,-1,-80,-15,44)
N3 T="FINISHING_T35A"

N4 S100 MO3

N5 GO0 X-1Z5

N6 G01 X-1Z0 F0.1
N7 G01X402Z0

N8 G01 X44 Z-2

N9 G01 X44 Z-10
N10 GO0 X100 Z100
N11 M0O5
N12T="CUTTER_8"
N13 S100 M03

N14 GO0 X0 Z55

N15 CYCLE83(50,0,10,,-44,,5,90,0.6,0.6,15, 0,0,5,2,

0.6,1.6,0,1,11211111)

116

N16 GO0 X100 2100

N17 M05

N18T="FINISHING_T35I"

N19S1000M03

N20G00X1525

N21CYCLE2("222",0,,)
N22CYCLE952("222","",2102311,0.1,1,2,1,0.1,0.1,0,0,0.1,0,
1,0,0,,,,,2,2,,,0,1,,0,12,1100010,1,0)

N23 GO0 X100 2100

N24 M05

N25 T="PLUNGE_CUTTER_31I"

N26 S100 M03

N27 X15Z10

N28 G01 X23 Z-23

N29 X23 Z-23

N30 X312Z-25

N31X31Z-29

N32X22 Z-29

N33 G00X22 210

N34 M05

N35 G0 X100 2100

N36 M05

N37 T="THREADING_TOOL"

N38 S150 M03

N39 GO0 X15210
N40CYCLE99(0,27.744,25,,2,0,1.228,0,30,0,5,3,2,111
0102, 4,0.5,0.3,0.5,0,0,1,0,0.708986,1,,,2,1)
N41 GO0 X100 2100

N42 M05

N43 M30
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Capital Goods & Manufacturing Exercise 2.3.162
Machinist - CNC Turning

Machining long part holding in chuck and tailstock

Objectives : At the end of this exercise you shall be able to
* set the work place in chuck and supporting with tail stock
* Prepare program, verify and execute the program.

Fig 1

150

MA20N23162H1

Job Sequence

CNC turning with chuck and tailstock * Move the tailstock with MPG so that the CNC live centre
is supporting the work piece with out play and the

* Hold th k pi in3j huck f d turn t
° © WOrK piece In J Jaw chuck 1ace and tm fo chuck should rotate with out any friction.

remove the rough material for 40mm length.

» Reverse the work piece and face and maintain the total *  Lockiclamp the tail stock in position.

length of the work piece. » Check for the workpiece deflection while supporting

» Center drill the work piece at required depth. the workpiece using dial test indicator. (Fig 2)

» Hold the work piece at pre turned diameter Fig 2
» Set the tailstock with CNC live centre (Fig 1)

* Move the tailstock closer to the work piece

Fig 1

I
j

CNC LIVE CENTER

MA20N23162J1

MA20N23162J2
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+ Setthe work zero and tool offset

» Write the program for the given job

+ Enter the program and verify it

+ Execute the program in auto mode operation.

» Check the diameter and the parallel of work piece.

Skill Sequence

Unclamp the tailstock and move away from the

workpiece
Remove the work from the chuck.

Reverse it and turn the left out portion.

CNC lathe work holding - when to use tailstock and steady rest

Objective: This shall help you to

» select the work piece supporting device depending upon length and diameter ratio.

The part held in the chuck is a cantilever, and the radial
cutting force of the tool tends to bend the part. You use a
tailstock or steady rest to prevent the bending. Here's a
CNC lathe work holding thumb rule that tells you when
you can hold in a chuck, when to use tailstock,and when
to use a steady, basedonthe L/D (Length to
Diameter) ratio of the part.

Chuck only: Use ifL/D is less than 3 . You can go up to
L/D 5 with reduced cutting parameters, which reduce the
cutting force.

Tailstock: Use if L/D is between 3 and 6 . You can go up
to L/D 10 with reduced cutting parameters.

Steady rest: Use if L/D is between 6 and 12 . You can go
up to L/D 20 with reduced cutting parameters.

Fig 1

—,

L

—— e

UPTO LID3

L

UPTO L/D3TO 6

R
[
L\

UPTO L/D6 TO 12

(R
Ui
—,

(R
i
—,

o

[~—STEADY REST

MA20N23162X1
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.163

Block search operation

Objective : At the end of this exercise you shall be able to

* start from the interruption due to power shutdown or tool breakage.

Job Sequence

Following operations are to be carried out when machining
is interrupted due to a reason such as a damaged tool /
power failure and is restarted.

Remove the cause which interrupted the machining
Locate the interrupted point in the program

Restore the machine to the suitable status including
the auxillary functions like coolant on, tool call and
spindle status)

Move the tool to the position suitable for restarting the
machine

Resume automatic operation from the interrupted block
or before several blocks

Steps on siemens control

Select the desired program

Press reset mode

Select the desired search mode

Press "Block search" soft key

Place the cursor on a particular program block
Press the "Start search” softkey.

The search starts. Your specified search mode will be
taken into account

If the cycle start outputs the auxiliary function collected
during the search. The program is in stop state.

Press "over store" softkey . the overstore window
opens

Enter the required data and NC block. Press "cycle
start" key observe execution in "overstore" window
press the “back” soft key.

Select jog, REPOS mode
Select the axes to be traversed one after another (x,z)

Press the "+" or '-' for the relevant direction till the
axes are moved to the interrupted position.

Press “cycle start” key

Now the process is continued from the defined location.

Note: Generally, the program restart in easy
steps

The current block will be displayed in the
"Program" window as soon as the target is
found.

Note: If the set point position is not approached
automatically the follow the below steps.

Press the soft key 'Restart' restart point list screen
will open

Select a block from list, and press “SEARCH EXEC”
key to rstart. It display the program where the program
was interrupted

Press "Cycle start" key

Automatic restoration of model information and axes
moving to restart point and resumes the automatic
operation from the interrupted block.
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Capital Goods & Manufacturing
Machinist - CNC Turning

Exercise 2.3.164

Changing wear offset

Objectives : At the end of this exercise you shall be able to
* determine the amount of wear in x and z direction
* input /change the wear offset values in x and z axes.

Job Sequence

Determine the wear offset

Adjusting the tool wear offset is necessary
because, as the cutting tool wear, the
dimension they are machining may increase
or decrease. The tool wear offset process
allows you to change the position of the cutting
tool compensate for the tool wear.

+ All'X' setting will normally have diameter value and 'z'
axis setting will be length.

+ Ifthe machined diameter is larger then the programed
dimension, the wear offset is in minus direction and
vice versa.

* Measure the size of the work and compare with the
programed values. Tool number is 3

Example programed value in x 30.00
z15.00

» The measured value is diameter 30.05
+ The measured value in length 15.04
+ The difference in diameteris 0.05
+ Thedifferentin length is 0.04
+ Since the both the values are positive
» Enterthis values x-0.05 and Z-0.04

Changing the wear offset value in system in siemens
control

* Press machine key the screen will display as in Fig 1

Fig 1

SIEMENS

500.000

- MX1

- M21 h0o.000  -462 'BBU 1 & X 55.000
+ MSP1 8000 " eeee F RAP TRAV
MSF3 8,860 3,068 mymin  68%
51 e
G55 Mastor 560
HEUES/EX156/EX156

* Press parameter. The screen will display as in Fig 2.
will display the tool list,

Fig 2

SIEMENS

Loc. Tupe Toel name
1 | [0 ROUGHING_T88 A
&= DRILL_32
3 FNISHING_T35 A

Length X Length 2 Radis @j o

1 55000 300080 0.500 «~ 950 80 128
1  0.6ed 185088 12808

1 124.880 57080 0400« 93835 128
1 -9.088 122.0068

1 850880 44880 @.200 3868 Ba
1 -12.080 135008 8180 3800 484
1
1

1

1

1
1
1

]
3
4 Ll ROUGHING_Tea )
5 I PLUNGE_CUTTER_3R
[

7

-]

ST D
1
1
1
1 B.808 = 050 88 8.8
1

1 PLUNGE_CUTTER_31 1
1
1
1
1
1
1
1

Gy ANISHING_T351 12.000 122080 0400+ 03835 8.8
(3 THREADING_1.5 190.000  0.008  8.850 6.8
9 [ CUTTER 8 0.000  36.600 8,808 3
18 =5 DRILL_S B850 185888 58608 1188
11 [ BUTTON_TOOL_8 90.000  36.000  2.800

124080 23088 @408 = 038 35 108
86080  S4080 @08 3008 587

12 By FAMISHING_T35_R
13 =1 PLUNGE_CUTTER_3P

* Presstool wear key and it leads to wear offset screen
as shown in Fig 3.

Fig 3

SIEMENS

Tool name 5

Loc. Type

1 [ ROUGHING_TBA A
2 B DRILL_32

3| £8 FINISHING T35 A
4 [ ROUGHING_TRA|
5 I PLUNGE_CUTTER_3 A
[
1
]

0 PLUNGE_CUTTER_3 1 0000  0.008  6.000

Gy FINISHING_T35 | '

[ THREADING 1.5 0088 0.Ee8 9000
9 fF CUTTER_8 0.000  0.008  0.000
18 &= DRILL_S A.000  0.608 BP0

11 (O BUTION_TOOL_B
12 By ANISHING_T35_R
=1 PLUNGE_CUTTER_3P

[ ) R R [ [ P S N |

» Position the curser at tool number 3 and input the
determined values in x as negative, and z as negative
(x-0.005,z-0.04)



The system will automatically add or subract the from
existing wear offset values. It is zero values then x -0.05
and z-0.04 will be active.

Fanuc control

The word offset with two adjectives

For wear input

Pressing soft key [WEAR] displays tool wear
compensation values. (Fig 5)

1
2

OFFSET -GEOMENTRY
OFFSET -WEAR

+ Geometry offset is the tool offset matches with turret
station number.

To enter the tool offset/geomentry
* Press function key.

* Press chapter selection soft key [OFFSET] or press
several times until the tool compensation screen is
displayed.

* Pressing soft key [GEOM] displays tool geometry
compensation values. (Fig 4)

Fig4 -

Fig 5 /
OFFSET/GEOMETRY 00001 NOOO0O
NO. X z R T
G 001 0.000 1.000 0.000 0
G 002 1.486 -49.561 0.000 4]
G 003 1.486 -49.561 0.000 0
G 004 1.486 0.000 0.000 4
G 005 1.486 -49.561 0.000 0
G 006 1.486 -49.561 0.000 4]
G 007 1.486 -49.561 0.000 0
G 008 1.486 -49.561 0.000 4]
ACTUAL POSITION (RELATIVE)
U 101.000 w 202.094
>
MDD *xx wnw e 16:05:59
w
[WEAR] [ GEOM] [ WORK] [ 11 QPRT] 3
J g
g
WITH TOOL WEAR OFFSET <
=

OFFSET/WEAR

NO.
W 001
W 002
W 003
W 004
W 005
W 006
W 007
W 008

X
1.486
1.486
1.486
1.486
1.486
1.486
1.486

4
1.000

-49.561
-49.561

0.000

-49.561
-49.561
-49.561
-49.561

00001 NOOOGO

R
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

—

o O O O O O O O

ACTUAL POSITION (RELATIVE)

U 101.000 W 202.094

16:05:59

[WEAR] [ GEOM] [WORK] [ 11QPRT]

)

MA20N23164H4

WITH TOOL GEOMETRY OFFSET

» Place the cursor at the required number example tool
number 7 means G007.

» Enter the dermined wear value and input the value for
XandZ.

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.3.164

Move the cursor to the compensation value to be set
or changed using page keys and cursor keys, or enter
the compensation number and press soft key
[NO.SRH].

To set a compensation value, enter a value and press
softkey [INPUT].

To change the compensation value, enter a value to
add to the current value (a negative value to reduce
the current value) and press soft key [INPUT]. or, enter
a new value and press softkey [INPUT].

TIP is the number of the virtual tool tip (see
programming).

TIP may be specified on the geometry compensation
screen or on the wear compensation screen.
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Capital Goods & Manufacturing Exercise 2.3.165
Machinist - CNC Turning

Contour program

Objectives : At the end of this exercise you shall be able to
* write the contour program for a given drawing

* verify the program by simulation and dry run method
* execute the program in auto mode

* check the dimension of the machined part.

Ry
55
o

© Qﬁ g
- E’*K" . e
‘ ©
® &
S
50

Job Sequence
» Write the CNC program using contour guide lines » Check the program in the left menubar

for preparing contour program - End the contour program

* Prepare a new part program with suitable name first . Move the tool awav from the work piece
select the workpiece dimension y P
+ Select the tool * Stopthe spindle

+ Spindle on command with suitable spindle speed *  Endthe main part program

. Call the cycle 62 (give the suitable name ) » Verify the program by simulating on the software

+ Selectcycle 952 (enter the relavant parameter) * Enterthe program in CNC machine

Creating contour » Verify tool offset, work offset,

. Enterthe contour new » Verify the program by dry run method

- Enter the name as in cycle 62 + Execute the program in auto mode.

« Enter the relavant details in countour program * Checkthe dimension

250X75 ALUMINIUM - - 2.3.165
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS +0.02|  TIME :
CONTOUR/BLUE PRINT PROGRAM
«E» @ CODE NO. MA20N23165E"
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Note: contour programming (siemens) used for
machining simple or complex contours with
the "contour turning"” cycle. A contour
comprises separate contour elements
comprises of chamfers, radius, under cuts or
tangential transitions between the contour
element.

Instructor shall demonstrate on how to create
contour programming

Contour Program

Enter the values as in Fig 1 to 6.

Fig 1

SIEMENS

HETIPE Starting point

Cant
him
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Fig 5

SICMLKS

MR
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Fig6

SIEMENS

HE/TPF{

Stock removal details. (Fig 7)

Fig7

SIEMENS

B« Rl Pl P Pl P [ EE

E_LAB_A BLUE1:#SMZ:4

;#7__DIgK contour definition begin
change!;*GP*;*RO*;*HD*

G18 G90 DIAM90;*GP*

GO0 Z0 X0 ;*GP*

G3 Z-4 X16 K=AC(-10) I=AC(0) ;*GP*
G12Z-24 X22.536 RND=10 ;*GP*
Z-36.295 X48 RND=10 ;*GP*

Z-50 ;*GP*

- Don't

;CON,V64,2,0.0000,4,4,MST:3,2,AX:Z,X,K,|, TRANS:O0;

*GP**RO**HD*
;S,EX:0,EY:0,ASE:90;*GP*;*RO**HD*

;ACCW,DIA:10/0,EY:16,CX:-10,RAD:10;*GP*;*RO*;*HD*

;LA,EX:-24,ASE:170.72;*GP*;*RO*;*HD*
;R,RROUND:10;*GP*;*RO*;*HD*
;LA,EY:48,ASE:134;*GP*;*RO*;*HD*
;R,RROUND:10;*GP*;*RO*;*HD*
;LA,EX:-50,EY:48;*GP*;*RO*;*HD*

#End contour definition end -
change!;*GP*;*RO*;*HD*

E_LAB_E_BLUE1:

N7 G0 X100 2100

N8 M05

N9 M30

Simulated view (Fig 8)

Don't

COUNTOURPROGRAM

N1 WORKPIECE(,,,"CYLINDER",192,0,-100,-75,50)

N2 T="FINISHING_T35A"

N3 S500 M03

N4 GO0 X55 Z5

N5 FO.1

N6 CYCLE6G2("BLUE1",1,,)
CYCLE952("CONE",",2201311,0.1,1,2,1,0.1,0.1,1,1,0.1,0,1,55,0,,,,,
2,2,,0,1,0,12,10,1,0)

Fig8

- 0 1]

BIEMENS

B TAeSHelTEA D
Tl e 7% 1052

AR o Ty S |
fum. Ju- sl =
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Capital Goods & Manufacturing Exercise 2.3.166
Machinist - CNC Turning

Drilling and boring operation

Objectives : At the end of this exercise you shall be able to

» prepare the CNC program using drilling cycle

» prepare the program using boring operation with stock removal cycles
* verify the program

* execute the program in auto mode and check the dimensions.

R3
R 3
(=] < «Q < Q
- _ — N — oy L ™| _ < |- | ©
N 8 S ) 8
15
27
35
50
70
1 PRE MACHINED @ 60 X 70 - Fe310 - - 2.3.166
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS TIME :
DRILLING AND BORING
S @ CODE NO. MA20N23166E1
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Job Sequence

Prepare the CNC program in Fanuc control

Write program for facing and turning to a diameter 60
mm to a length of 70mm

Write program for drilling (slot drill/ U drill) dia18mm to
a length of 70 mm using G83 cycle

Write the program for roughing internal stock removal
using cycle G70

Write the program for finishing internal stock removal
using cycle G71

Verify the program in simulator

Transfer the program to machine/enter the program
manually and verify by machine simulation

Set the tool in turret asper the program
Set the work piece in chuck projecting 75 mm

Measure work offset and tool offset enter in relevant
area

Verify the tool offset and work offset

Verify the program on machine by shifting work offset
in single block mode

Reset the work offset
Execute the program in auto mode

Verify the dimensions, if any variation in dimension
correct it by wear offset method

Remove the work piece and clean the machine

Sample Fanuc program is provided

Note:- Trainees should develop the same part
program in simens control and get it verified
by your instructor.

Program in Fanuc

01234; (FANUC -B -G CODE)

NI G80 G40;

N2 G18 G90 G21 GS4 G99 G97;

N3 T0101 S1000 M04; (TURNING TOOL)
N4 G00 X70.00 Z0.0;

NS G01 X-0.1 20.0 FO.1;

126

N6 GO0 X-1.0 ZS.0;

N7 GO0 X60 ZS.0;

N8 G01 X60 Z-70.0;

N9 G01 X65 Z-70.0;

N10 MO05

N11 G28 U0.0 W0.0 T0100;

N12 T0303 S800 M03; (SLOT DRILL DIA 18mm)
N13 G00 X0.0 Z50.0;

N14 G90 G98 G83 X0.0 Z-75.0 R5.0 QI0.0 P100 FO. I
N15 G28 U0.0 W0.0 M05 T0300;
N16 T0606 S800 M04; (BORING TOOL)
N17 GO0 X16.0 Z50.0;

N18 G71 U1.0 R1.0;

N19 P20 Q28 U-0.5 W0.5 F0.1;
N20 G01 X51.0 Z0.0;

N21 G02 X44.0 Z-3.0 10.0 K-3.0;
N22 G01 X44.0 Z-12.0;

N23 G03 X38.0 Z-15.0 1-3.0 K0.0;
N24 G01 X38.0 Z-33.0;

N25 G01 X24.0 Z-35.0;

N26 G01 X24.0 Z-S0;

N27 G01 X20.0 Z-S0.0;

N28 G01 X20.0 Z-70.0;

N29 G00 X100 Z100 M05

N29 G28 U0.0 W0.0 T0600;

N30 T0505; (FINISHING TOOL)
N31 S1500 M04;

N31 G70 P20 Q 28 F0.5;

N32 G00 X100 Z100 MO05;

N34 G28 U0.0 W0.0 T0500;

M30;
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Capital Goods & Manufacturing Exercise 2.4.167
Machinist - CNC Milling (VMC- Vertical Milling Center)

Identify CNC milling elements and their functions, on the machine

Objectives : At the end of this exercise you shall be able to
¢ identify the elements of a VMC
* list out the Functions of each Part of a VMC.

1 Identification of Parts

Fig 1

MA20N24167H1

Note : Some parts are internal can be seen in
the machine.

Job Sequence

* Name the parts of a CNC milling/VMC machine record Note: Instructor shall demonstrate all the parts
it in table 1. and their function.

» State the function of each part in the table1, and get it
checked by trainees

127




TTTTTT

......

Function




Function

Name of the Part

Fig

S1/9LPZNOZVIN

Fig 6

©IC)

91291 7ZNOCVIN

od

/_.E

Fig 7

L1/91YZNOZVIN

Sl.No.
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Sl.No. Fig Name of the Part Function
Fig 8
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Sl.No. Fig Name of the Part Function
1
3
g
12
E
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13 Fig 13
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14 Fig 14
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Function

Name of the Part

Fig

41/9LvZNOCVYIN

Fig 15

O1/9L¥ZNOTYIN

©
2
.

Sl.No.

15

16
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Capital Goods & Manufacturing Exercise 2.4.168
Machinist - CNC Milling (VMC- Vertical Milling Center)

Working of CNC VMC parts through didactic/simulation

Objectives : At the end of this exercise you shall be able to

 familiarize parts of CNC VMC using a didactic/simulation

* go through the machine parts and element section in the simulator
* make a notes on machine elements and submit.

Note * Make a notes on the each parts and submit to the

» The instructor shall demonstrate the working of parts instructor

of CNC VMC using didactic/simulator

» The trainees will follow the instructor instructions and
go through the parts and machine element section in -
software repeatedly

133



Capital Goods & Manufacturing Exercise 2.4.169
Machinist - CNC Milling (VMC- Vertical Milling Center)

Identify machine over travel limit and emergency stop

Objectives : At the end of this exercise you shall be able to
¢ identify machine over travel limit switch on CNC-VMC
¢ identify the emergency switch on VMC and practice put on and off.

Job Sequence

TASK 1: Identification of machine over travel limits

There are two types of over tragvel limit » Fig 1 shows the over travel limit switch
« Software over travel
Fig 1
* Hardware over travel
» Software over travel can be controlled by the specific
parameter
» Hardware over travel limit is controlled by limits switch
open the machine axis safe cover
* In axis limit end there will be a fixed limit switch S
* One taper dog fixed on movable axis frame é
OVER TRAVEL LIMIT SWITCH Y
« If the dog pressed the fixed limit switch, over travel =
alaram appear on the screen
TASK 2: Identification of Emergency stop bush button
« Emergency stop buttons are designed in such a manner Fig 1

in which their role is more physical, such as interrupting
a power supply to the machine control system. Itisa
basic big red pushbuttons fixed on Machine control
panel.

» Emergency stop pushbutton that has mechanical
plastic or metal tabs and grooves internally such that
when you push it (interrupting the circuit), it is held in
that position until you twist it. They are designed to be
large, hard to miss, and easy to push sample is given
in Fig 2
Note: Practice to put off and release the emergency
switch.

MA20N24169J1

Caution: Do not try to rotate in anticlock wise
direction.
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Capital Goods & Manufacturing Exercise 2.4.170
Machinist - CNC Milling (VMC- Vertical Milling Center)

Tool path for milling operation

Objectives : At the end of this exercise you shall be able to
» prepare the tool path for face milling operation

» prepare the tool path for side milling operation

» prepare the tool path for pocket milling operations

» prepare the tool path for drilling operation.

Job Sequence

Read and interpret the tool path for the task 1 to 7 Read the tool path and interpret the tool movements
TASK 1: Face milling tool path (Fig 1) in face milling

Fig 1
(&}
© @
/@

Point Tool positioning and Z axis depth 1 mm

Point Cutting motion liner X axis
Point Cutting motion liner Y axis

Point Cutting motion liner X axis

Point Cutting motion liner Y axis

; :
j /

o )
%@/ :

Point Cutting motion liner X axis

Point Cutting motion liner Y axis

100

Point Cutting motion liner X axis

© 00 N O O b W DN -

/ //

Point Cutting motion liner Y axis

o) 10 Point Cutting motion liner X axis

11 Point Cutting motion liner Y axis

100

12 Point Cutting motion liner X axis

MA20N24170H1

FACE MILLING 13 Z axis go to safety position

14 Point Spindle stop

15 Point Program rewind

TASK 2: Tool path for side milling (Fig 1)

Read and interpret the tool path 13 Point Z axis safety position.
Point Tool starting positioning and Z axis depth Spindle off

Point Cutting feed X Axis ( linear) Coolant off

Point Cutting feed Y Axis ( linear) Program rewind

Point Cutting feed CCW X and Y axis with radius
Point Cutting feed liner X axis

Point Cutting feed FCW X axis and Y axis with radius
Point cutting feed linear Y axis

Point Cutting feed CCW X and Y axis with radius
Point cutting feed linear Y axis L
10 Point Cutting feed CCW X and Y axis with radius

© 00 N O O b W0 N -

11 Point cutting feed linear Y axis

MA20N24170J1

12 Point cutting feed starting position

135



TASK 3: Rectangle pocket tool path (Fig 1)

Read and interret the tool path

© 00 N O O b~ W N -

Point tool & position and Z axis depth

Point Tool cutting feed linear X axis & direction
Point Tool cutting feed linear Y axis & direction
Point Tool cutting feed linear X axis & direction
Point Tool cutting feed linear Y axis & direction
Point Tool cutting feed linear X axis - direction
Point Cutting feed y axis 0 point

Point cutting feed x - direction

Point cutting feed Y + direction

10 Point Cutting feed x + direction
11 Point Cutting feed Y - direction

12 Point cutting feed X - direction

13 Point cutting feed Y O position

TASK 4: Circular tool Path ( Fig 1)

Read and interpret the tool path.

1
2
3

Point Tool position and Z axis depty
Point Tool movement X axis - direction with linear

Point Tools movement CW direction with interpretation
ending 2 point

Point tool movement X axis and direction linear motion

Point tool movement CW direction with interpretation
ending point 4.

Go to Z axis safe position

Spindle off
Coolant Off

Program rewind

Fig 1

MA20N24170K1

Fig 1

MA20N24170U1

TASK 5: Tool path for drilling /spot facing/counbter sinking (Fig 1)

1

Cutting feed is performed to the bottom of the hole.
The tool is then retracted from the bottom of the hole in
rapid traverse.

Note: for spot facing and counter sinking the
tool rotate without 'Z;' movements for a while
and retract to R point.
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g ——————— )? 2~ INITIAL LEVEL

POINT R »T

|

-t

=

|
|
4

POINT Z

MA20N24170V1
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TASK 6: Tool path for deep hole drilling ( Fig 1)

Read and interpret the tool path

1 Z_ : The distance from point R to the bottom of the
hole

R_: The distance from the initial level to point R level
Q_ : Depth of cut for each cutting feed

Position, drill hole 1, then return to point R

Position, drill hole 2, then return to point R

Position, drill hole 3, then return to point R

Position, drill hole 4, then return to point R

Position, drill hole 5, then return to point R

© 00 N O 0 b~ W N

Position, drill hole 6, then return to the initial level.

TASK 7: Tool path for tapping (Fig 1)

Read and interpret the tool path for tapping

1 Z_: The distance from point R to the bottom of the
hole.

2 R_:Thedistance from the initial level to point R level.

3 Q_ : Depth of cut for each cutting feed.

TASK 8: Tool path for boring and reaming (Fig 1)
Read and interpret the tool path for boring

1 R-Retract

2 SC - Safety distance

3 Z1 - Total depth of boring

4

Z2 - Boring tool retract

Note: The spindle stop rotating while reaching
R level

Fig 1 %
,,,,,,,,,,,, ’j INITAL LELEL
POINTR
Q p
b s
a g
] T b
Q g
POINT Z g
Fig 1
INITIAL LEVEL
—————— > A SPINDLE
i1/ cew
I
Lo
POINTR T ? P
Pé lPOINT z §
\ 5
S
SPINDLE CCW Py
s
Fig 1 R
sc

20

Z1

Z2

R - RETRACT

SC - SAFETY DISTANCE

Z1 - TOTAL DEPTH OF BORING
Z2 - BORING TOOL RETRACT

MA20N24170Y1
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TASK 9: Tool path for fine boring (Fig 1)

Read and interpret the tool path.

1

2
3
4
5

138

Z_ : The distance from point R to the bottom of the
hole

R_: The distance from the initial level to point R level
Q__: Shift amount at the bottom of a hole
P_ : Dwell time at the bottom of the hole

The fine boring cycle bores a hole precisely. When
the bottom of the hole has been reached, the spindle
stops, and the tool is moved away from the machined
surface of the workpiecce and retracted.

Fig 1
SPINDLE ORIENTATION

TOOL

LEVEL

Z SPINDLE CW
Z__ _ ’Q<:='2 INITIAL
|

I
I
I
POINT R *

POINT Z

O

P l
=
SHIFT AMOUNT q LL‘

— |-

MA20N24170Z1
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Capital Goods & Manufacturing Exercise 2.4.171

Machinist - CNC Milling (VMC- Vertical Milling Center)

Identify common tools, tool holders and inserting

Objectives : At the end of this exercise you shall be able to
* identify the cutting tool in VMC

* identify the tool holders used in VMC

* read and interpret the insert size and shapes.

Job Sequence

TASK 1: Mllling cutter

» Observe the cutting tools listed in table 1 and write the
name of the cutting tool in Table 1.

Table 1

Milling cutters

S.No. Fig Name of the milling cutter
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S.No.

Fig

Name of the milling cutter

TASK 2: Tool holders

» Observe the tool holders listed in table 2 and write the
name of the tool holder and mention its purpose.

140
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Table 2

Purpose

Name of the Holder

Fig

0

Sl.No.

141
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TASK 3: Milling

Read the content provided for insert and interpret the
meaning. Write the insert, specification for face mill
45° to mill steel.

INSERT FOR MILLING

I BE® <
=

OO e

N T e © =

WO o

=B ©dHEE

PUUNGE CUTTER LONG EDGE CUTTER

mEE OO0 O

LPMH LDTH SDMX TNCN TNEF TNEN TNHF TNIN

INSERTS FOR OTHER CUTTERS

0 ©O89 B9 90

BPKX HNGX SEER SMKR/SPKR SEKR SEKN SNKN

INSERTS FOR OTHER CUTTERS

= 4 & &

SPEX SPKN TPKN TPKR
INSERTS FOR ADVANCED MATERIALS
COROMILL*
S F \-‘
245 R/L590 290 N365 RCHT RPGN RNGN TNCN

MA20N24171T3
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Insert specification face milling 45°

/1 Ao
i
SEKN/SEK / & /: < A
SEMN/SEM
$ Ia \
bs <\*/ — o S |——
Dimensions, mm (inch)
Size ic k /
12 12.7 (.500) 9.6 (.378) 12.7 (.500)
15 15.9 (.625) 12.7 (.500) 15.9 (625)
P M - N | & [§|Dmensions, milimater, inch (mm, in.)
e e e e s e e N S
| |«
insert 22l2BEEE BRI REELERIEEE s < |6 &
size |Ordering code SRR ERERIEEYREEFE R EEETS om0 [mm oin [mm n |ANS
12 |SEKR 12 03 AZ-WM T | 318 12516 063 | 1.5 .050 |SEKR 12 03 AZ-WM
SEKR 12 04 AZ-WM tr 476 188|168 .063| 1.5 .050 |SEKR 1204 AZ-WM
E 15 |SEKR 15 04 AZ-WM o 476 188 |16 .063| 1.5 .059 |SEKR 1504 AZ-WM
:3 12 |SEKN 1203 AZ fE I g el el el e B Rl Bl e B el e e B B I e (318 12517 067 (1.2 .047 |SEK 424
= SEKN 1204 AZ (o |2 | || (ol (o (o) o | (o (o | (o | || 476 488 (1.7 067 | 1.2 .047 [SEK43A
SEMN 12 04 AZ o i | i | |476 188 (20 .079 SEM 434
15 |SEKN 1504 AZ ¥ [ & frfr| |o|dr|dr |5 #|476 188 |16 .083[15 .050 |SEK53A
] a-naa-”gﬂﬁ?oaannﬂﬂ.nocn
S e R e S e R
[ ]
Shoulder milling 90°
O'n;% L . 11°E -
1 60° ‘k W e
/A\ /\ g ) T
= = % |
TPKR TPKN/TPK BPKX / | DETAIL VIEW A |
LVIEWA4> ° ‘« V/J 1LéEI
‘¢ bs bxe s ‘«
| P v__ [ g |Q|Cimensicns, mm, inch
eolzo|ec|sc|so|or| - | - |eolee|or| - |eolec|solee] - [ - |o] - |eojee] - |eo
0 2212RIEe|. 1218222 E R BB Elz|cE I3 2 ER
= |Ordering code SEREEEEFZEZGEEREEE ZERZEEEZR & ¢ s b B s |ANS
38 [TPEN1603PPR HEEE NG A EA A R R B A RS #| 85 165 32 12 1.0 11 |TPK32P2R
A75 850 125 047 030 11
3/4 |BPKX1504PDR i 19.0 48 26 07 11 (BPKX1904PDR
é 750 188 102 028 N
£ 1/2 |TPKN2204PDR o | (o | [t (ol | e | o | o || o | o (o (ol o ol ol (ool ( | o o | (| 127 220 48 14 07 11 [TPK43P2R
500 Be6 .188 055 .028 11
BPKX 1504 PD R 158 48 20 07 11 (BPKX1504PDR
B25 188 079 028 N
3/8 |TPKR1603 PP R-WH il b B || |85 165 32 1.2 11 [TPKR 32P2 R-WH
2 A75 850 125 047 11
2| 1/2 [TPKR 2204 PDR-WH il b B || w127 220 48 14 11 [TPKR 43P2 R-WH
= 500 .Be6 .188 055 1
wlololalzlzole|R|212 12 222 0 |vla|ao|w oo [0
SEEEEEER 2SR B R S EEE AR
|
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Round insert for other cutters

CERAMIC
RPGN RPGN
RPGN RNGN K
) | 5 |-
I .
k=1
||
1S0 Q i a ANSI
RMNGN120T00E 12 12.7 |+ | BNG45A
RMNGN 12 07 00TO1 020 12 12.7 |4 | RNGASTO320
RAPGNOG0300E D& 144 [&[RPG224
RPGNOS0300E [1.7] 38 |4 |RPG32A
RPGN120400E 12 12 |[&|RPG43A
=
129
Inserts for coromill - Ball nose end mill
MAIN INSERTS SHANK
PROTECTION
INSERT
6
-/ = sl
M-M E-M M
Metric version
T p M I N 5 H |Dimensions
(0| G0| GG |GC| GG |65 | GC|GC| GE|GC|GE| - |GR|EC| - |GC|GE|GE|GE] - |G| G| G0 |GG|GE
P
selsk kRl ees
Forcutterdia.  r.  |Ordering code SRR EFREFREEEEEZEEEREFRIEEZHEEEE] & I s
10 5 |R6-1002E-M R i || MEBEEER I3k 8.6 0.8 1.70
12 ] R216-12 02 E-M || % i | drli ] | 10.8 12 238
R216-12 02 M-M |t o (| (| (o oo | ] || ||| 10.8 12 2.38
16 B R216-16 03 E-M | | i | | ] [ 14.4 16 3.18
R216-16 03 M-M o | o | o | (o (o |y | o (o | | o | o | o (o (o o o ot ol || || (|| 144 16 3.18
20 10  [R216-20 T3 E-M | | 1 i || 8 N I I R 17.0 20 397
R216-20 T3 M-M or| o | o | 9 o |ty | or (o | o ot | o (o (o | e | o i || || ||| 17.0 20 .07
E 25 125 [R216-25 04 E-M FIEE: i [ | HEEIBEIREIE 223 240 476
3 R216-25 04 M-M or| vy | o | 9 o |ty | or o o | o | ot | o (o (o | e o i || ||| || 223 240 4.76
- a0 15 [R216-30 06 E-M | | | 3k HEIEIREIBEIE 268 200 6.35
R216-30 06 M-M or| o | o | fr o |t | o o o o | o | o o (o | | e | ot o | | |l ||| 260 200 6.35
a2 16 |R216-32 06 E-M || i | drli ] | 28.6 3.8 635
R216-32 06 M-M o | or | o | o (o (o o | o (o [ o | o o | o o (o oo ol [l || | o[k ||| 286 3.8 6.35
4an 20 |R216-4007 E-M || i | drli ] | 26.5 309 794
R216-40 07 M-M e e e e e e I e et e e e e e s % 385 309 7.04
50 25 |R216-5007 E-M || i | drli ] | 446 407 794
R216-50 07 M-M e e e e e e I e et e e e e e s % 446 407 7.04
olslsle e 2 2]alalalzleleelele|olslsl2le 2l
ﬂ.ﬂ.ﬂ.l’lﬂ.ﬁ-ﬁﬁEI!XZZZC-’.I{-‘TIC-’.IIB%I;HIIII
||
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Capital Goods & Manufacturing
Machinist - CNC Milling (VMC- Vertical Milling Center)

Exercise 2.4.172

Select cutting tool, insert and holder for each operation

Objectives : At the end of this exercise you shall be able to

* read and interpret the cutting tool chart
* select cutting tool for various milling operations
* list the code for coromill cutters.

Job Sequence

Steps

Selection of milling tool for a particular operation in the

given chart/table

Face milling @80 mm for light cut (Fig 1)

Shoulder milling @50 mm for heavy cut (Fig 2)

Ball nose cutter @16 mm (Fig 3)
Slot milling @32 mm (Fig 4)

1 Define your type of peration

Identify your type of operation

Face milling

Shoulder milling

Profile milling

Slot milling

Select your tool

See page D6

Define your material

Define your material according to ISO
Steel (P)

Stainless steel (M)

Castiron (K)

Aluminium (N)

Heat resistant and titanium alloys (S)

Hardened material (H)

Select your milling cutter

Choose cutter pitch and mounting
Use a close pitch cutter as first choice.

Use a coarse pitch cutter for long overhang and
unstable conditions.

Use an extra close pitch cutter for short chipping
materials and super alloys.

Choose a mounting type.

4 Select your insert

Choose the insert geometry for your operation:
Geometry L = Light

For light cuts when low forces/ power are required
Geometry M = Medium

First choice for mixed production

Geometry H = Heavy

For rough operations, forging, cast skin and
vibrations

Select insert grade for optimum productivity
Define your start values

Cutting speeds and feeds for different materials are
given on the insert dispensers and in the tables on
page D 312.

Optimize the values according to the machine and
conditions.

Reference sandvic rotating tools manual

Facemilling

General facemilling (Fig 1)
CoroMill 345 Page D81
CoroMill 245 Page D88
CoroMill 490 Page D16
CoroMill 390 Page D24
CoroMill 200 Page D120
CoroMill 300 Page D108
Facemilling page D6 (Fig 1)

Fig 1

MA20N24172H1
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Page D81

Face milling

Example

Diameter = 50 - Coromill 345

Size of insert 13, For light machining

Coroment cap to 345° - 050C5 - 13L Close pitch

Metric version
Ordering code
o
mm |Coarse pitch O35} Close pitch @@'Eﬂm close pitch ":::.:"
Coromant Capto
40 [345-040C4-13L 3 |345-040C4-13M -4 -
50 [345-050C5-13L 3 |345-050C5-13M - | 4 |345-050C5-13H B
345-050C6-13L 3 |345-050CE-13M - | 4 |345-050C6-12H b
62 [345-063C5-13L 4 |345-063C5-13M 5 |345-063C5-13H B
345-063C6-13L 4 |345-063C6-13M - | 5 |345-063C6-13H B
B0 (345-080C6-13L 4 |345-0B0CE-13M - | 6 |345-080CE-13H 2
- 345-080C8-13M - | 6 |345-080C8-13H 3
100 |- 345-100C8-13M - | 7 |345-100C8-13H 10
Cylindrical shank
40 (345-040A32-13L 3 |345-040A32-13M -4
50 [345-050A32-13L 3 |345-050A32-13M -1 4]
Arbor
40 [345-040Q22-13L 3 |345-040022-13M -4 -
50 [345-050Q22-13L 3 |345-050Q22-13M - | 4 |345-050022-13H b
63 [345-0630Q22-13L 4 |345-063022-13M - | 5 |345-063022-13H B
B0 [345-080Q27-13L 4 |345-080Q27-13M - | 6 |345-080Q27-13H 2
100 |345-100Q32-13L 5 |345-100032-13M - | 7 |345-100Q32-13H 10
125 |345-125Q40-13L £ |345-125040-13M - | 8 |345-125Q40-13H 12
160 |345-160Q40-13L 7 |345-160040-13M - | 10|345-160Q40-13H
200 |345-200Q60-13L 8 |345-200Q60-13M - |12 |345-200Q60-13H
250 |345-250Q60-13L 10 |345-250060-13M - | 14|345-250060-13H
CIS Arbor
80 [A345-D80J25-13L 4 |A345-080J25-13M - | 6 |A245-080J25-13H
100 |A345-100J31-13L 5 |A345-100J21-13M - | 7 |AS45-100J31-13H
126 |A345-125J38-13L £ |A345-126J38-13M - | 8 |A245-125J38-13H
160 |A345-160J51-13L 7 |A345-160J51-13M - |10 |A345-160J51-13H
200 [A345-200J47-13L 8 |A345-200J47-13M - |12 |A345-200J47-13H
260 [A345-260J47-13L 10 |A346-260047-13M - | 14 |A345-250J47-13H

1l 0 =no coolant, 1 = coolant through centar

Note!
Mounting dimansions, see Metalcutting Technical guids.

{:‘ = Even pitch
~ o
t57 = Differential pitch
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Face and shoulder milling (Fig 2)
CoroMill 490 Page D16, CoroMill 390 Page D24, CoroMill

Endmill and square shoulder face mill (Page D16)

Diameter 20-84mm

331 Page D138, CoroMil Centuryl Page D50
Fig 2
T "
‘“‘i 3
INSERT SIZE. mm CROMANT CAPTO
Metric version 8 14 ’
Ordering code Dimenzions
o, " \ \ Max
E mlfn Coarse pitch @ () Close pitch “E}*@ Extra close pitch F:::..-' {‘:'_: Coolant!) [ L=\ Dem 4 h & M
Coromant Capto
08| 20 [4%0-020C3-08L 2 - - -1- -] - 1 0.2 32 B0 40 55| 48500
4530-020C4-08L 2 - - - - - - 1 04 40 70 40 55| 39000
450-020C5-08L 2 - - - |- -] - 1 06 50 75 40 55| 28000
450-020C8-08L 2 - - - |- - - 1 10 63 B0 40 55 | 20000
25 |- - 490-025C3-08M - |- -] - 1 02 32 B0 60 55| 40400
- - 490-025C4-08M -1 - | - 1 04 40 70 45 55| 30000
- - 490-025C5-08M -1 - | - 1 06 50 75 50 55| 28000
- - 490-025C6-08M - |- - | - 1 10 63 B0 53 55| 20000
a2 |- - 490-032C3-08M 4 - |- - | - 1 04 32 80 60 55| 33900
- - 490-032C4-08M 4 - |- - - 1 05 40 70 45 55| 33000
- - 490-032C5-08M 4 - |- - |- 1 0.7 50 75 50 55| 28000
- - 490-032C6-08M 4 - |- - 1 10 63 B0 53 55| 20000
- - 490-032C8-08M 4 - |- -] - 1 20 BD B0 45 55| 14000
a6 |- - 490-036C3-08M - 4]- - - 1 02 32 bB0 30 55| 31300
40 |- - 490-040C4-08M - | 4 (490-040C4-08H B | - 1 06 40 70 45 55| 20300
- - 490-040C5-08M - | 4 (490-040C5-08H 6| - 1 08 50 75 50 55| 28000
- - - - | - [490-040CE-08H B | - 1 12 63 B0 53 55| 20000
- - - - | - [490-040CB-08H 6| - 1 22 B0 B0 45 55| 14000
44 |- - 490-044C4-08M - | 5 (490-044C4-08H B | - 1 06 40 60 40 55| 27600
50 |- - 450-050C5-08M - | 5 (490-050C5-08H 7 - 1 10 50 75 50 55 | 25500
- - 490-050C6-08M - | & [490-050CE-08H 7|- 1 14 63 80 53 55| 20000
- - - - | - [490-050CB-08H 7 - 1 24 B0 B0 45 55| 14000
54 |- - 490-054C5-08M - | 5 [490-054C5-08H 7 - 1 0.9 50 B0 40 55| 24300
83 |- - 490-063C6-08M - | & (490-063CE-08H 8| - 1 12 63 50 23 55| 20000
- - - - | - [490-063CB-08H 8- 0 28 B0 B0 45 55| 14000
B8 |- - 490-066C6-08M - | & (490-066CE-08H -8 1 12 63 50 28 55 | 20000
a0 |- - 450-080C8-08M - | & [490-080CB-08H - |10 0 34 B0 B0 45 55| 14000
a4 |- - 450-084C8-08M - | & [490-084CB-08H - |10 0 27 B0 B0 30 55| 14000
4| 40 |- - 490-040C4-14M 3 - [ 3 [490-040C4-14H 2 4 - 1 0.5 40 70 45 10.0| 26400
- - 490-040C5-14M 3 - | 3 [490-040C5-14H 2 4] - 1 0.8 50 75 50 10.0| 26400
- - 490-040C6-14M 3 - | 3 [490-040C6-14H 2 4 - 1 12 63 80 53 10.0| 20000
- - - - | - [490-040C8-14H 2 4] - 1 21 B0 B0 45 10.0| 14000
44 |- - 490-044C4-14M 3 - | 3 [490-044C4-14H 2 4| - 1 06 40 70 70 10.0| 24600
50 |- - - - | - [490-050C5-14H 2 5] - 1 10 50 75 50 10.0| 22400
- - 490-050C5-14M - 4] -] - 1 10 50 75 50 10.0( 13700
- - - - | - [490-050CE-14H 2 5] - 1 14 63 B0 53 10.0| 20000
- - 490-050C6-14M - 4]- -] - 1 14 63 80 53 10.0| 13700
- - - - | - [490-050C8-14H 3 5] - 1 23 B0 B0 45 10.0| 14000
54 |- - - - | - [490-054C5-14H 5 - 1 09 50 B0 60 10.0( 21300
- - 490-054C5-14M - 4] - |- 1 049 50 60 60 10.0| 13000
g3 |- - 490-063C6-14M - | 5 [490-063CE-14H B | - 1 1.8 63 80 53 10.0( 11700
- - - - | - [490-063CB-14H 6| - 1 26 BD B0 45 10.0| 11700
BE |- - 490-066C6-14M - | 5 [490-066CE-14H B | - 1 1.5 83 65 65 10.0| 11400
a0 |- - 490-080CE-14M - | & (490-080CE-14H 8 - 1 189 63 B5 65 10.0| 10100
- - 490-080C8-14M - | 6 (490-080CB-14H 8| - 1 32 B0 B0 45 10.0| 10100
84 |- - 490-084C8-14M - | 6 [490-084CB-14H 8] - 1 30 B0 70 7O 10.0) 9800

1 0= no coolant, 1 = coolant through center

4 No shims used

Q = Even pitch
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Profile milling (Fig 3)

Finishing

CoroMill Ball Nose Page D133
CoroMill 316 Page D202

CoroMill Ball Nose Finishing endmill (Page D133)
Steel and Carbide shank

Diameter 8 - 32 mm

CYLINDRICAL

CoroMill Plura Page D214 ==
gOI;EhIZANCE |
Ay = 16 T
Fig 3 ‘
|
|
|
|
| i
iR f
2 L
Metric version
Limensions
Insert ! i
size D, mm Ordering code =1 b k k am., Max g, [/ -
Cylindrical shank
] 8 RZ16F-08A12C-035 0.2 g2 35 18 12 1.2 40000
R 6F-08A120-053 0.2 110 53 10 12 1.2 40000
RZ16F-0BA12C-075 0.2 132 75 19 12 1.2 23400
R216F-08A125-035 0.2 g2 35 19 12 1.2 40000
R 6F-08A125-053 0.2 110 53 3356 12 1.2 33600
R 6F-08A125-075 0.2 132 [ 19 12 1.2 16800
10 10 RZ16F-10A12C-053 0.2 110 53 22 12 1.5 40000
R26F-10A12C-075 0.3 132 7h 22 12 15 23400
R216F-10A125-038 0.2 a5 38 224 12 1.5 40000
R216F-10A125-053 0.2 110 53 38.7 12 15 40000
R 6F-10A125-075 0.2 132 75 218 12 15 20300
12 12 R26F-12A12C-053 0.3 110 53 12 1.8 40000
R216F-12A125-026 0.2 ga 26 12 1.8 40000
R 6F-12A125-053 0.2 110 53 12 1.8 40000
R216F-12A16C-085 0.4 145 a5 215 16 1.8 21000
R216F-12A165-085 0.3 145 85 225 16 1.8 18800
1B 1& RHEF-16A16C-063 04 123 63 16 24 43000
R 6F-16A165-032 0.3 g2 a2 16 24 36000
R216F-16A165-063 0.3 123 63 16 24 36000
R 6F-16A20C-100 0.7 166 100 205 20 24 25500
R EF-16A208-100 0.4 166 100 205 20 24 20000
20 20 R216F-20A205-038 04 104 a8 20 an 40000
R216F-20A205-075 0.4 141 75 20 a0 40000
R 6F-20A25C-115 11 191 115 35 25 a0 18500
RZ216F-20A255-115 0.7 181 115 35 25 30 18400
25 25 R 6F-25A255-045 05 121 45 25 33 40000
R 6F-26A255-090 0.7 166 00 25 s 37100
RZ216F-25A325-135 141 215 135 425 32 38 16500
30732 3032 R216F-32A325-054 0.4 124 54 32 45 35500
RHMEF-32A%25-107 1.7 187 107 32 48 32500
RZ216F-32A325-160 1.6 240 160 54 32 43 14500

R216F-08A125-035
I

S

C
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Steel shank
Carbide shank
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Slot milling (Fig 4)

Fig 4

MA20N24172H4

Diameter 32-200mm/1.250-8.000 inch (Page D26)

INSERT SIZE 18

=)

INSERT SIZE 11

~ 00

=
LIGHT CUTS

PITCH: L M H

‘ SEVERAL RADII FOR PERIPHERAL

INSERT - 11, MAX. 1.0 mm (.039 inch) ‘ .
1 INSERTS - 18, MAX. 1.2 mm (.047 inch) I —

RADIUS INSERT OPTIONS FOR
‘ CUTTER END SEATS.
I

LONG SET UP GENERAL SHORT SET UP
o U
. o ¢
i () =3 i) o i)
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Endmill and square shoulder facemill (Page D26)

Diameter 16-80 mm

DIAMETER 16 - 80 mm

[
[
]
N
J =
‘ -
0 .
Do —— %
K = 90°
INSERT SIZE 11
Metric version
Ordering code Dimensions, mm
Max
El n%n Coarse pitch “::’.:-‘ {:'_: Close pitch {1} ("_: Exira close pitch *:’} G Coolant'! é Dim b B & | Mo
Coromant Capto
11 | 16 [R390-016C3-11L050 2 - - - - - 1 02 C3 50 25 10.0(30000
R320-016C4-11L 2 - |- - - - - 1 05 C4 50 25 10.0|39000
20 |R320-020C3-11L050 2 R380-020C3-11MO050 | 3 - - - 1 02 C3 50 25 10.0]34800
R390-020C4-11L 2 - |- - - - - 1 05 C4 50 25 10.0|34800
- - R380-020C5-11M095 | 3 - - - 1 1.0 C5 85 40 10.0)34800
- - - |R3%0-020C6-11MA10 3 - - - 1 16 C& 110 40 10.0(34800
25 |R3%0-025C3-11L050 2 R380-025C3-11MO050 | 3 - - - 1 02 C3 50 32 10.0]36500
R390-025C4-11L 2 - |R390-025C4-11M 3 - - - 1 05 C4 55 32 10.0]|36500
- - R390-025C5-11M095 | 3 - - - 1 11 C5 85 45 10.0|36500
- - - |R390-025C6-11M110 | 3 - - - 1 1.6 C6 110 45 10.0|36500
32 |R3%0-032C3-11L050 - 2 |R3%90-032C3-11M050 - 3 - - 1 03 C3 50 35 10.0{31000
R390-032C4-11L 2 - |R390-032C4-11M - 3 - - 1 06 C4 65 40 10.0]31000
R390-032C5-11L 2 R390-032C5-11M - 3 - - 9 08 C: & 40 10.0(31000
- - - |R390-032C5-11M095 - 3 - - 1 11 C5 85 50 10.0|31000
- - R380-032C6-11M0BD | 3 - - - 1 1.5 C6 80 40 10.0]31000
- - - |R390-032C6-11M110 - 3 - - 1 1.7 C6 110 50 10.0|31000
36 |- - R380-036C3-11M050 | 3 - - - 1 04 C3 50 50 10.0]20000
- - - |R350-036C3-11MOTS 3 - |- - - 1 0B C3 7 75 10.0|20000
40 |- - R380-040C4-11M - 4 |R390-040C4-11H - 6 1 08 C4 70 50 10.0)27000
- - - |R390-040C5-11M - 4 |R390-040C5-11H - 6 1 11 Cb 75 50 10.0|27000
- - R380-040CE6-11MOBD | 4 - |- - - 1 1.6 C6 80 40 10.0)27000
44 |- - - |R390-044C411M060 | 4 - - - 1 08 C4 &0 60 10.0)25600
- - R390-044C4-11MO7E 4 - - - 1 08 C4 75 75 10.0(25800
50 |- - - |R390-050C5-11M060 | 5 - - - 1 1.0 C5 &0 60 10.0|23700
- - R390-050C6-11MOBD b - - - 9 1.8 C& B0 40 10.0(23700
54 |- - - |R390-054C511M060 | 5 - - - 1 1.2 Cb &0 60 10.0)22700
- - R390-054C5-11MO0BD | 5 - - - 1 14 C5 80 80 10.0)22700
B2 |- - - |R390-063C5-11M060 | 5 - - - 1 14 C5 &0 60 10.0|20700
- - R380-063C6-11MOBD | 6 - - - 1 22 CB 80 40 10.0]20700
G6 |- - - |R3%90-066CE-11MOGD B - - - 1 19 C& 60 60 10.0|20200
- - R380-066CE-11MOBD | 6 - - - 1 23 CB B0 B0 10.0]20200
g0 |- - - | R330-080C6-11MOG0D 7 - - - 1 22 CE 60 60 10.0|18200
- - R390-080CE6-11MOBD | 7 - - - 1 27 CB B0 B0 10.0]18200

1 0= no coolant, 1 = coolant through center
3 g (Max. rev/min) for holders must also be considered.

@ = Even pitch
{5} = Differential pitch

Nota:

When using inserts with radius »1.6 mm, standard cuttar bodies have to be modified accordingly: r = rs - 0.5 mm.
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Operation stability (Fig 5) Extra close pitch (-H)
Maximum number of inserts for best productivity under

stable conditions, short chipping materials. Heat resistant
materials.

Arbor mounting

£ dmm
COARSE PITCH (-L) CLOSE PITCH EXTRA CLOSE PITCH (-H) §
OPERATION STABILITY g :{j
Coarse pitch (-L)
Reduced number of inserts, with differential pitch, for best =
productivity when stability and power are limited. Extended
tooling, small machines. ‘ *
Close pitch \ ‘ —m{ .
General purpose milling and mixed production. w > ! y g
Dc2 ax.a, = 6mm z
Ordering code Choose L, MorH to Insert
complete the ordering code
D, mm x=L x=M | x=H D, 11 dmm Max rpm
50 R245-050Q22-12x 3 4 5 62,5 40 22 16250 12
63 -063Q22-12x 4 5 6 75,5 40 22 14400
80 -080Q27-12x 4 6 8 92,5 50 27 12700
100 -100Q32-12x 5 7 10 1125 | 50 32 11300
125 -125Q40-12x 6 8 12 1375 | 63 40 10100
160 -160Q40-12x 7 10 16 1725 | 63 40 8900
General code key for coromill cutters
[R|[A][390] _ [063]/Q[[22][L|_ [11] M]|050|
1 Style 2 Performance 3Main code
R= Right hand rotating A= Inch E.g: 390 = Coromill 390
4 Cutting diameter 5Type coupling
E.g. 063= 63mm A = Cylindrical, mm R = Arbor mounting inch
B = Weldon mm T = Threaded i
C = Coromant Capto - hreadedcoupling
D = Cylindrical inch W = Whistle Notch mm
J = CIS Tenon drive
M = Weldon, inch HA=HSK form A
N = Whistle Notch inch
Q = Arbor mounting mm
O = Cylindrical inch
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6 Coupling size

22 =22 mm

7 Extra long 9 Pitch 10 Length, I1

L = Extra long L = Coarse pitch E.g.: 050 = 50 mm
M = Close pitch
H = Extra close pitch

8 Insert size

1M =11mm(l)
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Capital Goods & Manufacturing

Exercise 2.4.173

Machinist - CNC Milling (VMC- Vertical Milling Center)

Fix inserts and tools in tool holders

Objectives : At the end of this exercise you shall be able to

¢ fix the insert in the cutter
¢ fix the cutter in cutter holder.

Job Sequence

Shim and insert fixing

The shim and insert seat (Fig 1)
» Check shim damage.

» Clean insert seat and damaged location and support
for cutting edge.

» If necessary index or replace shim.
» Properinsert location against support points.

» IMPORTANT that shim corners have not been knocked
off during machining or handling.

Contact faces (Fig 3)

» Always check supporting and contact faces of tool
holders, milling cutters and drills, making sure there is
no damage or dirt.

* In boring operations it is especially important to have
the best possible clamping. If the bar is not supported
all the way out to where the holder ends, this will add
to the overhang of the tool and help to induce vibration

Fig 3 7

MA20N24173H3

MA20N24173H1

Clamping screws (Fig 2)
» Correct screw-tightening torque.
» Careful screw lubrication to prevent seizure.

* Lubricant should be applied to the screw thread as
well as the screw head face.

* Replace worn or exhausted screws

* Use correct keys

MA20N24173H2

Production security (Fig 4)

» Important to choose the right insert size, insert shape
and geometry and insert nose radius to achieve good
chip flow.

- Select largest possible point angle on the insert for
strength and economy

- Select largest possible nose radius for insert
strength.

- Select a smaller nose radius if there is a tendency
to vibrate.

| = cutting edge length (insert size)
la = effective cutting edge length

r. = nose radius

Fig 4

MA20N24173H4
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Stability (Fig 5)

Maintenance tips

« Stability is the key factor for successful metal cutting, .

affecting machining costs and productivity.

+ Make sure that any unnecessary play, overhand,

weakness, etc. has been eliminated and that correct
types and sizes of tools are employed for the job °

L
MA20N24173H5
.
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Check tool wear and shims for damage

Make sure insert seat is clean.

Make sure of correct insert location.

Make sure correct keys and drivers are used.
Insert screws should be correctly tightened.
Lubricate screws before tool assembly.

Make sure contact faces are clean and undamaged
on tools, holding tools and machine spindles.

Make sure boring bars are clamped well and that holder
is undamaged at the end.

A well organized, maintained and documented tool
inventory is a production cost saver.

Stability is always a critical factor in any metal cutting
operation.
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Capital Goods & Manufacturing Exercise 2.4.174
Machinist - CNC Milling (VMC- Vertical Milling Center)

Decide cutting tools material for various application

Objectives : At the end of this exercise you shall be able to

* interpret the meaning of PMKSH,

* state the corresponding work material for PMKSH

* select the appropriate tool material to machine work material like, carbon steel, cast iron and Hard steel
etc.

Job Sequence

» Read the content of guide lines for selection of cutting » Select the cutting tool materials in terms of P,M,K,S,H
tool materials for cemented carbide. grade to machine carbon steel, Stainless steel, cast

. Make a note of PM,K,S,H grades make a note of iron, and hardened steel and list in the tabular column.

relative work material against PMKSH Guide lines for selectin of cutting tool materials
cemented carbides

Work Tool Life Work Material Hardness
Material
Life Performance

P 90min 15min Carbon steel, alloy steel 180HB

M 90min 15min Stainles steel 180HB

K 90min 15min Castiron 180HB

S 25min 5 min Titanium alloy 320HB

Ni, Co-Based alloy 400HB

H 80min 10min Hardened steel HRC60
Classification and designation rules of cemented the different wear resistance and toughness of the
carbide for cutting tools cemented carbide materials for cutting tools, which are

» Cemented carbide grades for cutting tools are divided represented by double-digit such as 01,10 and 20 etc.

into six categories: P,M,K,S and H according to the *  When necessary, a supplementary group number can
different fields of use, as listed in Table 1. be inserted between the two group numbers,

» Each category is divided into several groups in order to represented by 05,15 and 25 etc.

meet different usage requirements and according to
Table 1 Cemented carbides types for cutting tools

Types Fields of use
P Processing of long-cut materials such as steel, cast steel, Long cut malleable cast iron, etc.
M General alloy for processing stainless steel, cast steel, manganese steel, malleable cast

iron, alloy steel, alloy cast Iron etc.,

K Machining of short-cut materials such as cast iron, chilled cast iron, short-cut malleable
iron, grey cast iron etc.

N Processing of non -ferrous metals and non-metallic materials, such as aluminium,
magnesium, plastics, wood etc.

S Processing of heat resistant and high quality alloys such as heat resistant steel, alloys
containing nickel, cobalt, titanium etc.

H Machining of hard cutting materials, such as hardened steel, chilled cast iron etc.
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Groups Mechanical properties
Types Group number Main components Rockwell Vickers Flexural
hardness hardness strength
HRA, HV, /MPa Ru,
P 01 92.3 1750 700
10 Alloys/coating alloys 91.7 1680 1200
based on TNC and
20 WC with Co (N+Mo, 91 1600 1400
30 Ni+Co) as binder 90.2 1500 1550
40 89.5 1400 1750
M 01 92.3 1730 1200
10 Take WC a.s the base, 91 1600 1350
Co as the binder, and
20 add a small amount of 90.2 1500 1500
30 TiC (TaC, NbC) alloy/ 89.9 1450 1650
coating alloy
40 88.9 1300 1800
K 01 92.3 1750 1350
Take WC as the base,
10 Co as the binder, or add 97 1680 1460
20 a small amount of TaC, 91 1600 1550
30 NbC alloy/coating alloy. 895 1400 1650
40 88.5 1250 1800
10 Co as the binder, or add 91.7 1680 1580
a small amount of TaC,
20 NbC or CrC alloy/coating 91 1600 1650
30 alloy. 20 1450 1700
S 01 Take WC as the base, 92.3 1730 1500
10 Co as the binder, or add 915 1650 1580
a small amount of TaC,
20 NbC or TiC alloy/coating 91 1600 1650
30 alioy. 90.5 1550 1750
10 Co as the binder, or add 91.7 1680 1300
a small amount of TaC,
20 NbC or TiC alloy/coating o1 1600 1650
30 alloy. 90.5 1520 1500
Note:

1 Choose one of Rockwell hardness and

vickers hardness;

2 The above data are requrements for non-
coated cemented carbide, and the coated
products can be reduced by 30-50 according
to the corresponding vickers hardness.
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Capital Goods & Manufacturing Exercise 2.4.175
Machinist - CNC Milling (VMC- Vertical Milling Center)

Select cutting parameter from tool manufacturer catalog

Objectives : At the end of this exercise you shall be able to

* read and interpret the meaning of cutting parameter, and its equation to calculate cutting parameter
 select the cutter holder for a particular operation from the catalog

* select the insert for the selected the holder to machine required material

 select the cutting speed and depth of cut from the catalog.

Job Sequence

The cutting parameters for milling » Cutting speed Vc [m/min] - Equation - 1;
The milling parameter evaluated are spindle speed, feed * Feed speed Vf[mm/min] - equation 2;

rate, and depth of cut.  Feed per revolution ff [mm/rev];

Technological parameters » Feed per blade/tooth fz [mm/tooth - equation 3;

The technological parameters of milling include: - Width a_and depth of cut a_[mm]
e P

* Rotational speed n [RPM];

» Diameter of the tool Dc [mm]:

Table 1 presents the basic computational relationships

Number Technological parameter Equation Component description
1 cutting speed V_ T‘DC-” D, - diameter of the tool
VC 1000 n - rotational speed
2 feed speed V, Vi=F.n f - feed per revolution
n - rotational speed
3 feed pertooth f, FooV f - feed per revolution
foz__* n - rotational speed
z zn V, - feed speed
Work piece material
In order to facilitate the selection of parameters, the ISO
material groups are used. The same division applies total
machining methods. There are 6 materials groups.
(Table 2)
Table 2
Work piece material ISO marking Sample material:
Steel P Low-alloy steel
Stainless steel M Austenitic stainless steel
Castiron K Grey cast iron, ductile cast iron
Aluminium alloys N Cast
Heat-resistant alloys S high -alloys based on iron, nickel,
cobalt and titanium
Hardened steel H Hasrdened and tempered steel
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Catalogs whether in paper or electronic versions (eg.
Sandvik Coromant or ISCAR or SECO) constitute a
significant user support in making the first choice and
mathing the tools and parameters to the individual
technological tast.

Power and torque

When milling, the main drive power requirements depend
on factors such as:

The amount of material to be removed;
Average chip thickness;

Tool (insert) geometry (cutter);

Cutting speeds

Task

From the given details select to cutting parameter to face
mill on mild steel with 100 mm cutter diameter CoroMill
245-approach angle 45 degree

Cutter holder
Insert
Feedrate
Cutting speed
Refer Page D2 for guidance for milling tool selection
D4 for operation

D88 - D90 for cutter holder selection
for face milling

D93 for insert selection
D14 for insert code key
D308 for feed per tooth
D312-313 for cutting speed
How to choose your milling tool
1 Define your type of operation
Identify your type of operation
- Facemilling
- Shoulder milling
- Profile milling
- Slot milling
- Select your tool
- See page D6
2 Define your material
Define your material according to ISO:
Steel (P)
Stainless steel (M)
Castiron (K)

Aluminium (N)

Heat resistant and titanium alloys (S)

Hardened material (H)

See material cross reference listin Chapter 1
3 Select your milling cutter

Choose cutter pitch and mounting

Use a close pitch cutter as first choice.

Use a coarse pitch cutter for long overhang and unstable
conditions.

Use an extra close pitch cutter for short chipping
materials and super alloys.

Choose a mounting type.

4 Select your insert

Choose the insert geometry for your operation:
Geometry L = Light
For light cuts when low forces/ power are required
Geometry M = Medium
First choice for mixed production
Geometry H = Heavy
For rough operations, forging, cast skin and vibrations
Selectinsert grade for optimum productivity

5 Define your start values

Cutting speeds and feeds for different materials are
givenonthe Insert dispensers and in the tables on
page D 312.

Optimize the values according to the machine and
conditions

General facemilling (Fig 1&2)

CoroMill345  Pate D81
CoroMill245  Pate D88
CoroMill490  Pate D16
CoroMill390  Pate D24
CoroMill200  Pate D120
CoroMill300  Pate D108

MA20N24175H1
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Fig 2
DIAMETER 32-250 MM / 1.250-10.000 INCH

ROUGHING MIRROR FINISHING DEMANDING MILLING WITH HIGHEST SECURITY
INSERT SIZE 12

INSERT SIZE 18

&UPTOGMM

UP TO 10 MM
(-394 INCH)

INSERT SIZE 12
INSERT SIZE 12

PITCH: PITCH:

CONDITION: ~ UNSTABLE  GENERAL  STABLE CONDITION: GENERAL S LgbLE

WIPER OPTIONS

GEOMETRIES:

Lt SESISIQ:TY FOR HIGH FEED FINISHING GENERAL I
CONDITION:  SECURITY GENERAL ;
g
g
<
s
Face mill (Fig 3)
Diameter 32 — 250 mm
Fig 3 DMy
L3
:b L“
A A
f e
‘ Dc ‘ ﬁ o
¢ 3
<> K = 45° - Do 3
Z
ARBOR CYLINDRICAL SHANK %
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Metric version

Ordering code Dimansions
91] rﬁr‘w Coarsa pitch G Close pitch QQ Extra close pitch ‘::_r' Q é\. am, 0. & b h Mai:x [ -
Cylindrical shank
12 32 |- - |R245-032A432-12M3 il- - - |- (10 320 445 120 3@ 6 | 18250
40 |R245-040A3212L 3 |- - - | -|-111 320 525 120 3 6 (18250
50 |R245-050A3242L 3 |R245-050A32-12M 4|- - - |- (14 320 825 120 3 6 |[16250
63 |A245-063A3242L 4 |R245-063A32-12M 5(- 1 -|-[114 320 755 120 3 6 |[14400
80 |A245-080A3242L 4 |R245-080A32-12M 6| - |- -|-[21 320 025 120 3 6 [12700
Arbor
12 50 |R245-050022-12L 3 |R245-050022-12M 4 | - |R245-050Q22-12H 5|-|105 220 625 40 6 |[16250
63 |R245-063022-12L 4 |R245-063022-12M 5 | - |R245-0630Q22-12H 6|-|06 220 755 40 6 (14400
80 |R245-0800Q27-12L 4 |R245-0800Q27-12M 6 | - |R245-080Q27-12H 8-10 270 925 B0 6 |[12700
100 |R245-100Q32-12L 5 |R245-1000Q32-12M 7| - |R245-100Q32-12H 0(- (1.4 320 1125 B0 6 (11300
125 |[R245-125Q40-12L 6 |R245-125040-12M 8 | - |R245-125Q40-12H 12 - |27 400 1375 &3 6 [10100
180 |R245-160040-12L 7 |R245-160040-12M 10| - |R245-160Q40-12H 16| - | 5.0 400 1725 B3 & | 8200
200 |R245-200060-12L 8 |R245-200060-12M 12| - |R245-200Q60-12H 20| - |67 600 2125 B3 6 [ 7950
250 |R245-250060-121 10 | R245-250060-12M 14| - |R245-250Q60-12H 24| -85 600 2625 B3 & | 7100
18 80 |- - |R245-080032-18M3 - | 4 [R245-080Q32-18H -|5[16 320 088 &0 10 [ 6100
100 |- - |R245-100032-18M3 - | 4 |R245-100Q32-18H -|6]18 320 1188 &0 10 | 5400
125 |- - |R245-125040-18M - | 5 |R245-125Q40-18H -| 7|36 400 13BE 63 10 | 4800
1680 |- - |R245-160Q40-18M - | & |R245-160Q40-18H -| 9|87 400 1788 63 10 | 4300
200 |- - |R245-200060-18M - | & |R245-200Q60-18H - |12(12.0 60.0 2188 63 10 | 3800
250 |- - |R245-250060-18M - |10 |R245-250Q60-18H - |14] 89 60.0 2688 B3 10 | 3400
CIS Arbor
12 B0 |RA245-080J254-12L | 4 |RA245-080J25.4-12M 6 | - |RA245-080J25.4-12H 8|-112 254 025 G50 6 (12700
100 |[RA245-100J31.756-12L | 5 |RA245-100J31.75-12M | 7 | - |[RA245-100J31.756-12H |10| - [ 22 318 1125 63 6 (11300
125 |RA245-125J38.1-12L | & |RA245-125J38.1-12M 8 | - |RA245-125J38.1-12H 12| - |34 381 1375 B3 6 (10100
160 |RA245-160J50.8-12L | 7 |RA245-160J50.8-12M 10| - |RA245-160J50.8-12H 16| - |50 608 1725 B3 6 | 8200
200 |RA245-200J47 625121 | & |RA245-200J47.625-12M |12 | - |RA245-200J47.625-12H (20| - | 6.7 47.625 2125 63 6 | 7950
250 |RA245-250J47 6251201 | 10 |RA245-250J47.625-12M |14 - |- - | - [ 85 47625 2625 63 6 [ 7100
18 80 |- - |RA245-080J25-1 BM3 - | 4 |RA245-080J25-18H -|6|15 254 1013 B0 10 | 6100
100 |- - |RA245-100J31-18M3 - | 4 |RA245-100J31-18H -|B]27 3.8 1188 &0 10 | 5400
125 |- - |RA245-125J38-1BM - | & |RA245-125J38-18H - | 7137 381 1438 63 10 | 4000
160 |- - |RA245-160J51-1BM - | 6 |RA245-160J51-18H -|9]83 508 1788 63 10 | 4300
200 |- - |RA245-200J47-1BM - | B |RA245-200J47-18H - |12[12.0 47.625 21B.8 63 10 | 3800
250 |- - |RA245-250047-1BM - |10 |RA245-250J47-18H - |14| 89 47.625 2688 63 10 | 3400

1} Insarts are ordered saparataly.
%) Pnee (Max. rev/min) for holders must al=o be considered.
3 Without shim

Mote!
Mounting dimensions, see Metalcutting Technical guide.
Bolt circle for cutters 200 and 250mm = 4°

":; = Even pitch
o o
157 = Differsntial pitch
Inserts for CoroMill® 245 (Fig 4)

Cemented carbide / Cermet

The Wiper inserts can also be used for turn milling.

Fig 4

MA20N24175H4
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Shoulder milling

Feed per tooth, f,

Max. chip thickness

Feed per tooth, f,

Max. chip thickmess

(mm/tooth) h,,, mm (inch/tooth) h,,. (inch)
k. 90° (0°) | Insert |Insert | Starting (min.- max.)| Starting (min.- max.)| Starting (min.- max.) | Starting (min.- max.)
geom |size value vaule value value
fry
AUTO-FS | SBEN 0.17  (0.1-0.3) 0.17  (0.1-0.3) .007 (.004-.012) |.007 (.004-.012)
Finishing | SBEX
SBEX
-11
R/LA262.4
R/L262.4
R/L262.42
T-Line
Roughing | CDE 0.17  (0.1-0.3) 0.17  (0.1-0.3) .007 (.004-.012) |.007 (.004-.012)
R260.90
Facemilling| Insert |Insert | Starting (min.-max.) | Starting (min.- max.)| Starting (min. - max.)| Starting (min. - max.)
k. 75°10° | geom |size value value value value
fry
Coromill
345 E-PL
E-ML
E-KL [13 0.15  (0.07-0.20) | 0.10  (0.07-0.14) | .006 (.003-.008) |.004 (.003-.006)
M-PL
M-KL
M-PM
M-MM 0.30  (0.15-0.45) | 0.21 (0.10-0.32) | .012 (.006-.018) | .008 (.004-.013)
M-KM
M-PH 0.45 (0.35-0.55) | 0.32  (0.25-0.39) | .012 (.014-.022) |.013 (.010-.015)
M-KH 0.40 (0.30-0.50) | 0.28  (0.21-0.35) | .016 (.012-.020) |.011 (.008-.014)
CoroMill®
245 E-PL
E-ML 0.14  (0.08-0.21) | 0.10  (0.06-0.15) | .006 (.003-.008) | .004 (.002-.006)
E-KL
CT530
H13A 0.1 (0.07-0.17) | 0.08  (0.06-0.12) | .004 (.003-.007) |.003 (.008-.014)
H10
M-PL 0.17  (0.07-0.21) | 0.12  (0.06-0.15) | .007 (.003-.008) |.005 (.002-.006)
M-KL
M-PM 0.24  (0.10-0.28) | 0.17  (0.07-0.20) | .009 (.004-.011) |.007 (.003-.008)
M-KM
CT530 0.12  (0.08-0.18) | 0.09 (0.06-0.13) | .005 (.003-.007) | .004 (.002-.005)
H13A
K-MM 0.23  (0.10-0.28) | 0.16  (0.07-0.20) | .009 (.004-.011) | .006 (.003-.008)
M-PH 0.35 (0.10-0.42) | 0.25 (0.07-0.30) | .014 (.004-.017) | .010 (.003-.030)
M-KH
E-AL 0.24  (0.10-0.28) | 0.17  (0.07-0.28) | .009 (.004-.011) |.010 (.003-.08)
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E Cera
mic
CC619 0.21 (0.10-0.30) |0.15  (0.07-0.20) |.008 (.004-.012) |.006 (.003-.008)
E CBN
CB50 0.14  (0.07-0.21) |0.10  (0.06-0.15) | .006  (.003-.008) |.004 (.002-.006)
E PCD
CD10 0.14  (0.07-0.21) |0.10  (0.06-0.15) |.006 (.003-.008) |.004 (.002-.006)
Milling with large enlargement, metric values
ISOP SpecificHardness CT530 GC1010
cutting |brinell
f
Kocrgi Max chip thickness h, mm
0.1-0.15-0.2 0.05-0.1-0.2
MC NO. CMC | Material N/mm? HB |mc | cutting speed V°'/m/min
No.
Steel unalloyed
P1.1.ZAN | 01.1 C =0.1-0.25% 1500 125 |0.25 430-390-350 -
P1.2.Z.AN | 01.2 C = 0.25-0.55% 1600 150 |0.25 385-350-315 -
P1.3.ZAN | 01.3 C = 0.55-0.80% 1700 170 |0.25 365-330-300 -
P1.3.ZAN | 01.4 1800 210 |0.25 315-290-260 -
P1.3.Z.HT | 01.5 2000 300 |0.25 235-210-195 -
Low alloyed (alloying
elements . 5%)
P2.1.Z.AN | 02.1 Non-hardened 1700 175 10.25 300.275.245 -
P2.5.Z.HT | 02.2 Hardened and tempered 1900 300 |0.25 195.180.160 -
High alloyed (alloying
elements > 5%)
P3.0.Z.AN | 03.11 | Annealed 1950 200 |0.25 230.205.185 180-165-135
P3.1.Z.AN | 03.13 | Hardened tool steel 2150 200 |0.25 190.170.155 150-135-110
P3.0.Z.HT | 03.21 2900 300 |0.25 165.150.135 130-120-100
P3.0.Z.HT | 03.22 3100 380 |0.25 105.95.85 80-75-60
Castings
P1.5.C.UT | 06.1 Unalloyed 1400 150 [0.25 305.280.250 245-220-180
P2.6.C.UT | 06.2 Low alloyed (alloying
elements . 5%) 1600 200 |0.25 245.220.200 195-175-145
P3.0.C.UT | 06.3 High alloyed (alloying
elements > 5%) 1950 200 |0.25 180.160.145 140-130-105
ISOM Specific Hardngess CT530 GC1025
cutting brinell Max chip thickness h, mm
force
K 0.4 0.1-0.15-0.2 0.05-0.1-0.2
MC NO. CMC Material N/mm? HB mc | cutting speed V_/m/min
No.
Stainless steel
Ferritic/martensitic
P5.0.Z.AN | 05.11 | Non-hardened 1800 200 [0.21 285 .255 .230 255 .225 .180
P5.0.Z.PH | 05.12 | PH-hardened 2850 330 |[0.21|205.185.165 180 .160 .130
P5.0.Z.HT | 05.13 | Hardened 2350 330 [0.21|215.190 .170 185 .165 .135
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Austenitic
M1.0.ZAQ | 05.21 | Non-hardened 1950 200 |0.21| 265 .240 215 250 .225 .180
M1.0.Z.PH | 05.22 | PH-hardened 2850 330 |0.21] 200 .175 160 170 .155 .125
M2.0.Z.AQ | 05.23 | Super austenitic 2250 200 - -
Austenitic-ferritic (Duplex)
M3.1.Z.AQ | 05.51 | Non-weldable . 0.05%C 2000 230 |0.21| 260 .235 .210 205 .185 .145
M3.2.Z.AQ | 05.52 | Weldable < 0.05%C 2450 260 |0.21| 230 .205.185 175 .155 .125
Stainless steel . Cast
Ferritic/martensitic
P5.0.C.UT| 15.11 | Non-hardened 1700 200 |0.25| 255.230 .205 225 .200 .160
P5.0.C.PH| 15.12 | PH-hardened 2450 330 |0.25| 180 .160 .145 155 .140 .115
P5.0.C.HT | 15.13 | Hardened 2150 330 |0.25| 195 .175.155 170 .155 .120
M1.0.C.UT| 15.21 | Non hardened 1800 200 |0.25| 255 .225 .205 235 .210 .170
M1.0C.PH | 15.22 | PH-hardened 2450 330 |0.25| 180 .160 .145 160 .140 .115
M2.0.C.AQ| 15.23 | Super austenitic 2150 200 - -
Austenitic-ferritic (Duplex)
M3.1.C.AQ| 15.51 | Non-weldable . 0.05%C 1800 230 |0.25| 245 .220 .195 195 .175 .140
M3.2.C.AQ| 15.52 | Weldable < 0.05%C 2250 260 |0.25| 215.190 .170 160 .145 115
ISOK Specific Hardness | CB50 GC6190
cutting brinell
force Max chip thickness h, mm
K. 0.4 0.1-0.15-0.2 0.05-0.1-0.2
MC NO. CMC Material N/mm? HB mc | cutting speed V_/m/min
No.
Malleable cast iron
071 Ferritic (short chipping) 790 130 |0.28 - 1300 —1050 -880
K1.1.C.NS| 07.2 Pearlitic (long chipping) 900 230 (0.28 - 1100 —-890 -730
Gray castiron
K2.1.C.UT | 08.1 Low tensile strength 890 180 |0.28| 850 —720 —620 1600-1300-1050
K2.2.C.UT | 08.2 High tensile strength 1100 245 10.28| 910 —780 -670 1200-990-810
Nodular castiron
K3.1.C.UT | 09.1 Ferritic 900 160 |0.28 - 1000-830-680
K3.3.C.UT | 09.2 Pearlitic 1350 250 |0.28| 495 —420 -360 840 —690 -570
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Capital Goods & Manufacturing Exercise 2.4.176
Machinist - CNC Milling (VMC- Vertical Milling Center)

CNC programme using G00, G01, G02, & G03

Objectives : At the end of this exercise you shall be able to

* write the co-ordinates points in absolute and incremental co-ordinate systems
* write the CNC programme using linear and circular interpolation

* enter the CNC programme in CNC simulator and verify the programme.

Fig 1 Fig 2
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- PRE MACHINED 100 X 100 X 25 mm - ALUMINIUM-LM25 . 1 2.4.176
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE TIME

+0.02

CNC PROGRAM
@ «5» CODE NO. MA20N24176E1
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1 Task 1 - Write the CNC programme for Fig 1 in absolute
co-ordinate system (only to mark the profile).

2 Task 2 - Write the CNC programme for Fig 1 in
incremental co-ordinate system.

3 Task 3 - Write the CNC programme for Fig 2 in absolute
co-ordinate system.

Job Sequence

4 Task 4 - Write the CNC programme for Fig 2 in
incremental mode.

5 Task 5 - Write the CNC programme for Fig 3 in absolute
co-ordinate system.

6 Task 6 - Write the CNC programme for Fig 3 in
incremental co-ordinate system.

TASK 1: Write the co-ordinates points in absolute and incremental co-ordinate systems

Write the co-ordinates ponts for Fig 1 in G90

Fig 1
4 3
@ 1 2

Point G Code X Y Z
1 GO0 10 10 5
1 G01 10 10 -0.5
2 GO01 0 10

3 GO01 0 0

4 G01 10 0

5 GO01 10 10

6 GO0 10 10 50

Write the CNC Programme
N1 G71 G94 (Metric & feed rate in mm/minutes)
N2 G75 Z0 ( Go to machine reference Z axis)

N3 G75 X0 YO (go to machine reference X and Y axis)
N4 M06 TO1 D1 ( Tool call number and tool height D1)
N5 M03 S1500 (spindle on CW with RPM M 1500)
N6 M08 (coolant on)

N7 G00 G93 G54 X10 Y0 Z5 (Rapid movement to starting,
position X10 YO Z5)

N8 G01 X10 Y10 Z-0.5 F100 (Depth of cut in work piece
0.5mm)

N9 G01 X90 Y10 (linear interpolation on from point
1 to Point 2)

N10 GO01 X90 Y10 (linear interpolation on from point
210 3)

N 11 GO X90 Y10 Linear movement from point 3 to 4)

N12 G01 X10 Y10 (Linear movement from point 4 to
point 5)

M13 GO0 Z50 (tool moves upto by 50 mm above work
piece rapidly)

M14 M09 (coolant off)

M15 MOS5 (spindle off)

M16 M30 (program stop)

Enter the programme in CNC simulator

Verify the programme by simulating

If there is any error in the tool path correct it
accordingly

TASK 2: Write programme for Fig 1 in incremental mode

Write the incremental coordinates for Fig 1 (G91)

G Code X Y 4
N1 GO01 0 0 -5.50
N2 GO01 80 0
N3 GO01 0 80
N4 GO01 80 0
N5 GO01 0 -80
N6 G00 50

Write the CNC Programme

N1 G71 G94 (Metric & feed rate in mm/minutes)

N2 G75 Z0 ( Go to machine reference Z axis)

N3 G75 X0 YO (go to machine reference X and Y axis)

N4 M06 TO1 D1 ( Tool call number and tool height D1)
N5 M03 S1500 (spindle on CW with RPM M 1500)
N6 M08 (coolant on)

N7 GO0 G93 G54 X10 Y0 Z5 (Rapid movement to starting
position X10 YO Z5)

N8 G01 X0 Y0 Z-5.50;
N9 G01 X80 YO

N10 G01 X0 Y80

N11 G01X80Y0

N12 G01 X0 Y-80

N13 GO0 Z50 (tool moves upto by 50 mm above work
piece rapidly)
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N14 M09 (coolant off)

N15 MO5 (spindle off)

N16 M30 (program stop)

Enter the programme in CNC simulator
Verify the programme by simulating

accordingly

If there is any error in the tool path correct it

Write the co-ordinate for Fig 1

Fig 1

MA20N24176J1

TASK 3: Write the CNC programme for Fig 1 in absolute co-ordinate system

G90
G X Y | Z I J F
N1 GO0 | 20 | 10| 5
GO01| 20 | 10| 0.5 100
N2 GO01| 80 | 10
N3 GO3 | 90 | 20 0 10
N4 GO01| 80 | 80
N5 G03 | 70 | 90 -10 | O
N6 GO1| 20 | 90
N7 G03 | 10 | 80 0 -10
N8 GO01| 10 | 20
N9 GO03 | 20 | 10 10 0
N10 G00 | 20 | 10 | 50

Fig 1

R10

80 X 80Sq

100

MA20N24176K1

Write the CNC programme
N1 G71 G94

N2 G75 Z0

N3 G75 X0 YO

N4 M06 TO1 D1

N5 M03 S1500

N6 M08

N7 GO0 GO G54  X20 uto 2

N8 GO0 X20 Y10 Z5
G01X20Y10Z-0.5
N9 G01 X80 Y10

Write the incremental co-ordinates for Fig 1
G91

N10 G03 X90 Y2010 J10
N11 G01 X80Y80

N12 G03 X70Y90 1-10J0
N13 G01X20Y90

N14 G03 X10Y8010J-10
N15G01X10Y20

N16 G03 X20Y10110 JO
N17 GO0 X20 Y10 Z50
N18 M09

N19 M05

N20 M30

Enter the CNC programme in the CNC simulator

Verify the programme by simulating

TASK 4: Write the CNC programme for the Fig 1 in incremental co-ordinates

SI.No Gcode | X Y 4 | J
N1 GO01 0 0 -5.5 - -
N2 G01 60 0
N3 G03 10 10 0 10
N4 G01 0 60
N5 G03 -10 | 10 10| 0

N6 GO1 -60
N7 G03 -10
N8 GO1 0
N9 G03 10

0

-10
-60
-10

-10

10

Write the CNC Programme

N1 G71 G94
N2G75 20
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Fig 1 R10

100

80 X 80 Sq

©
-
N

100

MA20N24176X1

N3G75 X0 YO

N4 M06 TO1 D1

N5 M03 S1500

N6 M08

N7 GO0 G90 G54 X20 Y1025

N8 GO1 G91X0 Y0Z-5.5F100
N9 G01X0Y0Z-5.5

N10 G01 X60 Y0

N11 G03 X10Y1010J10

N12 G01 X0 Y60

N13 G03 X-10Y101-10JO

N14 G01 X-60 YO

N15 G03 X-10Y-1010 J-10

N16 G01 X0 Y-60

N17 G0O3 X10Y-10110J0

N18 GO0 G90 Z50

N19 M05 M09

M30

Enter the CNC programme in CNC simulator
Verify the programme by simulating

If there is any error correct the programmes
accordingly

TASK 5: Write the CNC programme in absolute co-ordinate system for Fig 1

Fig 1 ‘
3 i 4 =
1 2
2 ‘ 5
o 1 ‘ g
s i ———
9 ! 6 )
} B
8 7 e
1 oﬂ\; oﬂ\/ 30 30 ﬂ\/1 oﬁ\/ 0 %
100 é
S.No | Tool path X Y Z | R
1 GO0 -40 0
2 GO01 -40 30
3 G03 -30 40 CR=10
4 GO01 30 40
5 G03 40 30 CR=10
6 GO01 40 -30
7 G02 30 -40 CR=10
8 GO01 -30 -40
9 GO01 -40 -30
10 GO01 -40 0

Write the CNC programme

N1 G71 G94 (Metric & feed)

N2 G75 Z0 (go to machine ref Z axis)

N3 G75 X0 YO (go to machine ref X and Y axis)

N4 M06 TO1 D1 (Tool calling no.1 and tool height
calling D1)

N5 M03 S1500 (Spindle on CW. RPM 1500)
N6 MO8 (coolant on)

N7 GO0 G90 G54 X0 YO (Rapid mode tool work offset
position X,Y)

N8 GO0 Z5 (Rapid mode Z axis position safety distance)
N9 GO0 X-40 YO ( Tool starting position in program mode)

N10 G01 Z0 F300 (Linear mode with feed rate job surface
position 0)

N11 G01 Z-1 F50 (depth of cut in Job Z axis is feeded)

N12 G01 Y30 F 300 ( Linear mode cutting feed Y axis with
feed rate)

N13 G03 X-30Y 40 CR=10 (tool path X and Y anticlockwise
with radius) CR Center radius

N14 GO1 X30 Y40 (Tool path linear X axis)

N15 G03 X40 Y30 CR = 10 (Tool path X and Y anti clock
wise with radius)

N16 G0O1 X40 Y-30 (Tool path linear mode Y axis)

N17 G02 X30 Y-40 CR=10 (Tool path X and Y clock wise
with radius)

N18 G01 X-30Y -40 (Tool linear mode X axis)

N19 G0O1 X-40Y -30 (Tool path linear mode X and Y axis)
N20 GO1 X-40 YO (Tool path starting point linear mode)
N21 GO0 G90 Z20 (tool safe position rapid mode)

N22 MQ9 (Coolant off)

N23 M05 (Spindle off)

N24 M30 (Program rewind)
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TASK 6: Write the co-ordinates in incremental mode for Fig 1

Fig 1 N2 G71 G94 (Metric feed)
" | " o N3 G75 Z0 (Go to machine Ref. Z axis)
1 - N4 G75 X0 YO (Go to machine Ref. X and Y axis)
2 ‘ 5 | — T="CUTTER4' M6 D1 (Tool calling, Tool length)
) 1 QF 8 N5 M03 S1500 (Spindle on CW)
2 TN NO6 M08 (coolant on)
i B NO7 GO0 G90 G54 X0 YO (Tool work offset position with
° ‘ = Rapid mode)
A ! S o NO8 G00 Z5 (Z axis safety position)
10 [10], a0 30 1010 g N09 GO0 X-40 YO0 (Tool path starting point)
w0 7 2 N10 G01 Z-1 F50 (depth of cut Z axis)
E N11 G01Y 30 F300 (Tool path linear Y axis)
S.No | Tool path X Y Z R N12 G03 X10 Y10 CR=10 (Tool path Y axis Anti clock
] e 20 0 wise with radius)
) Go1 0 30 N13 G01 X60 YO (Tool path linear X axis)
N14 G03 X10 Y-10 CR=10 (Tool path X, Y axis anti clock
3 GO3 10 10 CR=10 wise with radius)
4 GO1 60 |0 N15 G01 X0 Y-60 (Tool path linear Y axis)
5 Go3 10 | -10 CR=10 N16 GO1 X-10 Y-10 CR=10 (Tool path X, Y axis clock wise
6 GO1 0 -60 with radius)
7 G02 60 | -10 CR=10 N17 G01 X-60 YO (Tool path linear X axis)
8 G01 -10 0 N18 G01 X-10Y10 (Tool path linear X Y axis)
9 GO1 -10 10 N19 G01 X0 Y30 ( Tool path linear starting)
10 GO1 0 30 N20 G00 G90 220 ( Tool safe distance)
Write the program in Incremental mode PIZIGLO9 (Coolant off)
N1 G91 incremental N22 MO5 (Spindle off)
WORK PIECE (, " ", , "RECTANGLE", 64,0,-20,-  N23M30 (Program rewind)
80,100,100)

Skill Sequence

Edit or enter a new program in Siemens 828 D control

Objective: This shall help you to
* enter a new program in Siemens 828 D control.

Siemens control 828 panel (Fig 1)

Mackime  Position [mm]
MX1 0.600
MY1 0.600
M21  1060.800
skl 0.0

En

ESZE1 I PR T K = I P 1
HEEE BER
EFE EHEE HHEBA
EEE BEA
]
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1 Select program manager key press in HMI panel
(Fig2)

olin 1Y
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E DEE
D0 DA

EEE
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REROEOALE
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EEE BAAA

@

oflli<)
islis 1)
L OAE

i [&lis
o
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e e i .
EE2 mEm Ooo
HEE EEE HAH
HEE EEE HAHQ
E] =

4 Enter the file name press ok 5 File screen open (Fig 4)

Fig 4 E
=
EEE

= opge
- gag
B3 HEDd
B B

B3 npogs
m

T p
qugﬂﬂﬂgllsgaﬁaa
EE= EEE OOom
EEE EEE HEHA
EEE EEE HBBHA
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6 Select block and enter the size (use various soft key)
7 Press blank in soft key (Fig 5)

Fig 5

Machine  View  Extras  Help

1
SIEMENS 1% P

WE/TPF/SSKT T [ Bk O |

holin fiv

E miEE
g w]-affuo| ; i

alic:lio
8
it

[
—
—
—
—
Lo
1| ot |

‘F

B S I = - B
BEEAR EEE OOom
EFE HEE HBAA

HEEE HHAA
&

8 Select block centred (Fig 6)

Fig6

MCMING

E DRE
ol I
0O @BEE

2]
B HE

[=T]_tccey
EXFCOELI I = = CF e
AN EEE OEn

EFE HEE HHEA
ElFE HEN EEE

9 Block entered select input key (Fig 7) 11 Work piece (, " " ,, " RECTANGLE", 64, 0 -20,
100,1
10 Enter the material size accept press isoft key (Fig 8) 80,100,100)__
12 Type the program using alpha numerical key pad
(Fig9)
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Fig7
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Simulation checking method in Siemens control

Objective: This shall help you to
* simulate the part program.

1 Open main program (Fig 1)

Fig 1
Machine  View  Bras  Melp
SIEMENS

HE/HPF/S5E1

= E
G2 Xi@ Y 40 CR=-101
Gl X-207

E-l X-40 Y-3090

BMEEIII‘.--I-I

HEA= EEE DOOA
EdE HEE HHA
EEE BHBA

@

2 Press simulation soft key

3 Simulation will start

4 Simulation show the finished product (Fig 2)

Fig 2

=

HC/TFF/SEEN

n | u T
H-IIIIIIIIII.M

HEAS EEE OB
T2

HEE HBABR
@
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Capital Goods & Manufacturing Exercise 2.4.177
Machinist - CNC Milling (VMC- Vertical Milling Center)

Facing and slot milling with sub program technique

Objectives : At the end of this exercise you shall be able to
 write the program for face milling

* write the program for slot milling

 enter the program in simulator and verify the program.

4 N
——+—G——|— 8 8
\. /

FACING \ ‘ ‘

NOTE:- 1. FACE MILL CUTTER DAIMETER 50
2. SI0OT MILL CUTTER DIAMETER 10MM

1 - - ALUMINIUM - - 24177
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE TIME

FACING AND SLOT MILLING
@ «E» CODE NO. MA20N24177E1
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Job Sequence

Note

1 Face mill cutter diameter 50 mm

2 Slot mill cutter diameter 10 mm

Fanuc Control programme
00005; (Face milling and pocket milling)
1 G40G15G69G 80

G21G9%4

G28 G91 20 Program Header
G28 G90 G55 X0 YO
MO6 T05 M03 S1800;
G00 G43H5 725 \\
G00 X-75Y-35
G01Z0F500

M98 P6 L2

10 GO0 G90120

11 M05

2o > Eon
13 M06 TO1

14 M03 S1500

15 GO0 G90 G55 X0 YO
16 GO0 G43 H125

17 G01Z0 F200

18 M98 P7 L10

19 GO0 G90 Z20

20 MO05;

21 M09;

22 M30;

© 00 N OO o b W DN

Programme footer

Note: The body of the programme will remain
same for most of the control, only header and
footer will vary

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.4.177

Sub Programme
00006; (facing)

N1 G1 G91Z-0.5 F200
N2 G1 G90 X75 F300
N3 G1Y0;

N4 G1 X-75;

N5 G1'Y 35;

N6 G1 X75;

N7 GO G91 Z1;

N8 G0 G90 X-75 Y-35;
N9 G00 G091 Z-2;
N10 M99;

00007: (pocket)
G01 G91Z-0.5 F50;
G01 G90 X-8 F300;
G01Y8;

G01 X8;

GO01Y-8;

G01 X-8;

G01YO;

G01X-16;

GO01Y 16;

G01 X 16;

GO01Y -16;

G01 X-16;

G01Y0;

G01X-20;

G01Y20;

G01X20;

G01 Y-20;
G01X-20;

G01Y0;

GO X0 YO0;

N99;
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Capital Goods & Manufacturing Exercise 2.4.178
Machinist - CNC Milling (VMC- Vertical Milling Center)

CNC part programme, pocket milling and - canned cycles

Objectives : At the end of this exercise you shall be able to

write the part programme for pocket milling

write the part programme for centre drilling

write drilling and tapping programme using canned cycles
write the part programme for reaming using canned - cycle.

4X M8 TAPPED HOLE

‘ 2 REAMED HOLE @10

/

=75=
=70=

|

|

|

|

|

|
100 SQ

50 8Q
g |
/ | /
o /‘}7 R\
T/ \ \T/
50
w
2 ?
N
- - - - - - 24178
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE TIME
CNC PART PROGRAMS - POCKET MILLING
@ E CODE NO. MA20N24178E1
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Job Sequence

»  Write the CNC programme for pocket milling

*  Write the CNC programme for centre drilling

»  Write the CNC programme for drilling

»  Write the CNC programme for counter sinking

»  Write the CNC programme for taping

*  Write the CNC programme for reaming

* Enter all te programme in CNC simulator and get it
verified by your instructor

Program for pocket and canned cycles

Task 1 Pocket milling
00010 (Pocket milling)

N1 G40
N2 G21
N3 G28
N4 MO06
N5 MO03
N6 G90
N7 G43
N8 G01
N9 M98
N10 G00
N11 MO5;
N12 MO09;
N13 M30;
Sub program
000020 (packet)
N1 G02
N2 G01
N3 GO01
N4 GO01
N5 GO01
N6 GO01
N7 G01
N8 GO01
N9 G01
N10 G01
N11 GO01
N12 GO01
N13 G01
N14 GO01

G15
G94;
GI1
TO5
S1000;
G55
H5

20

P20
G90

G9I1
G90
YS;
X8;
Y-8;
X-8;
YO;
X-16;
Y 16;
X16;
Y-16;
X-16;
YO;
X-20;

G69 G80;

X0 YO0 Z0;
(slot drill @10mm)

G00 X0YO;
Z5;

F200;

L10;

Z20;

Z-0.5F50;
X-8 F300;

Y20;
X20;
Y-20;
X-20;
YO;
X0Y0;

G15 G69 G80;
GY4;

G91 Z0;

TO6 (center drill bit);

G00 G55 X0YO;

H6 Z5;

X-35 Y-35;

X-35 Y-35 Z-6R2 F50;
Y35;

Y35;

Y-35;

G80 Z100;

G9I1 G00 X0YO0 Z0;
G15 G69 G80;
GY4;

G9I1 Z0;

TO7 (drill &6.8);

S1000

G00 G55 X0YO;

H7 Z5;

Z-35 Y-35;

X-35 Y-352-25 Q10 R2 F50;
Y35;

Y35;

Y-35;

G80 Z100;

G9I1 G00 X0YO0 Z0;

N15 GO1
N16 GO1
N17 GO1
N18 GO1
N19 GO1
N20 GO
N21 M99;
Task 2 Centre drilling
00011
N1 G40
N2 G21
N3 G28
N4 MO07
N6 G90
N7 G43
N8 G00
N9 G81
N10 X-35
N11 X35
N12 X35
N13 G00
N14 MO05;
N15 G28
N16 M30;
Task 3 Drilling
00012
N1 G40
N2 G21
N3 G28
N4 MO07
N5 MO03
N6 G90
N7 G43
N8 GO0
N9 G83
N10 X-35
N11 X35
N12 X35
N13 GO0
N14 MO05;
N15 G28
N16 M30;
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Task 4 (Counter sinking)

000013

N1 G40
N2 G21
N3 G28
N4 MO6
N5 MO3
N6 G55
N7 G81
N8 X-35
N9 X35
N10 X35
N11 G0o
N12 MO5;
N13 G28
N14 M30;

Task 5 (Tapping)
00014

N1 G40
N2 G21
N3 G28
N4 M07
N5 MO3
N6 G90
N7 G43
N8 G0o
N9 G95
N10 X-35
N11 X35
N12 X35
N13 G0o
N14 MO5;
N15 G28
N16 M30;
178

G15 G69 G80;

G4 G90;

G9I1 Z0;

T15 (counter sink 90°15);

S250;

X35 Y-35Z100 H15;

X-35 Y-35 Z-5R2 F50;
Y35;

Y35;

Y-35;

G80 Z100;

G9I1 G0o X0YO0 Z0;
G15 G69 G80;
G94;

G9I1 Z0;

TO8 (Tap M8);

S100;

G0o G55 X0YO0;
H8 Z5;

X35 Y-35;

G84 X-35Y-35Z-25R2 G1.25;
Y35;

Y35;

Y-35;

G80 Z100;

G91 G0o X0YO0 Z0;

Task 6 (Reaming)
00015

G15 G69 G80;

G94;

G91 Z0;

TO6 (center drill bit)

S250;

G0o G55 X0 YO0;

H6 Z5;

X35 Y-35;

X-35 Y-35 Z-6 R2 F50;
Y35;

Y35;

Y-35;

G80 Z100;

G91 G0o X0YO0 Z0;
T08; (drill .. 9.5);

G55 GO0 H8 0Y37.5
G81 X0Y37.5Z-25R2 F100;
Y-37.5;

G93 G80 Z100;

G28 X0YO0 Z0;

TO9 (Reamer ...10);

S250;

H9 Z100;

G0o G55 X0Y37.5;
X0 Y37.5Z-25 F50;

G90 G80 Z100;
G28 G0o X0YO0 Z0;

N1 G40
N2 G21
N3 G28
N4 MO7
N5 MO3
N6 G90
N7 G43
N8 G0o
N9 G81
N10 X-35
N11 X35
N12 X35
N13 G0o
N14 MO5;
N15 G28
N16 MO6
N17 MO03 S750;
N18 G90
N19 G98
N20 X0
N21 G0o
N22 G91
N23 G90;
N24 MO06
N25 MO3
N26 G43
N27 G90
N28 G85
N29 G0o
N30 G91
N31 MO5;
N32 M30;
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Capital Goods & Manufacturing

Exercise 2.4.179

Machinist - CNC Milling (VMC- Vertical Milling Center)

Avoiding collision caused by program error

Objectives : At the end of this exercise you shall be able to

» check the program for its correctness

* make deliberate errors in program to-have collisions on simulator

* verify the causes and effects of errors in the program.

Note: This exercise shall be carried out on
virtual shop floor simulator

Job Sequence

* Load any simple program to execute in automode
operation

* Read the program and understand the tool movement
with respect to the work

» Plat tool path with respect to the program
» Simulate the program and verify the correctness
* Now run the same program in single block mode

» Observe the distance to move from the present position
to the targeted position

» Physically observe, if there is any obstruction for the
movement

* Release feed hold button and the tool will move the
targeted position

» Similarly check all the blocks in the program

*  Now make changes in Z axis movement that is the 'Z'
axis value should touch the table surface

* Reset program

» Execute the program in single block be careful in the
Z axis movement particularly 'Z' axis value changed
block

» Observe the distance to in 'Z' axis of your release the
feed hold button the tool will collide with the table

* Release the feed hold button and observe the collision
in simulator

» Similarly change the values in Xand Y axis and observe
the over travels.

Example: Correct program

Exp No.1: FACE MILLING

Draw the tool path for the program O00001
Cutter dia 50 work piece 100 x 100
00001:

N5 G40 G49 G50 G80 G69;

N10 G90 G51 G94;

N15T06 M19;

N20 S600 MO03;

N25 GO0 G55 G43 H06 X20 Y-30 Z50;
N30 GO0 Z0 F100 MO07;
N35 G01X20 Y130;

N40 GO0 Z5;

N45 GO0 X65 Y130 Z0;
N50 GO1 X65 Y-30;

N55 GO0 Z5;

N60 GO0 X110 Y130;

N65 GO0 Z0;

N70 GO1 X110 Y130;

N75 G00 Z50;

N80 G91 28 X0 Y0 Z0 MO09;
N85 M30;

» Change 'Z' value GO0 Z0 in to GO0 z-50 in block number
65, and run the program in single block (only in
simulator) and observe the effect

» Similarly change the X20 y130 value into X-100 in block
number 35 and observe the over travel in 'X' axis

Wrong Program

00001:

N5 G40 G49 G50 G80 G69;

N10 G90 G21 G94;

N15T06 M19;

N20 S600 MO03;

N25 GO0 G55 G43 H06 X20 Y-30 Z50;
N30 GO0 Z0 F100 MO07;

N35 G01 X20 Y130;

N40 G00 Z5;
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N45 G00 X65 Y130 Z0;
N50 GO1 X65 Y-30;

N55 GO0 Z5;

N60 G00 X110 Y130;

N65 G00 Z-50;

N70 G01 X110 Y130;

N75 G00 Z50;

N80 G91 28 X0 Y0 Z0 MO09;
N85 M30;

Note:

The SINUMERIK collision avoidance option
provides optimum protection against
unwanted collision of moving machine
components with static machine
components. The collision monitoring is
also possible for complex machining, such
as 5-axis simultaneous milling and turning
with the B axis

Settings Collision avoidance

The collision monitoring can be activated
in the Machine operating area for the JOG,
MDA and automatic operating modes.
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Capital Goods & Manufacturing Exercise 2.4.180
Machinist - CNC Milling (VMC- Vertical Milling Center)

Conduct a preliminary check on the CNC VMC machine

Objectives : At the end of this exercise you shall be able to
» check the cleanliness of the machine

* check the voltage stabilizer for current and voltage

* check the power back for the condition

* check the coolant tank and the cutting fluids.

Job Sequence

Cleaning » Check the condition of the oil

» Check the cleanliness of the machine outside and its » Check for any leakage of oils

surrounding Centralised lubrication system
’ gglejcr:;’:h;gleanhness of the machine inside table slides » Check the function of centralised lubricating system

» Check the condition of the tool in the tool magazine » Check the main pressure of the hydraulic system

and cleanliness check the cleanliness of the spindle Coolant
Voltage stabilizer » Check the condition of coolant tank
» Check the voltage stabilizer and its functions » Check the condition of the cutting fluid in the coolant

» Check the income voltage and current tank

* Check the level of coolant in the coolant tank
Note:

» Check the output voltage and current

» Observe for any voltage fluctuation
* If you found anything unusual or any loose

Power back parts immediately inform to your instructor

» Check the hydraulic power back

e Check the oil level in the tank
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Capital Goods & Manufacturing

Exercise 2.4.181

Machinist - CNC Milling (VMC- Vertical Milling Center)

Machine starting, and homing

Objectives: At the end of this exercise you shall be able to
« start the CNC machining centre

* reference the machine axes

* operate in jog mode

e operate in incremental and MDI modes.

Job Sequence

TASK 1: Starting the CNC machining centre

« Switch on the stabilizer main switch
* Make sure the stabilizer is in servo mode

» Check the stabilizer output voltage is in between 400-
430v

« Switch on machine main switch

« Switch on control panel switch, machine computer
screen will start working

The axis display and other details appears and
emergency indication flickering on the screen

Release the emergency push button and reset the
machine

Now the machine is ready for referencing.

TASK 2: Reference position return
« Start the machine
+ (o to jog mode by pressing jog switch

* Move all the axis towards the centre of the machine
table by selecting appropriate axis switches

» Gotoreference point return by pressing the "ref switch.
(Fig1)

* Press the "X +" "Y+" "Z+ and "C+" switches. All the
axes are referred to reference point level and the
reference position return completion LED will glow

* Now the display shows the following position X=0.000
Y=450.00Z=420.00

Display and steps may varey machine to
machine

REF JOG MPG TEACH

=
™)
"]
MA20N24181H1

The reference position may be reached by giving the
following command by selecting the MDI mode in
between the operation after first time reaching the
reference point position GO G91 G28 X0 YO0 Z0 BO.

TASK 3: Jog mode operation

* Press the "Jog" switch in the keyboard
» Keep the feed over ride switch near to 50% position

* Press the appropriate axis with direction switch
"continuously" until the desired movement is achieved.

(Fig 1)

Fig 1

9 4. z Y
+ +
X X

a A _

Y z 4 g

— — — g

=
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The movement may be made rapid by simultaneously
pressing the axis and rapid switch

« If the finger is released from the switch the
movement is stopped immediately

« The feed rate may be increased or
decreased as desired by changing the feed
override switch position

The axis may be stopped at '0’ position.




TASK 4: Incremental JOG /| MPG mode

Press "Inc Jog" switch

Press any one of the inc x1, inc 10, inc 100, inc 1000,
inc 10000

Press the axis switch (+) or (-) to move for the particular

Rotate the MPG knob. The movement Per division is
equal to the selection of inc switch.

incremental feed (Fig 1).

(or)

» Activate MPG (manual pulse generator) switch

* Press any one of theinc x1......... x10.000 switch as

desired

* Press the axis with direction + or

Fig 1
+ + +
C z Y
+ RAPID +
C C
_ _ _ S
@©
Y z c g
L L 4
<
>

TASK 5: MDI mode - operation
* Press the MDI key.

* Press the ‘program’ key.

The following screen appear (may varey machine to

machine) (Fig 1)

Fig 1

PROGRAM (MDI)

00000

%

10:26:11 s oT %

MDI 3

PROGRAMMING NUMBER 00000 IS GENERATED AUTOMATICALLY £
g
=

Prepare the program blocks with a block M 99 at the
end to return to beginning the block.

To erase the program created in MDI either press
“Reset” key or enter address O0000 then press the
“Delete” key in the MDI panel.

Place curser in the first block and push cycle start key
for executing position.

To stop the operation press “Reset” key (or) rotate the
“Feed holed” key to “0” position (or) press the
emergency switch.
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Capital Goods & Manufacturing Exercise 2.4.182

Machinist - CNC Milling (VMC- Vertical Milling Center)

Entering the CNC program in edit mode

Objectives : At the end of this exercise you shall be able to
* prepare program for face milling

* prepare program for drilling without canned cycle

¢ enter the program on CNC simulator and verify it.

O £

ENTRING THE PROGRAM IN EDIT MODE

210 4NOS
40
216
B I N
o
<
4R c
T
/ !
|
> | <> S
|
I
100 20
- B - - - - 2.4.182
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE TIME

CODE NO. MA20N24182E1
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Job Sequence

TASK 1: Write the CNC program for face milling
» Face milling (program)

Cutter dia 50 work piece 100 x 100

00001: (face milling)

N5 G 40 G49 G50 G80 G69

N10 G90 G21 G94

N 15 T06 M19 (Tool change command)

N 20 S600 M03

N25 GO0 G55 G43 H06 X 20 Y-30 Z50 ( Tool length
compensation in '+ ' direction)

N 30 GO0 Z0 F100 MO07;

N35 G01 X20Y 130;

N 40 GO0X65Y 130 Z0;

N45 G01 X65Y-30;

N50 G00 X110Y -30;

N55 G01 X 110Y 130;

N 60 GO0 Z 50;

N 65 G91 G2820 Y0 Z0 M09: (Return to reference point)
N 70 M 30;

Tool path for face milling is shown in Fig 1

Fig 1
N65

REFERENCE
POINT

Anss Y nas A nss|

N25 ‘\\\;><i/’/r

N50,

MA20N24182H1

N = Indicate line number in programme
Dotted line indicates the movement with rapid (G00)

Thick line indicate movement with feed rate (G0O1)

TASK 2: Write CNC program for drilling without canned cycles

00002: (Drilling)

N5 G 40 G49 G50 G80 G69;
N10 G 90 G21 G94:

N15 T02 M19: (centre drill);
N 20 S 600 M 03;

N25NG 00 G55 G43 H 02 X0 YO0 Z5;
N 30 G 01 Z-7 F 50;

N35 G 04 X3;

N40 G 00 Z5;

N45 G00 X 40 40;

N50 G01 Z-5 F 50;

N55 G 04 X3;

N60 G 00 Z5;

N65 GO0 X - 40 Y 40;
N70G01Z-5X3;

N75G 04 X 3;

N80 G 00 Z 5;

N85 G 00 X-40Y -40;
N90 G 01Z-5F 50;
N100 G 04 X 3;

N105 G 00 Z5;

N115 G 00 X 40Y -40;
N120 G 01Z-5F 50;
N125G 04 X 3;

N130 GO0 Z5;

N135 M 05;

N140 G28 G91 G 00 X0 YO0 Z0;
N145T 03 M19;

N150 S 600 M 03;

N155 GO0 G 90 G 55 G 43 H 03 X0 YO Z5;
N160 G 01 Z-25 F 50;
N165 G 04 X 3;
N170 G 00 Z 5;
N175G 00 X40Y 40
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N180 G 01 Z-25 F 50;
N182 G 04 X 3;
N190 G 00 Z 5;

N195 G 00 X -40Y 40;
N200 G 01 Z-25 F 50;
N205 G 04 X 3;
N210 G 00 Z5;

N215 G 00 X-40Y -40;
N220 G 01Z 25 F 50;
N225 G 04 X 3;
N230 G 00 Z5;

N235 G 00 X40Y -40;
N240 G 01 Z-25 F 50;
N245G 04 X 3;

N250 G00 Z5;

N255 M 05;

N260 G 49;

N265 G 28 G91 G 00 YO YO Z0;
N360 T 04 M 19 (Drill 0 15)
N365 M 03 S 500;
N370G55G 90 G 00 G43 H04 X0YO0Z5;
N375 G 01 Z-25 F 50;

N380 G 00 Z 100;

N385 G 49;

N390 M 05;

N395 G 28 G 91 G 00 X0 Y0 Z0;
N400 M 30;

TASK 3: Enter the program in CNC simulator and verify it (Task 1 & Task 2)

Programs can be created in the edit mode using the
program editing fuctions

Creating programs using the MDI panel

Procedure creating programs using the MDI paned
Procedure

1. Enterthe EDIT mode

2. Press the PRGRM key

3 Press address key O and enter the program number
4 Press the insert key

Explanations

Comments in a program

For the full key type MDI panel, comments can be written
in program using the control in/out codes

Example O 0001 ( Fanuc series 0)

Skill Sequence

Editing part program (Siemens)

MO8 (Coolant ON);

* When the INSERT key is pressed after the control-
out code (‘comments, and control-in code') have been
typed, the typed comments are registered.

*  When the INSERT key is pressed midway through
comments, to enter the rest of comments later, the
data typed before the INSERT kye is pressed may not
be correctly registered ( not entered, modified or lost)
because the date is subject to an entry check which is
performed in normal editing

Note the following to enter a comment: |

« Control-in code cannot) be registered by itself

+ Comments entered after the  key is pressed must
not begin with a number, space, or address 0

» Ifan abbreviation for a macro is entered, the abbreviation
is converted into a macro word and registered

* Address ‘O’ and subsequent number, or a space can
be entered but are omitted when registered.

Objectives: This shall help you to
» organise the standard part program
* edit the part program

» search, copy, paste and remember in part program.

Editing the part program

Standard program structure

Standard program structure provides easy way of part
programming and a clear view of the machining sequences.
Siemens recommends that you use the following program
structure.
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PROGRAM START

T,M,S FUNCTION

GEOMETRICAL DATA/TRAVERSE

RETURN TO CHANGE TOOL

T,M,S FUNCTION

GEOMETRICAL DATA/TRAVERSE

RETURN TO CHANGE TOOL

T,M,S FUNCTION

GEOMETRICAL DATA/TRAVERSE

RETURN TO CHANGE TOOL

PROGRAM END

N10 G17 G90 G54 G94 G71;

N20 T1 D1 M6

N30 S5000 M3 F300
N40 GO0 X100 Y100 Z5
N50 GO1 Z-5

N60 75

N70 GO0 Z500 DO

N80 T2 D1 M6

N90 S3000 M3 F100
N100 GO0 X50 Y50 Z5
N110 GO1 Z-5

N120 z5

N130 GO0 Z500 DO

N140 T3 D1 M6

N150 S3000 M3 F100
N160 GO0 X50 Y50 Z5
N170 GO1 Z-5

N180 Z5

N190 GO0 Z500 DO

N200 GO0 G40 G53 X0 YO0 Z500 DO
N210 M30;

MA20N24182T1

Editing a part program
Methods for editing part programs

You can edit a part program with one of the following
methods:

» Editing on a computer and transferring it to the PPU
(Power Processing Unit) via USB interface

» Editing on a computer and transferring it to the PPU
via Ethernet interface

» Editing it directly on the PPU
Editing a part program on the PPU

You can edit a part program only when it is not being
executed

Note that any modification to the prat program in the program
editior window is stored immediately

Note:
Steps 1 to 4: Search for a program file

Steps 5 to 9: Edit the selected program in the open program
editor window

1 Select the program management operating area.

PROGAAM
PN

2 Press this softkey to enter the system directory for
storing part programs

[NE| No

3 Select the desired program file/directory in one of the
following methods.

» Navigate to the program/directory with the cursor

AV,

» Open the search dialog box and enter the desired
search item

Search

Note:

If you search for a program, the file name extension must
be entered in the first input field of the dialog box (Fig 1)

Fig 1

Name:

Contained text:

[]Include subordinate folders
[ |Case-sensitive

Searchin; /_N_MPF_DIR/
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+ On the PPU, press the alphabetic or numeric key
that contains the first character of the desired
program/directory name. The control system
automatically highlights the first program/directory
whose name starts with that character. |If
necessary, press the key continuously until you
find the desired program/directory

2

4 Press this key to open either the selected program in
the program editor or the selected directory. In the
latter case, perform Step 3 and then Step 4 until the
selected program is opened in the program editor.

5 Edit the program text in the program editor window
using the following keys on the PPU (Fig 2)

Fig 2

Qal BBE
2]=~[v = |=|E]~

6 When necessary, select the following vertical softkeys
to complete more program editing operations (Fig 3)

Fig 3

4 w T |
) ik i
[ ...
18 G17 o8 G54 G&6 ROT T
Kea TLDL Y
Ha@ HE T
H4p 54808 M3 Ha 1
58 e X-28 Ya 1
H6B 6B 22 1
K78 CYCLE71( 58, 1, 2, 8, -25, -25, 50, 5@, 8, 1,
Kea 54508 1
Kep CYCLE?1( 5@, 1, 2, @, =25, =325, 58, 5@, 9, 1,
K188 Go 180 1
Hi1e T2 D1 1
K128 H6 1
K130 54088 M3 |
K19e He Go X=13 Y16 |
K150 Go 2z 1
K160 _OHF: 1
Hi7e POCKET3( 58, o, 2, -5, 13, 18, 4, -13, 16, 8 5 8.1, 8.1, 389,
20, 2, 11, 2.5 , . .2 21

Renumber

0 408, 11, )

. .0, aee, 32, )

Renumbering program blocks

With this softkey, you can modify the block numbering
(Nxx) of a program opened in the program editor window.
After you press this softkey, the block number is inserted
at the beginning of the program block in ascending order

and is increased by an increment of 10 ( for example,
N10, N20, N30)

Renumber

Searching in programs

Pressing this softkey opens the search dialog box. You
can use the search function to quickly arrive at points
where you would like to make changes, for example, in
very large programs. You can search with specified text
or line number by selecting the corresponding softkey.

Search

Line
ho.

Text

Copying/deleting/pasting program blocks

A Press this softkey in opened program editor window
to insert a mark.

Mark
On

B Select the desired program blocks with the cursor

A Y

fai Ead

4| >

C Press this softkey to copy the selection to the buffer
memory

Copy
- OR -

Press this key to delete the selected program blocks and
to copy them into the buffer memory.

DEL

D Place the cursor on the desired insertion point in the
program and press this softkey. The content of the
buffer memory is pasted.

Paste
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7 If you want to program cycles, press the corresponding
softkey to open the desired cycle programming window.

8 If you want to program contours, press this softkey to
open the contour programming window.

9 Press program manager key to return to the program
management operating area after finishing editing.

Note

When you are in the main screen of the program
management operating area, you can select to make the
following operations between programs:

Frequently used programming instructions

Inch or metric dimensions (G70/G71)

» Searching for programs
» Copying/cutting/pasting programs

» Deleting/restoring programs

* Renaming programs

Description Programming example
G71: N10 G17 G90 G54 G 71
With G71 at the program start both the N20 T1 D1 M6
geometrical data and the feedrates are N30 S5000 M3 G94 F300
evaluated as metric units N40 GO0 X100Y100 Z5
N50 G01 Z-5
N60 Z5
N70 G00 Z500 DO
G70:
With G70 program start, the geometrical N10G17 G90 G54 G 70
data is evaluated as inches, bu the feedrates N20T1 D1 M6
are not affected and remain as metric units. N30 S5000 M3 G94 F300
N40 G00 X3.93Y3.9375
N50 G01 Z-0.787
N60Z0.196
N70 G00 Z19.68 DO

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.4.182

189



Capital Goods & Manufacturing

Exercise 2.4.183

Machinist - CNC Milling (VMC- Vertical Milling Center)

Maintaining tools on the ATC

Objectives : At the end of this exercise you shall be able to

¢ identify the pockets where the appropriate tools are to be mounted

¢ fix the tool manually in the magazine
* fix the tool automatically in the MDI operation.

Job Sequence

TASK 1: Identify the pockets with respect to tool number in the program

» Setthe tool in the tool holder as per the requirementin
the program

*  Number the tool as per program

* Check the tool list in the magazine with respect to tool
number and pocket position

Press custom graphic - press magazine

TASK 2: Fixing tool manually in the magazine

* Clean the tool holder and the pocket number with
suitable cleaner

* Manual index the magazine and bring the required
pocket to load the tool manually

* Remove tool in any in the pocket, using special spanner
provided with the machine

TASK 3: Fixing tool automatically in the MDI mode

MDI - MODE-OPERATION
Press the MDI key
Press the " program" key

The following screen appear (Fig 1)

Fig 1

PROGRAM (MDI)

00000

%

10:26:11 S oT g

M DI 3

PROGRAMMING NUMBER 00000 IS GENERATED AUTOMATICALLY Z
g
s

* Prepare the program blocks with a block M99 at the
end to return to the beginning the block

+ To erase the program created in MID either press
"Reset" key or enter address O0000 then press the
"Delete" key in the MDI panel.
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The tool list will display

Example
Tool No Pocket number
1 6
2 7
3 9
Etc.

Note down the tool number and pocket number

* Insert the required tool in position with little pressure
* Check the tool is grippled properly in the pocket

« Similarly fix the other tool in the pockets

» Place cursor in the first blok and push cycle start key
for executing position

» To stop the operation press "Reset" key (or) rotate the
"Feed holed" key to "0" position (or) press the
emergency switch.

Call the required tool number on the spindle

* Unclamp the tool by pressing unclamp tool switch, LED
Glow

» Insert the required tool on to the spindle press clamp
tool switch it will hold the tool on the to the spindle and
the LED will put off

« Similarly fix the other tools

« After fixing all the tools, call the tools and check for
the correct tool and its number.



Capital Goods & Manufacturing
Machinist - CNC Milling (VMC- Vertical Milling Center)

Exercise 2.4.184

Measurement of work and tool offset (Fanuc)

Objectives : At the end of this exercise you shall be able to

measure the work offset in X and Y axis
measure the work offset in Z axis
measure the tool offsets

enter the work offset

enter the tool offset.

Job Sequence

A CNC machine tool is provided with a fixed position.
Normally tool change and programming and absolute
zero point as described. This position is called the
reference position (Fig 1)

Machine zero point is fixed some where in the left
corner of the table as shown in Fig 1.

Work place is fixed on the machine table. The distance
between the machine zero to work zero (Fig 1) is the
work zero point

TASK 1: Measurement of work offset

Call tool number one in MDI mode.
Go to jog mode. Remove the available tool if any/

Mount one referencce tool / cylindrical pin of about
100mm length / position finder. Make the zero offset
value G54 X0, YO0, Z0.

Just touch the X surface of the workpiece as shown in
Fig1 and take the absolute display reading of X-axis.

Just touch th Y surface of the workpiece as shown in
Fig 1 and take the absolute display reading of Y-axis.

Fig 1

0.

7 / WORKPIECE

2,
-

MA20N24184J1

Just touch the Z surface of the workpiece as shown in
Fig 2 and take the absolute display reading of Z-axis.

TASK 2: Tool offset measurement

* If tool measuring system is available we
can measure the tool offset through the tool
pre setter.

* If the tool pre setter is not available then
reference tool method can be used to find
out the tool offset.

Fig 1

? REFERENCE POSITION

TOOL

WORK ZERO

MA20N24184H1

Fig 2 zP

/ WORKPIECE

MA20N24184J2

Reduce the radius value of the tool / cylindrical pin
from the noted X and Y value. This gives the zero offset
of the corner of the job as shown. This may be entered
under X and Y in one of the zero offset value i.e., in
G55-G59.

Enter the same absolute display value in ‘Z’.

Every time a new job is mounted, new ‘Z’ value should
be taken through the reference tool.

As explained above and must be entered in the
appropriate zero offset numberi.e., G55 to G59.

Designate always. Tool No 01 as reference tool and
avoid changing the tool.

Bring this tool and just touch the machined surface of
the job.

Note down the absolute value of Z at the time when the
G54 Z-value is ‘0’ - say A
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* Use this ‘Z’ value for subsequent measurement of tool
-(A)

» Bring the next tool (No 02) for which measurement is
to be set.

» Touch the tool on the same workpiece surface.

* Note the display value and subtract the ref. Tool ‘Z’
value (A).

» This will be the Tool offset value for Tool No 02.
* The same procedure can be adopted for other tools.

« Enterall the value of length offsets in the CNC, against
the Tool No.,

The tool-offset can be measurent directly if the
value A is entered against G54 Z value.

Tool Name, offset number along with the length
offset may be kept seprarately & safely in a
tool register for further use and reference.

The value A should be taken as zero offset Z-value for
G55-G59

To set zero offset of ‘Z’ for a new job just touch the
reference tool in ‘Z’ direction and note down the Z value
in the required offset number from G55 to G59. Please
note that G54, z-value is 0. This avoids measuring of
Tool offset for other Tools again.

TASK 3: Enter work offset value

Note: Displays the workpiece origin offset for
each workpiece coordinate system (G54 to G59
P1 to G54) and external workpiece origin offset.
The offset can be set on this screen.

* Press function key [Menu offset]
* Press soft key [WORK] or [WORK48]

* The workpiece corordinate system setting screen is
displayed in Fig 1& 2.

Fig 1
WORK COORDINATES 00001 NOO00OO

NO.  (SHIFT) NO. (G55)
00 X 02 X 0.000
- Y  0.000 Y  0.000
Z  0.000 Z  0.000
NO.  (G54) NO.  (G56)
01 X 0000 03 X  0.000
Y 0.000 Y 0.000
Z  0.000 Z  0.000
ADRS. s o0 T
03:36:12 MDI

K[WEAR] [MACRO| [MENU] [WORK] [TOOLLF]/

MA20N24184X1

Fig 2
mORK COORDINATES 01224 NOOOOO\

P: 01 (G54) P: 03 (G54)
01 X 0.000 03 X  0.000
- Y 0000 Y  0.000

Z  0.000 Z  0.000
pP: 02 (G54) P: 04 (G54)
02 X  0.000 04 X 0.000

Y  0.000 Y  0.000

Z 0000 Z  0.000
ADRS. s o T
03:38:13 MDI

k[ 1 10 1 [WORK48] [ ] /

MA20N24184X2

» The screen for displaying the workpiece origin offset
values consist of two or more pages. Display a desired
page in either of the following two ways

* Press the page up or page down key.

Press NO key and enter the workpiece coordinate
system number ( 0: external work piece origin offset, 1
to 6: workpiece coordinate systems G 54 to G59, 1 to
48: workpiece coordinate systems G54 P1 to G54 P48),
and then press INPUT key

Move the cursor to the work piece origin offset to be
changed

Press the address key corresponding to the desired
axis

Enter a desired value by pressing numeric keys, then
press INPUT key.

The entered value is specified in the workpiece origin
offset value.

To change other offset values move the cursor to the
desired offset and enter the new value.
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TASK 4: Enter the tools offset values

MA20N24184Y1

Tool offset values, tool length offset values, and Fig 1
cutter compensation values are specified by D OFFSET 01224 Nooooo\
codes or H codes in a program. Compensation No. DATA NO. DATA
values corresponding to D codes or H codes 001 009 0,000
i 002 0.000 010 12.269
are displayed or set on the screen o0 2.000 o JEpaed
: 004 0.000 012 -11.265
* Press function key Menu Offset 005 12,580 013 -8.562
006 0.000 014 0.000
i 007 0.000 015 0.000
* Press soft key [ OFFSET] (Fig 1) %07 9000 oo 0000
(The screen varies according to the type of tool offset ACTUAL POSITION (RELATIVE)
X 0.000 Y 0.000
memory.) Z 0000
* Move the cursor to the compensation value to be set NO. 013= s o T
. 03:22:13 MDI
or changed using page keys and cursor keys. Press [OFFSET | [MACRO | [MENU | [WORK] [TOOLLF]
NO key and enter the compensation number for the
compensation value to be set or changed and then TOOL OFFSET MEMORY A
press INPUT key.

» Enter a compensation value, and INPUT key.

Explanations
* Decimal point input
e Other method

Tool offset memory

* Disabling entry of
Compensation values

* Incremental input

Skill Sequence

A decimal point can be used when entering a compensation value.

An external input/output device can be used to input or output a cutter
compensation value.

There are tool offset memories A, B, and C, which are classified as follows:

Tool offset memory A

Tool geometry compensation and tool wear compensation are treated the same.

Tool offset memory B

D codes and H codes are treated the same. Tool geometry compensation
and tool wear compensation are treated differently

Tool offset memory C

Offset memory is divided into two areas: one area for tool length offset date (H),
and the other for cutter compensation date (D)

The entry of compensation values may be disabled by setting bit 0 and 1 of
parameter 078 (not applied to tool offset memory A)

The current compensation value can be incremented or decremented if bit 4 of
parameter 001 is specified accordingly. If this is selected, key in a desired
increment or decrement.

Setting up the work piece

Objectives: This shall help you to

* measure the work offset for work piece edge

* measure the work offset for rectangular work piece
* measure the work offset for circular work piece

» enter the and edit the offset values.

Measuring the workpiece

Overview

Before measuring you can start the spindle by following
the steps in Section " Activating the tool and the spindle"

You must select the relevant offset panel (for example,
G54) and the axis you want to determine for the offset first

(Fig 1)

CG&M
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Fig 1

/
MA20N2418421

Operating sequence
Work edge measurement

—

1 Select the machining operating area .ﬂ.
IMACHINE

2 Switchto"JOG" mode | AN
Jon

3 Open the window for workpiece

measurement Meas.

work

4 Press the vertical softkey to open the window for
measurement at the workpiece edge. 'D

5 Press this softkey to measure in the
X direction b 1

6 Traverse the tool, which has been measured previously
to approach the workpiece in the X direction

._'/E

Xl
7 Switch to handwheel control mode. | 55

¥

8 Select a suitable override feed rate and then use the
handwheel to move the tool to scratch the required
workpiece edge.

—l | =1 | —>
1 | 10 | 100

9 Select the offset plane to save in and the measuring

direction ( for example, "G54"and " ") U
SELECT

10 Enter the distance (for example "0") in the following

window _9 :
INFUT

Press this key or move the cursor to confirm your print
Fig 2

Fig 2

Lorkpiese measurement, edge

Z Hasio offset G003 mm Sawein Ghe W
Measuring dir, -0
= Rarlius 6008 mm Dstance 8.808 mm
X, X Offeet Xy 0003 mm

11 Press this vertical softkey. The workpiece offset of the
X axis is calculated automatically and displayed in the
offset field Sat

Lo

12 Repeat the above operations to measure and set the
workpiece offsets in axis Y and Z respectively
Rectangular workpiece measurement

=
1 Select the machining operating area M
[S——)

IACHINE

_ MWy |
2 Switchto"JOG" mode. | "/,
Jni

3 Open the lower-level menu for workpiec e

measurement. e Meas.
work

4 Open the window for measurement of a rectangular

workpiece (Fig 3)

of <k

Fig3
LJarkp, meas,, centar of ret

Work offset G @
Dffsat g 0090 mm
Yo 0080 mm

5 Traverse the tool, which has been measured previously,
in the direction of the orange arrow P1 shown in the
measuring window, in order to scratch the workpiece
edge with the tool tip.

AL

6 Save the tool position P1 in the coordinate system.

-

Save P1

7 Repeat steps 5 and 6 to save the other three positions

P2, P3 and P4.

8 Save the workpiece offsets in axes X and Y after

measuring all four positions
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Set
Wo

Circular workpiece measurement

1 Select the machining operating area ﬁ'
VNG

2 Switch"JOG" mode. | 4}

fALLH
3 Open the lower-level menu for workpiece measurement

°Y Meas.
work

4 Open the window for measurement of a circular

workpiece. |

5 Traverse the tool, whicch has been measured previously,
in the direction of the orange arrow P1 shown onn the
measuring window, in order scratch the workpiece edge
with the tool tip (Fig 4)

)Lk

-+
X

Fig4

LJorkp. meas., center of circle

2 Open the list of workpiece offsets. The list contains

the values of the basic offset of the programmed
workpiece offset and the active scaling factors, the
mirror status display the total of all active wokpiece
offsets.

LJork
+ offset

3 Use the cursor keys to position the cursor bar in the

input fields to be modified and enter the values ( Fig 5)

A|Y

i | I

Fig5

X mmY mmé mmX 0¥ 2 7
CEiG 7.008008 0.G0RGGD 0.000282  8.E0@ B.B08  0.080
G54 2. 800008 ©.000020 0000000 8. e0a @208 0.8
GhR 3. 00EAE8 8. ERE0EA @.08E0880 8,608 8,668 6,080
56 7.00@008 0.PORRED 0.0G0988  9.80@ 8608  0.080
E57 A 902082 9,008 @, 020828 2,668 2,809 8,080
(=] 3.00000A 8.B00RG0 0.4E0A00 B.e0a A.808 0.080
G589 A_00BARA 9.PRAGRA 0.0E0808 8,608 a.808 B.08a
Program  DEGGA0F  GHGE9S00  GOSGG08 G090 686 LY
Snale 1000008 1000800 190000

Mirrar ] ] g
Tatal D0000DE  G.00DER0  @.DERO0D A.0en 0080 eon

4 Confirm your entries. The changes to the workpiece

offsets are activated immediately
p4

Entering/modifying the setting data

Operating sequence

1 Select the offset operating area

Llork offset G634 O
Offset Mg 0020  mm
Yo B9850  mm

6 Save the tool position P1 in the coordinate system
Save P1

7 Repeat steps 5 and 6 to save the other two positions:
P2 and P3

8 Save the workplace offsets in axes X and Y after
measuring all three positions.

Lo

Entering/modifying workpiece offsets
Operating sequence

In case of any problems found when testing the tool offset
result, you can proceed through the following steps to
make tiny adjustment values.

1 Select the offset operating area.
OFFSET

OFFSET

2 Open the setting data window  |C[) Sett.

data

3 Open the window for setting the general data

General

4 Position the cursor bar in the input fields to be modified

and enter the values.

AV

o "

5 Use this key or move the cursor to confirm your entries.
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Capital Goods & Manufacturing
Machinist - CNC Milling (VMC- Vertical Milling Center)

Exercise 2.4.185

Tool change in the CNC VMC

Objectives : At the end of this exercise you shall be able to

* change tool in machine spindle manually
* change tool using tool change command in MDI mode.

Job Sequence

Normally any machining operation last
operation tool will be in the spindle.

TASK 1: Change the tool in machine spindle

Switch on the machine
Perform the reference operation
The LED bulb above the button will glow

Press the tool release button (unclamp tool) and it will
release the tool from the spindle

Normally reference point and tool change
position will be the same if not move the
spindle position to tool change point.

Careful not to allow the tool to fall down - Hold
it carefully.

Hold the tool in left hand

Insert the required tool in to the spindle by aligning slot
position into the tang position and then press the tool
clamps button. The LED bulb goes off.

Run the spindle in MDI mode and check the true running
of the tool on the spindle.

TASK 2: Tool change in MDI mode

Start the machine
Reference the machine

Locate the tool and pocket number that you want to
call the tool into the spindle

Identify the tool number by viewing custom
graph — magazine. It will show the list

Example
Tool Number Pocket number in Magazine
1 3
2 6
3 10
4 12
6 6

Example Tool number is in pocket 6

Go to MDI mode, type command as T02, input into
MDI screen and press cycle start button

Now the spindle tool will go to pocket number 6, and
the tool in pocket 6 that is tool number 2 will be fixed
on to the machine spindle
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Capital Goods & Manufacturing Exercise 2.4.186
Machinist - CNC Milling (VMC- Vertical Milling Center)

Program checking in dry run, and single block modes

Objectives : At the end of this exercise you shall be able to
* verify the CNC program by dry run mode
* verify the CNC program by single block mode.

Job Sequence

TASK 1: Verify the program in dry run mode (Fig 1)

* Press dry run switch on the machine operator's panel

Fig 1 during automatic operation (Fig 2)

TOOL

Fig 2

SINGLE
BLOCK

OPT
STOP

BLOCK
SKIP

MC
LOCK

The tool moves at the federate specified in a
parameter. The rapid traverse switch can also

TOOL MOVEMENT

WORK PIECE DRY

RUN

MST
LOCK

WORK
LIGHT

MA20N24186H2

MA20N24186H1

be used for changing the federate.

Note: The tool is moved at the federate
specified by a parameter regardless of the
federate specified in the program. This function
is used for checking the movement of the tool
under the state that the workpiece is removed
from the table.

Refer to the appropriate manual provided by
the machine tool builder for dry run.

TASK 2: Verify program by single block (Fig 1)

» Press the single block switch on the machine operator's

Fig 1 CYCLE START s ¢ panel, during automode/dry run mode. The execution
0oL of the program is stopped after the current block is

executed.
s STA:TTOP SToP + Pressthe cycle start button to execute the next block.

The tool stops after the block is executed.

NG Note: Refer to the appropriate manual provided

by the machine tool builder for single block
execution.

STOP —

MA20N24186J1

Note: Pressing the single block switch starts
the single block mode. When the cycle start
button is pressed in the single block mode, the
tool stops after a single block in the program
executed. Check the program in the single
block mode by executing the program block
by block
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Capital Goods & Manufacturing

Exercise 2.4.187

Machinist - CNC Milling (VMC- Vertical Milling Center)

Checking finished size through tool offset

Objectives : At the end of this exercise you shall be able to
* check the finished size by micrometer/Vernier caliper

» determine size whether + or - to the drawing dimensions
¢ adjust + or - in tool offset depending upon the position.

Job Sequence

*  When a programmed is executed, it is quite possible
that the actual dimension achieved may be different
from desired value and it may be due to error in tool
offset measurements. This error may be corrected as
described below in the following cases.

CASE 1
Height dimension (h) Fig 1)

If A is less than the desired value increase the tool
offset (radius) by half the difference between the desired
value and measured value

Fig 1

END MILL

-

Fig 3

END MILL

MA20N24187H3

MA20N24187H1

e If 'h' is more than the desired value reduce the tool
offset by the difference of measured value and desired
value

« If'h"is less than the desired value increase the tool
offset (length) by the difference between the desired
value and measured value.

CASE 2

Depth dimension (d) (Fig 2)

Fig 2

F END MILL

MA20N24187H2

CASE 4

Dimension of internal profile

If B is more than the desired value increase the offset
by half the difference between the measured value and
desired value. ( Fig 4)

If B is less than the desired value reduce the tool of (
radius) by half the difference between desired value
and measured value.

« If'd"is more than the desired value increase the tool
offset by the difference of measured depth and desired
length

« If'd"'is less than the desired value reduce the tool offset
by the difference between the desired value and
measured value.

CASE 3
Dimension of external profile

« If A(fig 3) is more than the desired value reduce the
tool offset ( radius) by half the difference between
measured value and desired value

198

Fig 4

END MILL

MA20N24187H4




Capital Goods & Manufacturing Exercise 2.4.188
Machinist - CNC Milling (VMC- Vertical Milling Center)

Prepare part program, enter, edit and simulate

Objectives : At the end of this exercise you shall be able to
* write part programming marking to 0.5 mm depth

* input the program in the simulator and edit it

» execute the program in the simulator.

60

- -— MARKING WITH CENTER
DRILL TO 0.5mm
/ A
5 4 |
o o
©o [ee)
26 3 |
3
g ; !
7

Y 1 80
START
X

ALL DIMENSIONS ARE IN mm

2.4.188
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS  #1 TIME :
PART PROGRAMMING AND PRACTICE WITH
E @ SIMULATOR (POINT TO POINT) SINUMERIC —
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Job Sequence

»  Write the CNC program for marking to a depth of 0.5
mm

» Enterthe program in CNC simulator

» Verify the program by simulation
Program (Fanuc)

00204

N5 G40 G49 G50 G80 G69;

N10 G90 G21 G94;

N15 T04 M19, (center drill or pointed tool)
N20 S600 M03

N25 GO0 G55 G43 HO4 X0 Y0 Z2;

N30 GO0 X 10 Y10;

Skill Sequence

Editing programs

N35 G01Z-0.5F100;

N40 G01 X70Y10;

NN45 G01 X 70Y70;

N50 G01 X10Y10

N55G01 X10Y10

N60 GO0 Z100;

NG5 MO05;

N70 GO0 G91 G28 X0 YO0 Z0;
N75 M30;

Note: Enter the program in CNC simulator and
verify it by your trainer

Objectives: This shall help you to

* inserting, altering, and deleting a word
* replacing words and addresses
 deleting blocks.

Editing —# search for part program to be edited
- Select EDIT mode

- Press function key and display the program
screen.

- Select a program to be edited

- If a program to be edited is selected, perform the
operation

- Search for a word to be modified
* Scan method
*  Word search method

- Perform an operation such as altering, inserting, or
deleting a word

Word search

- Press the cursor key @

The cursor moves forward word by word on the screen;
the cursor is displayed at a selected word. The cursor
is positioned to the address of the selected word.

- Press the cursor key

The cursor moves backward word by word on the screen;
the cursor is displayed at a selected word.

Example: When Z21250.0 is scanned (Fig 1)

Fig 1

™~
PROGRAM

00050 N1234
00050 ;

N1234 X100.0 212500 ;

S$12;

S$5678 MO3;

MO02 ;

%

MA20N24188H1

- Holding down the cursor@ key or scans

words continuously.

- Pressing the page key @ displays the next

page and searches for the first word of the page

- Pressing the page key displays the

previous page and searches for the first word of the
page.

- Holding down the page key@ or@ displays

one page after another
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Example of searching for S12 (Fig 2)

Fig 2

PROGRAM 00050 N1234

00050; N1234 IS BEING
N1234 X100.0 Z1250.0; —=——— SEARCHED FOR/

s12: SCANNED CURRENTLY.
S$5678 MO3;
Mo02 ;

% S$12 IS SEARCHED FOR.
¢

MA20N24188H2

- Keyin address

* S12 cannot be searched for if only S1 is keyed in.
» S09 cannot be searched for by keying in only S9.
» To search for S09, be sure to key in S09.

- Pressing the cursor key @ starts search operation.

- Upon completion of search operation, the cursor is
displayed at "S" of S12. Pressing the cursor key@

rather the cu rso@ key performs search operation in
the reverse direction

Searching an address

Example of searching for M03 (Fig 3)

Fig 3

PROGRAM 00050 N1234

00050; N1234 IS BEING

N1234 X100.0 Z1250.0; ———— SEARCHED FOR/
SCANNED GURRENTLY.

s12;

$5678 M03 ;

MO2 ;

%

M03 IS SEARCHED FOR.

MA20N24188H3

- Keyin address @
- Press the cursor key ... @

- Upon completion of search operation, the cursor is
displayed at "M" M03. Pressing the @

Key rather than the @ key performs search

operation in the reverse direction
Heading a program
Method 1

1 Press when the program screen is selected

in EDIT mode.

When the cursor has returned to the start of the program,
the contents of the program are displayed from its start
on the screen.

Method 2

1 SelectAUTO or EDIT mode.

2 Press function PROG key and display the program
3 Press the address key @

4 Press the cursor key... @

Inserting a word

- Search for or scan the word immediately before a word
to be inserted

- Keyin an address to be inserted.

- Keyindata

- Press the key.

Example of inserting T15
- Search for or scan Z1250.0 (Fig 4)

Fig 4

PROGRAM 00050 N1234

©0050; Z1250.0 IS BEING

N1234 X100.0 Z12500; ——— SEARCHED FOR/
SCANNED.

s12:

$5678 M03;

M02 ;

%

MA20N24188H4

- v (1)) (5]

- Press the key (Fig 5)

Fig 5

PROGRAM 00050 N1234
00050 ;

N1234 X100.0 Z1250.0 T15; ——— T151S INSERTED.
S$12;

S$5678 MO03;

M02 ;

%

MA20N24188H5

Altering a word
- Search for or scan a word to be altered
- Keyin an address to be inserted

- Key in data.

- Press key
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Example of changing T15 to M15

- Search for or scan T15 (Fig 6)

Fig 6

PROGRAM 00050 N1234

00050 ;

N1234 X100.0 Z1250.0 T15; —=—— 1151S SEARCHED FOR/
SCANNED.

S$12;

S5678 MO3;

M02 ;

%

MA20N24188H6

Fig 9

PROGRAM 00050 N1234
00050 ;

N1234 Z1250.0 M15; —=——— X100.0 IS DELETED.

S$12;

S5678 MO3;

MO02 ;

%

MA20N24188H9

Keyln‘ MJ‘ 1 J‘ SJ
- Pressthe key. (FIg 7)

Fig7

PROGRAM 00050 N1234
00050 ;

N1234 X100.0 Z1250.0 M15; ~——
S$12;

S5678 MO3;

MO02 ;

%

T151S CHANGED TO
M15.

MA20N24188H7

Deleting a word

- Search for or scan a word to be deleted

- Press the key

Example of deleting a word
- Search for or scan X100.0 (Fig 8)

Fig 8

PROGRAM 00050 N1234
00050 ;
N1234 X100.0 Z1250.0 M15 ; —-— ;(é(;;)}OSICS:ASNE,\fI‘E%CFHED
S$12;
S5678 MO3;
M02 ;

%

MA20N24188H8

- Press the key (Fig 9)

202

Deleting a block

- Search for or scan address N for a blok to be deleted

- Keyin | gog

- Press the key

Example of deleting a block No.1234
- Search for or scan N1234 (Fig 10)

Fig 10

PROGRAM 00050 N1234

00050 ;

N1234 Z1250.0 M15; —=——— N1234 IS SEARCHED FOR/
SCANNED.

S$12;

S5678 MO3;

M02 ;

%

MA20N24188HA

- Keyin | eos

- Press the key (Fig 11)

Fig 11

PROGRAM 00050 N1234

00050 ; BLOCK CONTAINING
s12: = N1234 HASBEEN
’ DELETED.
$5678 MO3;
MO2;

%

MA20N24188HB
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Capital Goods & Manufacturing Exercise 2.4.189
Machinist - CNC Milling (VMC- Vertical Milling Center)

Tool path simulation

Objectives : At the end of this exercise you shall be able to
* write the tool path for marking profile to 0.5 mm depth
* input the program in the simulator

* execute the program in the simulator.

10

70
62

D
\F B
5
- A 9 -
: 100 o o
X
Job Sequence
» Write the tool path using linear and circular interpolation » Edit and simulate the tool path
» Enter the tool path in CNC simulator » Getis verified by your trainer.
ALL DIMENSIONA ARE IN mm
2.4.189
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS 1 TIME :

TOOL PATH SIMULATION
«E @ CODE NO. MA20N24189E1
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Capital Goods & Manufacturing

Exercise 2.4.190

Machinist - CNC Milling (VMC- Vertical Milling Center)

Recovering from axis over travel

Objectives : At the end of this exercise you shall be able to

* identify the over travel axis

* release the over travel by following the machine builders recommendation.

Job Sequence

» Over travel: When the tool tries to move beyond the
stroke end set by the machine tool limit switch, the
tool decelerates and stops because of working the limit
switch and over travel displayed.

Over travel during automatic operation

When the tool touches a limit switch along an axis during
automode operation, the tool is decelerated and stopped
along all axes and an over travel alarm is displayed.

Over travel during manual operation.

In manual operation, the tool is decelerated and stopped
only along the axis for which the tool has touched a limit
switch.

Releasing over travel

Press the reset button to reset the alarm after moving the
tool to the safety direction by manual operation

For detail on operation, refer to the operator's
manual of the machine builder.

204

Procedure to disable this limit switches
- Find which axis is over travelled by observing the alarms
- Turn off the control

- Press (P) and the (cancel) key simultaneously in the
keyboard

- Do notrelease these keys and turn on the control
- Hold the keys until the control turn on completely
- Release the keys

- Try to move the axis in Jog mode in the opposite
direction of respective axis minimum of 25 mm

- Then do the homing.

In latest contract there is a O.T button (Over travel key)
Press the O.T key and move the slide away from the limit
switch. Then perform homing operation.



Capital Goods & Manufacturing

Exercise 2.4.191

Machinist - CNC Milling (VMC- Vertical Milling Center)

Side milling with CRC

Objectives : At the end of this exercise you shall be able to

* write the CNC part program for side milling with CRC

» set the work piece tool and work offset on the machine
* enter the program in CNC VMC

* run the program in Automatic mode.

80Sq
100Sq
[ |
&
Job Sequence
»  Write the part program for 80 mm rectangular milling » Call the tool in to the spindle by MDI mode
to a depth of 5 mm » Measure the tool offset and enter the tool offset and
» Enter the program in CNC simulator and verify it by end mill radius in appropriate parameter
simulating * Enterthe program in CNC machine verify the program
» Set the work piece on the VMC machine table by dry run or shifting 'Z' work offset value
» Set the work offset and enter into the work offset * Runthe program in auto mode.
area » Check the dimensions.
+ Set 20 mm end mill on the tool magazine
PRE MACHINED 110x100x20 - ALUMINIUM - 2.4.191
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE DEVIATIONS TIME :
SIDE MILLING WITH CRC
*E» @ CODE NO. MA20N24191E1

205




Program for rectangle drilling with CRC (Fig 1)

Note: N indicate the line number in the
programme and its movement. (Fig 1)

Fig 1

N4

e Y

N2 N6

cxijig

N8

N

N1 80Sq
1008q

R S —
20

MA20N24191H1

Skill Sequence

00002 (rectangle milling)

N1 G40 G49 G80 G69;

N2 G90 G55;

N3 T05 M9O0;

N4 G94 S750 MO3;

N5 G55 G43 X-50 Y-50 Z50M07 HO5;
N6 G01 Z-5 F150;

N7 G41 G01 X 10Y20 F100 D04
N8G01Y80

N9 G02 X0 Y90 R10

N10 GO1 X80;

N11 G02 X90 Y80 R10

N12 G01Y20F100

N13 G02 X80 Y10 R10 F150
N14 GO1 X 20;

N15G02 X 10 Y20 R10 G01Z5;
N16 G0O1ZG;

N17 G40 GO X-50 Y40 F300
N18 G0Z100 M09;

N19 GO0 G28X0 Y0 Z0OM05 M30
N20 M30;

Automatic mode operation/memory operation

Objectives: This shall help you to

* load the program to execcute in auto mode operation

* execute the program in auto mode.

Memory operation

Programs are registered in memory in advance.
When one of these programs is selected and
the cycle stat switch on the machine operator’s
panel is pressed, automatic operation starts,
and the cycle start lamp goes on.

When the feed hold switch on the machine
operator's panel is pressed during automatic
operation, automatic operation is stopped
temporarily.

When the cycle start switch is pressed again,
automatic operation is restarted.

When the reset switch on the CRT/MDI panel
is pressed, automatic operation terminates and
the reset state is entered.

The following procedure is given as an example. For actual
operation refer to the manual supplied by the machine
tool builder

Automatic operation

*  Press"Auto" mode switch

» Select the program number required. To select the

particular program number.

A Press" program" key to display the program.

B Pressaddress "O" and the enter the program number

using numerical keys.

C Press this Curser key. Now the selected

program will appear on the screen.

* Press cycle start switch to start the program.

A By pressing Single block key the program will run

in single block
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B By pressing key the optional stop MDI in
activated.

v e (i) s

Simulation of the program may be seen by releasing the
feed hold.

Executing a part program in auto mode(Siemens)

Objective: This shall help you to
* executing a part program in auto mode (Siemens).

Executing a part program

Before starting a program, make sure that both the control
system and the machine are set up, and the part program
is verified with simulation and test. Observe the relevant
safety notes of the machine manufacturer.

1 Select the program management operating area.

PROGRAM
MANAGER

2 Select the desired program directory.

ALY,

3 Select the program that you desire to execute.

Execute

4 Press this soft key. For some directions, press the

following softket instead. Ext. exe—
cution

The system automatically changes the "AUTO" mode
in the machining operation area after you press the
softkey.

5 Ifdesired, you can use this softkey to specify how you
want the program to be executed (for more information,
see section "Program control functions.)

Eh Prog.
=4 gntrl
6 Make sure the federate override is 0%. Press this key

on the MCP to close the safety door if this function ios
not available, close the door on the machine manually.

7 Press this key on the machine control panel to start

the machining of the program. .

8 Turn the feed rate override switch slowly to the desired
value

Pressing this stops the execution of a part program. The
program currently running is aborted. On the next program
start, the machining starts from the beginning.

a8

Pressing this key suspends the execution of a part
program. The axes stop running while the spindle continues
running. Press the following key again, and the program

continues to run. .
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Capital Goods & Manufacturing
Machinist - CNC Milling (VMC- Vertical Milling Center)

Exercise

2.4.192

Face milling and canned cycle program

Objectives : At the end of this exercise you shall be able to
set work offset and tool offset

write the program for face milling operation
write the program for milling and tapping operation

enter the program in CNC VMC and simulator and verify

run the program in auto mode operation.

10 TAP 4XM8

10

110

@
o
@
‘!
|
=
[
] w
IR I

Job Sequence

Write the face milling program, enter CNC simulator
and verify it.

Prepare the program of centre drilling, drilling,
counter sinking and tapping operation using canned
cycles at specified locations in the drawing.

Enter the program in CNC simulator and verify it.

Fix the work piece on the table using suitable work
holding device

Set the work offset and tool offset for all the tools.
Example Face mill, centre drill, drill, counter sink
and tap

Enter the both the program in the CNC VMC
Check the program by dry run
Execute the program in automode

Check the dimension

Note: While taking work offset in Z axis shift
the Z value 0.5mm for facing allowance.

PRE MACHINED 110x100x20 ALUMINIUM 2.4.192
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE DEVIATIONS TIME :

=&

FACE MILL & DRILLING OPERATION

CODE NO. MA20N24192E1
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Task 1 - Face milling program (Fig 1)

Fig 1

o
\ %%

100

110

20

’
!

MA20N24192H1

00001

N5 G40 G49 G50 G80 G69;
N10 G90 G21 G94;
N15T06 M19;

N20 S600 MO03;

N25 GO0 G55 G43 H06 X20 Y-30 Z50;

N30 GO0 Z0 F100 MO07;
N35 G01X20 Y130
N42 GO0 Z5;

N40 GO0 X65 Y-30;
N45 G00 Z0;

N50 G0O1 X65 Y130;
N60 GO0 X 110 Y-30;
N65 GO0 Z0;

N70 GO1X110Y 130
N 75 GO0 Z50 MO05;
N80 G91 G28 X0 Y0 Z0 M09;
N85 M30;

Task 2 - Canned cycle program

(center drilling, drilling counter sinking and tapping

operation)

00002;

N1 G40 G15 G69 G80:

N2 G90 G21 G94:

N3 T06 M06; (CENTER DRILL)

N4 S600 MO3;

N5 GO0 G55 G43 H06 X 10 Y10 Z10;
N6 G81 X10 Y10 Z-6 T2 F50;

N7 X100 Y10;

N8 X100 Y100;

N9 X10 Y100;

N10 GO0 G80 Z100;

N11 MO5;

N12 G28 G91 X0 Y0 Z0;

N13 G9O;

N14 T07 M06; (DRILLS DIA 6.8)

N15 S500 MO3;

N16 GO0 G55 G43 HO7 X10 Y10 Z10;
N17 G83 X10 Y10 Z-25 Q10 R2 F50;
N18X100 Y10;

N19 X100 Y100;

N20 X10' Y100

N21 G0O G80 Z100;

N22 MO5;

N23 G28 G91 X0 Y0Z0;

N24 G90;

N25 T08 M06; (COUNTERSINK BIT 90 DEGREE, DIA 16)
N26 D500 M03;

N27 GO0 G55 G43 H08 X 10 Y10 Z10;
N28 G81X10 Y10 Z-5 R2 F40;

N29 X100 Y10;

N30 X100 Y100;

N31X10Y100;

N32 G00 G80 Z100;

N33 MO5;

N34 T09 M06; (M8 TAP);

N35 S150 MO3;

N36 GO0 G55 G43 H09 X10 Y10 Z10;
N37 G95 G84 X10 Y10 Z-25 R2 F1.5;
N38 X100 Y10;

N39 X100 Y100;

N40 X10 Y100;

N41 G00 G80 Z100;

N42 MO5;

N43 G91 G28 GO0 X0 YO0 Z0;

N44 M 30;
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Capital Goods & Manufacturing

Exercise 2.4.193

Machinist - CNC Milling (VMC- Vertical Milling Center)

Block search and restart

Objectives : At the end of this exercise you shall be able to

¢ identify the block numbers in the program where you want to restart the program

* move the tool to restart position
* restart the program.

Job Sequence

Generally the following operations are required when
machining is interrupted due to a reason such as damaged
tool/power and is restarted.

* Remove the cause which interrupted the machinery
* Locate the interrupted block number in the program

* Restore the machine suitable status (including the
auxiliary functions like coolant on, tool call and spindle
status by MDI mode)

* Move the tool to the position suitable for restarting the
machine

* Resume automatic operation from the interrupted block.

When the power is turned ON or emergency stop is
released, perform all necessary operation at that time,
including reference position return

* Load the program to run in auto mode

* Locate the block number where you want to restart the
program

* Turn on the program restart button on the machine
operator panel

* Input 'Q' and sequence number of the block to be

resumed (press the cursor down Key in older
version) N

* Once the search to resume the program has been
completed, the CRT screen displays the program
resume screen ( Fig 1)

Fig 1
PROGRAM RESTART 00100 N0123
(DESTINATION) MO10 015 050 #*%% *%%
X 300.000 *kk  kkk kkk kkk kkk
Y  300.000 *k%k  kkk kkk kkk k%
Z 300.000 kkk  kkk kkk kkk k%

kkk  kkk kkk kkk  kkk
kkk  kkk kkk kkk kkk
(DISTANCE TO GO) *%% %%k k%% *kk *¥k%k

1 X 254052
2 Y 543.988 T kkkk  kkkk
3 Z 249368
S kkkkk
B kkkkkkk
S 0T
14:08:12 BUF AUTO RSTR

[ PRGRM ] [ CURRNT] [ NEXT] [ MDI] [ RSTR]

MA20N24193H1

210

DESTINATION shows the position at which machining is
to restart

DISTANCE TO GO shows the distance from the current
tool position to the position where machining is to restart.
A number to the left of each axis name indicates the
order of axes (determined by parameter along which the
tool moves to the restart position).

M: Thiry-five most recently specified M codes
T: Two most recently specified T codes

S: Most recently specified S codes

B: Most recently specified B code

» Turn the program to re-start switch OFF. At this time,
the figure at the left side of axis name DISTANCE TO
GO blinks

* Check the screen for M, S, T and B codes to be
executed. Ifthey are found, execute the M, S, T and B
functions by the MDI mode. After execution, restore
the previous mode.

* Check that the distance indicated under DISTANCE
TO GO is correct. Also check whether there is the
possibility that the tool might hit a work piece or other
objects when it moves to the machining restart position.
If such a possibility exists, move the tool manually to
a position from which the tool can move, to the
machining restart position without encountering any
obstacles.

* Press the cycle start button. The tool moves to the
machining restart position at the dry run feed rate
sequentially along axes in the order specified by
parameter settings. Machining is then restarted

Warning: Don't interrupt/restart during program

restart operation.




Capital Goods & Manufacturing

Exercise 2.4.194

Machinist - CNC Milling (VMC- Vertical Milling Center)

Mounting of work piece

Objectives : At the end of this exercise you shall be able to

 set, align and hold work piece on machine vice
» clamp larger work piece on machine table

 grip the work piece with the help of strip and stop pin
* grip the work piece with the help of locator and clamps
* set the fixture on machine table and grip the work piece.

Job Sequence

TASK 1: Setting vice on machine table (Fig 1)

» Place the vice on the machine table

» Position the vice jaw parallel or perpendicular to X or Y
axis

» Bolt the vice with suitable 'T' bolts and nuts

Fig 1 FIXED VISE JAW

MOVABLE VISE JAW

VISE STOP

MA20N24194H1

» Align the fixed vice jaw parallel or perpendicular to the
XorY axis (Fig 2)

Fig 2

MA20N24194H2

Fix the parallel block in between jaws
Fix the dial test indicator

Align the vice by moving in jog mode
Tighten the 'T' bolts and nuts

Check the alignment once again

Setting work piece in the vice (Fig 3)

Deburr the work piece
Open the vice jaw to accommodate the work piece

Place the suitable parallel blocks on the vice so that
the work piece should project 3 mm to 5 mm above the
jaw surface

Position the work piece and tight the work piece with
help of handle provided on the vice

Fig 3 FIXED VISE JAW

MOVABLE VISE JAW

MA20N24194H3

TASK 2: Clamping of Work piece (Fig 1)

Larger work pieces are mounted directly on
machine table and clamped

* Clean and deburr the work piece
* Clean the machine table

» Place the work piece directly on the table position the
work piece reference surface parallel to X axis

Insert the 'T" bolt with suitable clamp and support block.
The resting of the support block height should be
slightly less than the work piece

slightly tighten the clamps to hold the work piece

Align the reference surface with the help of dial test
indicator

Fully tighten the clamps to hold the work piece firmly
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Fig 1

LOCKING SCREW
CLAMPS SUPPORTING HEXAGON

STEPBLOCK (FIXED AT THE CLAMP)

H> NN
22077

MACHINE TABLE

WORK PIECE

MA20N24194J1

Note: The clamps are positioned parallel and
it opposite sides of the work piece.

Clamps
Step block

Locking screw

4 Supporting hexagon ( fixed at the clamp)

5 Work piece
6 Machine table

Hints on clamping

A clamping system must hold the work piece firmly
against the locating elements and the cutting forces
developed during operation without causing damage to
it

Clamping system should be positioned at thick section
of the work piece

Clamping should be positioned to direct the clamping
force on a strong supported part of the work piece

Clamping system should not obstruct the parts of
cutting tool

Clamping force shall be directed towards support/
locators.

TASK 3: Griping the work piece for entire top surface machining (Fig 1)

Place the strip on the table align and clamp

Position the stop pin arrangement to accommodate
the work piece

Clean and position work piece in between strip and
stopping

Tighten the stop pin hold to hold grip the work piece
against the strip

TASK 4: Griping work piece with locators (Fig 1)

Fix and align the locator in X and Y axis and align it
Support the work piece against the locators

Clamp the work piece by pressing the clamp in the
work piece and tighten it in both the direction

Check for the rigidity of gripping the work piece

Check the reference surface for parallel to the axis

Fig 1

STRIP STOP PIN

- von

/W I

MA20N24194X1

Note: The cutting force should act towards the
locator.

212

Fig 1

DIRECTION OF
/ CUTTING FORCE

LOCATOR CLAMP

MA20N24194Y1

TASK 5: Holding the work piece in a fixture for machining (Fig 1)

Fix the fixture on the machine table

Align the reference surface parallel or perpendicular to
the X orY axis

Clean the work piece and insert in to the fixture

Clamp the work piece with clamps provided in the
fixture.

Fig 1

CLAMPING
ARRANGEMENT
WORK
TABLE

MA20N24194Z1
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Capital Goods & Manufacturing Exercise 2.4.195
Machinist - CNC Milling (VMC- Vertical Milling Center)

Machining Part on CNC VMC with face milling, drilling (siemens)

Objectives : At the end of this exercise you shall be able to
set the work piece on VMC machine for machining
set the tools in tool magazine as per requirement
measure work and tool offset and enter in offset page
prepare and verify the program on simulator

run the program in auto mode operation

check the dimensions and correct it if required.

210 THRU HOLE 5NOS

I + |
o|
(]

100

100 30
- PRE MACHINED105 X 105 X 35 mm - - - 1 2.4.195
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE TIME

VMC FACE MILL AND DRILLING
@ «5» CODE NO. MA20N24195E1
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Job Sequence

+ Make the Job Setting on the Machine.

* Make the Tool Setting as per the given Job.
» Take the Work offset in X & Y Axes.

» Take the Tool Offset in Z - Axis.

* Write the Part Program for Face Milling & Drilling
Operations as per the given Job.

» Enter the Program in the Machine.
» Verify the Program in the Simulator Option on Machine.

* Make the wear offset corrections for achieving the Job
Size in Tolerance as per drawing.

Program for face mill and drilling (siemens)
MSG ("FACE MILLING");

G17G71G90G40;

T1M6; FACE MILL CUTTER DIA 50;

D1;

MO03S600;

G0G90G54X0YO;

G0Z20;

MO07;

Skill Sequence

Face milling using cycle

CYCLE61(10,0,5,-2,-50,-50,50,50,1,75,0,200,
31,0,1,11010);

G0Z20;

M9;

G7520;

G75X0Y0;

MSG ("DRILLING DIA 10MM X 4 PLACES");
T2M6; DRILL DIA 10

D1;

M03S1000;

G0G90G54X0Y0;

G0Z20;

MO7;

MCALL CYCLE82(10,5,1,-32,,0.6,0,10001,12);

CYCLE802(111111111,111111111,0,0,30,30,-30,30,- 30,-
301301-301!1111117010!1 );

MCALL;
G0z20;
M9;
G7520;
G75X0Y0;
M30;

Objective: This shall help you to

* prepare the face mill program using face milling cycle.

Face milling using cycle

CYCLE61(10,0,5,-2,-50,-50,50,50,1,75,0, 200,31,0,1,
11010);

1 Click on the “Milling” option.

2 Click on the “Face milling” option.

3 Inthe parameter window enter the following parameters
as per the Fig 1.

Fig 1

uzi;y

NC/MPF/NIMI4THSEMMACHINISTTPBOO.DIR/EX211

Face milling

PL G17 (XY)

RP 106.0008

SC 5.600

F 206.000
Machining -
Direction =]
Xxe —56.000

Yo —50.000

28 8.0088

X1 50.800 abs
1 50.880 abs
21 —2.080 abs
DXY 75.8080 %

DZ 1.000

Uz 8.8008
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Drilling cycle with positions

Objective: This shall help you to

* prepare the drilling program using drilling cycle with positions.

MCALL CYCLE82(10,5,1,-32,,0.6,0,10001,12);

CYCLE802(111111111,111111111,0,0,30,30,-30,30,-30,-

30130!-30!!171,1,!010!1);
1 Click on the Drilling Option.

2 Click on the "Drilling Reaming" Option

3 Click on the "Drilling Option" & fill the Parameters as

shown in the Fig 1.

4 Then Press "Accept" the Following Programming Line

appears in the Program

Fig 1 -
Input Simple
RP 16.068
Position pattern (MCALL)
28 5.068
Tip
21 —32.088 abs
DT 0.668 s
5 MCALL CYCLES82(10,5,1,-32,,0.6,0,10001,12); 9 In the Position window fill the Co - Ordinates of the
6 Click on the Drilling Option. Holes as shown in the Fig 2.
7 Click on the Positions Option 10 Then Pre_ss Accept" the following Programming line
appears in the Program.
8

Click on the Option .H'i"b

CYCLE802(111111111,111111111,0,0,30,30,-30,30,-30,-

30,30,'3011171,”;010!1 )1

Fig 2

LAB

PL G17 (XY)

X0 0.800 abs
Yo 0.606 abs
X1 30.080 abs
Y1 30.008 abs
X2 —36.868 abs
Y2 30.0008 abs
X3 —30.800 abs
Y3 —30.600 abs
X4 36.800 abs
Y4 —30.800 abs
X5 abs
Y5 abs
X6 abs
Y6 abs
X7 abs
Y7 abs
X8 abs
Y8 abs
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Capital Goods & Manufacturing Exercise 2.4.196
Machinist - CNC Milling (VMC- Vertical Milling Center)

Machining part with face mill, side mill and drilling operation (Siemens)

Objectives : At the end of this exercise you shall be able to
» perform face milling operation in VMC

* machine side milling with CRC

 carryout drilling operations using cycles.

M12X1.5115
25 25 14X90° 4Nos

25

100
90
@

.

25

20
100
| | |
I ‘ i i ‘ I I ‘ i
2 I I I I I I
b4 — 1
I I I I I I
9 I I I I I I
[ IR oy
il ‘ [ [ ‘ il il ‘ [
ALL DIMENSIONS ARE IN MM
1 PRE MACHINED 90 X 90 X 25 mm - Fe310 - — 2.4.196
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.

SCALE 1:1 TOLERANCE TIME

TITLE : FACE MILLING,SIDEMILL AND DRILLING OPERATION

@ E CODE NO. MA20N24196E1
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Job Sequence

TASK 1: Face milling

Prepare the Part Program for Face Milling, using face
milling cycle61( cutter dia 50 mm)

Verify the Program in the Simulator Option on Machine.
Set the work piece on the Machine.

Set the Tool in tool magazine as per the program
Take the Work offset in X & Y Axes.

Take the Tool Offset in Z - Axis.

Enter the offset values in offset pages

Check the tool offset for its correctness

Run the program in auto mode

Verify the dimension with respect to the drawing , if
required do the wear correction

Program for face milling
MSG("FACE MILLING")
G17G71G90G40;

TASK 2: Side milling (Fig 1)

Fig 1 90

|
7,7@?7,7 3
|

10

©
N

MA20N24196H1

Prepare the Part Program for side Milling, using side
milling cycle76(end mill dia 20 mm)

Verify the Program in the Simulator Option on Machine.
Set the work piece on the Machine.

Set the Tool in tool magazine as per the program
Take the Work offset in X & Y Axes.

Take the Tool Offset in Z - Axis.

Enter the offset values in offset pages

Check the tool offset for its correctness

T1M6; FACE MILL CUTTER DIA 50;
D1;

M03S600;

G0G90G54X0Y0;

G0Z20;

MO7;

CYCLE61(10,0,5,-2,-50,-50,50,50,1,75,0,200,

31,0,1,11010);
G0Z20;

M9;

MO05;

G7520;
G75X0Y0;
M30;

* Runthe program in auto mode

» Verify the dimension with respect to the drawing, if

required do the wear correction
Program for side milling
MSG("SIDE MILLING")
G17G71G90G40;
T2M6; END MILL CUTTER DIA 20;
D1;
MO03S2000
G0G90G54X0YO0;
G0Z20;
MO7;

CYCLE76(10,0,5,,10,90,90,5,0,0,0,2.5,0,0,100,50,0,1,100,

100,1,2,1100,1,101);
G0Z20;

M9;

MO05;

G7520;

G75X0Y0;

M30;
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TASK 3: Drilling (Fig 1)

Fig 1

MA20N24196J1

* Prepare the Part Program for drilling, using cycle76(drill
dia 10.5mm)

+ Verify the Program in the Simulator Option on Machine.
» Set the work piece on the Machine.

« Setthe Tool in tool magazine as per the program

» Take the Work offset in X & Y Axes.

» Take the Tool Offset in Z - Axis.

« Enter the offset values in offset pages

» Check the tool offset for its correctness

* Run the program in auto mode

TASK 4: Chamfering (Fig 1)

Fig 1

MA20N24196X1

* Prepare the Part Program for chamfering on the pre
drilled holes using cycle 81&82

» Verify the Program in the Simulator Option on Machine.
» Set the work piece on the Machine.

+ Setthe Tool in tool magazine as per the program

» Verify the dimension with respect to the drawing , if
required do the wear correction

Drilling program

MSG ("PRE DRILLING HOLE DIA 10.5MM X 22MM DEEP
X 4 PLACES")

T3M6; DRILL DIA10.5

D1;

M03S1000;

G0G90G54X0Y0;

G0Z20;

MO7;

MCALL CYCLE82(10,2,1,-22,,0.6,0,10001,12);

CYCLE802(111111111,111111111,25,0,0,25,-25,0,0,-
25!’!!7!1!’!!01011);

MCALL;
G0Z20;
M9;

MO05;
G7520;
G75X0Y0;
M30;

» Take the Work offset in X & Y Axes.

» Take the Tool Offset in Z - Axis.

« Enter the offset values in offset pages

» Check the tool offset for its correctness
* Run the program in auto mode

» Verify the dimension with respect to the drawing, if
required do the wear correction

Chamfering program

MSG ("CHAMFER DIA14 X 90DEG X 4 PLACES")
T4M6; CHAMFER DIA 16;

D1;

MO03S1000;

G0G90G54X0YO0;

G0Z20;

MO7;

MCALL CYCLE81(25,10,20,,20,0.6,0,1,11);
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CYCLE802(111111111,111111111,25,0,0,25,-25,0,0,-
25!771!’!!771070!1);

MCALL;
G0Z20;
M9;

TASK 5: Tapping (Fig 1)

Prepare the Part Program for tapping using cycle 84
Verify the Program in the Simulator Option on Machine.
Set the work piece on the Machine.

Set the Tool in tool magazine as per the program
Take the Work offset in X & Y Axes.

Take the Tool Offset in Z - Axis.

Enter the offset values in offset pages

Check the tool offset for its correctness

Run the program in auto mode

Verify the dimension with respect to the drawing, if
required do the wear correction

Tapping Program
MSG ("M12X1.5X15 DEEP TAP HOLES X4 PLACES")
T5M6; M12X1.5 TAP

Skill sequence

Side milling

MO05;
G7520;
G75X0Y0;
M30;

D1;

M03S1000;
G0G90G54X0Y0;
G0Z20;

MO7;

MCALL CYCLEB84(20,5,1,-15,,0.6,5,,1.5,0,100,100,0,1,0,
0,5,1.4,,,,11001,1001002)

CYCLE802(111111111,111111111,25,0,0,25,-25,0,0,-
25!771!’!!771070!1);

MCALL;
G0Z20;
M9;
G7520;
G75X0Y0;
M30;

Objectives : At the end of this exercise you shall be able to

* prepare the side milling with spigot option program using cycle 76

* prepare the chamfering program using cycle 81 &82

* prepare the tapping program using cycle 84.

Side milling with spigot option

Click on the "milling" option
Click on the "multi edge spigot" option
Click on the "rectangle spigot" option

In the parameter window enter the following parameters
as per the Fig 1.

Press accept key
Then the tool path will be automatically created

CYCLE76(10,0,5,,10,90,90,5,0,0,0,2.5,0,0,100,50,0,1,100,100,
1,2,1100,1,101)
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Fig1 NC/WKS/NIMIMCST4ATHSEMTP/EX212 Rectangular spigot
Input

Machining v
Single position

X8 8.088

Yo 6.000

20 B.000

(A} ] 166.808

L1 160.000

u 96.000

L 96.000

R 5.000

ab 6.0008 °

21 16.0080 inc

D2 2.500

UXY 6.000

Complete
PL G17 (XY) Down—cut
RP 16.000
SC 5.000
F 106.0080
F2 56.600

Ref. point —=6—1}

Chamfering on the predrilled holes - Then Press "Accept" the Following Programming Line
) . W . appears in the Program MCALL CYCLES81
Click on the "Drilling" Option. (25,10,20,20,0.6,0,1,11)

- Click on the "Centering" Option

- Fill the Parameters as shown in the Fig 2

PL G17 (XY)

RP 25.000

SC 26.060

Position pattern (MCALL)
20 10.000
Tip
21 20.608 inc
- OT .600 s
- Click on the Drilling Option. - In the Position window fill the Co - Ordinates of the

Holes as shown in the Fig 3.

- Click on the Positions Option

- Click on the Option

220

- Then Press " Accept" the following Programming line
AN b appears in the Program.

CYCLE802(111111111,111111111,25,0,0,25,-25,0,0,-
251,!!!1!1,!!0,011);
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Fig3
9 NC/WKS/NIMIMCST4THSEMTP/EX212 Positions

LAB

PL G17 (XY)

X0 25.800 abs
Yo 8.880 abs
X1 0.860 abs
1 25.888 abs
X2 —25.860 abs
Y2 0.888 abs
X3 0.888 abs
Y3 —25.880 abs
X4 abs
T4 abs
X5 abs
LA abs
X6 abs
Y6 abs
X7 abs
Y7 abs
X8 abs
Y8 abs

Tapping operation on the holes

Note: CYCLE802 IS SAME FOR DRILLING,
COUNTERSINKING / CHAMFERING, TAPPING
SINCE, IT IS THE CO - ORDINATES OF THE
HOLES OR POSITIONS.

- Click on the "Drilling" Option.
- Click on the "Thread" Option
- Click on the " Tapping" Option

Fill the Parameters as shown in the Fig 4 and click on
the "accept" option and the following program line
appears in the Program.

MCALL CYCLE84(20,5,1,-15,,0.6,5,,1.5,0,100,
100,0,1,0,0,5,1.4,,,,,11001,1001002)

CYCLE802(111111111,111111111,25,0,0,25,-25,0,0,-
25!!1!117!!’10!071);

Fig 4
9 NC/WKS/NIMIMCST4THSEMTP/EX212

Tapping
Input Simple
RP 20.608
W/o compensat. chuck
Position pattern (MCALL)
20 5.000
21 -15.660 abs
RH thread
P 1.568 mm/rev
S 100 rpm
1 cut
SR 160 rpm
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Capital Goods & Manufacturing Exercise 2.4.197
Machinist - CNC Milling (VMC- Vertical Milling Center)

Slot machining using CRC

Objectives : At the end of this exercise you shall be able to
e prepare the program for slot milling

» execute the program

 correct the dimension using wear compensation.

RS
\ 34
_ _ . . | [{e] [}
f - ©
75
100
T T
| |
| |
| | &
| |
| |
| |
- PRE MACHINED 100 X 50 X 25 mm - ALUMINIUM- LM25 - - 2.4.197
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE TIME
SLOT MILLING
@ «5» CODE NO. MA20N24197E1
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Job Sequence

Read the drawing
List out the tools required to do the practical

Prepare the CNC program for longitudinal slot milling,
select the parameter as in Fig 1.

Fig 1

SIEMENS
NC/LIKS/A/EX213

oo b | 3%

Longitudinal slot

Input

PL G17 (XY)

RP 10.068

SC 1,060

F 0.168

Ref. point

Machining 7
Single position

X 0.668

A} 0.008

20 0.008

u 16.068

L 75.000

al 0.008 °

21 —26.006 abs

Doun—cut

14 1.068
UXY 0.108
0.168

Verify the program

Set the work piece on the machine table

Measure work offset and tool offset enter in offset page
Execute the program and verify the slot size

If any variation in size correct in wear off set

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.4.197

For internal dimension

Example

The programmed value is say 16mm

Actual; measures size is 15 mm

The difference in programmed size and actual size Tmm
Divide the difference by 2 that is equal 0.5 mm

Enter this 0.5mm in wear radius as -0.5mm

Re execute the program

And recheck the size until you get the required tolerance
Example program for slot milling

WORKPIECE (,"",’RECTANGLE",64,25,-25,80,100,50)
T="CUTTER 10" (End cutting end mill dia 10 mm)

MO06

MO03 S700

G00 X0YO02Z100

sLoT1(10,0,1,-25,,1,75,16,0,0,5,0,0,0,1,0.1,
11,0.1,15,15,0.1,0,2,0,1,2,100,1011,102) SLOT MILLING
PARAMETER)

G002100
MO05
MCALL
M30
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Capital Goods & Manufacturing Exercise 2.4.198
Machinist - CNC Milling (VMC- Vertical Milling Center)

Machining parts with pockets

Objectives : At the end of this exercise you shall be able to

e prepare the part program for rectangular pocket milling using cycle pockets
 prepare the part program for circular pocket milling using cycle pockets

* machine the pockets in automode operation.

R10 50 CIRCULAR POCKET
30
\
|
-7
| I ‘
|
| |
L777
! |
! |
|
|
|
|
|
L
3 - —— - — |-
=] h ‘ |
® |
L
|
|
|
L
‘ 2
L
|
|
/ |
]
10
80 20
100
ALL DIMENSIONS ARE IN mm
1 PRE MACHINED 100 X 100 X 30 mm - ALUMINIUM- LM25 - - 2.4.198
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE TIME
POCKET MILLING
@ «5» CODE NO. MA20N24198E1
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Job Sequence

TASK 1: Rectangle pocket milling

* Prepare the part program for rectangular pocket milling,
using pocket 3 (end mill dia 20 mm) (Fig 1)

Fig 1
|
4 N
|
3 4 _ 4 - .
- 2
|
9 y
|
8‘0
100
O‘ T T
—;L ,,,,,,,,,,,,,,,,,,,, ]

» Verify the program in the simulator option on machine
» Set the work opiece on the machine

» Setthe tool in tool magazine as per the program

» Take the work offset in X & Y axes

» Take the tool offset in Z-axis.

» Enter the offset values in offset pages

TASK 2: Circular pocket milling

* Prepare the part program for circular pocket milling,
using pocket4 (end mill dia 20 mm) (Fig 1)

» Verify the program in simulator option on machine.
» Set the work piece on the machine.

» Setthe tool in tool magazine as per the program

» Take the work offsetin X & Y axes

* Take the tool offset in Z-Axis

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.4.198

* Check the tool offset for its correctness
* Runthe program in auto mode

» Verify the dimension with respect to the drawing, if
required do the wear correction

Program for rectangular pocket milling
MSG (" POCKET MILLING")

G17G71G90G40

T2M6; END MILL CUTTER DIA 20

D1

M03S2000

HOH90H54X0YO0

G0Z20

MQ7

MSG ("RECTANGULAR POCKET 90 X 90MM")

POCKET3 (10,0,5,-10, 80,80,0,0,0,0,2,0,0,40
0,0.1,0,21,75, 8,3,15,1,2,0,1,2,11100,11,110)

MSG (" CIRCULAR POCKET DIA 50 MM")

POCKET4 (10,0,5,-20, 50,0,0,2.5,0,0,400,0.1,0,
1011,50,9,15,0,2,0,1,2,10100,111,110)

G0Z20
M9
G7520
G75X0Y0
M30

» Enter the offset values in offset pages
» Check the tool offset for its correctness
* Runthe program in auto mode

» Verify the dimension with respect to the drawing, if
required do the wear correction

Follow the rectangular pocket milling steps for
the development of the program.
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Skill sequence

Pocket milling for rectangular & circular pockets

Objective : This shall help you to

* generate the program for rectangle and circular pocket using cycles.

Rectangular pocket
1 CLICKON THE "MILLING "OPTION

Similarly follow for circular pocket
1 CLICKON THE "MILLING" OPTION

2 CLICKONTHE"POCKET" OPTION 2 CLICKON THE "POCKET" OPTION

3 CLICKONTHE "RECTANGLE POCKET" OPTION 3 CLICKONTHE"CIRCULAR POCKET" OPTION

4 Inthe parameter window enter the folowing parameters 4  Inthe parameter window enter the folowing parameters
as per Fig 1 as per Fig 2.

5 Then press "Accept" the following programming line 5 Then press "Accept" the following programming line

appears in the Program

appears in the program

POCKET3 (10,0,5,-10, 80,80,0,0,0,0,2,0,0,400, POCKET4(10,0,5,-20,50,0,0,2.5,0,0,400,0.1,0, 1011,

0.1,0,21,75,8,3,15,1,2,0,1,2,11100,11,110)

50,9,15,0,2,0,1,2,10100,111,110)

Fig1 NC/WKS/NIMIMCSTATHSEMTP/EX214 Rectangular pocket
Input Complete
PL G17 (XY) Down—cut
RP 10.600
SC 5.008
F 400.000
Ref. point S T
Machining v

Single position

X0 8.000

Yo 0.600
20 0.608

u 80.000

L 80.000

R 0.000
ab 0.000 °
21 -10.008 abs
DXY 75.608 %
D2 2.608
UXY 0.608
174 0.608

Fig 2
NC/WKS/NIMIMCSTATHSEMTP/EX214

ah

Circular pocket

Input Complete

PL G17 (XY) Down—cut

RP 10.800 | . Helical
SC 5.000

L e nsertion eli
Machining Hocal ; EP 2‘%9

X Y ER 1.660

. e Removing Comp. machining
=4 50.000

21 —206.008 abs

DXY 50.808 %

B 2.508 mm/rev

UXY 0.060

174 0.000

Removing Comp. machining
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Capital Goods & Manufacturing
Machinist - CNC Milling (VMC- Vertical Milling Center)

Exercise 2.4.199

End milling with polar co-ordinates (Siemens)

Objectives : At the end of this exercise you shall be able to

* prepare the end milling program using polar co-ordination
* decide the lead in lead out for CRC
» execute the program in auto mode - single block.

100

25

100

O3

POLAR CO-ORDINATES (SIEMENS)

- PRE MACHINED 100 X 100 X 25 mm - ALUMINIUM-LM25 - - 2.4.199
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE TIME

CODE NO. MA20N24199E1
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Job Sequence

Polar program in Siemens
* Read the drawing
+ List out the tool required to do the practical

+ Fix the work offset at the center of the work piece
Fig 1

Fig 1

80

80

MA20N24199H1

» Calculate the polar radius and polar angles

 Decide the lead in lead out for cutter radius
compensation

* Prepare the program
» Verify the program

* Measure offset values and enter in offset page

» Execute the program auto mode in single block
» Verify the dimensions

» Calculate the polar radius

+ Calculate the polar radius
Program for polar end milling
WORKPIECE (,"",,"RECTANGLE",64,25,-25,-80,100,100)
T="CUTTER 20"

Mo06

MO03 S500

G00 X-100Y-100Z2100
G01Z-5F10

G42 G01 X-80 Y-50 F100

G111 X0Y0

AP=225 RP=56.577

AP=315

AP=45

AP=135

AP=225

G40 G01 X-80 Y-80 F100
G00Z100

M30
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Capital Goods & Manufacturing Exercise 2.4.200

Machinist - CNC Milling (VMC- Vertical Milling Center)

Polar co-ordinate program for end milling and drilling (Siemens)

Objectives : At the end of this exercise you shall be able to
* prepare the program for the given drawing in polar co-ordinate with Siemens control
* verify and execute the program in auto mode.

@6 PCD 64 X 6NOS

100

- PRE MACHINED 100 X 100 X 25 mm - ALUMINIUM-LM25 - - 2.4.200
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE TIME
POLAR PROGRAM
@ «5» CODE NO. MA20N24200E1
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Job Sequence

* Read the drawing

* Prepare the part program to mill hexagon to a depth of
5mm using polar co-ordinator with CRC

* Prepare the part program to drill 6 holes as shown in
drawing using G81 with polar co-ordinate

» Verify the program by simulation
+ Set the work piece on the machine
» Fix work offset at the left hand lower most corner.

* Measure tool offsets and enter the offsets in relevant
offset page.

» Execute the program in single block

» Check size of hexagon, if required correct the size.
Sample program for hexagon and simple drilling.
NC/WKS/POL/POL

-CUTTER 60"

Workpiece (,”,, “Box”, 49, 0, -20, -80,0,0,100,100)
G17 G90

M3 S250

G00 X-30Y -90

G00Z100

G012Z-5

G42 G01 X-0Y-60

G111 X50Y50

AP =-60 RP=40

G01Z-5F100

AP-0

AP-60

AP-120

AP-180

AP-240

AP-300

AP-330

G00Z100
G40X120Y120

MO05
T=“CENTERDRILL 12"
MO06

S400 M03

G00 X50 Y50

G00Z10

G17 G90 G111 X50Y50
MCALL CYCLE (10,-30.0, 1,5,,0.6,10,1,11)
RP=32 AP=0

AP=60

AP=120

AP=180

AP=240

AP=300

G00 X100Y100 2100
MO05

M30
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Capital Goods & Manufacturing
Machinist - CNC Milling (VMC- Vertical Milling Center)

Exercise 2.4.201

Determining and entering wear offset

Objectives : At the end of this exercise you shall be able to
» prepare the rectangular slot and spigot
* measure the size for internal slot and external spigot
» correct the dimension by wear offset correction.

O £

DETERMINING THE WEAR OFFSETS

! R10
Il
|
4 | ~
|
- _ 1 N I S | | 1 © o o
< [(e] o]
|
|
60
80
wn
el
o~
100
- PRE MACHINED 100 X 80 X 25 mm - ALUMINIUM-LM25 - - 2.4.201
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE TIVE

CODE NO. MA20N24201E1
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Job Sequence

* Prepare the CNC part program for the given drawing
» Set the work piece on the machine

* Measure work offset and tool offset

« Enterthe values in respective offset page

» Execute the program in auto mode - single block

» Check the dimensions and compare with programmed
value

« Ifitisin'Z direction correction to be done on tool length
wear offset

Skill Sequence

Entering the tool wear offset in Siemens

« Ifitis less add the difference value that '+' sig
« Ifitis more subtract th difference values that -’ sig

« Ifitisin X and Y direction, correction to be done on
cutter radius/diameter wear off set

« Forexternal dimension '+' means '-' the wear offset
« Forinternal dimension - means '+' the wear offset

« After determining wear offset enter the value in wear
tool wear page

control

Objective: This shall help you to

 enter the tool wear offset in respective offset page.

Tool list

In the tool list all parameters and functions that are required
to create and set the tools are displayed

Each tool is identified by the location number, the tool
type, the tool name and the replacement of tool number

The most common tools and probes for turning, drilling
and milling are reachable over the tool list

Geometrical and technological tool date can be assigned
to each tool type. Depending on the tool type difference
correction data are necessary

Selecting the function "Tool list"

After pressing the "MENU SELECT" key on
1_. the MCP, press the HSK 2 "Parameters".
Parameter

Alternatively, you can also press the
"OFFSET" key on the MCP

4 &

N Jist

By pressing the HSK 1 "Tool list" the "Tool
list" window opens (Fig 1)

Fig 1
BUFFER1
ST D Length Radius Al =
4 | &, CUTTER 16 00 1.1 120000 8860 32 &0
1 | b [CUTTER 6 | 1/ 1| 65008  3.000 L3R O I
2 4§ TaPmM1e 1 1 130.088) 5000 1.508 2 |][] &
3 W CENTERDRILL12 1 1 128.600 6.686 90.0 2 [~ Edges
4 @ DRILL10 |11 120.880) 5000 118.0] 2 [ |
5 | gl CUTTER 20 | 1 1 100.860 16.860 3% ML) 1=
6 | s CUTTER 32 1 1/ 110.808| 16.668 L3 EO
- | : . . HER [
8 | b [FACEMILL 63 | 1/ 1| 120.008] 31.508| 62 =01 Unload
9 | gh CUTTER 8 1.1/ 120.600  4.060 | 3200
18 | ¥ DRILLS.S |1 1| 120.808| 4.250 1180 = |~I[] —
11 | ¥ |DRILL 12 1 1| 1ee.ee8| 6.6e6 118.0. = [J[]
12 | & [FACE_MILL_D56 1 1| 100.008| 22.560 52 MO0
13 | 4 |soLID DRILL 38 | 1 1| 110.888, 15.808| | 2O m
14 | I} [THREAD CUTTER | 1/ 1| 110.600) 16.660 | [ 1]2 ML selection
15 | g |End mill 12 1 1) 110.668| 5.800 42 M1
16
arg: Tool FVBRCED
"-’»l list "I!I wear
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Note: The display in the tool list can be
changed to either diameter.... or "Radius"” in
the following general setting.

Tool Wear

Tools that are in use for long periods are subject to wear.
You can measure this wear and enter it in the tool wear
list

The control then taken this information into account when
calculating the tool length or radius compensation. This
ensures a consistent level of accuracy during workpiece
machining

You can automatically monitor the tool working times via
the workpiece count, tool life or wear.

In addition, you can disable tool when you no longer wish
to use them

Selecting the function "Tool wear"

-/- Tool By pressing the HSK 2 "Tool wear" window
l-‘ wear Opens (Fig 2)

Fig 2

04/20/14
2:32 PM

Set 0

I il b - 'e w - m o
ear 3 11 ] Filter

1 2hl 1] 1 0.8 0.8 0.0 1 m—
2 & 1] 1 Cl|=

3 | | CENTERDRILL 12 1 1  0.666) 0.000 ]| | Search

4 DRILL 12 1 1 ©8.688 0.000 N
5 £k CUTTER 20 11 0668 0.000 i |

6 &k CUTTER 32 11 6.888 0.000 |

8 & FACEMILL 63 11 6.068 0.000 L1 | settings
9 | 24k CUTTER 8 1 1 6.e8  0.008 HR ]

10 DRILL 8.5 1.1 0.660 0.000 | ?
1 DRILL 10 11 epeee o088 | "u:te

12 |

13 H SouD_DRILL_38 1 1 0.6ee 6.608 | ] ﬁ
14 | IB THREAD CUTTER 1 1 ©8.680 0.000 LIl | selection
= _ 3

16

Rl isi Tool

list "’J wear

Parameters for " Tool wear"

Parameter Meaning
LOC. Magazine/location number:
Type Tool Type:
Tool Name Tool Name:
ST Replacement tool number:
D Cutting Edge number:
A Length Wear of length in Z direction
A Radius Wear of radius or wear of diameter
AD (refer to machine data setting)

For entering the values
Keep the pointer on the tool number
Enter the 'Z' difference in Alength

Enter the radius difference in A radius

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.4.201

Note: if you make any change in program or
parameter, press reset button
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Capital Goods & Manufacturing
Machinist - CNC Milling (VMC- Vertical Milling Center)

Exercise 2.4.202

Restarting machine from sudden stoppage

Objectives : At the end of this exercise you shall be able to

* restart the machine from sudden stoppage in Siemens control
* restart the machine from sudden stoppage in fanuc control.

Job Sequence

TASK 1: Resart in siemens control

Executing specified blocks

If you would only like to perform a certain
section of a program on the machine, then you
do not need to start the program from the
beginning. You can start the program from a
specified program block in the following cases:

e After you stop or interrupt the program
execution

*  When you need to specify a target position,
e.g. during remachining

Operating sequence

Proceed as follows to start machining from the last
interruption point in the program:

1

E=
Select the machining operating area. | M
MADIRNE

Switch to "AUTO" mode. | —+}
AUTO
Press this softkey to open the block search

window.

NC| Block
— search

Press this softkey to load the interruption point, and
the cursor moves to the beginning of the target block

Interr.
point

which is interrupted last time.

Press one of the following softkeys to set the condition
for the block search:

» The program will continue from the line before the
target block. The same calculations of the basic
conditions (e.g. tool and cutting edge numbers, M
functions, feedrate and spindle speed) in the previous
blocks are carried out as during normal program
operation, but the axes do not move.

To
contour

234

* The program will continue from the target block
containing the interruption point. The same
calculations of the basic conditions in the previous
blocks are carried out as during normal program
operation, but the axes do not move.

To
end point

* Block search without calculation of the basic
conditions. All settings required for execution have
to be programmed from the target block (e.g.

Without
calculat.

feedrate, spindle speed, etc.).

6 Make sure the feedrate override is 0%.

7 Press this key on the MCP, and then an alarm 010208

appears for your confirmation whether to continue.

010208 Continue program with NC start 16:87

8 Press this key again to execute the program.

9 Turn the feedrate override switch on the MCP slowly to

the desired value.



TASK 2: Resart in fanuc control

* This function specifies sequence No of a
block to be restarted when a tool is broken
down or when it is desired to restart
machining operation after a day off, and
restarts the machining operation from that
block. Itcan also be used as a high- speed
program check function

* There are two restart methods: the P-type

method Fig 1 and Q-typed method Fig 2.

P Type - Operation can be restarted anywhere. This restart
method is used when operation is stopped becase of a
broken tool.

Fig 1

OPERATION CAN BE RESTARTED ANYWHERE. THIS RESTART METHOD
IS USED WHEN OPERATION IS STOPPED BECAUSE OF A BROKEN TOOL

PROGRAM START POINT
(NACHINING START POINT)

RETURN OPERATION

RESTART POSITION

MA20N24202H1

Q Type - Before operation can be restarted, the machine
must be moved to the programmed start point (machining
point)

Fig 2

BEFORE OPERATION CAN BE RESTARTED, THE MACHINE MUST BE
MOVED TO THE PROGRAMMED START POINT ( NACHINING START POINT)

PROGRAM START

RETURN OPERATION
(NACHINING START POINT) \/

POINT

RESTART POSITION

MA20N24202H2

Procedure for program restart by specifying a block
number

Procedure 1
[P Type]

1

Retract the tool and replace it with a new one. When
necessary, change the offset. (Go to step 2)

[Q type]

1

3

When the power is turned ON or emergency stop is
released, perform all necessary operation at that time,
including the reference position return

Move the machine manually to the program starting
point (machine start point), and keep the modal data
and coordinate system in the same conditions as at
the machining start.

If necessary, modify the offset amount. (Go to step 2)

Procedure 2
[COMMON TO P TYPE/Q TYPE]

1

Turn the program restart switch on the machine
operator's panel ON.

2 Press Key to display the desired program
Find the program head. Press key
Enter the number of the block to be restarted then press
the [P TYPE] or [ Q TYPE] soft key. The block number
cannot exceed eight digits
[Q TYPE]
XXXXXXX
- or
[P TYPE]
— Block number
5 The block number is searched for, and the program
restart screen appears on the LCD display Fig 3
Fig 3
DESTINATION RESTART INFORMATION
X 600. 000 (BC:QOORDOD14
Z 500. 000y 6 10
Y @, 000 11 12
(] &
DISTANCE TO GO | | 1 2
1 X 600. 0op| > 100
21 500. op| B FRHIKX
3 Y 0. 000

MEM ook ook kx| [11:11:33 [RSTR |

[ RSTR DIR | [ [ coPRT) |+

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.4.202 235




DESTINATION shows the position at which machining
is to restart

1

DISTANCE TO GO shown the distance from the current
tool position to the position where machining is to
restart. Anumber to the left of each axis name indicates
the order of axes (determined by parameter setting)
along which the tool moves to the restart position

The coordinates and amount of travel for restarting the
program can be displayed for upto four axes. For a
path with five axes, when softkey [RSTR] is pressed
again to display the fifth axis.

: Upto 35 most recently specified M codes. The

maximum number of displayed M codes differs
depending on the size of display.

With 10.4 inch LCD/MDI panel up to :30 M codes
With 8.4 inch LCD/MDI panel up to : 6 M codes

: Two recently specified T codes

S : Most recently specified S Code

236

: Most recently specified B Code

Codes are displayed in the order in which they are
specified. All codes are cleared by a program restart
command or cycle start in the reset state

Turn the program re-start switch off. At this time, the
figure at the left side of axis name DISTANCE TO GO
blinks.

Check the screen for the M,S,T, and B codes to be
executed. If they are found, enter in the MDI mode,
then execute the M, S, T, and B functions. After
execution, restore the previous mode. These codes
are not displayed on the program restart screen

Check that the distance indicated under DISTANCE
TO GO is correct. Also check whether there is the
possibility that the tool might hit a work piece or other
objects when it moves to the machining restart position.
If such a possibility exists, move the tool manually to
a position from which the tool can move to machining
restart positon without encountering any obstacles.

Press the cycle start button. The tool moves to the
machining restart position at the dry run feed rate
sequentially along axes in the order specified by
parameter No. 7310 settings. Machining is then
restarted.
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Capital Goods & Manufacturing

Exercise 2.4.203

Machinist - CNC Milling (VMC- Vertical Milling Center)

Program transfer to machine - USB and flash drive

Objectives : At the end of this exercise you shall be able to

* transfer the CNC part program from USB/flash drive to CNC machine in fanuc control
* transfer the CNC part program from USB/Flash drive to CNC machine in Siemens control.

Job Sequence

TASK 1: Program input through USB/Flash drive
Fanuc | series control

(Latest control have the facility to use USB/Flash drive)
* Make sure that you are in edit mode.

* Press MDI mode

» Press offset and setting page on the softkey to collect
the setting page.

* Insetting page i/o channel set to use the USB channel.
» Insert the USB stick then select the edit mode

* Click on program - that display the program directory
screen

» Click directory and operation then > (arrowkey) then
notice it says devise USB

» Select USB memory and it automatically reads what's
on the card

+  Now by pressing @ down words arrow select the

program that you want to load it into your CNC control.

» Click on the right arrow key until you see the file input
file/output file.

» Click oninput now.

Notice the program numbers, type the exact
name of the program on to the field and then
select a program number O1 and click on set
and then press execute and then it will load
that program under number one and can see
it's active at the top of the screen.

TASK 2: Program transfer from USB/Flash drive to CNC machine (Siemens Control)

Softkey functions

Pressing this key on PPU allows you to open the

following window Fig 1 |, 8
MANALER

Fig 1

d 14:3213
ﬁp%m 2015/12/21
Hame Type Gze  Date  Time o) Ecacut

@Neu

@ Saarch

NCAMPF Free: 125 B
[INPUT] | ey to apen file, [DEL] o=:| key to delste file

1 Stores the NC programs for subsequent operations

N

Manages and transfers the manufacturer cycles

3 Reads in/outfiles via the USB drive and executes part
programs from the external storage media

4 This soft key is valid on the PPU160.2 only and displays

as follows

5 Reads in/out files via Ethernet interface and executes
part programs from a computer

Backs up manufacturer files
Backs up user files

Shows the recently accessed files

© 0 N O

Executes the selected file. No editing is allowed in
the execution process.

10 Creates new files or directions

11 Searches for files

12 Selects all files for the subsequent operations
13 Copies the selected files(s) to the clipboard

14 Pastes the selected files(s) from the clipboard to the
current directory

15 Restores the deleted file(s)
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16 Opens the lower-level ment for more options: ]
6 Press this softkey to start the search v
* Rename the part programs

* Cutthe part programs

. ) Transferring from external (through USB interface)
Note Softkeys 2 and 6 are visible only with the manufacturer

password Prerequsite: A USB memory stick (which includes the
. part program to be transferred) is inserted in the front USB
Searching for programs interface of the PPU
1 Select the program management operating Proceed as follows to transfer a part program from external
area | 0 through the USB interface
PROGAA
S 1 Select the program management operating B
2 Select he storage directory in which you wish to perform area PROGRAM
the search NG 2 Press this softkey to enter the USB
directory <P LSB
Note: The following two folders are visible only with the
manufacturer password: Elu“' § @ 3 Select the program file you desire to transfer
ogol Press this softkey to copy the file to the buffer memory
[Tepe] UsEr _« Netwo. User on the control system  Copy
=l cycle ~~ drive 7 files
‘P USB = DEH 5 Enter the program directory @ NC
files
3 Press this vertical softkey to open the search 6 Press this soft key to past the copied file into the
window.  Egarah program directory Pagsta

4 Enter the complete name with extension of the program
file to be searched in the first input field in the search
window. To narrow your search, you can enter the
desired text in the second field

5 Use this key to choose whether to include subordinate

folders or observe upper/lower case. !
1R
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Capital Goods & Manufacturing

Exercise 2.4.204

Machinist - CNC Milling (VMC- Vertical Milling Center)

Programmable work zero and tool geometry

Objectives : At the end of this exercise you shall be able to

* modify the program to effect the work Zero through program
* modify the program to effect the tool offset through program.

Job Sequence

TASK 1:

* Prepare a drilling program to a particular depth (blind
hold)

» Execute the program and check the depth

* Increase the tool offset by 1 mm through program and
execute it.

TASK 2:
Similarly develop any simple program and shift the work

zero value in Xand Y, to a new location program and verify
it effects.

Skill Sequence

» Check the depth. It should be one mm more than the
programmed value.

Similarly decrease the depth by 1 mm and repeat the
same and measure it and understand the logic of
programmable tool offset both in Siemens and fanuc
control.

Merging work zero with program zero points/programmable work offset

Objective: This shall help you to

* prepare the program with programmable work offset in Fanuc and Siemens control

Merging work zero with program zero point

(Siemens Control)

Machine co-ordinate system comprises all the physically
existing axes.

Machine co-ordinate system | wmcs

Reference point and tool and pallet point (fixed machine
points) are defined in machine co-ordinate system.

If the programming is performed directly in the machine
co-ordinate system (G53) the physical axes of the machine
responded directly. (Fig 1)

Settable zero system (SZS)

The settable zero offset system results from the machine
co-ordinate system through settable zero offset (G54 to
G57 and G505 to G509) in all axes. (Fig 2)

Work piece co-ordinate system (WCS)

The geometry of the work piece is described in the work
piece co-ordinate system. In other words the data in the
NC program referes to the work piece co-ordinate system

Fig 1

Zm Ym

Xm

MA20N24204H1
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Fig 2

SETTABLE WORK OFFSET
z PROGRAMMABLE
COORDINATE

z

PROGRAMMABLE
COORDINATE

WORKPIECE 1

MA20N24204H2

Three workpieces that are arranged on a pallet in
accordance with the zero offset values G54 to G56 are to
be machined in succession. The machining sequence is
programmed in subprogram L47. (Fig 3)

Fig 3
Ym

Y

N

Y Y

e

Y L X—

[ / XM
@F TRANS X 10 MO

Settable Zero offset (G54 to G57, G505 to G589, G53,
G500, SUPA, G153)

Syntax

Tx

s {11

TG LT

MA20N24204H3

Activating settable zero offset;
G54

G57
G505

G599

Deactivating settable zero offset;
G500

G53

G153

SUPA

Meaning

G54 to G57;

Call of the 1st to 4th settable zero offset (ZO)
Call of the 5th to 99th settable zero offset

Deactivation of the current settable zero offset

G500= zero frame; Deactivation of the settable
(default setting;contains until the next call, activation
no offset, rotation, of the entire basic frame

mirroring or scaling)

G500 not equal to 0; Activation of the first settable

zero off setand activation
of the entire basic frame or
possibly a modified basic
frame is activated.

G53: G53 supresses the settable zero offset and the

programmable to offset non-modally

G153: G153 has the same effect as G53 and also

suppresses the entire tool frame

SUPA: SUPA has he same effect as G153 and also

suppresses;
Handwheel offsets (DRF)
Overlaid movements

External zero offset

PRESET offset
Program Comment
N10 GO G90
X10Y10F500 T1 ; Approach

N20 G54 S1000 M3 ;Call of the first Z0
spindle clockwise

N30 L47 ; Program pass as subprogram
N40 G55 G0 X0, YO ; Call of the second X0 YO

N50 L47 ; Program pass as subprogram
N60 G56 GO X0 Y0 ; Call of the third

N70L47 : program pass as subprogram

N80 G53 X200 2200 : Suppress zero offset, end of
the program

Y300
M30

Programmable co-ordinate transformation (Frames)

Itis useful or necessary with in a NC program, to move
the originally selected work piece coordinate system
(settable zero offset, to another position and, it required
to rotate it, mirror it and or scale it. This is performed
using programmable co-ordinate system
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Zero offset (TRANS, ATRANS) (Fig 4)

TRANS/ATRANS can be used to program zero offsets for
all path and positioning axes in the direction of the axis
specified in each case. This means that it possible to
work with changing zero points, e.g during repetitive
machining operations at different workpiece positions

Fig 4

MILLING TURNING

MA20N24204H4

Syntax
TRANSX...Y...Z...
ATRANS X...Y...Z...

Note: Each frame operation is programmed in
a separate NC block

Fanuc - Programmable co-ordinate system

When a program is created in a work piece coordinate
system, a child work piece coordinate system may be set
for easier programming. Such a child coordinate system
is referred to as a local coordinate system

Format

G52IP: Setting the local coordinate system

G52 IP 0; Cancelling of the local coordinate system
IP; Origin of the local coordinate system

Explanations: By specifying G52IP...; a local coordinate
system can be set in all the workpiece system (G54 to
G59). The origin of each local coordinate system is set at
the position specified by IP... in the workplace coordinate
system (Fig 5)

Fig 5

(LOCAL COORDINATE SYSTEM)

(LOCAL COORDINATE SYSTEM)

(G59 : WORKPIECE COORDINATE SYSTEM 6)

(MACHINE COORDINATE SYSTEM)

MACHINE COORDINATE SYSTEM ORIGIN

MA20N24204H5

Setting the local coordinate system

When a local coordinate system is set, the move
commands in absolute mode (G90), which is subsequently
commanded, are the coordinate values in the local
coordinate system. The local coordinate system can be
changed by specifying the G52 command with the zero
point of a new local coordinate system in the workpiece
coordinate system.

To cancel the local coordinate system, and specify the
coordinate value in work piece coordinate system match
the zero point of the local coordinate system with that of
the workpiece coordinate system

WARNING

1 When an axis returns to the reference point by the
manual reference point return function, the zero point
of the local coordinate system of the axis matches
that of the work co-ordinate system. The same is true
when the following command is issued; G52 X0, YO,
Z0.

2 The local coordinate system setting does not change
the workpiece and machine coordi-nate

3 Thelocal coordinate system is cancelled when the reset
operation is performed.

4 When setting a workpiece coordinate system with the
G92 command, the local coordinate systems are
cancelled
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5 G52 cancels the offset temporarily in cutter
compensation

6 Command a move immediately after G52 block in the
absolute mode.

Programmable tool offset

7 The option for the workpiece coordinate system (G54
to G59) is required

Objective: This shall help you to

* prepare the program in Siemen and fanuc control to alter the tool offset values through program.

Programmable tool offset

The programmable tool offset command is to modify the
effective tool length or effective tool radius in the NC program
without changing the tool offset in the compensation
memory

The programmed offsets are deleted again at the end of
the program

Example: Positive tool length offset
* The active tool is a drill with length L1=100 mm
» The active plane is G17, the drill points in a 'Z' direction

* The effective drill length is to be increased by 1 mm.
The following are the program of the tool length offset.

TOFFL =1

Siemens Control Or
Command TOFFL [1]=1
TOFFL/TOFF  =Tool length offset Or
TOFFR = Tool radius offset TOFFL[Z] =1
Syntax for TOFFL/TOFF Example for negative tool length offset.
TOFFL = <values> The effective tool length to be reduced by 1 mm
TOFFL (1) = <value> Program
TOFFL (2) = <Value> TOFFL=-
TOFFL 3 = <value> TOFFL[1]=-
Syntax for TOFFR Or
TOFFR = <value> TOFFL [Z] =1
Program code Comment

N10 STC_DPI[1,1]=120
N20 STC_DP3[1,1]=100
N30 T1D1G17

N40 TOFF[Z] = 1.0

N50 GO X0 YO Z0

N60 G18 GO X0Y0Z0

N70 G17

N80 TOFFL =1.0

N90 GO X0 Y0 Z0

N100 G 18 GO X0 Y0 Z0

; Tool change L1 =100 mm

; Offsetin Z direction (corresponds to L1 for G17)
; Machine axis position X0 Y100 Z101.
; Machine axis position X0 Y100 Z1.

; Offsetin L1 direction (corresponds to Z for G17)
; Machine axis position X0 YO Z101.
; Machine axis position X0 Y101 Z0.

In this example, the offset of 1 mm in the Z axis is retained
when changing to G18 in block N60; the effective tool length
in the Y axis is unchanged tool length of 100 mm.

However, in block N100 the offset is effective in Y axis
when changing to G18 as it was assigned to tool length
L1 in the programming and this length component is
effective in the Y axis with G18.
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Fanuc Tool Compensation

Tool compensation values include tool geometry
compensation value and tool wear composition ( Fig 1)

Fig 1

REFERENCE
POSITION

OFSc

OFSw ‘ ‘
} J

Geometric compensation and wear compensation

OFSc: GEOMETRIC COMPENSATION VALUE
OFSw: WEAR COMPENSATION VALUE

MA20N24204J1

Tool compensation values can be entered into CNC memory
from the CRT/MDI panel or from a program. A tool
compensation values is selected from the CNC memory
when the corresponding code is specified after address H
or D in a program. The value is used for tool length
compensation, cutter compensation the tool offset.

Explanations
Valid range of tool Compensation values

Table 1 The valid input range of tool compensation

Tool compensation memory and the tool
compensation value to be entered

Tool compensation memory A or B can be used.

The tool compensation memory determines the tool
compensation values that are entered (set) (Table 2)

Table 2 - Setting contents tool compensation
memory and tool compensation value

Tool compensation
memory

Tool compensation
value

A The tool compensation
corresponding to the tool
compensation number is
used

B Th tool geometry
compensation, plus tool wear
compensation, both
corresponding to the tool
compensation number, are
used

value
Increment | Metric Inch input
system input
IS-B 01t0+999.999mm | 0to £99.9999inch
IS-C 01t0+999.9999mm | 0to £99.9999inch

Number of tool compensation values and the
addresses to be specified

The memory can hold 32,64,99 or 200 tool compensation
value (option)

Address D or His used in the program. The address used
depends on which of the following functions is used: tool
length compensation tool offset cutter compensation or
cutter compensation C. The range of the number that
comes after the address (D or H) depends on the number
of tool compensation values : 0 to 32, 0to 64,0 to 99,0r ...
to 200.

Format

The programming format depends on which tool
compensation memory

Input of tool compensation value by programming

Table 3 Setting format for tool compensation
memory and tool compensation value

Tool compensation memory Format
A Tool compensation value G10P_R;
B Geometry compensationvalue | G10L10P_R_;
Wear compensation value G10L1MP_R_;

P: Number of tool compensation

R: Tool compensation value in the absolute command
(G90) mode value to be added to the speified tool
compensation value in the incremental command (G91)
mode (the sum is also a tool compensation value).

Note: To provide compatibility with the format
of older CNC programs, the system allows L1
to be specified instead of L11.
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Capital Goods & Manufacturing Exercise 2.4.205
Machinist - CNC Milling (VMC- Vertical Milling Center)

Chamfering and counter, sinking

Objectives : At the end of this exercise you shall be able to

» write a part program for Chamfering as per drawing

» write the program for drilling and chamfering as per drawing
* verify the program

* machine the work piece in auto mode.
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Job Sequence

Procedure

MSG ("FACE MILLING")

N3 G17G71G90G40;

N4 T="T1"M6; FACE MILL CUTTER DIA50
N5 D1

N6 M03S600

N7 GOG90G54X0Y0

N8 G0Z20

N9 M07

N10 CYCLE61 (10,0,5,-2,-50,-50,50,50,1,75,0,200,
31,0,1,11010);

N11G0Z20
N12M9

N13 G7520
N14 G75X0Y0

N15 MSG ("DEEP HOLE DRILLINGDIA 8.5 MM X THRU
DEEP X4 PLACES")

N16 T ="T3"M6' DRILL DIA8.5
N17D1

N18 M03S1000

N19 GOG90G54X0YO0

N20 G0Z20

N21 M07

N22 M CALL CYCLE 83 (10,0,5,-32,,-
10,,25,0,.6,0.6,25,0,0,1,2,1,4,0.6,1.6,0,1,11221112)

N23 CYCLES802 (111111111,111111111,40,40,-40,40,-40,-
401401_401””0!011);

N24 MCALL

N25 G0Z20

N26 M9

N27 G7520

N28 G75X0Y0

N29 MSG ("CHAMFER DIA 14 X 90 DEG X 4 PLACES")
N30 T ="T4"M6; CHAMFERDIA 16

N31 D1
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N32 M03S1000

N33 GOG90G54X0Y0

N34 G0Z20

N35 M07

N36 MCALL CYCLES81 (25,-2,20,-13,,0.6,0,1,12)

N37 CHCLE802 (111111111,111111111,40,40,-40,40,-40,-
401401_401””0!011);

N38 MCALL

N39 G0Z20

N40 M9

N41 G7520

N42 G75 X0YO0

N43 MSG ("CHAMFERING THE PROFILE BY 3X45DEG")
N44 T ="T4"M6; CHAMFER DIA 16
N45 D1

N46 M03S1000

N47 G0OG90G54GX0YO0

N48 G0Z20

N49 M07

N50 CYCLE 76 (10,-2,1,,5,100,100,0,0,0,0,0.5,0.
1,0.1,100,0.1,0,5,12,6,3,-6,1100,10001,1)

N51 G0Z20

N5 2M9

N53 G7520

N54 G75X0Y0

N55 M30

FACE MILLING CYCLE:

CYCLE 61 (10,0,5,-2,-50,-50,50,50,1,75,0, 200,31,0,
1,11010);

1 Click on the “Milling option”
2 Click on the “Face milling option”

3 Inthe parameter window enter the following parameters
as per the Fig 1.
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Fig 1

uz

NC/MPF/NIMI4THSEMMACHINISTTPBOO0.DIR/EX211 Face milling

PL G17 (XY)

RP 16.000

SC 5.000

F 200.000
Direction =]
X0 -50.000

Yo —-50.600

20 0.000

X1 50.080 abs
71 50.060 abs
21 —2.008 abs
DXY 75.800 %
D2 1.000

174 0.600

Drilling cycle with positions

MCALL CYCLES83 (10,0,5,-38,,-10,,25,0.6,0.6,25,0,0,1.
2,1.4,0.6,1.6,0,1,11221112)

CYCLE802(11111111,11111111,40,40,-40,40,-40,-40,40,-
40!1!1!01011 );

1 Click on the 'Drilling “option"
Click on the 'Deep hole drilling "Option”.

Click on the "Deep hole drilling1 "option” & fill the
parameters as shown in the Fig 2.

Fig 2

HC/UKS/MIMIMCST4THSEMTP/EX282

Deep hole drilling 1

Input Complete
PL G17 (XY)
RP 16.660
SC 5.008
Pasition pattern (MCALL)
Chipbreaking Deep hole

FD1

DF
ui

0.006 drilling 1
Tip
-32.880 abs
25.000 %
-10.860 abs
25.0088 %
1.268
1.468

0.608 s
0.688 s

4 Then press "Accept" the following programming line
appears in the program

MCALL CYCKE 82 (10,5,1,-32,,0.6,0,10001,12)'
6 Click on the drilling option

Click on the positions option

246

8 Click on the option N‘b

9 Inthe position window fill the co-ordinates of the holes
as shown in the Fig 3.
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Fig 3 MC/WKS/NIMIMCSTATHSEMTP/EX202 Positions

LAB

PL G17 (XY)

X8 40.808 abs
ve 40.808 abs
*1 —408.888 abs
1 40.888 abs

Y2 —48.088 abs
X3 40.008 abs
T3 —40.008 abs
X4
4

Y5
X6
h

Y7
X8
byl

FEERERRRRE

10 Then press "Accept" the following programing line CYCLE802 (111111111,111111111,40,40,-40,40,-40,-40,40,-

appears in the program 40,,,,,0,0,1)
CYCLES802 (111111111,111111111,40,40,-40,40,-40,-40,40,- 11 Clickonthe "Drilling" Option.
40,,,,,0,0,1) 12 Click on the "Centering" optioin
Chamfering drilled holes with positions 13 In the option window fill the parameters as shown in
MCALL CYCLES1 (25, -2,20,-13,,0.6,0,1,12) the Fig 4.
Fig 4
NC/WKS/NIMIMCST4THSEMTP/EX221
|PL G17 (XY)
gf-IP 25.000
'SC 20.960
Position pattern (MCALL)
|28 —2.808
Tip
21 —13.800 abs
Syl o7 0.600 s e ey
- | X
| Cancel
A
14 Then press "Accept" the following programming line 18 In the position window fill the co-ordinates of the holes
appears in the program MCALL CYCLES81 (25,-2,20,- as shown in the Fig 5.
13,0.6,1,1,12); 19 Then Press “Accept” the following programming line
15 Click the drilling option appears in the program
16 Click on the positions option. CYCLES802 (111111111,11111111,40,40,-40,40,-40,-

17 Click on the option f'/ 40,40,-40....0,0.1)
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Fig 5

NC/UKS/NIMIMCST4THSEMTP/EX202

Delete

'LAB all
PL G17 (XY)

X8 48.008 abs
7} 48.000 abs
X1 ~40.000 abs
82 40.008 abs
X2 -49.860 abs
Y2 -48.000 abs
X3 40.000 abs
Iv3 -48.800 abs
| X4 abs
Y4 abs
X5 abs
Y5 abs
X6 abs
Y6 abs
X7 abs
Y7 abs
X8 abs
'¥8 abs

CHAMFERING EDGES

CYCLE76 (10,-2,1,,5,100,100,0,0,0,0,0.5,0.1,0.

1,100,00.1,0,5,2,6,3,-6,1100,10001,1)
20 Click on the "Milling option

21 Click on the "Rectangle spigot" option

22 In the option window fill the parameters as shown in
the Fig 6.

23 Then press "Accept" the following programming line
appears in the program

CYCLE 76 (10,-2,1,,5,100,100,0,0,0,0,0.5,0.1,0.1,
100,0.1,0,5,12,6,3,-6,1100,10001,1)

AN 1 C/LUKS/NIMIMCSTATHSEMTP/EX221

Rectangular spigot

 Input Simple
'RP 10.060 Down—cut
'F 100.000

' Machining Chamfer
X8 6.080

'Y 6.0088

128 —2.068

W 1066.608

L 166.8808

R 0.660

{F5 3.000
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Capital Goods & Manufacturing
Machinist - CNC Milling (VMC- Vertical Milling Center)

Exercise 2.4.206

Deep hole drilling

Objectives : At the end of this exercise you shall be able to
* write the drilling program using G83 cycle
* verify the program
* run the program in auto mode to drill the workpiece.
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NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS TIME
DEEP HOLE DRILLING

CODE NO. MA20N24206E1
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Job Sequence

Procedure MO03S1000;
MSG (" FACE MILLING") G0G90G54X0YO0;
G17G71G90G40 G0Z20;
TIM6; FACE MILL CUTTER DIA 50 MO7;
D1: MCALL CYCLES82(10,2,1,-22,,0.6,0,10001,12);
MO03S600: CYCLES802 (111111111,111111111,25,0,0,25,-25,0,0,-
25!’!1!0!011 );
G0G90G54X0YO;
MCALL
G0Z20;
G0220
MO7;
M9
CYCLE®61 (10,0,5,-2,-50,-50,50,50,1,75,0, 200,31,0,
1,11010); G7520
G0Z20; G75X0Y0
MO: Face milling cycle
G7520: CYCLE®61 (10,0,5,-2,-50,-50,50,50,1,75,0,200,
31,0,1,11010);
G75X0Y0;
CLICK ON THE "MILLING" OPTION
MSG ("PRE DRILLING HOLE DIA 10.5MM X 22 MM
DEEP X 4 PLACES"); 2 CLICKON THE "FACE MILLING" OPTION
T3M6; DRILL DIA 10.5; 3 Inthe parameter window enter the following parameters
as per the Fig 1.
D1;
Fig1 NC/MPF/NIMI4THSEMMACHINISTTPBOO.DIR/EX211 Face milling
PL G17 (XY)
RP 10.600
SC 5.000
E 200.000
Machining v
Direction =
Xxe -506.000
e -56.000
28 0.000
X1 50.800 abs
1 50.800 abs
21 —2.800 abs
DXY 75.800 %
D2 1.608
174 0.600
Drilling cycle with positions 2 Click on the "Deep Hole Drilling" option
MCALL CYCLE83 (10,0,5,-38,,10,,25,0.6,0.6,25, 3 Click on the "Deep hole Drilling 1 "option & fill the
0,0,1.2,1.4,0.6,1.6,0,1,11221112) parameters as shown in the Fig 2.
CYCLES802 (111111111,111111111,40,40,-40,40,-40,- 4 Then Press "Accept" the following programming line
40,40,-40,,,,,,0,0,1); appears in the program
1 Click on the "Drilling Option". N' ! 5 MCALL CYCLE82(10,5,1,-32,,0.6,0,10001,12);
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Fig 2 NC/WES/HIMIMCST4THSEMTP/EX282 Deep hole drilling 1

Input Complete
PL G17 (XY)
RP 16.600
SC 5.800
Position pattern (MCALL)
Chipbreaking Deep hole

B.000 drilling 1

Tip
—32.000 abs
FD1 25.000 %

D -16.880 abs
DF 25.000 %
u 1.200

1.400

6.608 s
6.600 s

6 Click on the Drilling Option 9 Inthe position window fill the co-ordinates of the holes

7 Click on the Positions option as shown in Fig 3

8 Click on the Option 10 Then press "Accept" the following programming line

appears in the program.

CYCLE802 (111111111,111111111,0,0,30,30,-30,30,-30,-
30,30,-30,,,,,0,0,1)

Fig 3 HC/WUES/HIMIMCST4THSEMTP/EX282 Positions

PL G17 (X¥)

X8 48.880
e 48.880
x1 —48.880
1 48.088
®2 —468.088
Y2 —48.088
®3 40.000
3 —46.880

FEERERERRRREREREEE
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Capital Goods & Manufacturing
Machinist - CNC Milling (VMC- Vertical Milling Center)

Exercise 2.4.207

Perform thread milling and tapping (G84) (Siemens)

Objectives : At the end of this exercise you shall be able to
» prepare the program for centre drilling, drilling and tapping using build in cycles in Siemens -control
* prepare the program for circular pocket to core diameter of the thread
* prepare internal threading program using threading cycle
» execute the program.
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SR

THREAD MILLING AND TAPPING
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Job Sequence

Read the drawing

List out the tools required to perform the practical

* Prepare the CNC program for

- Center drilling use parameter as n Fig 1

Fig 1

SIEMENS
MC/UKS/n/A Centering
50.888
10.088
Position pattern (MCALL)
~2.500
Diameter
5.888
0.608 s
- Tap hole drilling use parameter as in Fig.2
Fig 2 SIEMENS AR
Complete
NC/UKS/f/n Deep hole drilling 1
| Complete | ||
PL G17 (XY)
RP 10.000 * Graphic
Paosition pattern (MCALL)
Chipbreaking Deep hole
28 0.808 drilling 1
Tip
21 —30.808 abs
FD1 90.888 %
D 5.900 inc
DF 90.888 %
Ul 1.208
uz2 1.408
0.600 s
- Tapping M 10 x 1.5 use parameter as in Fig 3
Fig3 SIEMENS

NC/UKS/A/A

Tapping

Input
PL G17 (X¥)
RP 10.800
5C 1.688
LJ/o compensat. chuck
Single position
28 8.680
21 —30.868 inc

RH thread
Table Mone

P 1.588 mm/rev
oS 8.688 °
& 58 rpm
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- Prepare the circular pocket program core diameter
of thread M32 x 1.5 mm use the parameter as in
Fig 4

Fig 4 SIEMENS
HC/UKS/a/A

Complete
Circular pocket input screen

Input | Complete _
PL  GI7(XY) Doun—cut

RP 16.008
SC 1.600 oy

F 8.108

Centric

Single position

X8 a.808 Circular
e B8.8088 pocket
26 6.008
@ 38.5008
21 —27.880 abs
DXy 8.588 inc
D2 2.008
uxy 8.188
uz 8.108
Insertion Uertical
F2 8.108
Removing Comp. machining

* Prepare the RH internal thread milling program use the
parameter as in Fig 5

Flg 5 SIEMENS

NC/UKS/A/A

Thread milling

106.066
1.600
6.108

RH thread
Internal thread

Single position
0.808
0.800
0.808
—27.068 abs
Mone

1.588 mm/rev
32.080

0.728

8.188 inc

» Verify the program

» Fix the offset sets and execute the program
Siemens Program

N10 T="CENTREDRILL 12"

N20 M06 M03 S700
N30 WORKPIECE(,"™,,"RECTANG;E",0,0,-25,-80,150,50)
N40 G00 X50 Y50 2100 F100

N50 MCALL CYCLES81 (50,-2.5,10,5,,0.6,10,1,11)
N60 X65 Y15
N70X-65Y15

N80 X-65Y-15

N90 X65 Y-15

N100 MCALL

N110 GO0 X100Y100Z100
N120 M05

N130 T="DRILL" (dia 8.5)
N140 M03 S500

N150 GO0 X65 Y15 2100 F100

N160 MCALL CYCLE83(10,0,1,30,,,5,90,0.6,0.6,90,0,0,1

.2,1.4,0.6,1.6,0,1,11211112)
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N170 X65 Y15

N180 X-65 Y15

N190 X-65 Y-15

N200 X65 Y-15

N210 MCALL

N220 M05

N230 GO0 X100 Y100 Z100
N240 T="TAP" (M10 tap)
N250 M6

N260 M03 S50

N270 GO0 X65 Y15 2100

N280 CYCLE (10,0,1,,-30,0.6,5,,1.5,0,50,5,0,1,
0,0,5,1,4,,,7001,1001001

N290 X-65Y15

N300 X-65Y-15

N310 X65Y-15

N320 MCALL

N330 GO0 X100 Y100 Z100
N340MO05

N350 T="CUTTER 20" (end mill dia 20)
N360 M06

N370 M03 S400

N380 GO0 X0Y0 Z10

N390 POCKET4 (10,0,1,-27,30.5,0,0,2,0. 1,0.
1,0.1,0.1,0,11,0.5,9,15,0,2,0,1,2,10100,111,100) (circular
pocket)

N400 X0 YO

N410 M05

N420 MCALL

N4302100

N440 T="THRREAD CUTTER"
N450 M06

N460 M03 S150

N470 GO0 X0Y0Z100

N480 CYCLE70 (100,0,1,-27,32,0.72,0.3,1.5,7,0.1,
0.1,0,0,0,45,11,1,,,,1,0) (internal thread)

N490 MCALL
N500 M05
N510 GO0 Z100
N520 M30
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Capital Goods & Manufacturing Exercise 2.4.208
Machinist - CNC Milling (VMC- Vertical Milling Center)

Carryout boring cycles G85-G89

Objectives : At the end of this exercise you shall be able to
drill hole using G83 cycle

enlarge a drilled hole to the dimension using G85 cycle
enlarge a drilled hole to the dimension using G86 cycle
enlarge a drilled hole to the dimension using G87 cycle
enlarge a drilled hole to the dimension using G88 cycle
enlarge a drilled hole to the dimension using G89 cycle.
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Job Sequence

TASK 1: (Fig 1)
» Set the work piece on the CNC VMC

» Fix the work offset at the centre of the work piece

Fig 1 @205%0%

MA20N24208H1

XY - Hole position

Z - Boring Depth (Absolute).

R - Tool starting position above the hole
F - Cutting feed rate

K - Number of repeats (if required)

* Measure tool offset for 'U' drilling ...20.00

» Setthe boring head and the boring tool to the diameter
Of 205 +0.02 -0.00

* Measure the tool offset for the boring head and enter
the tool offset in the tool offset page

»  Write the program for 'U' drilling
»  Write the program for boring using G85 cycle

» Verify the program and execute the program in
automode with single block

* Measure the bore size, if required adjust the boring
tool to the required dimension and re run the program

» Get it checked by the instructor
Example program

Fanuc G85 Boring Cycle format (Fig 2)
G85XYZ RFK

TASK 2: (Fig 1)

Follow the same steps except the boring cycle, that is
used G86 for boring operation

Fig 1

MA20N24208J1

G86 Boring Cycle
Fanuc G86 Boring cycle is used to bore the hole(s)

The tool travels to the bottom of the hole with feed and
then retracts back out of the hole at rapid feed rate.

Fig 2

G85 (G98) G85 (G99)

INITIAL

Q ______ y LE%/EL Q ______ d

I

I

I

I

POINT R T POINT R LEVEL
I I i © I I POINT Z

MA20N24208H2

Fanuc G85 Cycle example program
M 3 S100;

GO0 90 G54 X50 Y40;

G43 H52100;

G99 G85 X50 Y50 Z-30-R5 F120;
G98 Z100;

G80 G91 X0Y0Z0;

M5;

G86 Boring cycle format

G86 XYZ RFK

XY - Hole position

Z - Boring Depth (Absolute).

R - Tool starting position above the hole
F - Cutting feed rate

K - Number of repeats (if required)

G86 Boring cycle operation

1 After positioning along the X and Y-axes, rapid traverse
is performed to point R.

Drilling is performed from point R to Point Z.

3 When the spindle is stopped at the bottom of the hole,
the tool is retracted in rapid traverse.
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Toll Return Position
Return plane is dependant on G98, G99 G-Codes.

If G98 is specified with G86 boring cycle the tool return s
toinitial-level

If G99 is specified then tool will return to R level.
Fanuc G86 Cycle example program
M 3 S100;

TASK 3:

Follow the same steps for drilling using G88 cycle for boring
operation

G88 - Boring cycle

This one is more so practical for one-offs or really small
production runs.

The reason for this is that the retract is manual. Here''s
the order of events.

» Tool positions over hole

» Boring tool feeds down to programmed Z level
« Tool dwells for specified time

*  Program stops

» Operator manually retracts the tool a safe location
« Spindle restarts and program continues.

G88 Cycle Format

G88 X-Y-Z-R-P-F-K-;

Parameters

X_ :Hole position data

Y_: Hole position data

Z_:The distance from point R to the bottom of the hole

TASK 4: (Fig 1)

Follow the same for drilling using G89 cycle for boring
G89 Cycle introduction

G89 cycle is used to bore a hole. This cycle is almost the
same as G 85. The difference is that this cycle performs
a dwell at the bottom of the hole.

G389 Cycle format

G54 G90 X-50 Y50;

G43 H5Z100;

G99 G99 G86 X-50 Y50 Z-30-R5 F120;
G99 Z100;

G80 G28 G91 X0Y0ZO;

MO05;

R_: The distance from the initial level to point R level
P_: Dwell time at the bottom of the hole

F_ : Cutting feed rate

K_ : Number of repeats (if required)

G88 Cycle examples

G88 CNC Program example -1

M3 S2000; (Cause the spindle to start rotating)

G90 G99 G88 X300. Y-250.Z-150.R-100.91000 F120,;
(Position, drill hole 1 return to the point)

R then stop at the bottom of the hole for 1 second.
Y-550; (Position, drill hole 2, then return to Point R)
Y-750; (Position, drill hole 3, then return to Point R)
X1000; (Position, drill hole 4 then return to Point R
y-550; (Position, drill hole 5, then return to Point R

G98 Y-750; (Position, drill hole 6, then return to the initial
level.)

G80 G28 G91 X0 YO0 Z0; (Return to the reference position)
M5; (Cause the spindle to stop rotating)

)
)

Note: Modify the program to perform Task 3

Fig 1

MA20N24208X1
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Parameters
X_ :Hole position data

Y_: Hole position data

Z_: The distance from point R to the bottom of the hole

R_: The distance from the initial level to point R level
P_: Dwell time at the bottom of the hole

F_: Cutting feed rate

K_: Number of repeats (if required)

G89 CNC Program Example

M3 S1000; Cause the spindle to start rotating.

G90 G99 G88 X300. Y-250.2-150.R-100.91000 F120.;

Position, drill hole 1 return to the point

R then stop at the bottom of the hole for 1 s

Y-550; Position, drill hole 2, then return to Point R
y-750; Position, drill hole 3, then return to Point R
X1000; Position, drill hole 4 then return to Point R
y-550; Position, drill hole 5, then return to Point R

G98 Y-750; Position, drill hole 6, then return to the initial
level.

G80 G28 G91 X0 Y0 Z0; Return to the reference position
MS; Cause the spindle to stop rotating

Note: Modify the program to perform Task 4.

TASK 5: (Fig 1)

'U'Drill .. 20.00 mm at the centre position

Use G85 for boring operations

Set the tool for back boring in the diameter of 25.00
Perform the back boring using G87 cycles

Fig 1
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G87-Back-Boring Cycle

» Boring tools are special tools that have a special tip
and diameter to be machined is adjusted with the help

of screw on the tool.

» The cycle also works well for back-chamfering. Since
this is a complicated cycle, it's a good idea to test it
out a couple of times with a common Z workpiece shift
above the part so you can make sure you got all the
values right.

» Ultimately, though, this cycle can be really worth the
effort. It can mean than you can possible finish a part
in a single setup, which can make manufacturing
considerably less expensive.
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G87 Cycle format

This cycle basically works in the same way as the
G86 boring process. The only difference between each
other G86 from top to bottom, G87 works from bottom
to top.

With this cycle, boring tool goes to the coordinate
specified in the program., the spindle stops in a fixed
positon (usually in the orient position), the boring tool
moves by the Q value in the opposite direction to the
direction of the tool tip (nose), quickly approaches the
depth Z axis indicated by R at the bottom of the hole,
moves by the Q value in the tool tip (nose) direction,
the spindle rotates in the specified direction (generally
clockwise) up to the speed given, it moves to the height
given by Z. with the feed rate specified by F and performs
the hole expand and boring. Then, it goes up to the Z
height (G98) while going back to the first hole center
with rapid movement. If another coordinate is given
after the cycle, it moves there and the cycle continues
until G80 command is given.

G87 X..Y.Z..Q..P.R..K.. F.

G87: Boring cycle (From bottom to top)

: Hole position in X axis

Y: Hole position in Y axis

Z: Z axis end position = Z depth = Hole depth
Q: Tool sideway shift

P: Dwell time at the bottom of hole

R: Z axis start position = R level = Clearance
K: Number of cycle repetitions

F: Feed rate

G87 Cycle Program example (Fig 2)

G87 Cycle program example

G28 G91 Z0;
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Skill Sequence

Offset boring head

T5M5;

MO03 S800;

G90 G54 GO X0 YO0;

G43 H4 Z20 M08;

G90 X27 Y21;

G98 G87 Z-9 R-29 Q3 P1000 F120;
X69Y39;

X115Y21;

G80;

M30;

Note: Modify the program to suit the
dimensions for Task 5.

Objectives: This shall help you to
* identify offset boring head
» Set the boring head to the required diameter.

Offset Boring head

The offset boring is an attachment that fits the milling
machine spindle and permit as most drilled holes to have
a better finish and better diameter accuracy. Offset boring
head are used to create large holes when tolerance do not
allow for a drill bit or do not have a large enough drill or
reamer. Aoffset boring head can be used to enlarge hole,
or adjust hole centreline in certain instances.

Fig 1 shows an offset boring head. Note that the boring
bar can be adjusted at a right angle axis. This feature
makes it possible to position the boring cutter accurately
to bore holes of varying diameters.

Fig 1 DIAL SCREW

AR

\/~= GIB SCREW

BORING HEAD BODY

BAR HOLDER SET SCREW

MA20N24208Z1

This adjustment is more convenient than adjusting the
cutter in the boring bar holder or changing the boring bar.
Another advantage of the offset boring head is the fact
that graduated micrometer collar allows the tool to be
moved accurately a specified amount usually in increments
of (0.1/0.001) without the use of dial indicator or other
measuring device.

Figure 2 shows the single point boring tool and figure 3
shows the assemble of boring tool with boring head.

Setting of boring head
Select the appropriate boring head for boring operation.

Select the suitable boring tool depending upon the bore
diameter and depth of the bore.

Fig 2 % &

)

MA20N24208Z2

Insert the boring tool in boring head and tighten it.
Loosen the locking screw
Set the boring tool point for required diameter

(Turn the dial screw clockwise to increase the diameter
and counter clockwise to decrease the diameter).

Tighten the locking screw.

Set the tool in tool magazine with corresponding tool
number in the program.

Set the tool off set in x and z direction enter it in the offset
page

Execute the boring operation and check the diameter if
require re adjust the diameter of the bore.

Fig 3

BORING TOOL

MA20N24208Z3
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Capital Goods & Manufacturing Exercise 2.4.209
Machinist - CNC Milling (VMC- Vertical Milling Center)

Part program for thread milling

Objectives : At the end of this exercise you shall be able to
* mill round projection on the given work piece

* mill external thread using multi point threading tool
* bore to the required dimensions using solid drill

e mill internal thread using multi point threading tool.

M30 x 1.5 M30 x 1.5
(=] o
- e o o
100 100
‘ /2 x 45°
%
—
1 2 |
I « ~ T 7
‘ o
I |1
| 5 i i S
(] (Nl
| |
| } } | } }
] \
Part A Part B
EXTERNAL THEARD MILLING INTERNAL THEARD MILLING
1 PRE MACHINED 100 X100X 20 mm - ALUMINIUM-LM25 PART-B - 2.4.209
1 PRE MACHINED 100 X 100 X 35 mm - ALUMINIUM-LM25 PART-A - 2.4.209
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE TIME
THREAD MILLING
@ 5 CODE NO. MA20N24209E1
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Job Sequence

Part A Part A
» Set the work piece on the machine 04001 (Program for round boss milling) (Fig 4)
» Fix the work offset at the centre of the workpiece N1 G80 G40 G49 G69;
* Measure tool offset, and enter in offset page N2 G90 G21 G94 G17;
«  Prepare a program to mill @ 30 mm x 15 mm deep as N3TO01 MO6; (Solid end mill &25);
shown in Fig 1. N4 S700 MO3;
Fig 1 N5 GO0 G55 G43 H01 X-65 Y0 Z50;
N6 GO0 Z-5;
N6 G01 G41 D101 X-15Y15F100;
Q N7 G02 X-15Y15115 JO;
N8 G01 Z-10;
N9 G02 X-15 Y15 J15 JO;
N10 G01 Z-15;
N11 G02 X-15Y15J15 JO;
3 N12G01X-35YO0;
% N13 G02 X-35Y35135 JO;
b
* Write the program to remove the material around the X\ B
round projection N15 G01 X-55 Y55 155 JO;
« Write the program to chafer 2 x 45° as shown in Fig 2. N16 GO0 Z100;
Fig2 N17 MO05;
N18 G91 G28 X0 Y0 Z0;
CHAMFERING TOOL M19 M30’
Fig 4

50

MA20N24209H2

100

» Write the program for external thread milling on M30 x

MA20N24209H4

1.5 by helical interpolation method. (Fig 3) Program for Part A (External threading)

» Verify the program and execute the program 04002 (program external thread milling)

Fig 3 N1 G80 G40 G49 69;
O | e 0| “om: N2 G90 G21 G94 G17
4?) L] 4?) ] N3 T02 M06; (multi point threading tool);
<« <«
G03 G03 N4 S700 M03,
i — N5 GO0 G55 G45 H02 X-65 YO S50; (Fig 5);
N6 GO1 Z-14 F100;
N7 G0O1 G41 D102 X-29.02 YO; (Fig 6);
EXTERNAL THREAD - CONVENTIONAL MILLING MODE %
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MA20N24209H5

MA20N24209H6

N8 G03 X-29.02 Y0 [29.02 J0 Z-12.5; (Fig 7)

N9 G01 G40 X-65 YO;
N10 GO0 Z100;

N11 MO5;

N12 G91 G28 X0 Y0 Z0;
N13 M30;

Part B

» Setthe work piece on CNC machine table with suitable
work holding device

» Fix the work offset at the center of the work piece

* Measure the tool offset (solid end mill/end cutting end
mill) @25 mm

» Enter the offset at relevant offset pages.

* Prepare the program to drill hole at the centre of the
work piece using drilling cycle ( Fig 8)

Fig 8 225 mm

| MA20N24209H8

» Enlarge the hole to minor diameter of thread (M30
1.5) by circular interpolation using the end mill

» Write the program for internal thread milling using multi
point treading tool for M 30 x 1.5 shown in Fig 9

» Verify and execute the program

Fig 7

S

/

-

MA20N24209H7

Fig 9
RIGHT HAND D LEFT HAND D
uP DOWN
1 P PN
MO3 > l MO3 )
g P

INTERNAL THREAD-CLIMB MILLING MODE

MA20N24209H9

CG&M:

Program for circular pocket milling by circular interpolation
04003

N1 G80 G40 G49 G69;

N2G90 G21 G90 G1;

N3T03 M06 (Solid carbide end cutting tool @25mm);
N4 S700 MO3;

N5G00 G55 G43 HO3 X0 YO0 Z5;

N6 G01 Z-30;

N7G01 G42 X28.5 YO, (minor dia of the thread);

N8 G03 X 28.5 Y0 1-28.5 JO;

N9 G40 X0 YO0;

N10 GO0 Z100;
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N11 MO05;

N12 G28 G91 X0 Y0 Z0;

N13 M30;

Program for female thread

Part B

04004 (Female thread milling ( Fig 10&11)

Fig 10

MA20N24209HA

TOOL PATH FOR POSITIONING

Fig 11

TOOL PATH FOR WITHDRAWEL

MA20N24209HB

Skill Sequence

Thread milling on VMC

N1 G80 G40 G49 G69;

N2 G90 G21 G94 G17;

N3T02 M06 (Multi point threading tool);
N4S700 M02;

N5G00 G55 G43 H02 X-30 Y0 Z5;
N6 G01 G42 X0 YO F100;

N7 GO1 Z-15;

N8 G01 X 28.5 YO (Fig 1);

N9 G03 X28.5 Y0 |-28.5 J0 Z-13.5;
N10 G01 X 0.0 Y0.0;

N11G01 Z10;

N12G01 G40 X-65 YO (Fig);

N13 M 05;

N14 G28 91 X0 Y0 Z0;

N15 M30;

Objectives: This shall help you to

» perform external thread milling by multi point threading tool
* perform internal thread milling by multi point threading tool.

With today's CNC machining centres, thread-milling has
entered a whole new era. Indexable inserts now allow
tough precision threads to be quickly and efficiently milled
on almost any material, in holes from 9.5mm diameter
upto virtually any size. What has given rise to this
possibility? The development of Helical interpolation
function of modern CNC machines is the reason.

What is helical interpolation?

The prerequisite for generating threads with a thread milling
insert is the CNC function for guiding a tool movement
along a helical path Fig 1 illustrates an orbital movement
of the tool in the X-Y plane with a simultaneous linear
movement along Z axis

Fig 1 Helical interpolation creates tool movement in a
helical path from point A to point B on the surface of an

imaginary cylinder. This helical path involves simultaneous
movements in the X, Y and Z axes. In thread-milling, the
circular movement in the X-Y plane creates the thread
diameter while the simultaneous linear change in Z area
creates the pitch of the thread.

Thread Milling Tool (Fig.2)

Thread milling cutters are available in at least two varieties
some are made of solid carbide, some use carbide
interchangeable inserts. In either design, the threading
tool pitch must match the pitch of a thread required by the
drawing. Tool has to be small enough to fitinto the available
internal space and large enough to guarantee suitable
rigidity while cutting externally. Forinternal thread milling,
cutters are available for thread milling in holes as small as
0.250inch (6.35 mm)
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Premachining Requirements

A hole for a top cannot have the same diameter as the tap
itself. It has to be smaller to accommodate the depth of
the thread. The same rule applies to helical milling;

» If athread is milled on the inside diameter of the part
(internally), the premachined diameter must be smaller
that the normal size.

» Ifathread is milled on the outside diameter of the part
(externally), the premachined diameter must be equal
to the nominal size.

Either diameter (internal or external) may vary slightly larger
or slightly smaller than the 'normal’ size, but this deviation
is decided by the required 'fit' of the thread.

Starting position

All required data have been collected and properly
calculated, another step can be made, this time to
calculate the thread start position.

This is easy for X and Y axes-the center of thread diameter
is as good start as any -better, in fac. In this example and
for simplicity, this XY position is also equivalent to the
part origin XO0YO position.

Start position of thread cutter measured along the Z-axis
is much more important in helical milling than in any other
type of milling. Z-axis start position must always be
synchronized with the thread pitch, as the cutting will
proceed in three axes simultaneously Z-axis zero ( Z0)
will be at the top of the part.

Z-Axis start position is determined by several factors- size
of the thread mill (in this case a tool with an indexable
insert), pitch of the thread, direction of Z-axis motion (Up
or down) and the method of infeed along XY axes.

When a thread is cut using the helical interpolation feature,
all the three axes used must be considered equally. Just
like defining the approach are for circular interpolation, the
approach are for a helical interpolation can be defined the
same- the procedure is exactly the same

Motion Rotation and Direction Fig 3, 4 & 5)

In helical interpolation it is important to coordinate, to
synchronize, the following three program items:

» Spindle rotation
+ Circular cutting direction
» Z-axis motion direction

Why are these three items so important? Why do they
have to be coordinated at all? Evaluate them one by one

Spindle Rotation

Spindle rotation can be either MO3 (clock wise) or M04
(counter clock wise)

Circular cutting direction

Circular direction follows the rules of circular interpolation-
GO02 is clockwise, GO3 is counter clockwise direction

Z-Axis motion direction

For vertical machining, Z axis cutting direction may be
along two directions/

» Uporpositive
» Down or negative

EXTERNAL thread milling using the climb milling mode-
right and left hand thread, spindle rotation and cutter
motions as shown in Fig 3

Fig 3
RIGHT HAND LEFT HAND
DOWN up
= =1 1
4W> 1 MO3 >
= P

EXTERNAL THREAD - CLIMB MILLING MODE

MA20N24209X3

Helical milling

INTERNAL thread milling using the climb milling mode-
right and left hand threads, spindle rotation and cutter
motions as shown in Fig 4.

EXTERNAL thread milling using the conventional milling
mode-right and left hand threads, spindle rotation and cutter
rotation as shown in Fig 5.
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Advantages

Thread is produced in one tool pass

Same tool holder and inset can produce both right hand
and left hand threads

A single insert and tool holder can produce a given
thread on many diameters (External and internal)

Prismatic shape ensures exact and reliable clamping
in the tool holder

Most inserts are double sided, having two cutting
edges.

Longer tool life due to a special multi-layer coating
process

Capabile of producing tapered threads

Improved productivity due to increased cutting speeds
and multitooh type carbide inserts

Threading to within one pitch of the bottom in a blind
hole

Considerably less expensive than using taps and dies,
lowering tooling costs.

Since lower machine power is required, a smaller
machine can produce larger threads in a single
operation with less idle time and tool changes.

Fig 6
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Capital Goods & Manufacturing Exercise 2.4.210
Machinist - CNC Milling (VMC- Vertical Milling Center)

Drilling, milling and threading patterns (Siemens Control)

Objectives : At the end of this exercise you shall be able to

* prepare the program for face milling and verify it.

* prepare the program for rectangular pocket milling and verify it.

* prepare the hexagon pocket milling using polar co-ordinates and verify it

» prepare the program for drilling and tapping using polar co-ordinates and verify it
* prepare the program for thread milling usng multi point-threading tool and verify it.

6 M12 X 1.5 TAPPED
HOLE ON @60 PCD 5
R10 M30 X 1.5 |<7 A —— o~
R10 2
] —
]
4 |
I
I
1 1
I _ -+ g §
1 1
@ |
I
40
{
p GO = SECTION AA
= 1(L0 p
[l
T
o~
I —F-———————F————F T ———
[ Il I |l Il I [T}
™ (B T | ]
Ite) — 1 I I 1 Il I
" (N (I T &
it s el 0
1 PRE MACHINED 150 x 100 x 25 ALUMINIUM 2.4.210
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS TIME
DRILLING AND MILLING PATTERNS
E @ CODE NO. MA20N24210E1
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Job Sequence

TASK 1: Prepare face milling program to reduce the thickness if workpiece 25 mm to 20 mm ( Fig 1)

Fig 1

20
|
MA20N24210H1

TASK 2: Prepare rectangle pocket milling program to a depth of 2 mm (Fig 1)

Fig 1

N

MA20N24210J1

TASK 3: Prepare program for hexagonal pocket milling using polar co-ordinates to a depth of 1 mm from top
surface (Fig 1)

Fig 1

MA20N24210X1

TASK 4: Prepare program for polar co-ordinate drilling/tapping as per drawing (Fig 1)

Fig 1

o O
O O
o O

MA20N24210Y1

TASK 5: Prepare thread milling program by mill thread of M 30 x 1.5 mm using multi point threading tool
(Fig 5)

Fig 1

MA20N24210Z1
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Capital Goods & Manufacturing
Machinist - CNC Milling (VMC- Vertical Milling Center)

Exercise 2.4.211

Circular and rectangular pocket machining

Objectives : At the end of this exercise you shall be able to
» prepare the part program for circular pocket milling in sinumeric control using cycle
» prepare the part program for rectangular pocket milling in sinumeric control using cycles.

280

R5

80

50

150

Job Sequence

dimensions.

program

» Execute the program in automode and maintain the  °

» Trainee shall prepare part program and verify the

10

25

Get it checked by the instructor

» Execute the program in automode.

» Verify the dimensions, if needed correct the wear

&

CIRCULAR AND RECTANGULAR POCKET MILLING

offset.
1 PRE MACHINED 150 x 100 x 25 ALUMINIUM 2.4.911
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 11 DEVIATIONS :£0.02mm TIME

CODE NO. MA20N24210E1
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Capital Goods & Manufacturing

Exercise 2.4.212

Machinist - CNC Milling (VMC- Vertical Milling Center)

Calculation of machine hour rate for CNC machines

Objective: At the end of this exercise you shall be able to

* calculate the machine hour rate for any machine.

Job Sequence

Machine hour rate obtained by dividing the
total running expenses of a machine during a
particular period by the number of hours the
machine is estimated to work during that
period.

Machine Hours Rate

» The machine hour rate is similar to the labour hour rate
method and is used where the work is performed
primarily on machines.

Formula:
The formula used in computing the rate is:
Factory overhead/Machine hours

If factory overhead is Rs.3,00,000 and total machine hours
1,500, the machine hour rates is Rs.200 per machine hour
(Rs.3,00,000/ 1500 hours)

Problem 1:

In a machine shop, the machine hour rate is worked out at
the beginning of a year on the basis of 13 week period
which is equal to three calendar months.

The Following estimates for operating a machine are
relevant:

48 hours

Maintenance time included in the above 2 hours

Total working hours available per week

Setting up time included in the above 2 hours
Cost details:

Operators wages (per month) Rs.650
Supervisory Salary (per month)

(Common supervisor for 3 machines) Rs. 1,800
W.D.V of machine (Depreciation at 10%

plus 2% on average for extra shift

allowance) Rs.1,80,000
Repairs and maintenance (perannum)  Rs.16,000
Consumabile stores (per annum) Rs.30,000
Rent, rates and taxes

(for the quarter apportioned) Rs.5,000

Power consume is @15 units per hour "@40 paise per
unit. Power is required for productive hours only, setting-
up time is part of productive time but no power is required
for setting up jobs.

270

The operator and supervisor are permanent. Repairs and
maintenance and consumables are variable.

You are required to:
a Work out the machine hour rate.

b Work out the rate for quoting to the outside party for
utilising the ideal capacity in the machine shop
assuming a profit of 20% above the variable cost.

Solution:
a Computation of Machine Hour Rate

Standing charges per quater

Rent, Rates and Taxes Rs. 5,000.00
Supervision Rs. 5,400.00
Operator's wages Rs. 1,950.00
Total standing charges Rs.12,350.00

Effective hours (46 x 13) =598
Fixed cost per hour (12,350/598 = Rs.20.65

Variable costs per hour

Power: 15 x 44 x 0.40 =574
46
Repairs and maintenance: 4,000/598 =6.69
Consumable stores 7,500/598 =12.54
Depreciation: =10.3
Rs.35.00
Machine hour rate = Standard charges + Variable charge
=20.65 + 35.00
=Rs. 55.65
Problem 2

An engineering company engaged in the manufacturing of
various heavy engineering products, has installed one
Numerical Control Horizontal Borer for specified
manufacturing operations.

Calculate the machine hour rate on the basis of the
following particulars:

i F.O.B cost of the machine Rs.24 lakhs

i Custom duty, insurance, freight etc. Rs.11 lakhs



ii Installation expenses RS.3 lakh

v Cost of tools adequate for 2 years only Rs.4 lakhs

v Cost of the machine room Rs.3 lakhs

vi  Cost of air conditioning for machine room Rs.2 lakhs

vii Rate of interest on term loan to finance the above capital
expenditure @12% per annum

viii Salaries, etc for operators and supervisory staff of RS.2
lakhs per year

ix Cost of electricity Rs.11 per hour

Solution:

x Consumption of Stores RS.5000 per month
xi Other expenses Rs.5 lakh per annum

xii Assume rate of depreciation as 10% per annum on
fixed assets

xiii Total working hours in the machine room is 200 hours
in a month

xiv Loading and unloading time is 10% of machine time

xv You can make suitable assumptions if necessary, for
the purpose of your computation.

Computation of Machine Hour rate

Per hour
Machine Expenses:
Cost of Machine 24.00.000
Customs duty, insurance, freight etc. 11,00,000
Installation expenses 3,00,000
Cost of Machine room 3,00,000
Cost of air conditioning of the machine room 2,00,000
Total Capital Cost 43,00,000
i Depreciation @ 10% pa. 4,30,000 Rs.199.07
ii Cost of electricity 11.00
iii Cost of tools 2,00,000 92.13
Standing charges:
i Salaries 2,00,000
i Interest @12% p.a on total capital
Investment including cost of tools,
i.eon RS.47,00,000 5,64,000
Consumption of stores 60,000
Other expenses 5,00,000
Total standing charges 13,24,000
Cost per hour of standing charges
(13,24,000/2,60 hrs.) 613.00
Machine hour rate Rs.915.20
Notes Repairs 800
1 Total working hours per annum are 200 x 12=2,400 Lighting and Heating 360
2 Loading and unloading time is 10% of machine time. Rent 1260
3 Effective working hours are 2,160 hours ( 2,400-10% of Insurane of Building 4800
2,400). Insurance of machines 800
4 It is.assumejd thatthere is no cgnsumption of electricity Depreciation of machines 700
during loading and unloading time _
5 Interest has been treated as an element of cost. It Room service €0
could be ignored also. General Charges 90

Exercises
Calculate machine hour rate for machine

Consumable stores 600

Working hours 1000 Hrs. Broke value 12,000.

(Hint: Insurance and depreciation of machines should be
apportioned on the basis book values of machines and all
other expenses on the basis of floor area covered.
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Capital Goods & Manufacturing Exercise 2.4.213
Machinist - CNC Milling (VMC- Vertical Milling Center)

Estimation of cycle time for milling - operation

Objectives : At the end of this exercise you shall be able to
e calculate the machining time for face milling

* calculate the machining time for side milling

¢ calculate the time for drilling

e calculate the time for tapping.

Job Sequence

TASK 1: Estimation of cycle time for face milling operation

Step A= Approach Distance
1 Determine the RPM (Spindle speed) O=Cutter Run out distance
2 Determine the feed rate D= Cutter Diameter
3 Determine the approach distance Formula for Machining Time: Face Milling
4 Calculate the machining time LiA+O
Formula to calculate RPM T = Y
Rotational Speed (RPM's) '
T_=Machining Time (Min)
N= V1000 Lm= Length of cut
D

_ A =Approach distance
N= Rotational speed (RPM's)

V= Cutting Speed (M/minul)

D= Cutter diameter in millimetre
Feed rate: f (Dist/min)
fr=Nn,f

f = Feed rate (Dist/Min)

N = Rotational speed

O= Cutter Run out Distance
F = Feed rate (Dist/min)
Face Milling example (Fig 2)
Data D =100; n, = 6;
f=0.04 m/tooth

D =100 mm

n==6

f=0.04 mm/tooth

V = 300 meter/minute

n, = Number of Teeth on the cutter
F =feed (mm/tooth)

Formula to determine Approach Distances

A= Approach Distance Fig 2 150
N
O= Cutter Run out (Face milling) (/ TOP VIEW g
N g
Figt IR A - 5
(\ TORVIEW Q FACEMILING = Approach & over travel distance
Tel A 5
g A=0= —
Approach Distance: Face Milling: 2
D 100
A=0= — —— =50mm
2 2
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Face milling example

Spindle rotation

Vv
N=—
D
N = 300 x 1000
3.4%x100
N =955.41
Feed rate

f=Nnf

F =955.41 x6 x 0.04
=229.3mm/minute
Face miiling example
Machining time
L+A+0
T =— ——
m f

r

. _150+50+50
mo 2293

=1.09 minute

TASK 2: Estimation of cycle time for side milling

Formula to calculate
RPM (N)

d = Depth of cut

O = Cutter run out

Feed rate formula is same as face milling

=,/6(100 - 6)
Example (Fig 1)
=9.69 mm
Fig 1 i Spindle rotation
74',7,
| V x1000
N=—
******** mTxD
SIDE VIEW
g 300 %1000
OF(Di2)tA A g =
—— ~— —— = g 3.14x100
=955.14
100
7 =50mm Feed rate
f=Nnf
D =100 min
=955.4x20x0.012
d =6 min
=229.2 mm/min
L =100 mm

f=0.012 mm/teeth
V = 300m/minute
n, = 20 teeth.

Side milling example

Approach distance

A =,/d(D-d)
A =Approach length

D = Diameter of cutter

Machining time

LxA
T =
m f

r

~ 100 +9.69 + 50
229.2

~159.69
229.2

=0.69 minute
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TASK 3: Estimation of cycle time for drilling
Fbednilicty @itigroongh Mole ¢stgdated from,

Fig 1 \
Ve
K B
So
s
9
L ﬁ 2P
? |
C b 2
L
C
T s (4.9.8)
(0]

Where, L,'=L +A+0+C

A, O =approach and over run

D
and C =ECOtP

D = Diameter of the hole i.e., drill
P = Half of the drill point angle.

Speed, Nand Feed S_are selected in the same was as it
is done in case of turning

Therefore, the drilling time can be determined from,

nD(Lh+A+O+C)

© 1000V S (4.9.9)
c O

In the same the Tc is determined or estimated in boring
also. Only the portion 'C' is not included.

For blind hole, only over run, 'O' is excluded.
Example

For D =25 mm, p =60°. V_ =44 m/mm

L =60 mm. S =0.25 mm/rev

A=0=2 mm

Tc =1 x 25 {60+2+2+(25/2)cot60°} / (1000 x44x0.25)
0.5 min

TASK 4: Estimation of cycle time for tapping

RPM = (SFM X 3.82) divided by D

D = Diameter of Tap in inches

SFM = (3.14 x D x RPM) divided by 12
Metric Taps

MM/Min = RPM x Metric Pitch

Distance = Rate x Time

. Distance
Time = ——
Rate

Example : The machine feed rate (Vf) of a single start
M12 x 1.75 thread ran at 186 revolutions per minute (RPM)
is calculated as follows Vf= 186 RPM x 1.75 mm Thread
pitch = 325.5 mm per minute feed rate millimetres per
minute (mmpm) 325.5/1,000 = 0325 feed rate in Meters
Per Minute (MPM)

Between 150 amd 250 rpm

For best results, the speed of the spindle should be
between 150 and 250 rpm.

Note: To get the total cycle time, the idle return
time and work-handiling time should be added
to the time for actual cutting. In estimating
the time to return the table to the starting
position. A rapid traverse time of 2500 mm per
minute may be used. Work-handling time
varies with each job and must be determined
by method- analysis studies.
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Capital Goods & Manufacturing Exercise 2.4.214
Machinist - CNC Milling (VMC- Vertical Milling Center)

Documentation - 1

Objectives : At the end of this exercise you shall be able to

» prepare and fill batch processing record format

e prepare and fill up bill of materials (BOM)

» prepare and fill up production cycle time format

* prepare and up daily production report format

» prepare and fill up manufacturing stage inspection report format.

* Trainer may arrange for a industrial visit near by your institute, collect inputs and fill up format as
required.

* Trainees will be guided by the concerned trainer.

* Collect necessary information, forms and instruct the trainees to reproduce the forms and guide them
to fill it up.

Job Sequence

«  Study the different types of documentation provided * Prepare the required format with the knowledge
(format). gained during the industrial visit.

« Visitto industry and collect the input/ information from * Record relevant information in the format.
industry and fill it up of all the format. - Get it checked by your trainer.

BATCHPROCESSING RECORD -FORMAT -1

Batch Processing Record

Description of job Batch no. :
Part no. : Batch quantity :
Name of part : Batch record no. :

Purchase order no. :

Description of process :

Manufacturing Organisation :

Period of manufacture (Year - Qtr): Start date of manufacture: End date of manufacture:
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Number of pages according to batch:

Inserted pages:

Manufacturing facilities:

Total number of pages

1. Operator/ Technician

Date Name and signature
2. Productionin-charge:

Date Name and signature
3. Section manager

Date Name and signature
4. Plantin-charge:

Date Name and signature
5.Productionin-charge:

Date Name and signature

Remarks (if any)

BILLS OF MATERIALS (BOM) FORMAT - FORMAT -2

BOM | Part Part Code Quantity | Unit Date of Designators Remarks
Level | Number | Name Procurement
Date nch
nchar
Place charge

276
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PRODUCTIONCYCLE TIME -FORMAT-3

Organisation Name: Process: Line Incharge: Date/Time:
Department / Section:
Operator: Machine
Cycle Notes
Time
Operations Sequence Observed Times Lowest
Repeatable

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.4.214
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Documentation-2

Objectives : At the end of this exercise you shall be able to

* prepare and fill job card format
 prepare and fill activity log format

» prepare and fill batch production record

prepare and fill estimation sheet

prepare and fill maintenance log format
prepare and fill the history sheet of machinery and equipment format
prepare and fill maintenance record.

required.

to fill it up.

e Trainees will be guided by the concerned trainer.

¢ Trainer may arrange for a industrial visit near by your institute, collect inputs and fill up format as

¢ Collect necessary information forms and instruct the trainees to reproduce the forms and guide them

Job Sequence

« Study the different types of documentation provided

(format).

+ Visitto industry and collect the input/ information from

industry and fill it up of all the format.

» Prepare the required format with the knowledge gained

during the industrial visit.

« Record relevant information in the format.

« Getit checked by your trainer.

JOBCARD-FORMAT-1

Doc No.
Job Card RevNo.
Date
Order Starting Date
Customer
Work Order No.
Details
S.No.| Date ProductionLine Time (Minutes) Location Remarks
Description Start Time | EndTime | Total Time Time
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WORKACTIVITY LOG - FORMAT-2

Organisation Name:
Department:
Section:

Employee Name:
Supervisor Name:
Date:

Start / Stop Operations
performed

Equipment / Machinery/
Instruments used

Remarks

8.00 t0 9.00 a.m.

9.00 to 10.00 a.m.

10.00to 11.00 a.m.

11.00to 12.00 noon

12.00 to 1.00 p.m.

1.00 t0 2.00 p.m.

2.00 to 3.00 p.m.

3.00 to 4.00 p.m.

4.00 to 5.00 p.m.

5.00 to 6.00 p.m.

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.4.214

281



BATCHPRODUCTION RECORD -FORMAT-3

Batch Production Record in accordance with batch processing record

Description of job:

Manufacturing Organisation Name:

Name of part:
BatchNo.:
The following deviations have appeared (continued)
No. process Name of processing step Documented Shortdescription
step page no. of deviation
1 Raw material preparation:

Operation 1: 1.

Operation 2: 2.

Operation 3: 3.

4.
2 Sizing of material:
Operation 1: 1.
Operation 2: 2.
3.
ESTIMATION SHEET -FORMAT-4
PartName: PartNo.: PartDrawing
Assembly: Material:
Assembly No.: Stock size:
Operation Operation Machine Estimated Rate / piece Tools
No. description time per hr.
Prepared by: Date:
Approved by:
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MAINTENANCE LOG -FORMAT-5

Organisation Name:
Department:
Section :

Name of the machine :

S. No. Date Nature of fault

Details of rectification
done

Signature of in-charge

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.4.214
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MACHINERY AND EQUIPMENT RECORD -FORMAT-6

Organisation Name:

Department:

Section :

History sheet of machinery & Equipment

Description of equipment

Manufacturer’s address

Supplier's address

Order No. and date

Date on whichreceived

Date on which installed and placed

Date of commissioning

Size: Length x Width x Height

Weight

Cost

Motor particulars Watts/H.P./ r.p.m: Phase: Volts:

Bearings/ spares/record

Belt specification

Lubrication details

Majorrepairs and overhauls
carried out with dates
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PREVENTIVE MAINTENANCE RECORD -FORMAT-7

Organisation Name

Department

Section

Name of the Machine : Location of the machine :

Machine Number

Model No. & Make

Check list for machine inspection

Inspect the following items and tick in the appropriate column and list the remedial measures for the
defective items.

Items to be checked Good working/ satisfactory Defective Remedial measures

Level of the machine

Belt/chain and its tension

Bearing condition (Look, feel,
listen noise)

Driving clutch and brake

Exposed gears

Working in all the speeds

Working in all feeds

Lubrication and its system

Coolant and its system

Carriage & its travel

Cross-slide & its movement

Compound slide & its travel

Tailstock’s parallel movement

Electrical controls

Safety guards

Inspected by
Signature

Name:

Date: Signature ofin-charge
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Capital Goods and Manufacturing Exercise 2.5.215
Machinist - Repair & Overhauling

Perform periodic lubrication system on machines

Objectives: At the end of this exercise you shall be able to

* clean and apply lubrication as recommended by machine builder
* maintain the centralized lubricating system

* service the power pack system.

Job Sequence
TASK 1: Lubrication of centre lathe (Fig 1)

* Clean, move clean apply oil and move (Carriage, tail

Fig 1 stock, compound slide, cross slide and etc).

» Apply all the oil point with oil gun

* Apply grease point with greace gun

* Check the oil level on head stock.

* Check the condition of oil.

» Qil level is low top oil up to the mark.

» Oil condition is not good change the oil.

MA20N25215H1

- Clearthe machine throughly Use only the machine builder recommended
oil or equavalant of that.

» Apply oil with oil cane on sliding surfaces

MA20N25215J1

PREVENTIVE MAINTENANCE OF LUBRICATION SYSTEM OF LATHE,DRILLING AND GRINDING
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» Checkthelubricationoil levelinthe oil tray (partno 19).

* In case of any lubrication problem then remove the
socket head cap screw (part no 9,10,23).

» Check the copper tubes through which oil is passing
(partnos 1,3,4,5,6,7,15)

» Checkthe straightconnector’s condition (partno2,8,14).
* Remove the suction plug (partno 13).

* Remove the gasket (part no 22).

» Check the strainer and clean it (part no 16).

* Remove the drain screw (part no 21) there is any oll
drainis required (Part No 17,18).

* Remove and clean oiled (part no 17) felt wick
(partno 18).

* Removethe swivellbanjo (partno 12)and manifold (part
no 11) clean it and fix it properly.

» Assembly all the parts of lubrication system.

» Refillthe recommended grade of lubricantand ensure
the oil level.

» Switch on the machine and check the performance of
lubrication system.

Lubrication assembly

SI. No. Part Name
1 Coppertube
2 Straight connector 1/8” SSp

TASK 3 Servecing of power pack system

» Locate the power pack of the hydraulic system.
» Ensure the system is in ‘off’ condition.

* Remove the top cover of the power pack after unscrewing
the fastening bolts. (Fig 1)

Fig 1

AW

MA20N25215K1

3 Coppertube

4 Coppertube

5 Coppertube

6 Coppertube

7 Coppertube

8 Straight connector F-SC-4T M8x1
9 Plug M10x1P

10 Soc. Head cAp-screw

11 Manifold M-5

12 Swivel banjo FB-4 1/8” BSP x4 OD
13 Suction block

14 Straight connector 61/4 x 6mm
15 Coppertubes 6

16 Strainger

17 Qiler 5/16” with cap

18 Felt wick 1/8” x 50 L

19 Oil tray

20 Elbow 1/8 BSP

21 CH HD Screw M6 x 10

22 Gasket

23 Soc. Cap-screw M6 x 20

Ensure the proper oil pumbing by watching
through oil glass provided at the gear box of
the machine

Pipes are provided below the top cover; place it carefully.

Place the top cover upside - down with the various
elements mounted on it carefully on the work bench.
(Fig2)

Fig 2 FILTER (STRAINER)

1 WOODEN TABLE TOP

MA20N25215K2
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* Identify the various elements, their names and
function. Also observe the order of connection.

Skill Sequence

* Keep the reservoir closed with a plastic cover to avoid
contamination. Remove, clean and assemble the inlet
fitter. Prepare the power pack for operation. Set the
pressure of relief valve.

Removing, cleaning and assembling of inlet filter (for a closed type of

reservoir with removable top cover)

Objective: This shall help you to
¢ dismantle, clean and assemble inlet tilter.

Inlet filter is normally called as suction strainer. Unscrew
the inlet cartridge (Fig 1) wipe of the excess sludge
collected on the filter.

Fig 1
FILTER CARTRIDGE

1 =H
fil

Soak it in kerosence and remove the sludge.

MA20N25215M1

Flush the strainer with clean kerosene (Fig 2)

Fig 2

MA20N25215M2

Blow compressed air on the mesh area.

Clean the mounting area of the strainer.

Screw the strainer back in its location.

Strainer/Filters should be clean periodically as per
recommendation

Replace with new strainer, care shoud be taken to select
the correct strainer.

Checking the gasket of the top, cover of the reservoir for
proper seating. (Fig 3)

Fig 3 GASKET

AW

MA20N25215M3

Place the top cover of the reservoir in its place.
Mount the cover by screwing the fastening screws.

Now inspect the cover for proper seating all over.

Preparing the power pack for an operation

Objective: This shall help you to
* prepare the power pack for an operation.

A power pack can perform well only if it is an ideal
condition. So before putting on a hydraulic system, the
power pack should be checked for it preparedness.

Check the proper mounting of all units.

Check the coupling between motor and pump for freeness,
before mounting the top plate.

Check and confirm oil level. (Fig 1)

If oil level is less than the mark, fill the correct grade of oil.

Keep the reservoir clean and clear all unnecessary things
around and underneath the resevoir.

Check for proper tightening of all connecting hoses.
Check whether the breather is placed properly.

Oil drain hole is plugged and no oil leakage.
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Fig 1

BREATHER

MOUNTING
SCREWS —

FASTENING

BOLTS OIL LEVEL

MA20N25215X1

Starting and setting the pressure in

a power pack

Objective: This shall help you to
 starting and setting the pressure in a power pack.

Switch on the electric motor of the power pack.

Confirm no loose ends of pipes exist before switch on the
motor.

Observe and confirm the direction of rotaion of the motor’'s
indicated in the motor body. (Fig 1)

Fig 1

DIRECTION
OF ROTATION

MA20N25215Y1

Removal of an inlet filter

Put off the notor if it rotates inthe opposite direction and
call electrician.

Observe the pressure in the pressure gauge.

Now get the required pressure on the pressure relief valve.
(Fig 2).

Rotate clockwise to increase pressure and vice versa.

Fig 2 i S
FROMPUMP ¢ |

TO TANK

I Y TO SYSTEM

MA20N25215Y2

Objective: This shall help you to
¢ removal of an inlet filter.

The procedure for removing the inlet filter depends on the
construction of the power pack. The suction strainer is
usually placed immersed in the oil and locating it needs
some experience.

Open type of reservior (Fig 1)
In a open type reservoir, the steps to be followed are
Put off hydraulic system.

Remove the top cover plate.

Keep your hand clean.

Insert your hands inside the oil and locate the suction
strainer.

Use a suitable spanner and loose the suction strainer

Clean the strainer using kerosene and blow with
compressed air.

Check for damages, if any replace with new filter.

Screw on the clean filter back into position.

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.5.215 289



Fig 1
FROM THE SYSTEM TO HYDRAYLIC SYSTEM
g N\ /( ( ] 3
‘ PUMP

L T |
D
- gl 8
777777 . 7777 =
R R =
g
=

Removal of filter in a closed type of reservoir

Already the procedure for the filter of a closed type of
reservoir with removable top cover has been explained.
Other type of reservoir is explained below.

All sides welded reservoir (Fig 2)

Fig 2 TOP

MOUNTING
BOLT

GASKET
INSPECTION
COVER 7

RESERVOIR

SUCTION
STRAINER

MA20N25215Z2

Put off the hydraulic system.
Drain the oil from the reservoir

Remove the inspection cover after unscrewing mounting
bolt.

Locate and unscrew the suction strainer.

Clean, strainer with kerosene and blow it with compressed
air.

Clean inside of the reservoir thoroughly.
Screw the suction strainer after inspecting it for damages.

Replace inspection cover and gasket, tighten mounting
screws.

Refill the oil in the reservoir after filtering the oil using mesh.

Check for oil leakage through inspection cover. Confirm
no leakage of ail.

Check for oil level.
Now the system is ready for use.
Externally mounted suction strainer (Fig 3).

To dismantle this type of suction strainer the steps
are as follows

Put off the hydraulic system.

Unscrew both the cap nuts of the lines coming to the filter
unit and going out of it.

Hold the filter unit in the benchvice and unscrew the
mounting bolt (Fig 4).

Remove the filter insert clean/replace filter insert.

Clean the casing thoroughly.

CAP NUT
PUMP

Fig 3

TO SYSTEM

( ) —3

STRAINER

UNIT INLET LINE

MA20N25215Z3

Fig 4 STRAINER ELEMENT

OUTLET

MOUNTING BOLT N

MA20N25215Z4

Place the insert and screw the mounting bolt.
Mount the filter unit back in this position.
Confirm proper tightening of connectors.

Checklist for preventive maintenance of centralized
lubricating system

Daily requirements

1 Manually activate system and abserve cycle
completion, warning devices and system operating
pressures.

2 Visually check level of lubricant in reservoir and record.
Note the brand in use.

3 Check condition of lubricant visually.
4 Check settings on time clock.

5 Check control cabinet for cleanliness and damage.
Make sure the doors are closed and latched.

6 Fill the air line lubricator on pneumatic supply line
(pneumatic pumps only) using recommended lubricant.

Weekly or monthly requirements

1 Check and clean filters, strainers or screens as
required.

2 Check piping and hoses on primary and secondary
distribution system for broken lines, leaks and blockage
or kinks.

3 Visually check metering devices for proper operation.

4 Check distribution lines between metering devices and
lubrication points for leaks or damage.

Quarterly or Annual Requirements

1 Cleaninterior of electrical panels and controls.

2 Check for loose electrical connections.

3 Check the pressure gauges and calibrate as needed.
4 Check the operation of warning and safety devices.
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Capital Goods and Manufacturing Exercise 2.5.216
Machinist - Repair & Overhauling

Perform repair work

Objectives: At the end of this exercise you shall be able to
identify the defects in tail stock assembly

dismantle the tail stock assembly

identify the defective/worn out parts

prepare the defective parts

assemble in the tail stock

check the tail stock performance.

Fig 1
TASK-1 DISMANTLE THE TAIL STOCK AND KEEP THE PARTS IN A TRAY SEPARATELY
AND IDENTIFY THE DAMAGED WORNOUT PARTS
s IS
G\
>
N =
>
&) { >
o=
@) ur"'"\/‘ﬁ
(57) ;
i
37/
TASK-2 PREPARE A NEW SCREW ROD INSTEAD OF WORNOUT SCREW ROD
M12x1.5 M12x1.5 M12x1.5
30 25
150 NOTE:

STOCK SIZE : @16 X 155mm
MATERIAL  : Fe310

ALL DIMENSION ARE IN mm

MA20N25216H1

291



Job Sequence

Identification of defects in a tail stock

292

Identify defect in a tail stock.
Rotate the tail stock hand wheel for moving the spindle.
Lock the spindle using the locking lever.

Rotate the tail stock hand wheel and check the spindle
movements and locking position. If the spindle is not
locked properly it will move.

Hence, it is known as screw rod spindle lock is not
working properly.

Dismantle the spindle locking unit from the tail stock.

Prepare the new screw rod instead of defective screw
rod.

Assemble the prepared screw rod instead of wornout
screw rod.

Check the tail stock performance and lock the spindle
in the proper position.

Tailstock
Group Assembly Drawing
No. Qty / Description Size
OnDRG | Group
1 1 Tailstock
2 6 Oilnipple C8
3 1 Hex. Soc. hd. cap. screw M8 x 100
4 1 Hex. Soc. hd. cap. screw M8 x 60
5 1 Cyl.pin 10 x50
6 1 Key
7 1 Grub Scr. ‘G’ M8 x 16
8 1 Grub Scr. ‘A’ M8 x 10
9 1 Sleeve
1 Sleeve (with tenon slot)
10 1 Nut
11 10 Hex. Soc. hd. cap. screw M8 x 25
12 1 Screw
13 1 Th. ballbearing (51205) 25/47 x 15
14 1 Flange
15 1 Graduated collar
16 1 Hand wheel
17 3 Compression spring
18 3 Steel Ball Class V 5/16” class V
19 1 Taperpin 6 x 60
20 1 Handle
21 1 Handle rod
22 1 Clamp piece
23 1 Clamp piece
24 1 Screwrod
25 1 Cap
26 1 Taperpin 6 x 50
27 1 Handle rod
28 2 Knob
29 1 Eccentric shaft
30 1 External circlip A 30
31 1 Cyl. plug 6
32 1 Spacer
33 1 Clamp nut
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No. Qty / Description Size On
DRG Group
34 1 Cap
35 1 Taperpin 6 x 80
36 1 Taperpin 4 x 30
37 1 Handlerod
38 1 Tenon
39 2 Int. Thrd. taper pin 8 x50
40 1 Gib
41 2 Spec. screw
42 1 Clamp piece
43 3 Bearing holder
3 Hex. soc. grub screw M6 x 10
44 3 Spec. pin
45 3 Needlerollerbearing DL-810 8/14 x 10
46 3 Bearingbush
47 1 Shaft
48 1 Shaft
49 2 Wiper
50 2 Plate
51 8 Slotted ch. hd. scr. ‘A’ M6 x 18
52 2 Wiper
53 2 Plate
54 1 Clampplate
55 3 Spec. washer
56 3 Compression spring
57 3 Spec. grub screw
58 1 Tailstock base (For NH22)
1 Tailstock base (For NH26)
1 Tailstock base (For NH32) M20 x 130
59 2 Stud ‘B’ (For NH22)
2 Stud ‘B’ (For NH26) M20 x 170
2 Spec stud (For NH 32)
60 1 Hex. bolt (For NH22) M20 x 140
1 Hex. bolt (For NH26) M20 x 180
1 Hex. bolt (For NH32) M20 x 220
61 2 Seflocking nut
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Capital Goods and Manufacturing Exercise 2.5.217
Machinist - Repair & Overhauling

Perform the routine maintenance with check list

Objective: At the end of this exercise you shall be able to
» perform the routine maintenance of general machine shop machines with check list.

Fig 1

7
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MA20N25217H1
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Job Sequence

» Check the level of the lathe with a spirit level and adjust
using wedges. (Fig 1)

]
]

£===3
£=>=3

J]:H:j
g
MA20N25217.1

» Check the tension of the belt and adjust. (Fig 2)

Fig 2

MA20N25217J2

» Check the free movement of tailstock over the bed.

» Check the movement of the carriage of the lathe.
(Fig 3)

Check the function of clutches by operating the clutch
lever.

Check the movement of the cross-slide and the com-
pound slide. (Fig 4)

Fig 4

CROSS SLIDE

COMPOUND SLIDE

MA20N25217J4

Check the oil level and the functioning of the lubricat-
ing pump.

Check the coolant level and the functioning of the cool-
ant pump. (Fig 5)

Fig 5

DIP STICK

COOLANT TANK

MA20N25217J5

Check the safety guards. (Fig 6) and ensure they are
in postion.

Inspect the machines as per check list and record it
accordingly.

Fig 3

MA20N25217J3

* Run the machine on different spindle speeds and check
the speed.

» Engage the power feed and check the longitudinal and
transverse feed movements.

Fig 6

MA20N25217J6
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Inspect the following items and tick in the appropriate column and
list the remedial measures for the defective items.

Items to be checked Good working/Satisfactory | Defective Remedial measures carried out

Level of the machine

Belt and its tension

Bearing sound

Driving clutch and brake

Exposed gears

Working in all the speeds

Working in all feeds

Lubrication system

Coolant system

Carriage & its travel

Cross-slide & its movement

Compound slide & its travel

Tailstock’s parrallel movement

Electrical controls

Safety gaurds

Preventive Maintenance Programme Annexure | - B
Name of the Machine : Location of the machine:
Machine Number
Model No & Make
CHECK-LISTFORMACHINE INSPECTION (Milling machine)

Inspect the following items and tick in the appropriate column and list the remedial measures for the defective
items.

Items to be checked Good working / satisfactory Defective Remedial measures

Level of the machine

Belt and its tension
Bearing sound

Driving clutch

Working in all the speeds
Working in all feeds
Lubrication system
Coolant system

Tabletravel

Cross - slide & its movement
Saddle & its travels

Knee up & down movement
Electrical controls

Safety gaurds

Inspection by

Signature

Name:

Date : Signature of in - charge
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Name of the Machine :
Machine Number
Model No & Make

items.

Preventive Maintenance Programme

Location of the machine:

CHECK-LIST FORMACHINE INSPECTION (Shaping)

Inspect the following items and tick in the appropriate column and list the remedial measures for the defective

Annexure | -C

Items to be checked

Good working / satisfactory

Defective

Remedial measures

Level ofthe machine

Belt and its tension
Bearing sound

Table elevation
Exposedgears

Working in all the speeds
Working in all feeds
Lubrication system

Ram and its travel
Saddle & its movement
Toolhead angle rotation
Stroke length adjustment
Position of the stroke

Safety guards

Inspection by
Signature
Name :

Date :
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Preventive Maintenance Programme Annexure | - D

Name of the Machine : Location of the machine:
Machine Number
Model No & Make

CHECK-LISTFORMACHINE INSPECTION (Surface grinding)

Inspect the following items and tick in the appropriate column and list the remedial measures for the defective
items.

Items to be checked Good working / satisfactory Defective Remedial measures

Level ofthe machine

Belt and its tension

Bearing sound

Allfeed movements
Condition of bellows

Dust collecting system
Lubrication system

Coolant system

Condition of magnetic chuck
Electrical controls

Safety guards

Inspection by
Signature
Name :

Date :

Signature of in - charge
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Capital Goods and Manufacturing Exercise 2.5.218

Machinist - Repair & Overhauling

Inspection of machine tool such as alignment and levelling

Objectives: At the end of this exercise you shall be able to

* check the level of a centre lathe

check the true running of a lathe spindle

check the alignment of the main spindle and the tailstock spindle of a lathe
check the parallelism of the tailstock sleeve with respect to bedways.
perform practical test on turned component.

Fig 1

SPIRIT LEVEL / BRIDGE BLOCK

= BE=EL]] [ EBEBEBVYV1=j

(A 1
i

|_‘_L—'__I

LEVELLING A LATHE BED

QUILL TAIL STOCK

-y

e

CHECKING QUILL MOVEMENT OF TAIL STOCK

SPINDLE

CHECKING THE TRUE RUNNING OF SPINDLE

MA20N25218H1
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Skill Sequence

Checking quill movement of tailstock

Objective: This shall help you to

* test the tailstock sleeve movement relative to the carriage guideways.

Fix the dial gauge on the carriage. (Fig 1)

Set the dial at the zero position. (Fig 4)

Fig 1

MA20N25218J1

Project the quill of the tailstock to the maximum extent
possible and lock it. (Fig 2) Check the quill in the vertical
and horizontal positions by a dial test indicator.

Fig 2 LOCKING LEVER

A
= =

MA20N25218J2

Clamp the quill during each measurement. If it is not
clamped it will affect the measurement.

Place the dial plunger to contact over the free end of the
quill in the vertical plane. (Fig 3)

Fig 4

MA20N25218J4

Move the carriage slowly towards the entire length of the
quill. (Fig 5)

Fig 5

MA20N25218J5

Note the dial reading at the extreme end of the quill.

Verify the deflection of the dial reading and compare the
value with the test chart supplied. (I1S: 6040)

For checking in the horizontal plane, set the dial
horizontally and repeat the above procedure.

(Fig 6)

Ensure that the dial is set at the topmost point of
the quill.

Fig 3

MA20N25218J3

Fix the test mandrel into the tailstock spindle. Repeat the
same procedure to test the accuracy of the tailstock
spindle bore in the vertical and horizontal positions as
shown in the Fig 6.

MA20N25218J6
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Checking the alignment of the main spindle and the tailstock spindle of a

lathe

Objective: This shall help you to
* to check the alingment of the spindle and the
* tailstock sleeve.

Insert a hollow test mandrel (300 to 500 mm long) in
between the centres. (Fig 1)

Ensure that the spindle bearing is at its working
temperature.

Fig 1

Q) | MA20N25218K1

Fix the dial gauge on the saddle, the plunger touching
position of the mandrel and set it to zero.(Fig 2)

Fig 2

MA20N25218K2

Move the carriage from one end to the other end of the
mandrel to check the mandrel is in correct alignment in
the horizontal position.

Rest the dial plunger at right angles (radially) to the surfaces
to be tested.

Set the dial plunger at the top of the mandrel and move
the saddle along the bed slowly to the entire length of the
mandrel. (Fig 3)

Fig 3
—

7%,
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MA20N25218K3

Checking the true running of a spindle

Observe the reading of the dial as the saddle moves along
the beds and note for variation, if any.

The tailstock centre must be higher than the
spindle centre within the permissible limit.

Verify the deflection of the dial gauge reading and compare
the value with the test chart. (IS: 6040)

Objective: This shall help you to

¢ test the true running of a lathe spindle with a test mandrel.

Locate the taper shank of the test mandrel in the spindle
taper.

Hold a dial gauge, stationary in the carriage, its plunger
contacting the mandrel near its free end (Fig 1) and set it
to ‘0’ position.

Rest the dial gauge plunger at right angles
(radially) to the surface to be tested.

Rotate the spindle along with the mandrel slowly by hand.
Observe and note the reading of the dial gauge.

Move the dial gauge near the spindle nose. Rotate the
spindle along with the mandrel slowly by hand and note
the reading.

Take readings of the dial gauge while the spindle is slowly
rotated. Verify the deflection of the dial reading and
compare the value with the test chart. (1S: 6040)

Fig 1

= - F

MA20N25218X1

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.5.218 301



Adjustment of the spirit level with the plane surface

Objective: This shall help you to
* adjust the spirit level with the plane surface.

Move the spirit level on the plane surface until the bubble
is in the centre of the scale.(Fig 1)

Fig 1

SPIRIT LEVEL

MA20N25218Y1

Fig 3

DISPLACEMENT OF BUBBLE

MA20N25218Y3

Place a straight edge against the level and clamp to the
plate. (Fig 2)

BUBBLE IN THE
CENTRE

MA20N25218Y2

Turn the level through 180° (end for end) and place against
the straight edge and note the displacement of the bubble.

(Fig 3)
Level the lathe bed

Adjust the vial to half of the total displacement of the bubble.
(Fig4)

Repeat the above sequence until the level is turned end
for end without displacement of the bubble.

Fig 4

MA20N25218Y4

Objective: This shall help you to

¢ level the lathe horizontally with the help of a spirit level.

Position the carriage in the middle of the bed.

Keep the spiritlevel on the rear slideway (i.e. the slideway
opposite the operator’s side) longitudinally at the position
‘A.(Fig 1)

Keep the second spirit level transversally at the position
‘C’. (Fig 1)

Fig 1

I

PE[Q LU

LEVELLING A LATHE BED

MA20N25218Z1
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Take the readings of both the spirit levels.

Adjust the bed till both the spirit levels show the same

Adjust the level of the bed till both the spirit levels show ~ "©2dings:
the same readings. Repeat the sequence of operation till both the spirit levels
Keep the spirit levels longitudinally and transversally at sh-ow the same reading in all the positions A, B, C & D.
positions ‘B’ and ‘D’. (Fig 2) (Fig 3)

Fig 2 Fig 3

[—- I L

|

i

@l - |
I o L
%_E[Q — j‘:EEQ = |TeH

LEVELLING A LATHE BED LEVELLING A LATHE BED

MA20N2521822

MA20N25218Z3
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Capital Goods and Manufacturing
Machinist - Repair & Overhauling

Exercise 2.5.219

Accuracy testing of machine tools such as geometrical parameters

Objectives: At the end of this exercise you shall be able to

check the level of a centre lathe
check the true running of a lathe spindle

check the alignment of the main spindle and the tailstock spindle of a lathe
check the parallelism of the tailstock sleeve with respect to bedways.

perform practical test on turned component.

Fig 1

Job Sequence

Trainees may be asked to write the job sequence
and record the tested values for

1 Levelling

2 Truerunningofspindle

3 Alignment of mainspindle and the tailstock spindle

4 Parallelism of tailstock sleeve with respect to

bedways

5 Testthe machine by producing component.

MA20N25219H1
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Capital Goods & Manufacturing Exercise 2.6.220
Machinist - Advanced Milling

Milling helical slab cutter and end mill cutter

Objectives: At the end of this exercise you shall be able to
* mill helical grooves, to the full length
* mill secondry relief or clearance to the full length.

TASK-1
Z 3
< <
(o]
Q
Q
8
30 20 30
NUMBER OF TEETH-- 12
80 HELIX ANGLE - 30°
HAND OF HELIX - LH
POSITIVE RAKE - 10°
LAND WIDTH - 0.5mm
TASK-2
116
45
[{e]
el
s — e S =7 §
CENTRE HOLE Ax4 1S:2473
DATA:
HELIX ANGLE 10° R.H
RACK ANGLE 10° POSITIVE
No. OF TEETH = 8
LAND = 1mm
PREMACHINED BLANK AS PER DRAWING ALL DIMENSIONS ARE IN mm
1 @65 x 85 - Fe310 - 2 2.6.220
1 @36 x 120 - Fe310 - 1 2.6.220
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
_ DEVIATIONS
SCALE 1:1 MEDIUM 1S:2102 TIME
MILLING HELICAL SLAB & END MILL CUTTER
@ 5 CODE NO. MA20N26220E1
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Job sequence

TASK 1: Mill slab milling cutter 12T 30° LH
Milling helical flutes

Cleanthe surface of the universal millingmachine table.

Mount the dividing head on the table and align its axis
in parallel with the table.

Connectthedividing head table screw using geartrains
forrequiredlead.

Arrangetheindexingmovementforindexing 12 divisions.
Swivel the table to 30° pushing the left side in.

Mount the job blank between centres with a mandrel.

* Millthe groove to a depth of 10mm and to full length by
feeding the blank through the crank of the dividing head
and set the vertical feed dial to ‘0.

Ensure thatthe back stopper pinis disengaged
from the index plate.

Ensure that the blank will not loosen during
milling

Apply blue at the face of the blank at the tailstock end
and scribe the radial line.

Rotate and bring crank radial line through 22° with
vertical axis as shown in the sketch i.e. 12° + 10° for
positive rake. (Fig 1)

Fig 1

MA20N26220H1

Mount double equal angle cutter 45° on the arbor.

Manipulate the position of the job with reference to the
cutter at the tailstock end of the job.

Start the machine and raise the table to cut a groove
such that one side of the cutter coincide with the
scribed line. (Fig 2)

Fig 2 L
10 o
227 227

SCRIBED LINE

MA20N26220H2
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* Lower the table by 1mm and bring back the blank to
starting position and index for the next tooth.

* Raise the job to ‘0’ on vertical feed dial.

* Millthe 2nd tooth groove and measure the land widthis
6 mm on the 1st tooth. (Fig 3)

* Repeat the above steps and complete the remaining
teeth.

Fig 3

MA20N26220H3

Milling secondary clearance
* Mountunequalangle cutter 70°(58° +12°)on the arbor.

* Index further 25° in the same direction and adjust the
sector arm to this new position.

* Manipulate the blank with reference to the 58° side of
the cutter and mill the secondary clearance to the
extentthatthe land width is maintained at 0.5 mm. (Fig
4)

» Set vertical feed dial to ‘0’.

* Indexforthe nexttooth and millthe secondary clearance
for all the 12 teeth.

* Removethejobanddeburr.

MA20N26220H4
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TASK 2: Milling end mill cutter

Milling flutes to form peripheral cutting edges

Select a universal milling machine.
Clean the table.

Mount the dividing head and foot stock and align the
spindle axis with reference to the machine table and
lock it.

Swivel the table 10° degree anticlockwise. (Push the
R.H.end)

Mount a double unequal angle cutter 58° +12° in the
middle of the arbor.

Hold the job between centres.

Determine the required geartrain and connectitwith the
index-head auxiliary spindle to lead screw of table.

Position the 12° side cutting edge of the cutter in line
with the vertical axis of the job at the tailstock end.

Offsetthe job to adistance of 2.20 mm from the centre
line.

Rule: offset = Rake angle x cutter dia x 0.0087

Mark reference line at centre using a scribing block and
index through 12°. (Fig 1)

Fig 1

-

MA20N26220X1

Start the machine and raise the table for partial depth
(2mm)and manipulate vertical feed and cross feed and
mill the flute to the entire length of the body.

Bring back the job to the starting position.
Crank for 5 revolutions to index the next tooth.

Millthe 2nd flute to full depth and maintain the land width
to 1 mm.

Bring back the job to starting position and index for 3rd
flute.

Mill the 3rd flute to full length.

Repeatthe above steps and complete the 4th, 5th, 6th,
7th, 8th and 1st flutes.

Milling flutes to form end cutting edges

Mountthe chuck onthe dividing head, spindle and hold
the job

Tiltthe index head to 90° and set the face of one tooth
straight and parallel to the teeth of the single angle
cutter.

Mount single angle cutter 70° R.H. on the arbor.
Tilt the index head to angle (68°.40) and lock it.(Fig 2)

Fig 2

MA20N26220X2

o

Cos o =Tan 540

x Cot of cutter angle (B)

where N = No. of teeth on the job.

Bring the job near the cutter and adjust such that the
straight side of the cutter coincides with the peripheral
cutting edge of the end mill already milled. (Fig 3)

Startthe machine andraise the job to 1 mmand mill the
lip of the job. (Fig 3)

Bring back the job to starting position.
Index for 2nd tooth. (5 revolutions)

Raise the job gradually and millthe groove to a depthill
you get the land width of 1 mm. (Fig 3)

Repeatthe above steps to mill the grooves 3rd, 4th, 5th,
6th, 7th, 8th and 1st.

Remove the joband deburr.

Fig 3

MA20N26220X3

CG & M : Machinist (NSQF - Revised 2022) - Exercise 2.6.220 307



Skill sequence

Cutting teeth on slab milling cutter

Objective: This shall help you to

« cut helical flutes on slab milling cutters,end mills, and counter bores.

Helical milling operation is very common in most machine
shops. This offers excellent practice to the learner in
cutting the flute on slab milling cutters, end mills and
counterbores. This operation involves less mathematics,
and the some knowledge of helical milling with more skill
in the set up.

The common form of flute of a slab milling cutter is shown

in Fig 1. 1(A)Radial front (no rake)
1(B) offset front for positive rake)
Fig 1 |
‘ |
/j\% )

(A) RADIAL FRONT
(NO RAKE)

‘ Y RAKE
T
|

(B) OFFSET FRONT
FOR POSITIVE RAKE

MA20N26220J1

FLUTED CUTTER TOOTH

Selectadouble, unequal angle cutter to suit the given form
of flute.

Refer to job drawing for angle and shape of
flute and hand of helix i.e. RH or LH.

If a single angle cutter is used to produce the
form of flute on the cutter blank, then the
cutting edges formed will be cut away due to
interference occurred during milling. (Fig 2)
To avoid this defect a double unequal angle
cutteris always selected for fluting operations.

Fig 2
GENERALLY 12°

TOOTH FRONT
CUT AWAY

| | y
| /

(A) SINGLE ANGLE (C) DOUBLE ANGLE
CUTTER CUTTER

(B) EFFECT OF
INTERFERENCE

MA20N26220J2

CUTTING FLUTES

Fig 3 shows the difference in the setting of the table and the
shape of the cutter used when milling RH & LH helical
flutes. Both views are shown as seen from the footstock
endofthetable. Arrow A denotes the direction of the cutter
and arrow B the direction of the rotation of the blank as the
helical groove is being milled.

R.H. DOUBLE
ANGLE CUTTER

Fig 3 L.H. DOUBLE
ANGLE CUTTER

CUTTER WITH R.H. SPIRAL CUTTER WITH L.H. SPIRAL

MA20N26220J3

Having selected the right type of cutter for the fluting
operation, proceed as follows:

Lubricate the milling machine, dividing head and feed
mechanism.

Mount the work (cutter blank) on the mandrel, tighten the
nut securely.

Wipe the bore of the spindle and the shank of the machine
arbor and mount securely with a drawn in bolt.

Set the index head and sector arms for the indexing
movementrequired.

Disengage the stop pin at the back of the index
plate.

Calculate the lead of helix, arrange change gears and test
by using hand feed to be sure that the helical mechanism
operatesfreely. (Lead = Circumference ofthe job X Cotangent
of helixangle)

Check the movement and direction of rotation
of the work (cutter blank) for the given hand of
helix ie. RH or LH. (Fig 3) If necessary add one
idler to change the direction of rotation.

Swing the table to the helix angle, tighten lightly in this
position (temporarily), check for a minimum. 12 mm
clearance between table and column.

Mount the cutter blank between the index centres.

Locate and mount the double unequal angle cutter onthe
machine arbor, and swing the table to zero (straight) again.

Adjust the cutter to the centre of the blank. (Fig 4A)

Apply prussian blue on the end of the blank where lines are
to be scribed and scribe centre (radial) line.
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Index for one tooth space and scribe another line.
(Fig4B)

Index the second line to a position 12° from the vertical.
(Fig4C)

Swivel the table to the required helix angle and clamp
tightly.

Adjust the knee so that the periphery of the cutter just
touches the blank and adjust the table longitudinally to
bring the axis of the cutter level with the end of the blank.
(Fig4D)

Start the machine, raise the knee so that the cutter
commences to sinkinto the blank. Operate the cross- slide
to bring the 12° edge of the cutter coincident with the line
set at 12°, and at the same time raise the knee until the
correct depth of flute is being cut leaving 1 mm land.
(Fig4E)

Fig 4

ONE TOOTH
SPACE

(C) SCRIBED LINES
INDEXED INTO POSITION

(A) CUTTER POINT
SET CENTRAL

k-

(B) LINES SCRIBED
ON BLANK

(D) CUTTER OVER
END OF WORK

(E) CUTTER FED
INTO DEPTH

MA20N26220J4

Do this without touching the index crank and
longitudinal table feed.

Setthe graduated dials of the cross feed and vertical feed
at ‘zero’.

Depending upon the condition of the machine and the depth
of the flute the operation can be completed either by two
cuts (ie. roughing and finishing) or one cut.

Be sure to lower the table at the end of each cut
before returning it for the next cut. Raise the
table watching ‘0’ reading on the knee, before
starting the new cut.

Repeat indexing and cutting and complete all the flutes.
Total precautions

Make sure that the

» work is regidly held on mandrel

» cutter arbor is tight in the spindle

» dogis securely fastened

» dog has plenty of clearance with the cutter when
rotating.

Remove the mandrel from the index centres and deburrthe
edges.
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Capital Goods & Manufacturing Exercise 2.6.221
Machinist - Advanced Milling

Milling bevel gear

Objectives: At the end of this exercise you shall be able to

* calculate the essential data for milling teeth on bevel gear using different formulae
* set, correct bevel gear cutter for milling bevel gear

* set dividing head according to the requirement

» cut the bevel gear teeth step by step.

294.25

M27 L.H. 4296

SQ THD
PITCH 4 mm

2x45°

N |

2 R3

1.5x45°

24

45

47

4.5
23

. |
45 | araz .
I 6
| &
I
I
I
2 63
MODULE -3 OUTSIDE DIAMETER - 9425
PRESSURE ANGLE - 20° CONE DISTANCE - 63.64
NUMBER OF TEETH - 30 FACE WIDTH - 21.00
ANGLE OF SHAFT - 90° FACE ANGLE - 47°42
PITCH CONE ANGLE - 45° ROOT ANGLE - 41°38
PITCH DIAMETER - 90 CUTTER NUMBER -3
4296 - 4250
PREMACHINED BLANK AS PER DRAWING ALL DIMENSIONS ARE IN mm
1 @ 100 X 55 - - - 2.6.221
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS +0.05 TIME

MILLING BEVEL GEAR ON MILLING MACHINE

@E (STRAIGHT TOOTH) CODE NO.  MA20N26221E1
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Job sequence

Mill teeth on bevel gear (St.tooth)
Module 3

Number of teeth = 30

Pitch cone angle = 45°

* Mountthe universal dividing head on a universal/plain
milling machine.

» Tiltthe spindle of the dividing head to 41°38. (Fig 1)

» Setthe crank pininthe 33 hole circle. Set 11 holes in
between sector arms.

Fig 1

MA20N26221H1

Fig 2

d=DEPTH = 225xm
,
/

MA20N26221H2

» Check the size of the bevel-gear blank. Outside dia =
94.25 mm. Face angle =47° 42'".

* FixtheblankinaM.T. Shank mandrel and the mandrel
into the spindle of the index head.

» Selectandsetthe bevel gearcutter 3, module No.3 and
mount it on the arbor.

» Centralise the job with respect to the cutter. Lock the
cross feed and set graduated collar at ‘0’ when the
cutter touches at the larger end of bevel gear.

* Apply a depth of cut4 mm and rough out all the teeth.

» Setthe depth of cutat the large endto 6.75 mm. Lock
the vertical feed.

* Mill the 1st tooth space. (Fig 2)
* Index 1 full turn and 11 spaces in the 33 hole circle.
» Mill the second tooth space.

* Checkthe form and measure thickness atboth ends of
the tooth by gear tooth Vernier caliper.

» Determine the excess material at larger end to be
trimmed by off-set method.

* Repeat the steps and mill all the teeth.

* Unlock the cross-feed.

Offset the job by 0.04 mm for 1st offset (trimming).
Compare one half of the trimming stock already
measured.

Rotate the job by 3° (11 spaces in the 33 hole circle,
forthe 1stangular movement.)

Correct and mill all the 30 teeth.

Ensure that no material is being cut at smaller
end of tooth by the cutter after first offset and
first angular movement.

Check the thickness of the tooth.

Offsetthe job by 0.07 mm. (In the opposite direction for
the 2nd offset.)

Eliminate back-lash before attempting to offset

Rotate the job by 6°. (22 spaces inthe 33 hole circle for
the 2nd angular movement)

Correct and mill all the 30 teeth in the opposite flank.

Check for correctthickness atthe largerend by agear
tooth vernier caliper.

Form the smaller end by filing.
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Skill sequence

Cutting bevel gear (straight tooth) in a milling machine

Objectives: This shall help you to

« tilt the dividing head to the root angle of the bevel gear

* offset the job for 1st and 2nd trimmings.

It is impossible to cut an accurate bevel gear in a milling
machine, since the pitch and involute curve are different at
the larger end and at the smaller end. These two different
pitches and curves can not be formed by a single gear
cutter. Itoften happens, however, thatabevel gearmay be
wantedinahurry, orthatan extremely accurate gearis not
required. Thenitis convenient to know how to mill a bevel
gear in a milling machine. Proceed as follows:

Before starting for cutting a bevel gear, the following
essential data should be kept ready by calculation.

i Numberofteeth

i Pitch(DP/module)

i Therootangle

v Chordal thickness at larger end

v Chordal thickness at smaller end

vi Addendum atlarger end and smaller end
vi Whole depth at larger end

Selecting the gear cutter

Bevel gear cutters are made in sets similar to spur gear
cutters with the same range of number of teeth to each
cutter. Bevel gear cutters have a curve of cutting edge that
is right for the larger end of the tooth, but they are thinner
than spurgear cutters because they must pass through the
space at the smaller end of the tooth. (Fig 1)

Fig 1

MA20N26221J1

The bevel gear cutteris not selected for the number of teeth
in the bevel gear itself but for a spur gear having a pitch
radius equal to the back-cone radius of the bevel gear.
(Fig2)

The involute curve depends upon the radius of the rolling
pitch surface and the radius of the rolling pitch surface of
the bevel gear is longer than the radius of the pitch circle
ofthatbevel gear.

r = RADIUS OF PITCH CIRCLE

R = RADIUS OF ROLLING PITCH SURFACE

MA20N26221J2

Rule
Number ofteeth for which to select the cutter forbevel gear

Number of tooth on bevel gear

Cosine of pitch angle

This number will be always more than the actual number of
teeth on the bevel gear to be cut.

E.g. Number of teeth on bevel gear 20, pitch angle is 45°.
Then the number of teeth on “virtual spur gear”, will be

N 20

= =28
CosPitch cone angle 8' 0.707

Select cutter number 4 of required module/DP based on 28
teeth.

Check the size ofthe blank, especially the outside diameter
and the face angle.

Set the index head for indexing given number of teeth.

Always select the longer circle possible as it
permits finer adjustment.

Mountthe bevel gear blank with the spindle of the dividing
head. Forsmallerblank, a straight mandrel with threaded
nut is sufficient. In case of larger one, mountitin the M.T.
taper shank mandrel, whichis held in the bore of the spindle
of dividing head by means of draw-in bolt. (Fig 3)
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Fig 3

GEAR BLANK

CENTER LINE OF INDEX
HEAD SPINDLE

ROOT ANGLE

MA20N26221J3

The end nut of the mandrel should be as thinas
permissible; otherwise it may be milled while
cutting the teeth.

Setthe dividing head to the root angle (also called cutting
angle.) (Fig 3)

Root angle df= Pitch cone angle minus dedendum angle

Dedendum

Dedendum angle 6= Tan 8f = ————
Coneradius

Whole depth of cut

The depth should be perpendicular to the pitch line. While
cutting bevel gear do notdepend entirely on the reading of
the graduated dial of the vertical movement. For this
reason, before starting cutting, the depth of the teeth is
marked by a depth gauge on the back crown of the bevel
gear. (Fig4)

Fig 4 STD DEPTH

DEPTH TO BE READ
ON GRADUATED DIAL

MA20N26221J4

Direction and starting of cut

There will be a tendency to lift the gear blank if the cut is
started from the smallerend and the cutteris rotatedin the
direction of “up milling”. This method is not advisable. For
better result, cut teeth from the larger end and the cutter
should be rotated in the up-milling direction. Then there will
be less chances for breaking the cutterand notendency to
lift up the gear blank. (Fig 5)

)
7

FEED g

Fig 5

X

—s FEED

MA20N26221J5

RIGHT WRONG

Ensure thatthe spindle arbor, collars and cutter
are clean and that arbor runs true, and set the
cutter (pre-selected) on the arbor so that the
direction of the cut will be away from the
dividing head spindle. Have the cutter as near
the machine spindle as practicable.

Check the ‘run-true’ of the bevel gear blank and centrilise
the gear blank under the cutter.

Adjust the table until the revolving cutter just touches the
gear blank at the outside diameter.

Raise the table to the whole depth and take a roughing cut
at the centre of the tooth space. (Fig 6)

Fig 6
CUTTER

MA20N26221J6

CENTRAL ROUGHING CUT

By calculation we get only the standard depth
from face to back crown, not perpendicular to
the pitch line.

Depth perpendicularto pitch line is equal to standard depth
x Sin (90° - Dedendum angle)

In a cast iron gear of 5DP/5 m or larger or in a
steel gear of 8DP/3 m or larger, it is usually
advisable to take a central roughing cut before
‘trimming’either side.

Index for the next tooth, take a cut, and so on, all around
the gear blank.

Measure the thickness of the tooth with a gear tooth vernier
caliper at the larger end and at the smaller end. Subtract
the final thickness from the thickness measured, and
divide by 2 to know how muchis to be trimmed offfromeach
side, i.e. total stock to be trimmed off.
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Trimming/offset of blank

Thejob of cutting a bevel gearin a milling machineis to get
the correct thickness of the tooth at the pitch line, at both
ends of the tooth by trimming both sides of the tooth and
thentofile the smallend to the curve. Since the curve of the
cutter is correct for the larger end of the teeth, the shape
of the tooth at the smaller end is not right. (Fig 7)

Fig 7

B. FILED TO CORRECT CURVEAT 'F'
CUTTER A BEVEL GEAR

MA20N26221J7

Similarly the thickness of the cutter is correct for the
finished space atthe smallerend and hence, the thickness
ofthetooth atthe largerendis altogethertoo great. Hence,
trimming the tooth space on both the flanks of the tooth is
necessary to have the teeth free to roll in the assembly.

1st off-set (Trimming) (Fig 8A)

C—FXSinQO

1st off-set

where C = Cone distance
F = Face width
N = Number of teeth on bevel gear.
1st angular movement of the gear blank = 90°/N.

Offset the table to the amount pre-calculated. Turn the
index crank until the cutter just touches the side of the
tooth on the smaller end. (Fig 7b)

Take out the back lash of cross-feed screw,
before attempting the table offset. The angular
movement should be opposite to the table
movement. Ensure it carefully.

Ensure that no material is being cut at the
smaller end of the tooth by the cutter after 1st
off-set and 1st angular movement, except at
thelargerend of the tooth. Checkthe thickness
of the tooth at the larger end. It should be the
final thickness plus 1/2 of the previously
measured difference or half of the trimming
stock.

Trim one side of the tooth in all the spaces of the tooth.
(Fig 8A)

2nd Off-set/Trimming (Fig 8B)

Twice the amount of the 1st off-set of the table movement

and the angular movement ofthe gear blank, oppsite to the
1stoff-setand angular movement.

C
Rule 2nd off-set =

180°

2nd angular movement =

Beware of backlash when off-setting the table.
First remove backlash and then proceed to off-
set.

Set the graduated dial on the cross-feed screw at ‘0’ after
taking out the backlash.Move the table in the opposite
directiontothe 1stoff-setto twice the amountreadinginthe
dial.

Rotate the gear blank in the opposite direction to the table
movemen(Fig 8B.) by rotating the index crank till the side
of the tooth at the smaller end just touches the cutter.

Fig 8 S S

- 99°  ANGULAR
N

MOVEMENT
> /

———

TABLE MOVEMENT OR
OFFSET MOVEMENT OFFSET MOVEMENT

A. MACHINING OF THE FIRST FLANK B. MACHINING OF THE SECOND FLANK
OFFSETTING AND ROTATING MOVEMENT OF THE FLANK

TABLE MOVEMENT OR

MA20N26221J8

Trim the second side of the tooth and measure the
thickness at the larger end. If necessary make slight
adjustmentinthe off-setand angular movementto achieve
final thickness.

Index forthe nexttooth and trim the other side of the teeth,
and so on all the teeth.

Remove the cutter from the arbor. Slide the dividing head
at the right hand end of the table and clamp it.

Trim with the smooth file the smaller end of all the teeth to
the correct form/curve as shown in Fig 9 and deburr.

Fig 9

MA20N26221J9

PART OF BEVEL GEAR TOOTH THAT IS CORRECTED BY FILLING
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Capital Goods & Manufacturing Exercise 2.6.222
Machinist - Advanced Milling

Milling plate cam

Objectives: At the end of this exercise you shall be able to

* mark and punch the profile of the cam as per drawing

* mount the vertical milling attachment on the universal milling machine
* hold the cam blank in the dividing head

connect the dividing head to the table feed screw using the required change gears
mill the cam as per drawing.

60°

DWELL -2

60° 60°

60

50

DWELL -1

PLATE THICKNESS 10mm

RAISE = 10mm

BASE CIRCLE = @100mm
27H7 -27:5%
PREMACHINED CAM BLANK AS PER DRAWING ALL DIMENSIONS ARE IN mm
1 @125 X 20 - - - 2.6.222

NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.

SCALE 1:1 DEVIATIONS 10.05 | TIME

MILLING PLATE CAM

@ JS CODE NO. MA20N26222E1
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Job Sequence

Milling plate cam

* Mountthe vertical milling attachment on the universal
milling machine.

* Mountthe universal dividing head in line with the axis
of the table.

For marking AB and CD (Fig 1)

Fig 1 DWELL 2

MA20N26222H1

E

e OA =50 mm and OB =60 mm uniform rise from A to
Bis 10 mm.

» Divideangle AOB(60°)into 10 equal divisions of 6°each.
» Draw the angles of 6° increment from OA.

* On each line/division from OA increase the radius by
Tmmandmark01 (51 mm); 02(52 mm); 03(53 mm) upto
010.

+ Join all the points 1,2,3 ..... by a smooth curve by free
hand.

« Same procedure has to be followed for arc CD also.

* As regards BC and AED draw regular arcs using a
divider.

* Mark and punch the profile of the cam on the blank.
(Ref. Jobdrawing)

* Drilland reduce the excess stock onits circumference.
(Fig2)

Fig2 DWELL 2

DWELL 1

MA20N26222H2

Hold the blank in the dividing head, using an arbor
directly, with a draw-in bolt.

Connectthe dividing head to the table feed screw with
the selected change gears.

Tilt the index head at an angle calculated.

Setthe spindle of the vertical attachmentin parallel with
the axis of dividing head spindle ifthe index head is set
at an angle to obtain the required rise.

Mount the colletadopter and hold a 220 mmend millin
the vertical head.

Manipulate and position the end millat A (Fig 3) and mill
180° Dwell 1 (ref. job drg) portion up to D by feeding the
blank manually by rotating the dividing head crank.

Fig 3

DWELL 2

MA20N26222H3

DWELL 1

When milling the dwell portion, lock the index
plate with a back stopper pin and pull out the
index crank plunger, and rotate the feeding
movement to the cam blank.

Disconnectthe back stopper pin ofthe index plate, feed
and mill the portion D to C manually by rotating the
crank. (Fig 4)

Fig 4

MA20N26222H4

Stop the machine and bring back the cutter to position
A.

Startthe machine and mill the portion Ato B of the cam
by rotating the crank of the indexing head.

Connect the back stopper pin and mill the dwell (2)
portion along BFC, by rotating the crank.
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Skill sequence

Milling plate cams on milling machine

Objective: This shall help you to

* mill a plate cam (uniform rise) on a universal vertical milling machine.

Cams are being used in modern manufacture to an
increasing extent. Cams provide the easiest method of
obtainingthe intricate and unusual mechanicalmovements
of automatic machines. Cams can be divided into three
classes.

i Radialplate
i Cylindricalorbarrel
iii Pivotedbeam

Of the above three classes, the first two classes can be
manufactured in small batches on a universal milling
machine with vertical attachment and universal dividing
head. (Refer to Related Theory for more details, and the
terms related with the cams.)

To mill the profile (LOBE) of a uniform rise and fall plate
cam, proceed as follows.

Lay out the profile of the cam on the cam blank as per the
details giveninthe job drawing. Dot punch the scribed lines
andcurves.

Use Prussian blue coating to preserve the profile
till it is finished by milling.

Rough out the excess material ie. by chain hole drilling, or
hacksawing and rough grinding over the pedestal grinder.

Fig 1

e il il
= "
CUTTER
MILLING A PLATE CAM BY USING
INDEX-HEAD AND VERTICAL MILLING ATTACHMENT

MA20N26222J1

Provide atleast 1 mm material as machining
allowance for finishing on the milling machine.

Mount the plate cam blank on a mandrel witha M.T. taper
shank to suit the spindle of the dividing head. Mount the
mandrel to the spindle and lock it with draw-in bolt.

Mount the vertical milling attachment.

Determine fromthe job drawing and calculate the rise of the
cam (LOBE) for 360° and arrange the gear train between
the worm-stud of the dividing head and the feed screw of the
worktable. (Fig 1)

Gear on worm stud

Gear ratio =
Gear on lead screw

Driven B Lead of machine

Driver  Max.lift per revolution

Refer to Related Theory on cams, for the
formulae, and example for calculating the rise
of the lobe for 360°.
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If the rise for 360° is less than what is the
minimum lead possible with that index head,
(refer to the table of change gears for helical
milling supplied by the manufacturers) then
arrange change gears for the next higher lead,
preferably round figure which is possible by
the standard set of change gears.

Watch the direction of rotation of the cam blank
with reference to the table movement. If
necessary, connect the idlerin the gear train to
change the direction of rotation.

Tilt the index head to the angle calculated.

The axis of the dividing head spindle and the
spindle of the vertical milling attachment must
always lie parallel. (Fig 2)

Fig 2

DIVIDING HEAD

MACHINE TABLE

MA20N26222J2

CUTTER AND DIVIDING HEAD SPINDLE MUST REMAIN PARALLEL

Select and mount the end mill cutter whose diameter
should be equal to that of the roller of the cam follower.

Do not use a taper shank end mill with tanged
end, as it may be pulled down during cutting
and cause breakage of the cutter. Use parallel
shank with collet or taper shank with tapped
hole and draw-inbolt.
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Align the centres of the end mill cutter and the cam blank,
so that they lie on the same horizontal line. (Fig 3)

Fig 3 CAM BLANK POSITION

— —

I TN \ CUTTER IN
- - — + — VERTICAL
\\ L // / POSITION

MA20N26222J3

Commence rough milling of the cam lobe starting from the
‘rise’ to ‘fall’ of the cam, by rotating the index crank in the
clockwise direction with the crank pin inserted in the hole.

(Fig5)

Fig 5 FINISHING POSITION

‘RISE /LEAD‘

STARTING
POSITION

END MILL

TABLE MOVEMENT

MA20N26222J5

The cutting is done by the teeth on the periphery
of the end mill. Whenever possible the job
should be set up so that the end mill will cut off
the lower side of the blank, as this brings the
end mill and the table nearer together and
makes the job morerigid. Italso prevents chips
from accumulating, and enables the operator
to see betterthe scribed lines and punch marks.

(Fig 4)

Ifthe diameter ofthe end millis less than12mm
then do not overload the cutter. Apply only
light cuts.

Fig 4 VERTICAL MILLING
ATTACHMENT

WORKPIECE CUTTER

chance ||
GEARING T

Wherever there is no rise marked in the lobe
or concentric surface to the centre of the Cam
is required, at that point pull out the index pin
from the hole of index plate and rotate the
index crank until the concentric surface is
covered by the end mill.

Apply depth of cutforfinish milling up to the scribed line and
observe half punch mark.

Pull out the index plunger pin from the index
plate hole, while applying the depth of cut.

MA20N26222J4

Finish millthe camlobe and deburr the edge of the bottom
face of the cam plate.
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Capital Goods & Manufacturing Exercise 2.6.223
Machinist - Advanced Milling

Milling worm wheel

Objectives: At the end of this exercise you shall be able to

* mount a worm wheel blank on the mandrel between centres

» swivel the table to the gashing angle according to the hand of worm thread
» select and mount a gashing cutter/fly cutter suitable to the wormwheel

* mill worm teeth to the exact form.

16
/ N W MODULE - 2 AND 20°
| PRESSURE ANGLE
/ © < NO. OF TEETH : 20
\ - - / b - b LEAD ANGLE : 3°16'
\ NO .OF START : ONE
/ HAND THREAD ON WORM : R.H
-~ 27H7 - 27 ‘a0
@ 27H7 —— B
Job sequence e
Milling a worm wheel il
1
» Check the size of the blank, outside dia. 46.0 mm, 4
throat dia. 44 mm and throat radius 16 mm.
* Mounttheindex head onauniversal milling machine.
» Set the indexing head for indexing 20 teeth. (2 full
turns in any hole circle)
* Mountthe job between centres using a mandrel.
» Check the run out.
* Mount cutter No.6 of 2 module on the arbor. g
» Centralise the job longitudinally and crosswise with %
respect to the cutter. (Ref. Skill Sequence of =
Fig 3&4.) » Mill the second tooth space watching the ‘0’ on the
« Lock the longitudinal and cross-feed, setting the dial of vertical feed.
graduated collars at ‘O’(zero). » Checkthe thickness of the tooth at the throat using
+  Swivel the table to 3°16' for right hand helix. ageartooth vernier caliper.
* Millonetooth space to adepth of 4.5 mmby plunging * _Ifnecessary adjust the depth of cut.
the job gradually. (Gashing) (Fig 1) by using vertical The thickness of tooth to be measured normal
feed. Setdial of ‘0. to the helix of tooth.
* Lowerthejob. * Repeat the above steps and mill all the 20 teeth.
* Index 2 full turns for the next tooth space. «  Deburrand finish the job.
PREMACHINED GEAR BLANK AS PER DRAWING
1 @50 X 20 Fe310 - - 2.6.223
NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS  +0.06 mm TIME
WORM WHEEL
@ ‘5‘ CODE NO. MA20N26223E1
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Skill sequence

Cutting a worm wheel on universal milling machine

Objective: This shall help you to
 cut teeth on a worm wheel.

Worm gearing is acombination drive obtained by using two
members together (1) worm is the driving member (2)
worm-wheel is driven. (Fig 1) Worm gearing is employed
where large speed reductionratiois required asin the case
of gearbox and where heavy material handling equipments
such as chain blocks, cranes and other weight lifting
appliances. For repairing purposes a new worm wheel of
practical accuracy can be cut on a universal milling
machine togetherwith the help of dividing head and suitable
rotary cutter, hob or fly cutter. To cutawormwheel proceed
as follows.

Fig 1

MA20N26223J1

Mount the worm wheel blank on the mandrel and fix the
mandrel between centres. Fix the carrier and check the
‘run-true’ of the blank with a DTI.

Set the indexing plate and sector arms for the required
number of teeth.

Selectthe gashing cutter or fly cutter suitable to the throat
radius of the worm wheel and fix it on the arbor. (Fig 2)

Fig 2
FLYCUTTER FOR
GASHING (ROUGHING)

FLY CUTTER FOR

Q/
Q/

MA20N26223J2

Alignthe longitudinaltraverse, at the centre to the tool and
lock the table in position. (Fig 3) Move cross-traverse and
bring the wheel centre to the gashing cutter and lock it in
position. (Fig 4)

Swivelthe table to the gashing angle and hand of thread on
the worm. Refer to the job drawing. If not given in the
drawing then calculate using the formula given below.

Fig 3

MA20N26223J3

Fig 4

MA20N26223J4

Lead of worm

Gashingangle=Tan 3 =

3.1416 x pitch dia of worm
Swivel the table at the right hand end for the worm having
R.H. thread and at left hand end for the worm having L.H.
thread. (Fig 5)

Fig 5

MA20N26223J5

Start the machine

Raise the vertical movement and feed gradually up to 0.1
mm less than the full depth. Set dial at ‘0’.

Lower the table and index for the next tooth.

Cut all the teeth by repeating the above two steps.

Remove the gashing cutter and mount the hob (similarin
shape and dimensions, with a bore to suit the arbor of the
milling machine.)

Swivel the longitudinal table to ‘O’ and remove
the dog carrier.

Start the spindle of the machine, raise the vertical feed up
to full depth and lock it in position.

Now the hob will drive the wormwheel and mill the teeth to
the exact form.

Apply enough lubricant at the point of meshing
to minimise heat and friction.

If suitable hobis notavailable, then usefinishing
tool up full depth immediately after’gashing’
over, and the table at swivelled position.
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Capital Goods & Manufacturing
Machinist - Advanced Milling

Exercise 2.6.224

Milling worm thread

Objectives: At the end of this exercise you shall be able to
* mount worm blank between centres using a driving dog on the dividing head
* mount universal milling attachment and swivel it to helix angle required
* arrange and set the dividing head using the gear tain for a required lead

* cut worm to the desired depth and lead.

128

22796

PITCH DIA = 35mm

MODULE = 2 R.H.

40

L QL S et

32 11

PRESSURE ANGLE = 20°

-0.010

2796 - 27 o020

Job sequence

Milling a worm

e Check the outside dia. of the worm blank dia. 39.0
mm.

* Mountuniversal milling attachment into the spindle
of a universal milling machine.

» Setthe spindle of the attachment at ‘0’(Zero) and its
axis parallel to the longitudinal travel of the table.

» Selectandmount agear cutter 2 module, cutter No.1
on the spindle of the attachment.

» Settheuniversalindex head and the foot stock onthe
table of the machine.

» Disengage the worm shaft fromthe wormwheel of the
index head by shifting the eccentric bush.

This is essential to mill worm thread with
short lead.

* Arrange the geartrain to link the spindle of the index
head and table feed screw for the lead of worm =6.28
mm (6.25 mm) nearest possible with standard set of
change gears.

PREMACHINED GEAR BLANK AS PER DRAWING

Lead of machine B Drivers

Lead of worm Drivens

5 40 64
-

6.25 100 32

Machine lead will be 5 mm if we connect the
feed screw and the spindle of the index head
through the gear train of 1:1 ratio.

Mount the job in between centres and align it.
Centralise the job with respect to the cutter.
Swivelthetable orattachment ofthe machine whichever
is convenient to 3°15' for right hand helix.

Give a depth of cut 4.5 mm by vertical feed.

Feed the job longitudinally slowly, gently and mill the
worm thread.

During feeding, ensure that the job is not
rotating within the dog.

Deburr the teeth with a smooth file.

Check the thickness of the tooth at pitch line
(3.14 mm) by a vernier gear tooth caliper in a plane
normal to the helix angle.

1 240 x 130

Fe310

2.6.224

NO.OFF STOCK SIZE SEMI PRODUCT

MATERIAL PROJECT NO. PART NO. EX. NO.

SCALE 111

i } MILLING WORM THREAD

DEVIATIONS +0.06 TIME

CODE NO. MA20N26224E1

321



Skill sequence

Cutting worm thread on universal milling machine

Objective: This shall help you to

e cut worm thread on worm blank/shaft using universal milling attachment.

Worms with single start threads are usually threaded on
tool room centre lathes. But when the number of starts
are more than four, and the lead of thread is beyond the
capacity of the lathe, then it is the usual practice to have
it done on a universal milling machine together with the
help of universal milling attachment. (Fig 1) To cutworm
threads on worm blank on universal milling machines
proceed as follows.

Fig 1

MA20N26224H1

Clean the working surfaces of the spindle bore of the
machine column and the table. Mount the universal milling
attachmentwith the spindle and the column ofthe machine.

Mount the worm blank on the mandrel and fix the mandrel
between the centres of the universal dividing head and foot
stock. Attach the driving dog/carrier.

Ensure that the dog/carrier will not foul any
stationary part of the attachment while cutting

operation is going on.

Arrange the index plate and sector arms to the required
number of starts.

Disengage the back stopper pin from the index
plate as the index plate has to be rotated

together with the index crank.

Ask your instructor in case of doubt while
mounting. Get the help of fellow trainees to lift
and mount the attachment. Follow personel

safety rules while lifting heavy attachments.

Set the spindle of the attachment at ‘0’ and its axis is
parallel to the longitudinal traverse of the work table.

(Fig2)

Selectand mountthe gear cutter of required DP or module
cutter number 1 always (i.e rack cutter).

Fig 2 WORK TABLE
////47 GEAR CUTTER

MA20N26224H2

Arrange a gear train for the required lead of worm thread
between the worm shaft and the feed screw.

(Lead of worm = pitch x number of starts)

Lead of machine _ Driving gears

Lead of worm Driven gears

Refer to the table of change gears for helical
milling supplied by the index head
manufacturers for the correct change gears
andtheirpositioninthetrain of gears. AlsoRefer
to Related theory on ‘worm’ calculation.

Ensure thatthe direction of rotation of the work
blank is in accordance with the hand of helix of
the thread when the table is traversed against
the cutter.

Calculate and determine the helix angle of the worm thread
to be cut.

nx PD
Lead

Tan helix angle 6 =

Align the worm-blank against the centre of the
gear cutter axis by adjusting the cross-slide.

(Fig 3)

Refer to Skill Sequence on ‘worm wheel’ milling
forthe direction of swivel of the table in case of
doubt.

Swivel the spindle of the attachment or the work table,
whichever is convenient to 90° minus helix angle in the
direction corresponding to the hand ofthreadie. RH or LH.

(Fig3)
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Fig 3

GEAR CUTTER

I
L

—
—1 L

MA20N26224H3

Runthe spindle atthe suitable r.p.m. for the given material
of the blank.

Raise the vertical movement and get the feel of the cutter
over the worm-blank. Set the graduated dial at ‘O’.

Bring the worm-blank to starting point by traversing the
table. Keep atleast 5 mm clearance between the cutter
and the face of the worm blank (Fig 4). Apply depth of cut
forroughig cut.

Fig 4

—— —=— 5.00mm

MA20N26224H4

Roughing cut is necessary when the pitch is
more than 2 mor 14 DP for roughing 3/4th of the
total depth of thread may be applied.

Commence milling the thread groove, by rotating the index
crank clockwise along with the index plate as in helical
milling. Apply enough cutting fluid at the point of cutting.
Continue feeding till the cutter clears the rear face of the
blank and stop the spindle. Reverse the feed and take back
the blank to the starting point.

Indexforthe nextthread/tooth, startthe spindle and mill the
next groove following the above sequence of operation.

Ensure thatthe worm blank and the dog are not
loosened onthe mandrel while taking roughing
cuts, because of cutting pressure.

Complete the roughing operation on all the thread grooves
by following the above working steps.

Apply full depth of cut (minimum should be 2.25 x M or
2.157/DP) and finish the 1stand 2nd groove.

Measure the thickness of the tooth by a gear tooth vernier
caliper at pitch line and at the plane normal to the helix.
(Fig 5) It should be 0.5 times of linear pitch.

Linear pitch = 3.1416 x Module or 3.1416/DP

; 2
Fig 5 /g

Pa -

CROSS SECTION
- ATN-N

MA20N26224H5

If necessary increase the depth of cut to correct the
thickness of the tooth, and then complete all the other
grooves, one by one, till all the teeth are of the same
thickness. Make it sure by checking with a gear tooth
vernier caliper.

Beware of “Backlash effect’ during reversal of
feed.

Remove the mandrel and deburr the rear face of the worm.
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