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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, by 2020 to help them secure jobs as part of the National Skills Development Policy. Industrial
Training Institutes (ITIs) 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, ITI syllabus
has been recently updated with the help of Mentor Councils comprising various stakeholder's viz. Industries,
Entrepreneurs, Academicians and representatives from ITIs.

The National Instructional Media Institute (NIMI), Chennai, an autonomous body under Ministry of Skill
Development & Entrepreneurship is entrusted with developing producing and disseminating Instructional
Media Packages (IMPs) required for ITIs and other related institutions.

The institute has now come up with instructional material to suit the revised curriculum for  Refrigeration
and Air Conditioning Technician  2nd Year (Volume - II of II) Trade Practical NSQF Level - 5 in
Capital Goods & Manufacturing Sector under annual pattern. The NSQF Level - 5 Trade Theory 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 - 5 trainees will also get the opportunities to promote life long learning and skill development.
I have no doubt that with NSQF Level - 5  the trainers and trainees of ITIs, and all stakeholders will derive
maximum benefits from these IMPs and that NIMI's effort will go a long way in improving the quality of
Vocational training in the country.

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

Jai Hind

Director General
Ministry of Skill Development & Entrepreneurship,

Government of India.

         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 Directorate
General of Training, 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.

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 ITIs.

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.

R. P. DHINGRA
Chennai - 600 032      EXECUTIVE DIRECTOR
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INTRODUCTION

TRADE PRACTICAL

The trade practical manual is intented to be used in practical workshop. It consists of a series of practical
exercises to be completed by the trainees during the course of  the Refrigeration and Air Conditioning
Technician  trade supplemented and supported by instructions/ informations to assist in performing the
exercises. These exercises are designed to ensure that all the skills in compliance with NSQF LEVEL - 5
syllabus  are covered.

This manual is divided into Six modules. The Six  modules are given below.

Hrs

Module 1 HVAC 100 Hrs

Module 2 Package A/C 100 Hrs

Module 3 Central Air Conditioning System 125 Hrs

Module 4 Central A/C (Indirect/chiller) 100 Hrs

Module 5 Mobile A/C 50 Hrs

Module 6 Commercial Plant Maintenance 25 Hrs

Project 25 Hrs

Total  525 Hrs

The skill training in the shop floor is planned through a series of practical exercises centred  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 there
is a scope for further improvement.   NIMI looks forward  to the suggestions from the experienced training  faculty
for improving the manual.

TRADE THEORY

The manual of trade theory consists of theoretical information for the Course of  the Refrigeration and Air
Conditioning Technician  2nd year (Volume II of II) Trade Theory NSQF LEVEL - 5 in Construction. The contents
are sequenced according to the practical exercise contained in NSQF LEVEL -5 syllabus on TradeTheory
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.

It will be preferable to teach/learn the trade theory connected to each exercise at least 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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LEARNING / OUTCOME

On completion of this book you shall be able to

SI.No. Learning /Outcome Refer Ex:No

1 Study psychrometric chart and measure psychrometric properties using 4.1.256 to
psychrometric, nemometer i.e. DBT, WBT, RH, air flow etc. 4.1.259

2 Perform servicing of motor and blowers used in different air conditioning 4.1.260 to
system. 4.1.261

3 Construct, install, pack thermal and acoustic insulation of different 4.1.262 to
air ducts. 4.1.267

Perform servicing and maintenance of different types of air filters.

4 Perform servicing, installation, fault diagnosis and remedial measures 4.2.268 to
on Package AC with Air cooled condenser. 4.2.271

5 Carry out servicing, installation, fault diagnosis and remedial measures 4.2.272 to
in Package A.C. with water cooled condenser. 4.2. 281

6 Identify various components of central AC, test electrical components and 4.3.282 to
make wiring. Servicing of A.H.U, damper, check air flow, De-scaling of 4.3.287
condenser and CT servicing.

7 Pump down the system, top up oil and gas and check temperature and 4.3.288 to
pressure. 4.3.291

8 Identify components of  DX system.Test components, make wiring of 4.3.292 to
dx system. Test leak and evacuate, gas charge the system and check 4.3.297
the performance. Maintenance, trouble shoot and operate the plant.

9 Identify the different part of VRF/VRV system, check and service VRF/VRV 4.3.298 to
system. 4.3.304

10 Identify different part of indirect or chiller system. Check components and 4.4.305 to
make wiring, leak test, evacuate and gas charge/ top up. Servicing the plant 4.4.309
and trouble shoot.

11 Identify chilled water pipe line. Servicing of dampers, FCU and water control 4.4.310 to
valves. 4.4.313

12 Troubles shoot of both central A.C. plant Dx and indirect system. Check 4.4.314 to
different control system, installation of other major components, servicing of 4.4.322
all parts including cooling tower and water treatment plant.

13 PerformServicing, fault diagnosis, repair and maintenance of mobile A.C. 4.5.323 to
leak test, evacuation, gas charging, check magnetic clutch and make wiring. 4.5.332
Test performance after start.

14 Perform Preventive maintenance of different plants. Maintain log book based 4.6. 333 to
on daily operation. 4.6.334
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SYLLABUS
 06 MONTHS

Duration
Reference
Learning
Outcome

Professional Skill
(with indicative hour)

Professional
Knowledge

256.Find out DBT, WBT, RH & other
properties by using psychrometric chart.
(15 hrs)

257. Use psychrometer. (10 hrs)

HVAC (Plant) – Introduction to
HVAC, Fundamentals of Central Air
Conditioning / HVAC plant,
requirements of comfort A.C, study of
psychometric terms, DBT, WBT, RH,
enthalpy, dew point, and specific
humidity. (09 hrs.)

258. Use Anemometers for measuring air
  flow. (15 hrs)

259. Use pitot tube for air flow measurement.
(10 hrs)

Types of Central air conditioning
(Direct and indirect system)
Construction, working, components,
faults, care and maintenance.(09 hrs.)

260.Service of fans and blowers used in air-
conditioning system. (15 hrs)

261.Service of motors used in air-
conditioning system. (10 hrs)

Description of blowers& fans, function
and types, static and velocity pressure
measurements.(09 hrs.)

262. Install Ducts. (05 hrs)
263.Construct Ducts as per duct layout

drawing. (06 hrs)
264. Insulate Ducts. (02hrs)
265. Longitudinal and transverse joints.

(07 hrs)
266. Service and maintain different filters.

(03 hrs)
267. Placing of filters. (02 hrs)

DUCT
Function, types, materials, duct
designing, duct insulation, properties
of insulating materials ‘K’ factors,
Acoustic insulation, air distribution
methods, air flow, AHU,FCU, fan,
blower.

AIR FILTERS
Function of air filters, types,
construction, maintenance,effect of
chocked Air filter, Hepa filters. (09 hrs.)

268. Identify various components of Package
AC (with Air Cooled Condenser).
(14 hrs)

269. Identify Electrical circuit of Package AC
(with Air Cooled Condensers). (14 hrs)

270. Leak testing, evacuation, gas charging.
(14 hrs)

271. Commissioning and trouble shooting.
(08 hrs)

PACKAGE AC (with Air Cooled
Condenser)
Study the Package AC (with Air
Cooled Condensers), its Construction
and working principle, types, trouble
shooting. (18 hrs)

Professional
Skill 50
Hrs.;

Professional
Knowledge
18 Hrs.

Study
psychrometric
chart and measure
psychrometric
properties using
psychrometric,
nemometer i.e.
DBT, WBT, RH, air
flow etc.

Perform servicing of
motor and blowers
used in different air
c o n d i t i o n i n g
system.

Professional
Skill 25
Hrs.;
Professional
Knowledge
09 Hrs.

Professional
Skill 25
Hrs.;
Professional
Knowledge
09 Hrs.

Construct, install,
pack thermal and
acoustic insulation
of different air
ducts.

Perform servicing
and maintenance of
different types of air
filters.

Perform servicing,
installation, fault
diagnosis and
remedial measures
on Package AC
with Air cooled
condenser.

Professional
Skill 50
Hrs.;
Professional
Knowledge
18 Hrs.

Professional
Skill 50
Hrs.;
Professional
Knowledge
18 Hrs.

Carry out servicing,
installation, fault
diagnosis and
remedial measures
in Package A.C.
with water cooled
condenser.

272. Identify various components of package
AC, Water cooled condenser. (03 hrs)

273. Electrical circuit of package AC. (05 hrs)
274. Descale the Water cooled condenser.

(05 hrs)
275. Leak testing, evacuation, gas charging.

(07 hrs)
276. Trouble shooting. (05 hrs)

PACKAGE A.C WITH WATER
COOLED CONDENSER
Study Package AC, types,
construction and working principle,
trouble shooting, and various
applications. Duct system, AHU.Care
and maintenance, installation
method.(09 hrs.)
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Professional
Skill 25
Hrs.;
Professional
Knowledge
09 Hrs.

Identify various
components of
central AC, test
e l e c t r i c a l
components and
make wiring.
Servicing of A.H.U,
damper, check air
flow, De-scaling of
condenser and CT
servicing.

277. Identify various components of split
package AC. (06 hrs)

278. Electrical circuit of split package AC.
(05 hrs)

279. Testing components. (02 hrs)
280.Leak testing, evacuation, gas charging.

(10 hrs)
281. Installation and trouble shooting.

(02 hrs)

SPLIT PACKAGE
Construction and working principle,
types, Study various electrical and
mechanical components, trouble
shooting. (09 hrs).

282. Identify various components of central
AC plant. (03 hrs)

283. Electrical circuit of central AC plant.
(03 hrs)

284. Testing components, gas charging.
(08 hrs)

285. Servicing AHU including fire dampers.
(04hrs)

286.Checking airflow, damper, temperature
and pressure. (03hrs)

287.De-scaling condenser and cooling
tower. (04 hrs)

CENTRALISED/ INDUSTRIAL
AIRCONDITIONING.
Construction and working principle,
types, maintenance of Industrial Air-
conditioning plant. Humidification and
dehumidification methods. AHU,
description of FCU (09 hrs).

Professional
Skill 25
Hrs.;
Professional
Knowledge
09 Hrs.

Pump down the
system, top up oil
and gas and check
temperature and
pressure.

288. Pump down gas from central AC plant.
(05 hrs)

289. Add oil to compressor. (02 hrs)
290. Top up gas to the central AC system.

(16 hrs)
291. Check temperature and pressure

control. (02 hrs)

Temperature and pressure controls
used in AC plant, its construction,
working, safety devices, cooling
towers, piping lines. (09 hrs).

Identify components
of  DX system. Test
components, make
wiring of dx system.
Test leak and
evacuate, gas
charge the system
and check the
p e r f o r m a n c e .
M a i n t e n a n c e ,
trouble shoot and
operate the plant.

Professional
Skill 25
Hrs.;
Professional
Knowledge
09 Hrs.

292. Identify various components of direct
expansion type central AC plants.
(05 hrs)

293. Electrical circuit of direct expansion type
central AC plants. (05 hrs)

294. Testing components. (02 hrs)
295. Leak testing, evacuation, gas charging.

(05 hrs)
296. Trouble shooting. (03 hrs)
297. Operation & Maintenance of central AC

plants. (05 hrs)

DIRECT EXPANSION SYSTEM
Study Direct expansion system.
Operation & Preventive Maintenance
Schedule of central AC plant. Maintain
log book for daily operation. (09 hrs).

VRF / VRV system – description and
function of different parts. Details of
piping have and controls system,
Common reason for error code, types
of ODU and IDU. (18 hrs).

Identify the different
part of VRF/VRV
system, check and
service VRF/VRV
system.

298. Identify VRF / VRV system. (05 hrs)
299. Check and service VRF / VRV system.

(10 hrs)
300. Connect master unit and IDU.(10 hrs)
301. Identify the location of ODU.(02 hrs)
302. Identify the size of piping’s and laying

work.(10hrs)
303. Check control system.(10 hrs)
304. Identify error code.(03 hrs)

Professional
Skill 50
Hrs.;
Professional
Knowledge
18 Hrs.

Professional
Skill 25
Hrs.;
Professional
Knowledge
09 Hrs.

Identify different part
of indirect or chiller
system. Check
components and
make wiring, leak
test, evacuate and
gas charge/ top up.

305.Identify various components of indirect
expansion type central AC plants.
(05 hrs)

306. Electrical circuit of indirect expansion
type central AC plants. (10 hrs)

307. Testing components. (03 hrs)
308. Leak testing, evacuation, gas charging

INDIRECT/CHILLER SYSTEM
Study central station AHU and FCU,
Air washers used in chilled water
system, understanding lay out,
modulating valves for temperature
control. Expansion valves & other
related control – description and
function. (09 hrs).
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/ top up gas.(05 hrs)
309. Trouble shooting. (02 hrs)

Servicing the plant
and trouble shoot.

Professional
Skill 25
Hrs.;
Professional
Knowledge
09 Hrs.

Study of Humidification&De-
humidification. Humidifiers &De-
humidifier's. Humidity control. Use of
hygrometer. (09 hrs)

Identify chilled
water pipe line.
Servicing of
dampers, FCU and
water control valves.

310. Insulate chilled water piping’s. (08 hrs)
311. Servicing of FCU and water control

valves. (12 hrs)
312. Mixing dampers. (03 hrs)
313. Bypass dampers checking. (02 hrs)

Professional
Skill 50
Hrs.;
Professional
Knowledge
18 Hrs.

Troubles shoot of
both central A.C.
plant Dx and
indirect system.
Check different
control system,
installation of other
major components,
servicing of all parts
including cooling
tower and water
treatment plant.

314. Servicing and trouble shooting of direct
expansion AC plants. (07 hrs)

315. Servicing and trouble shooting of indirect
expansion AC plants. (10 hrs)

316. Erection of commercial type condensing
unit. (05 hrs)

317. Vibrating eliminator, water proofing
insulation. (03 hrs)

Construction and study of commercial
A.C plant, package chillers, screw
chillers, reciprocating chillers. (09 hrs).

318. Check different controls used in
central AC system. (07 hrs)

319. Trouble shooting of central AC.
(12 hrs)

320. Install compressor and other
components. (03 hrs)

321. Electrical wiring in central AC. (04 hrs)
322. Estimate the capacity of AHU, CFM of

air andFind the tonnage of cooling &
heating load effect in a duct based AC.
(05 hrs)

Controls used in AC system,
Electromechanical, pneumatic and
electronic.

Detail study of heat load calculation
for commercial and industrial buildings.
(09 hrs).

Professional
Skill 50
Hrs.;
Professional
Knowledge
18 Hrs.

PerformServicing,
fault diagnosis,
repair and
maintenance of
mobile A.C. leak
test, evacuation,
gas charging, check
magnetic clutch and
make wiring. Test
performance after
start.

323. Repair and maintenance of bus AC
system. (05 hrs)

324. Servicing and testing magnetic clutch
operation. (05 hrs)

325. Compressor overhauling. (05 hrs)
326. Leak testing, evacuation, gas charging,

oil charging. (05 hrs)
327. Testing wiring system. (05 hrs)

328. Repair and maintenance of train AC
system. (14 hrs)

329. Leak testing, evacuation, gas charging.
(05 hrs)

330. Checking air flow. (02 hrs)
331. Measure temperature and pressure.

(02 hrs)

332. Check solenoid valve. (02 hrs)

333. Study/execute repair of different
commercial units at site. (13 hrs)

334. Study/execute preventive maintenance
of different commercial units at site.
(12 hrs)

Professional
Skill 25
Hrs.;
Professional
Knowledge
09 Hrs.

Project Work/ Plant Visit : -
Broad area:

a) Central AC plant visit where direct chilling system available.
b) Central AC plant visit where indirect chilling system available.
c) Survey a heat load of a commercial/industrial building.
d) Make a duct for central A.C

MOBILE AC (Bus, train)
Study the refrigeration cycle in
automobile AC, its Construction,
working of bus AC, Magnetic clutch
operation, freewheeling (de engaging
clutch). Refrigerants used HCFC-22,
HFC-134a, HFOs, blends of HFCs and
HFOs.

Construction & working of train AC and
its operation. Trouble shooting in train
A.C.(09 hrs).

Planning for Preventive maintenance
and scheduling of maintenance
activities in large AC and Refrigeration
plant. (09hrs).

PerformPreventive
maintenance of
different plants.
Maintain log book
based on daily
operation.
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Capital Goods & Manufacturing Exercise  4.1.256
R&ACT- HVAC

Identify DBT, WBT, RH & other properties by using psychrometric chart
Objectives: At the end of this exercise you shall be able to
• read psychrometric chart
• calculate DBT,RH,WBT Dew point temperature, moisture content, specific volume , enthalpy using psychro-

metric chart.

Requirements

Tools/ Instruments

• Plastic rule 300mm - 1 No.

Equipments/ Materials

• Psychrometric chart

PROCEDURE

TASK 1 : Practice of reading psychrometric chart (Fig 1)

1 Trace out DBT, WBT line.

2 Trace out specific volume & R.H line.

3 Trace out enthalpy line

4 Find out dew point & moisture content line.

TASK 2 : Calculate DBT, RH, Dew point temperature, Moisture content, Specific volume, Enthalpy using
psychrometric chart (Fig 2)

1 Apply Ex 257, average indoor data of DBT & WBT.

2 Find out the intersection point.

3 Find out RH, specific volume and record in sheet - 1.

4 Find out dew point temperature, moisture content &
record in record sheet - 1.

5 Find out enthalpy & record in record sheet -1.

NOTE : This exercise may be done after
Ex.No 4.1.257

Record Sheet - 1

 S.No.        Location           DBT WBT  R.H. D.Point      S.Volume   S.Enthalpy     M.contain

1       In door data



2 CG & M: R&ACT (NSQF Level - 5) - Exercise 4.1.256
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Capital Goods & Manufacturing Exercise 4.1.257
R&ACT - HVAC

Measure DBT & WBT
Objectives: At the end of this exercise you shall be able to
• set the psychrometer to measure
• measure DBT & WBT at out door
• measure DBT & WBT at in door
• measure DBT & WBT at supply and return.

Requirements

Tools/ Instruments

• Sling psychrometer fitted with thermometer in
fahrenheit scale / centigrade scale

Equipment/ Materials

• Cotton piece
• Condition close room

PROCEDURE

TASK 1 : Set the sling psychrometer (Fig 1) for measuring

1 Clean sling psychrometer with clean cloth

2 Check sling psychrometer respecting physical damage
of case and thermometer.

3 Check free movement of sling psychrometer by holding
and rotating handle.

TASK 2 : Measure DBT & WBT at our door (Fig 2)

1 Set thermometer reading with your sight angle.

2 Fill water in wet bulb thermometer port and check wick/
cloth wetted the bulb of thermometer.

3 Protect dry bulb thermometer from direct radiation.

4 Hold handle firmly.

5 Walk and rotate sling psychrometer in open area.

6 Stop rotating sling psychrometer after few minute.

7 Note down WBT at first, then DBT.

TASK 3 : Measure DBT & WBT at in door

1 Set thermometer reading with your sight angle.

2 Hold handle firmly.

3 Walking and rotating sling psychrometer inside the
room take reading in five spot.

4 Note down WBT at first, then DBT.

5 Record all the reading in record sheet.- 2
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TASK 4 : Measure DBT & WBT of supply air and return air

1 Set thermometer reading with your sight angle.

2 Hold handle firmly,

3 Place sling psychrometer thermometer bulb on supply
air inlet.

4 Note down WBT & DBT with out disturbing position of
sling psychrometer.

5 Record all the reading in record sheet.-2

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.1.257

Record Sheet - 2

S.No. Location DBT WBT Average

    DBT   WBT

1 Outdoor      X      X

2 Indoor east

3 Indoor west

4 Indoor north

5 Indoor south

6 Supply grill right side

7 Supply grill middle

8 Supply grill left

9 Return grill right

10 Return grill middle

11 Return grill left
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Capital Goods & Manufacturing Exercise 4.1.258
R&ACT - HVAC

Measuring air flow use anemometer
Objectives: At the end of this exercise you shall be able to
• practice by using anemometer
• measure air flow and velocity.

Record sheet 1

SI. No. Time Reading in m/s
Switch ON Holding

1

2

3

    Record sheet 2

Location Anemometer reading Average reading

1

2

3

4

Requirements

Tools/Instruments

• Connector screw driver - 1 No.
• Double end spanner - 1 Set
• Combination plier - 1 No.

Equipment/ Materials

• Vane type anemometer - 1 No.
• Fan delivering air - 1 No.

PROCEDURE

TASK 1 : Practice by using of anemometer

1 Take out the anemometer from its cover.

2 Read carefully the instructions given in the instruction
manual.

3 Understand about the use of every switches provided
in the anemometer.

4 Switch on the anemometer control unit and observe
the reading shown by it.

5 Place the vane unit against any air flow and observe its
rotational speed.

6 Complete the record sheet - 1 by noting down the
reading from the control unit after holding the vane unit
at different fan or blower outlets.

7 Switch off the control unit.

8 Place the control unit and vane unit safely into the
anemometer box.

TASK 2 : Measure air flow and velocity using anemometer
1 Take out the anemometer from the cover.

2 Switch on the control unit of the anemometer and
observe the reading shown by the monitor.

3 Select the number of points (Locations) against which
the vane unit to be placed.

4 Hold the vane unit against each selected location where
air flow is taking place.

5 Note down the reading shown by the control unit and
record it in to the record sheet. - 2 Find out average
reading.

TASK 3 : Measure the air flow and velocity with anemometer. (wide mill type)

Dial (A) large dial scale reads air flow  upto 50mts/sec.

Dial (B) Scale reads 50 mts/sec graduations. (Fig 1)

Dial (C) scale reads 500 mts/sec.

1 Place it carefully in the air stream at right angles to air
flow. (Fig 2)

2 Watch the constant speed, reaches within a minute.

3 Trip the registering mechanism.

4 Start a stop watch at the same time.

5 Record the reading and the time

6 Compute the velocity of the air in mts/sec for the data
obtained.
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Example : If the reading is 75 mts for 1/2 min, then  for
1 minute = 150 mts/min.

7 Take several readings, then compute the average to
ensure accuracy.
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Capital Goods & Manufacturing Exercise 4.1.259
R&ACT - HVAC

Measure the air flow using pilot tube
Objectives: At the end of this exercise you shall be able to
• measure the air pressure with pitot tube.

Requirements

Tools/ Instruments

• Double ended spanner (10/12”) - 1 Set
• Combination plier - 1 No
• Screw driver (150mm) - 1 No

PROCEDURE

TASK 1 : Measure the air pressure with pitot tube and flow meter

1 Adjust the leveling screws till the manometer is in level,
if necessary place a sprit level on the top of the body.
(Fig 1)

2 Set the gauge to zero, by adjusting the amount of fluid
allowed to remain in the reservoir

When using the pitot tube, it is important to
anticipate which pressure sensing part will see
the greater pressure and always have the greater
pressure pushing the fluid down the scale.

3 When hooked up backwards the liquid will pour out,
Insert one end of the tube in the direct and the other
end of the connection should be opened to
atmosphere.

The tube should face the air flow direction,
then the liquid will shift in the scale

Equipment

•   Pitot tube - 1 No.

4 Wait till the liquid is stable in one place, then read the
scale.

5 Note the static pressure obtained in the pressure of air
in the duct with respect to atmospheric air.
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Capital Goods & Manufacturing Exercise 4.1.260
R&ACT - HVAC

Service of fans and blowers used in air conditioning system
Objectives : At the end of this exercise you shall be able to
• service and maintain fans (blowers) in AHU (Air Handing Units)
• service and maintain fan in FCU (Fan Coil Units)
• service and maintain blowers for air-circulation at air-washers.

Requirements

Tools

• Double and spanner - 1 Set
• Ring spanner - 1 Set
• Wrench adjustable, length 150mm - 1 Set
• L-Allen key set, size 1.5 to 6.4mm - 1 Set
• Screw drivers, 6mm tip, length 150mm

10 mm tip, length 250 mm - 1 No.
• Air blower (Hand set) - 1 No.

Equipments

• Central A/C plant’s (5 TR)
• Air handling unit - 1 No.
• Fan coil unit - 1 No.

• Air-washer - 1 No.

Materials/Instruments

• Clean cloth - as reqd.
• Nylon brush - as reqd.
• Grease (As recommended) - as reqd.
• Grease gun - 1 No.
• Velometer - 1 No.
• Psychrometer - 1 No.
• Drive belts according to the size - as reqd.
• Tong tester - 1 No.

PROCEDURE

TASK 1: Service and maintain blower fan in AHU

1 Stop the plant with sequence and the AHU after getting
clearance from your instructor.

2 Open the blower - fan compartment (Housing)

3 Remove the guard and check the belt tension, (if it is
belt driven)

4 Tighten the adjustment bolts and bring the belt to
normal tension.

5 Check and tighten the base bolts and fan hub locking
nut.

6 Change the new belt, If  the belts are found worn out or
too loose (same no.of belt) change the new belt.

7 Lubricate the fan-motor with recommended lubricant.

8 Lubricate the blower bearings and the shaft end bearings
as per manufacturer’s manual.

9 Wipe the blades of the blower gently with clean cloth.

10 Rotate the blower manually and check for free rotation,
then assemble the housing (compartment).

11 Start the unit and check the current taken by blower
motor is normal.

12 Check the air-velocity is correct as per requirement.
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TASK 2: Service and maintain fan in Fan Coil Unit (FCU)

1 Stop the unit after getting clearance from instructor.

2 Dismantle the fan-motor compartment.

3 Wipe the fan, motor, clean the filters, coils-fins.

4 Lubricate the motor and fan as recommended.

5 Check the fan’s hub locking screw (nut) and base bolts
and tighten it.

TASK 3: Service and maintain blowers in air circulation at air-washer

6 Rotate the fan manually, check for free rotation.

7 Wipe the total unit with clean cloth and assemble the
cabinet.

8 Start FCU, check for the fan motor current with tong
tester is normal, and check the air-velocity also.

1 Stop the air-washer unit after getting clearance from
instructor.

2 Open the service door of the air washer and dismantle
the housing of the blower unit.

3 Use air blower (Hand machine), blow and clean the
blower, blades and wipe the motor.

4 Remove the guard, check the tension of the belts
tighten it if found loose.

5 Check the drive pulleys fittings, tighten the bolts and
nuts of the base.

6  Replace total number of belts of same size, If the belts
are worn out or too loose that cannot be adjusted in
tightening.

7 Lubricate motor & bearings of the shaft with appropriate
lubricants.

8 Wipe and clean totally and assemble the housing.

9 Start with low speed setting and check if there is any
bearing noise.  (If the bearings are noisy stop the unit
and replace a new one of the same kind)

10 Check and clean the filters, spray nozzles and sump.

11 Start the unit after closing the service door properly.

12 Check the air velocity  and humidity and record it.

13 Run the plant, after one hour of operation record the
readings.

Record sheet
Table 1

Equipment Fan motor Air velocity Humidity

AHU

FCU

Air washer

Equipment :

No.of Belts changed :

Equipment :

Replaced bearing details :

Remarks :

Trainee : Instructor :

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.1.260
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Capital Goods & Manufacturing Exercise  4.1.261
R&ACT - HVAC

Service of motor used in air - conditioning system
Objectives: At the end of this exercise you shall be able to
• check bearing of fan and blower motor
• oiling and greasing the bearing
• fit fan and blower unit with motor and check the motor performance
• energize the motor and check its performance.

Requirements

Tools/Instruments

• Grease gun - 1 No.
• Adjustable spanner - 1 No.
• Oil gun - 1 No.
• Clamp meter - 1 No.
• Screw driver set - 1 No.
• Combination plier - 1 No.
• Nylon hammer - 1 No.
• Double end spanner set - 1 No.

• Bearing puller - 1 No.
• Blower with motor assembly - 1 No.

Equipment/ Materials

• Fan with motor assembly - 1 No.
• Grease
• Oil
• Cotton waste

PROCEDURE

TASK 1 : Check bearing of fan and blower motor

If the rotor is hitting the stator, bearings are
worn out and must be replaced.

1 Lightly touch the end of the rotor shaft of motor with a
wooden stick.

2 Run the motor.

3 Keenly watch the movement of wooden stick.

If the stick is moving back and forth then
bearing  play can be assumed as extreme limit.

4 Remove the bearing from the rotor shaft by using a
bearing puller.

5 Hold the bearing in hand with one finger insert into
the centre sleeve of the bearing.

6 Rotate freely and check the noise and ovality in
rotation.

7 Fix the inner sleeve in an wooden sticks and apply
tangential force on outer sleeve and check the play of
the outer sleeve.

8 Replace the bearing with new one. (Fig 1 & Fig 2), if
play is showing.

Fig 1

M
R

N
41

26
1H

1
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TASK 3 : Fit the fan and blower unit with motor and check the motor performance

1 Clean the motor shaft with soft emery paper to get a
smooth surface.

2 Wipe the shaft surface with clean cotton cloth.

3 Inspect the fan and blower fan leaves separately for
any type of deflection or bend.

4 Rectify it with moderate pressure manually, if more
deflection of fan leaf angle is found.

5 Gradually pass the fan leaf hub hole over the motor
shaft up to the set screw position (Flat portion created
on the shaft)

6 Fix the set screw in position and tight it with screw
driver.

7 Rotate the fan/blower and check for noise, ovality in
motion.

8 Connect the motor terminal loads to the electric supply
board with voltmeter and ammeter.

9 Switch on the supply and observe the starting and
running current drawn by the fan.

10 Also check the air velocity by using anemometer and
furnish the record sheet.

TASK 2 : Oiling and greasing of fan and blower motor

1 Check the bearing for its good working

2 Measure the clearance between rotor and stator and
it varies from 0.015 inch to 0.030 inch depending on
the size of the motor.

3 Check the grease cover or cap of the shaft bearing, If
enough grease is not in the grease cap then apply
sufficient amount of grease by a grease gun.

4 Use a high grade ‘medium’ grease in grease gun.

5 Pour oil towards the necessary spots by using an oil
gun and use a medium viscocity non detergent oil such
as SAE 20 or SAE 30 (200 to 300 viscocity)

SI. No. Fan/Blower Number of Type of Starting Running Air velocity Noise Level
motor name leaves bearing current current      m/s
plate details and its used                       Low  Medium  High

alignment

1

2

3

4

Record sheet

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.1.261
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Capital Goods & Manufacturing Exercise 4.1.262
R&ACT - HVAC

Install plenum, main trunk line, branch runs & air duct
Objectives : At the end of this exercise you shall be able to
• install plenum
• install main trunk line
• install branch runs
• install return air duct.

Requirements

Tools/Instruments

• Hammer (250gm) - 01 No
• Mallet - 02 Nos.
• Screw driver (50 mm,300mm) -1 No.each.
• Straight snip -1 No.
• Bent snip -1 No
• Rack saw -1 No

Materials

• Sheet metal screw - As reqd.
• Metal hangers - As reqd.

Equipments

• Drill machine (Hand drill) -1No.
• Drill bit -1No.

(as per requirement choose the diameter)
• Duct, pipe and fittings.

PROCEDURE

TASK 1 : Install plenum

1 Assemble custom plenum :

a Assemble 3 panels together by sliding the flat edge
in to the slots.

b Insert top panel into position

c Place final slide panel into position.

d Secure with sheet metal screw along edges.
(Fig 1)

2 Assemble universal plenum :

a Determine the appropriate dimensions

b Trim necessary panel to fit dimensions

c  Assemble side plenums.

d Secure with sheet metal screws.

e Position and secure the top panels. (Fig 2)

3 Assemble the supply plenum to blower discharge of
the AHU (Fig 3a)

a Secure the supply plenum with the AHU

b Attach the supply duct with air handler by a supply
face adapter.

c Align the holes of the adapter with the holes of the
supply outlet on the unit.

d Mount the adapter with sheet metal screws.

e Attach the plenum to the adapter by inserting it
over the collar.

f Use equally spaced sheet metal screws to secure
duct to the collar and then tape around the seam
with aluminium tape.

g Wrap the fiber glass blanket duct insulation around
the adapter and seal with aluminium tape.
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NOTE: Attach a canvas between the supply plenum and air handler to absorb vibration by joint frames.

TASK 2 : Install Main trunk line

1 Attach a starting collar to the supply plenum

a Cut hole in the plenum to match dimensions of the
fitting.

b Position the fitting in the plenum hole, fold back
tabs of fitting to secure into position. (Fig 3b)

2 Secure main trunk line to the starting collar.

NOTE: Rectangular duct in mostly used due to
its ease of installation.

3 Assemble rectangular duct:

a Place one half on the plate on the floor

b Position the second half on the top of the first half.

C Line up the edges and slide the tongue and groove
into position. (at one end)

d Secure in place by gently tapping the edges with a
hammer (250gm) or mallet. (Fig 4)

e Connect two section of assembled duct with "S"
and drive cleats.

NOTE: "S" and drive cleats are metal
attachment connectors that help to assemble
the top and bottom sides and the left and right
sides.

f Assemble the remaining of the predetermined
amount of duct incorporating transition/reducer at
points where a collar is to be installed.

g Install a rectangular end cap to half the air flow at
the end of the duct run. (Fig 5)

h Fasten the duct to the ceiling opening using metal
hangers or other appropriate fasteners.

NOTE: Avoid as many turns in the main trunk
as possible.

TASK 3: Install branch runs

1 Install necessary boot or fittings into the predetermined
supply air outlet location.

2 Attach a top collar or side collar to the main trunk line.
(The  collar required will vary by each installation)
(Fig 6)

3 Cut the appropriate opening in the main trunk line and
secure the collar into position. Most collars are
manufactured with tabs that are used to secure the
fittings. (Fig 7)

4 Attach galvanized round pipe or other appropriate duct
to the collar. Secure using sheet metal screws.
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5 Attach the second end of the pipe to the fitting in the
supply outlet location. (Fig 8)

NOTE

a In colder climates, the supply air should be
located on the floor near an outside wall,
preferably under a window in order to
minimizes drafting.

b  In warm climates, the supply air register
should be located on the ceiling, for
optimum air conditioning performances.

TASK 4: Install return air ducts

1 Install the return air elbow to the return air opening in
the Air handler. (may have to cut out the return air
opening)

2 Using slips and drives, connect on section of duct to
elbow.

3 Continue by connecting the second piece of duct.

4 Complete the installation by installing the collar fitting.

5 Locate and install the return air intake grille. The grilles
should be in low traffic areas on an inside wall. Attach
an air filter at the return air opening.

6 Join the return air grille and the return air assembly.

7 Insulate the inside of the duct with acoustical insulation.
(Fig 9)
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Capital Goods & Manufacturing Exercise 4.1.263
R&ACT - HVAC

Construct ducts as per duct layout drawing
Objectives : At the end of this exercise you shall be able to:
• check and identify duct material
• measure and fabricate as per duct drawing
• connect the duct with the A/C unit to the conditioned room.

Requirements

Tools / Instruments

• Centre punch 150mm - 1No.
• Scissor - 1No.
• Jumper - 1No.
• Knife folder SS. 150mm - 1No.
• Pop rivet gun - 1No.
• Hand drilling machine - 1No.
• Drill bit set - 1No
• Sheet metal snipper - 1No.
• Steel scale length 150cm - 1No.
• Hammer nylon 300 gram wt - 1No.
• Pencil and marker - 1No.
• 1/4” bolts and nuts - as reqd.
• Anemometer - 1No.
• Manometer - 1No.

Equipments

• Package Air conditioner - 1No.

Materials

• Aluminium sheet or G.I sheet
(Thickness and quantity as required)

• Duct hangers and clamps - as reqd.
• Rivets and self threaded screws - as reqd.
• Canvas cloth - as reqd.
• Insulation materials and covering cloth - as reqd.
• Gasket covering duct joints - as reqd.
• “L” angle supports - as reqd.
• Dampers, diffusers grills - as reqd.

PROCEDURE

TASK 1 : Check and identify duct material

1 Choose which type of metal sheet is suitable for duct,
to the particular A/C unit (Aluminium or G.I. sheet).

2 Check the thickness and choose the sheets as per
A/C manufacturer’s recommendation.

3 Determine the shape of the duct whether round of
rectangle.

TASK 2: Measure and fabricate as per duct drawing

1 Measure the route of the duct work and prepare duct
drawing.

2 Calculate the  number of sheets need to fabricate.
(Always try to take duct in direct as possible to limit
the length of the frictional loss)

3 Minimise the number of bends in duct route, make
elbows as per correct measurement.

4 Cut the sheet metals according to your design and
shape  of the duct.

5 Fold it, press to get the shape and length as  per duct
drawing.

6 Make the joints with rivets or bolts and nuts whichever
applicable.
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TASK 3 : Connect duct system with package A/C to conditioned room

1 Cut the canvas to the correct measurement to connect
blower outlet to duct inlet, to eliminate the vibration.

2 Keep the canvas in position and tighten both the joints
with nut and bolts.

3 Make arrangement for the hangers to hold the duct
lines.

4 Fix the duct arrangements one by one and connect
the joints with gaskets (felts), tighten with nut and bolts
fix the dampers wherever necessary.

5 Fix the “L” angles wherever necessary to support the
duct lines and make it to hang by hangers.

6 Bring the final end of the duct line on top  of the room
ceiling and cover it with blind, cover the duct with
insulations in nono-conditioned areas.

7 Connect the duct branches to the diffusers to distribute
the air supply to the room.

8 Check the passage on false celling for return air facility
to the plant.

9 Check the air velocity to the main outlet and to the
branches, and even static pressure of the conditioned
room.

10 Record all the details in record sheet - 1 & 2.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.1.263

Record sheet - 1
Materials and component used for duct system

M Canvas   G.I Sheets Gasket materials No.of dampers, diffusers and grills
A   Qty       Qty           Qty
T
E
R
I
A
L

D
E
T
A
I
L
S

Time taken :
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Record sheet - 2
Air velocity in various check points

Blower router Branch Branch Branch Branch Room static pressure
      1     2     3     4

Remark

Trainee Instructor
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Capital Goods & Manufacturing Exercise 4.1.264
R&ACT - HVAC

Insulate ducts
Objectives : At the end of this exercise you shall be able to:
• select different insulating material based on their physical properties
• insulate ducts with glass wool
• insulate ducts with foam spray
• insulate ducts with foam sheet
• insulate ducts with expanded  polystyrene (Thermocole).

PROCEDURE

TASK 1 : Select different insulating material based on their physical properties.

1 Identity various types of duct insulting materials like
Glass wool, Cork, Thermocole, PUF, Fiber glass, Foam
sheet etc, by taking the help of Instructor.

2  Note down the physical properties of the below
mentioned insulating materials in Table - 1 consulting
with the Instructor.

3 Identify and note down the physical property,
permanence or water vapor transmission rates of vapour
retarders/barrier with the help of Instructor.

Requirements

Tools/Instrument

• Double ended spanner set 8 to 22 - 1 Set.
• Ring spanner set 5 to 22 - 1 Set.
• Wrench adjustable 150 mm - 1 No.
• Screw driver 6mm x 150mm - 1 No.
• Snipper sheet metal - 200mm
• Scissor - 1 No.
• Knife folded - 1 No.

Equipments

• Pre-fabricated ducts.

Materials

• GI sheet 22 SWG size 5x4" - as reqd.
• Foil-faced fiber glass - as reqd.
• Bitumen - as reqd.
• Glass wool - as reqd.
• Chicken wire - mesh - as reqd.
• Foam sheet/ Foam tool kit - as reqd.
• Thermocole 20mm thick - as reqd.
• Vapour retarder - as reqd.

SI.             Vapour retarders Permanence
  No of /m2/24h/

mm/kg

1 Bitumen coat

2      Aluminium foil

3      Advanced blythylene

4      Chlorinated rubber paints

5      Flat oil paints

Table - 1

SI . Insulating Density Thermal Temperature    Permanence of / Water absorption
No (kg/m3) Conductivity range of    m2/24h/mm of Hg % by wt in 24hr

(K) application (°C)

1 Polyurethene

2 Thermocole

3 Fibre glass

4 Cork

5 Foam concrete
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TASK 3: Insulate the ducts using spray foam

5 Open the valves on the tanks by turning them counter
clockwise so that the insulation foam can flow through
the spray nozzle

6 Hold the spray nozzle about 12 to 16 inches away
from the duct wall.

7 Spray the foam with a back-and-forth motion.

8 Not apply to much insulation at one spot

9 Apply a thin layer of about 2 inch of foam insulation for
it to be effective.

10 Allow the foam insulation to dry for about 20 to 30
minutes.

11 Inspect the duct wall for missed spray spots.

TASK 4 : Insolate the ducts using ready made foam sheet

1 Make sure that a spray foam  insulation kit with
insulating chemical tanks, nose pipes and spray bottle,
with adequate instruction material are ready

2 Check the temperature of the insulation kit tanks to
make sure that they are in proper temperature range.
Normally the tanks should be between 65 to 85 degree
Fahrenheit.

3 Clean the duct area to be insulated. Remove any dust
and defines with a broom or a vacuum cleaner. Also
wipe down the surface of the walls and studs with  a
damp cloth to remove cob webs and dust.

4 Space connect  the spray hose to the tank (insulation).

1 Thoroughly clean the surface  to be insulated.

2 Mark the measurements of  the surface to be insulated
on the sheet.

3 Cut the required site out of the foam sheet roll.

4 Apply contact adhesive to the insulation surface and
to the duct surface.

5 Insulate lower surface of the duct first, then the side
walls and lastly the top.

6 Use contact adhesive to join the edges of the foam
sheet together.

TASK 5 : Isulate the ducts using expanded polystyrene (Thermocole)

1 Coat the duct surface uniformly with bitumen.

2 Stuck the thermocole of 20mm thickness with the
coating.

3 Do not use separate vapour barrier, as bitumen coating
acts as one.

4 Finish the insulating with cement and plaster or metal
cladding.

Caution :

1 Foam insulation is highly flammable and
release toxic smoke, if catches fire.

2 Always use goggles and gloves while laying
glass wool as insulation.

TASK 2 : Insulate ducts using glass wool as insulation

1 Cement the duct joints before insulating .

2 Check the ductwork for leaks, and repair any that found.

3 Check for proper supply and return air temperatures.

4 Check for proper air pressure.

5 Check if there is any chance of moisture condensation
on the duct.

Take greater care if moisture condensation can
occur incase of glass wool insulation.

6 Insulate the duct with glass wool, if there is no chance
of moisture condensation.

7 Apply a uniform coating of bitumen or a solvent tree
adhesive compound to the duct surface.

8 Stuck the glass wool to the coated surface.

9 Cover the insulation with a suitable vapor barrier, like
aluminium fail.

10 Plaster the surface after spreading chicken - wire mesh
as reinforcement.

11 Cover the insulation with perforated sheet or fiber glass
cloth to prevent the flying of the fiber due to airvelocity.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.1.264
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Capital Goods & Manufacturing Exercise 4.1.265
R&ACT - HVAC

Make longitudinal and transverse joint
Objectives: At the end of this exercise you shall be able to
• make rectangular square duct by transverse joining
• make duct using longitudinal joint.

Requirements

Tools/Instruments

• Steel rule 45 cm - 1 No.
• Measuring tape 5m - 1 No.
• Try square 30cm - 1 No.
• Scriber - 1 No.
• Snips straight - 1 No.
• Bend snips - 1 No.
• Stakes different type each - 1 No.
• Ball peen hammer - 1 No.
• Pop rivet gun 2.6mm - 1 No.
• Bench vice 6 inch - 1 No.

• Drilling machine 12mm electric - 1 No.
• Drill bit 4.1 mm - 1 No.

Materials

• G.I. sheet 22 SWG size 8’ x 4’ - 2 Sheets
• Pop rivets 4mm - 500 Nos
• Wooden mallet - 1 No.
• Tinman’s square - 1 No.
• Wing compass - 1 No.

PROCEDURE

TASK 1 : Mark rectangular duct by transverse joining

1 Draw a diagram of required duct on a paper.

2 Take all the measurements of ducts from the diagram.

3 Take the 22 SWG GI sheet.

4 Put the sheet into the work bench.

5 Planish the job using a wooden mallet.

6 Check the size of the sheet using the measuring tape
or steel rule. (Figs 1 & 2)

7 Place the Tinman’s square as shown in Fig 3. Scribe
the straight lines required for making a rectangular duct.

While marking a point on the sheet metal a ‘V’
shape from the point for easy identification.

8 Mark all the straight lines into the sheet metal for
making the duct using Tinman’s square and scriber.

9 Cut the straight lines in the sheet metal using straight
snips.

For cutting straight line : Hold the sheet in one
hand and with the other hand, hold the snips
handle at the end and place the upper blade
of the snips on the line by keeping a smaller
opening angle. (Fig 4)
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Do not use the full length of the blade for a
single stroke.  If you use full length of the blade,
the cutting line will not be straight and also
the blade corner will damage the sheet.

21 Deburr the holes, by rotating a bigger sized drill on the
drilled holes by hand.

22 Accordingly, make the remaining three corner strips.

23 Hold one of the corner strips at any one corner of the
rectangular duct such that the sheets are properly
aligned by one hand. (Fig 7)

10 Mark the curved lines into the sheet metal using a wing
compass.

11 Place the sheet on the anvil stake. Hold the punch
between the thumb and the first two fingers of the hand
where possible.

12 Bring up the dot punch in a vertical position and strike
with a ball pane hammer on the head of the dot punch
lightly.

13 Transfer all the measurement into the sheet with a
wing compass.

14 Cut all the curved lines using snips. While cutting,
move the snips forwards along the curved line and work
piece towards you. This motion should be synchronised
to get a correct curved shape.

15 File the burr at the edges of the sheet metal using a
flat smooth file.

16 Fold the edges of the sheet metal pieces to make
joints for this use hatchet stake and a wooden mallet.

17 Placing the work piece vertically on the hatchet stake
as shown in Fig 5 increase the angle of band, by
striking with the wooden mallet.  (Fig 6) 24 Mark holes on the duct sheets using a scriber.

25 Drill 42mm holes on the marked circles placing the
duct sheets on a suitable wooden support using a
portable drilling machine.

26 With the pop rivet gun, rivet all the drilled holes and
make the duct.

Another method to make a square duct or
rectangular duct is explained in next exercise.
(Fig 8)

Fig Useful tool for riveting sheet metal and duct work in
places where it would be difficult to install a solid rivet. 1 -
Riveting pliers. 2 - Rivets. 3- Washers.  Inserts illustrate
riveting procedure. A - Hole drilled and rivet inserted. B -
Riveting completed. C - This part is cut off.
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18 Make a centre line into the folded portion and also edge
of the other sheet for making joint using a scriber and
a steel rule or otherwise make a corner strip for making
joints of two metal sheets for a duct.

19 Cut the notches as per drawing using a straight snip.

20 Drill  4.1 mm holes at the marked centre points using
a portable drilling machine.
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TASK 2 : Make a square duct with pitts burgh joint (Longitudinal joint)

6 Raise the clamping beam and insert the folded lock in
the position.  Place a strip of same thickness material
in between the lock. (Fig 13)
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1 Cut the sheet to a given size.

2 Insert the sheet metal in the folding machine and fold
at 90°. (Fig 10)

3 Remove the sheet metal from the folding machine and
check flange for squareness.

4 Replace the metal in the folding machine with flange
inverted and projecting outward and fold it to more
than 90°.  (Fig 11)

5 Strike with a mallet and a series of light blows down
would close the lock. (Fig 12)

7 Squeeze the lock together by means of the clamping
beam and raise the clamping beam and remove the
metal. (Fig 14)

8 Turn the sheet and replace the folding machine in
position that the edge of the lock, edge of the clamping
bar are in a line. (Fig 15)

9 Lift the folding beam to produce offset on the lock and
lower the folding beam. (Fig 16)
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TASK 3: Make the pitts burgh joint using bar folder/folding machine

11 Reverse and fold the square duct to 90°.

12 Insert the flange in the pocket section.  (Fig 18)

13 Flatten the flange projecting outward with mallet using
bench vice and angle iron.  (Fig 19)
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10 Straighten and adjust the lock by striking light blows
with mallet. (Fig 17)

1 Cut the given 24 SWG G.I. sheet to the size of
152 x 150 mm.

2 Mark 16 mm and 10 mm from the edges of the sheet to
make pocket section at both ends. (Fig 20)

3 Fold 16 mm flange perpendicular on bar folder. (Fig 18
of Skill Sequence)

4 Fold the sheet metal at 10 mm bending line on bar
folder. (Fig 12 of Skill Sequence)

5 Strike with mallet over a 16 mm edge with series of light
blows to close the lock. (Fig 13 of skill Sequence)

6 Raise the clamping beam and insert the folded lock in
between the bed and the clamping beam and place a
strip of material same thickness of in between the
surface of the lock. (Fig 14 of Skill Sequence)

7 Squeeze the lock together by means of clamping beam
and raise the clamping beam and withdraw the sheet
metal.

8 Turn the sheet and replace it in the folding machine and
offset the lock by lifting the folding beam.

9 Straighten and adjust the lock by striking light blows
with mallet.

10 Similarly, form the pocket section on the other edge of
the sheet as per job drawing. (2 Nos.)

11 Cut and form the flanged section as per job drawing.
(2 Nos)

12 Insert the flanged portion of 6.4 mm into the pocket
section and lock the joint using angle iron, bench vice
and wooden mallet.



24 CG & M: R&ACT (NSQF Level - 5) - Exercise 4.1.265



25

Capital Goods & Manufacturing Exercise 4.1.266
R&ACT - HVAC

Service and maintain different filters
Objectives: At the end of this exercise you shall be able to
• identify the air filters used in air conditioning system
• check the condition of air filter
• clean the dry type air filter
• clean the wet type air filter
• check performance of the filter.

Requirements

Tools/Instruments

• Screw driver 6” - 1 No.
• Combination plier 6” - 1 No.
• Anemometer - 1 No.
• Thermometer - 1 No.
• Brass flat scraper - 1 No.

Equipment

• Air blower - 1 No.

Materials

• Cotton waste - 1 No.
• Water - as reqd.
• Mouth mask - 1 No.
• Plastic bucket - 1 No.
• Apron PVC - 1 No.

PROCEDURE

TASK 1 : Identify the air filter

1 Keep the different air filters on the work.

2 Identify the air filters one by one.

3 Note the name and entered into table1, after
identification.

TASK 2 : Check the air filter

1 Check the physical condition of air filter

2 Check the air passing through air filter

3 Check suction and discharge air flow (Before filter and
after filter)

4 Check inlet and outlet temperature of the unit.

5 Record the air flow and temperature in record sheet.

Operation with dusty air filters reduces the
cooling capacity and wastes energy.

Table 1

SI. No. Type

1

2

3

4

5
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Record sheet

SI. No. Air flow in cfm Temperature in oC

Suction Discharge Inlet Outlet

  Before
  cleaning
  the
  filter

TASK 3 : Clean the air filter (dry type)

1 Check the condition of air filter.

2 Remove filter from the equipment.

3 Hold it in front of a light or even sunlight.

4 See through the filter light should be visible.

5 Take the filter to open space and tap the filter to the
ground (wear goggles and mouth mask).

6 After removing all the course dust.

7 Then take the filter to washing area and rest against
wall (inclined)

8 Fix flexible hose to water tap as shown in Fig 1.

9 Open tap and move nozzles up and down repeat this
up and down to every pleat nozzles should be 25.0
mm away from filter element.

10 Allow all the water to drain.

11 Hold the filter by hand and blow air by air blower for
dry.

12 Fix filter in position of equipment.

 The same exercise to be repeated for all the
filters in the equipment.

13 Start the unit and check the air flow with the help of
velometer and record in record sheet.

Precaution

1 Read filter catalogue supplied by
manufacturer.

2 Some of the filters are disposal so go as
per the advice of filter supplier.

TASK 4 : Clean wet filter

1 Remove the wet filter from AHU.

Caution : Switch “off” the blower motor before
removing the filter.

2 Apply steam or hot water spray over wet filter for
cleaning.

3 After remove oil and dirt particles from filter allow the
filter for dry.

4 Apply oil film on the surface of the filter.

5 Keep back the filter at AHU.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.1.266
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Record sheet

SI. No. Air flow Temperature

Suction Discharge Inlet Outlet

  After
  cleaning
  the
  filter

TASK 5 : Check the performance of air filter

1 Check the physical condition of air filter.

2 Check the air flow through filter.

3 Check the performance of dust absorption of filter.

If dust are coated on the surface of the
evaporator coil it means that the air filter dust
absorption is poor.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.1.266
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Capital Goods & Manufacturing Exercise 4.1.267
R&ACT - HVAC

Install & check the air filter
Objectives: At the end of this exercise you shall be able to
• install the filter
• check the filter after installation.

Requirements

Tools/Instruments

• Screw driver 6” - 1 No.
• Combination plier 6” - 1 No.
• Anemometer - 1 No.
• Thermometer - 1 No.

Materials

• Air filter - 1 No.

PROCEDURE

TASK 1 : Install the filter

1 Check the physical condition of air filter, before
Installation

2 Clean the air filter before installation.

3 Fix the air filter at proper place.

TASK 2 : Check the filter after installation

1 Check the alignment of filter after fixing.

2 Check the air leakage through outside of the filter.

3 Start the unit.

4 Check air flow and temperature.

5 Record it in record sheet.

6 Fix front grill in position.

Record sheet

SI. No. Air flow Temperature

Suction Discharge Inlet Outlet

 Check
  after
 installing
  the
  filter
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Capital Goods & Manufacturing Exercise 4.2.268
R&ACT - Package A/C

Identify various components of package A/C ( with air cooled condenser)
Objective :  At the end of this exercise you shall be able to
• identify the component of package A/C unit.
• identify the control of package A/C unit.
• identify the electrical components of the package A/C unit
• identify electronic display panel.
• record the details in record in record sheet.

Requirements

Tools/ Instruments

• Line tester -1No
• Screw driver 12" (300mm) -1No.

•   Adjustable spanner (150mm) -1No.

Equipment

•   Package A/C (with aircooled condenser)

PROCEDURE

TASK 1 : Identify the mechanical components of package A/C (with air cooled condenser)

1 Isolate the main switch of the package unit.

2 Unscrew the front and side panel screws with screw
driver of the unit.

3 Remove the front panel from fan compartment

4 Remove the front panel from supply and return air grill.

5 Remove the front panel from machine compartment.

6  Identify the components and record the names, types,
function and specification details.
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TASK 2 : Identify the controls of package A/C

1 Unscrew the electrical panel with screw driver.

2 Identify the controls provided.

3 Identify HP-LP cutout switch, expansion devices,

TASK 3 : Identify the electrical components of package A/C

1 Identify each components of the unit being electrically
operated.

2 Identify the electrical components such as MCB,
contactor, relay, overload protector etc.

thermostat,  air flow switch, oil pressure safety
switches, etc.

4 Record their function and specifications.

3 Record your identification along with their
specifications, types and ratings.

SI.No. Names of Electrical components Types Specifications Ratings Functions
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SI.No. Name of   Controls Function of the Controls Specifications

1

2

3

4

5

6

1
2

3

4

5

6

SI.No. Name of Component Types of Components Function of component Specifications

1

2

3

4

5

6
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TASK 4: Identify operating display panel

1 Identify the microprocessor display panel.

2 Check the display panel by pressing / touching the
pannel button one by one.

3 Check by pressing button for condenser fan,
evaporator fan motor blower.

4 Check for temperature setting through temperature
set button.

5 Set safety cut outs in microprocessor control panel.

TASK 5: Record sheet

Fill up the specification details for the package A/C (air
cooled condenser)

1 Make/Model :

2 Type of installation :

3 Capacity (KW/TR):

4 Compressor Make/Type :

5 Compressor Motor type :

6 Compressor power :

7 Filter type :

8 Electric consumption :

9 Fan capacity : _________ cu/m per hour/(cfm)

10 Speed (rpm) : ________rpm

11 Weight of the unit :

12 Evaporator blower motor : ___________kw.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.268
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Capital Goods & Manufacturing Exercise 4.2.269
R&ACT - Package A/C

Identify electric circuit of package A/C (with air cooled condensers)
Objectives: At the end of this exercise you shall be able to
• trace the wiring circuit of package A/C
• trace the circuit of motor starters
• check on-delay timer circuit.

Requirements

Tools/Instrument

• Screw driver 100 mm long -1No.
• Line Tester -1No
• Multimeter (digital) -1No
• Tong Tester -1No
• Voltmeter -1No
• Clampmeter -1No

Equipments

• Package unit with electrical wiring circuit.

Materials

• Insulation tape.

PROCEDURE

TASK 1 : Trace the wiring circuit of package A/C

1 Trace the wiring circuit in Fig-1,which shows a typical
wiring diagram for a self contained, air-cooled unit

2 Insulate the wires if it is necessary.

3 Check and clean the electrical contact points

4 Tighten up any loose connection.

NOTE: Complete the wiring as described in the
manufacturer’s installation instructions.

5 Check for the unit in grounded or not,

6 Check the nameplate characteristics of the unit against
the available power supply.
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TASK 2 : Trace the circuit of motor staters

1 Trace and study the circuit of motor starters in Fig 2.

3 Phase motor starter DOL starter

When start button (green) is pressed phase B is connected
to the coil through P4,P3,P2 and P1, coil magnetises
attracting the plunger and making your contacts. The
current passes to the coil through the right side contact
(P3 and P4 are connected) press the start button only for
starting.

TASK 3 : On-delay timer circuit

 S.No Labeter components Function/Operation

1 P
2 T
3 N
4 R’
5 ON
6 OFF
7 R”
8 V
9 L
10 T
11 R

NOTE :The units are usually completely wired
by manufacturer for either 230- volts,1- phase,
50- cycle or 220-Volts, 3-phase, 50-cycle electrical
characteristics power supply at the unit must
be with in 10% of rated voltage and on poly
phase units the phases must voltage balanced
with in 3%.

NOTE : The Circuit of motor starter may not be
available on the starter body. Instructor can
refer to any external source or manual of the
unit for the circuit

1 Put the symbols on the circuit of the timer and record
the names in the table.

NOTE : Refer theory book of the same exercise
for things.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.269
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Capital Goods & Manufacturing Exercise 4.2.270
R&ACT - Package A/C

Perform leak testing, evacuation and gas charging of package A/C (with air
cooled condenser)
Objectives: At the end of this exercise you shall be able to
• pump down the system
• strip out major component and flush, clean the components
• assemble/rejoin the components
• leak test the system
• evacuate the system
• charge the system by weight.

Requirements

Tools/ Instrument

• 12” pipe wrench - 1 No.
• 14 to 21 and 24 to 27

D.E spanners - 1 No.
• Value key 6.4 mm/ Ratchet

wrench - 1 No.
• Charging hose 6mm - 1 No.
• Compound gauge - 1 No.
• Pressure gauge - 1 No.
• Gauge manifold - 1 No.
• Nitrogen cylinder with 2 stage

pressure regulator - 1 Set.

• Gas brazing torch with hoses
and oxygen,LPG cylinder - 1 Set.

• Flaring block with yoke - 1Set.
• Cutting pliers - 1 No.
• Cylinder key - 1 No.

Equipments

• Vacuum pump 2 stage - 1 Pair.
• Package A/C unit (air cooled condenser)
Materials

• Copper tube soft annealed 24 swg - 14” OD (6mm)
• Brazing rod silver or copper - 1 No.
• Dummy nuts - 1 No.

PROCEDURE

TASK 1 : Pump down the system and recover the refrigerant

Ensure the plant in idle.

1 Close the liquid line valve.

2 By pass the electrical connection at low pressure cut
out switch.

3 Start the compressor and allow the refrigerant to store
in high side.

4 Watch and wait till the suction pressure drops to
0.5 kg/sq.cm.

5 Stop the system and immediately close the suction
and discharge port of the compressor.

TASK 2: Strip out the major components and flush, clean the coils

1 Strip out the components one by one

2 Connect Nitrogen gas cylinder with cooling coil and
flush it .

3 Connect N2 gas cylinder with air cooler condenser
and clean it by flushing.

6 Recover the refrigerant into a charging cylinder by
connecting a hose from the discharge port to the
charging cylinder.

7 Open the valve on the compound gauge white the valve
of pressure gauge remain closed.

You will see the level of liquid refrigerant rising
in the cylinder. Continue till it stops.

8 Turn off the rest of the valves and disconnect the gauge
manifold from the components.

Assumed after cleaning both the coils there
is no debris or oil residue

Do not flush compressor or Expansion Valve.
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TASK 3: Assemble/Rejoint

1 Assemble the components of package A/C unit one by one either by flashing or brazing.

TASK 4: Leak Test

1   Ensure that the high pressure and low pressure ports
of gauge manifold are closed by checking the knobs.

2 Open the Nitrogen cylinder valve using valve key.

3 Regulate the pressure to 50 psig in the pressure
regulator and increase after step by step upto the test
pressure level(350 psig)

4 Open the knob of high pressure port of gauge mainfold.

5 Allow the nitrogen flow for 20- 30 seconds until the
pressure reaches to the limit (300psig)

6   Close the knob of gauge mainfold.

7 Close all the valves  of the unit and ensure that the
unit get nitrogen pressure by reading the pressure
gauge.

8 Make soap solution and lather in the solution with
sponge.

9 Apply soap solution on joints.

10 Watch carefully, any nitrogen bubbles escaping
through the leak spots.

11 Mark the spot with permanent makers if any leak is
found.

12 Carry out repair of the spotted leak.

13 Disconnect the N2 cylinder from the unit, if it has no
leak.

TASK 5 : Evacuate the system

1 Connect the two stage rotary Vacuum pump to the
centre of the gauge manifold to the high side and low
side of the compressor through service valves. (or any
access valves)

2  Run the vacuum pump until you get a vacuum reading
of about 30" (thirty inches below the zero) on the
compound gauge.

It  is a good practice to heat the system by
using an electric heater or heat lamp.

3 Shut off all the valves and the vacuum pump and have
everything as it is for 10 minutes.

If at the end of this period gauges show a
pressure rise, either there is 1) moisture in the
system, or  2) The compressor has an internal
leak, or  3) There is leak in the system, or
4) In the valves on the manifold gauge.

4 Find out the leak and arrest the spot which is leaking
again follow the steps of evacuation from 1 to 3.

5 Close the valves on the suction and discharge line &
and disconnect the vacuum pump from the system.

TASK 6 : Charge the unit by the amount of charge shown on the nameplate (by weight)

1 Check the name plate on the unit to determine the
exact amount of charge.

2 Take a calibrated charging cylinder which can be
measured in ounces (or pound ,kg) the exact amount
that specified in the name blate.

3 Connect the centre hose of the manifold gauge to the
charging cylinder

4 Connect the suction hose to the refrigerant cylinder
valve.

5 Place retrigerant canister upside down and turn on its
valve. Then turn on the bottom valve of charging cylinder.

6 Turn on the valve on the compound gauge while
watching the scale on the charging cylinder.

7 Turn off  the valve when the cylinder is filled to the
desired level (as you can see)

8 Turn off the rest of the valves and disconnect the
refrigerant tank and the charging cylinder.

9 Connect the charging cylinder to the gauge manifold
and to the service valve on suction line and leave it
closed.

10 Turn on the unit.

11 Turn on the service  valve (back seat or piercing valve)
compound gauge , and the valve on the charging
cylinder until the Freon in the charging cylinder gets
to zero on the scale of the charging cylinder.

12 Shut off the charging cylinder valves, the (piercing)
Service valve and valve on the compound gauge.

13 Remove all the hoses and put the dummy cap on the
valve after wrapping its thread with teflon tape.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.270
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Capital Goods & Manufacturing Exercise 4.2.271
R&ACT - Package A/C

Perform commissioning and trouble shooting of package A/C (with air
cooled condenser)
Objectives: At the end of this exercise you shall be able to
• identify, analyse and repair the defective components of the package A/C with complaint of “Less cooling”
• identify, analyse and repair the defective components of the package A/C with complaint of “Unit trip

frequently”
• identify,analyse and repair the defective components of the package A/C with complaint of “Frosting

thermostatic expansion valve “Distribution circuit”
• identify, analyse and repair the defective components of the package A/C with complaint of “Insufficient air.

flow”.

PROCEDURE

TASK 1: Identify, analyse and repair the defective components of the package A/C with complaint of less
cooling

A package A/C with one or two faults created
of “Less cooling”  will be given in this exercise.
Follow the procedure given below to identify
the defect “Less cooling and repair/rectify the
given package A/C.

1 Switch on the given package A/C to confirm the reported
faults/complaint. Record the identified complaint in the
record sheet.

2 Follow the comissioning check points and to identify
the  defective components and rectify the identified
defect/ complaint. Record the identified defect/fault in
the corresponding record sheet.

3 Refer ‘Trouble shoot chart’ for the probable cause of
the defects given in the end of task.Record the remedial
measures that you proposed to take.

4 Repair and rectify the defect fault with the help of
suggested remedial measures given in the ‘Trouble
shoot chart’ (TSC)

5 After rectifying the facult, test the package A/C for its
working condition in respect of its initially reported
defect fault.

Follow steps 1 to 5 above for every tasks
(Trouble shoot)

Requirements

Tools/Instruments

• Screw driver,Cutting plier - 1No.
• Charging hose,Valve key - 1No.
• Compound gauge - 1No.
• Pressure gauge,Wire brush - 1No.
• Tube cleaning brush - 1No.
• Line tester,Tong tester - 1No.
• Anemometer - 1No.
• Brazing kit - 1Set.
• Brazing rod - 3Nos.
• Tachometer - 1No.
• Adjustable spanner - 1No.

Equipments

Defective package A/C (5 Ton capacity) with the
symptom of

• ‘Less cooling’
• ‘Unit trips frequently’
• ‘Frosting thermostatic expansion valve/ distribution

circuit’
• ‘Insufficient air flow’

Materials

• Refrigerant R-22 -  As reqd.
• Liquid line drier - 1No.
• Vacuum pump - 1No.
• Air blower - 1No.
• Coil cleaner (chemical) - 1cen.
• ‘V’ belt (reqd size)
• Thermostatic expansion valve
• Soap solution with brush
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TASK 2 : Identify,analyze, repair the defective components of the package A/C with complaint of “unit tripping
frequently”.

A package A/C with one or two faults created
of “unit trips frequently” will be given in this
task. Follow the procedure given below to
identify the defect “unit trips frequently” and
repairs/rectify the given package A/C.

1 Follow Steps 1 to 5 from task -1. Commissioning.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.271

Commissioning

Check points Probable defective components

1 Check refrigerant shortage -

2 Check condenser -

3 Check air flow and motor RPM -

4 Check suction air filter -

5 Check evaporator fins -

6 Check expansion value -

7 Check liquid line driver -

8 Check compression -

9 Check condenser -

Trouble shooting chart (TSC)

Sl. Probable defects Cause/Reason Remedial measure
No.

1 Shortage of gas Leak in the system Arrest leak/charge gas

2 Poor condensation Condenser fan low RPM/low voltage/ Rewind or replace the fan motor/improve
fan blade lock screw loose/motor voltage/tight the fan blade lock screw/
bearing problem/fins choke. replace the motor bearing/clean the fins

3 Air circulation low Motor low RPM/Low voltage/fan belt Rewind or replace the motor/stabilise
loose/blower lock screw loose voltage/tension the belt or replace tight

the blower lock screw.

4 Suction air filter blocked Dust and dirty filter Clean or replace

5 Blocked evaporator fins Dust fins Clean the fins

6 Expansion valve Improper location of thermal bulb Relocate the thermal bulb
improper function

7 Liquid line drier partial Contaminated oil in the system Remove contamination by reprocess the
choke unit/change drier compulsorily.

8 Poor compression Valve reeds leak/rings piston, bore Replace the compressor
wornout

9 Scale in water tube Poor water treatment/ less water flow Descale the condenser tubes/improve
(water cooled water quality & quantity.
condenser)

10 Poor condensation Poor air circulation/Fins became dirty Clean the condenser fins/Check the fan
(air cooled conderser) motor speed according to tue need
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TASK 3 : Identify, analyse and repair the defective components of package A/C with complaint of “Frosting
thermostatie expansion value distribution circuit”.

A package A/C with one or two faults created of “unit frosting thermostatic expansion valve distribution
circuit” will be given in this task. Follow the procedure in the steps 1 to 5 given in TASK 1.

Commissioning

Check points Probable defective components

1 Unit trips frequently with over load relay -

2 Unit trips with LP -

3 Unit trips with HP -

4 Compressor short cycles -

5 Insufficient air flow -

6 Refrigerant overcharge -

7 Refrigerant under charge -

8 Head pressure too high -

Trouble shooting chart (TSC)

Sl. Probable defects Cause/Reason Remedial measure
No.

1 Unit trips with overload Faulty setting of overload relay of Adjust the setting. If defective, replace
relay contactor the overload relay

Compressor not getting all 3 phases Check supply point. Faulty contactor,
Low voltage contacts badly pitted carbon coated point etc. and rectify

replace the contact relay

LP setting high Adjust the setting correctly
Drier partially closed Replace the drier
Expansion valve blocked with ice or Clean the expansion valve or
wax expansion valve slightly open and reprocess the system
stuck

2 Unit trips with LP Expansion valve strainer clogged Clean and service expansion valve
clean strainer

3 Unit trips with HP HP setting low Adjust the setting correctly

Air or non-condensable gas in the Reprocess the system
system

Too warm water or air over condenser Check cooling tower, water valve, check
fan blade and fan motor check short
cycling of air

Dirty condenser Clean fins

Scale formation on water tubes Descale the tube
Valve in discharge line slightly open Open discharge service valve fully
(Discharge service valve)

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.271
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Frosting in thermostic expansion valve distribution circuit

Sl. Possible defects Cause/Reason Remedial measure
No.

1 Flow restricted Valve inlet strainer partial blocks Clean the strainer from any containation

Power element capillary pinched Bring back the pinched off part to original
shape.

2 Wrong super heat Correct the adjustment or contact the
adjustment manufacturer for factory setting.

3 Unit run in low pressure Poor compression due to insufficient Charge refrigerant by weight according
lubrication, or liquid refrigerant to to the system. Charge lubricating oil
compressor due to over charge

4 Iced evaporator Dirty evaporator, damaged filter, Clean the evaporator, change the filter
aged filter

5 No heat exchange in Low air flow due to bent blower, Clean the evaporator tins & fix the blower
evaporator evaporator fins blocked

TASK 4: Identify, analysis and repair the defective components of package A/C with complaint of “Insufficient
air flow”

Sl. Possible defects Cause/Reason Remedial measure
No.

1 Low air flow Blower vane broken Change the blower

2 Blower RPM low Loose drive belt, bent blower Tight the belt drive and fix the bent blower

3 Motor low RPM Low voltage, weak capacitor tight Lubricate the bearings, change the capacitor
bearing

4 Suction air filter blocked Dust and dirty filter Clean the air filter

5 Low air flow through the Dirty evaporator, damaged filter Change filter, clean the evaporator
evaporator

6 Blower fitted in reverse Fit the blower in actual direction
direction
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Capital Goods & Manufacturing Exercise 4.2.272
R&ACT - Package A/C

Identify various components of a package air conditioner with water cooled
condenser
Objectives: At the end of this exercise you shall be able to
• identify the mechanical components of package A/C
• operate electronic display panel
• identify the controls of the package A/C unit
• identify the electrical components of the package A/C unit
• record the specification/details.

Requirements

Tools/ Instruments

• Line tester - 1 No.
• Screw driver 12” (300mm) - 1 No.
• Screw spanner 6” (150mm) - 1 No.

Equipments

• Package/air conditioner unit - 1 No.

PROCEDURE

TASK 1 : Identify the mechanical components of package unit

1 Isolate the main switch of package unit.

2 Unscrew the front panel screws with screw driver.

3 Remove the front panel from fan compartment.

4 Remove the front panel from return of air grill.

5 Remove the front panel from machine compartment.

6 Identify the components (Fig 1) and record the
specification, types and functions of the mechanical
components in Table -1.

Table 1

Label Name of the Specification/      Function
No. component          Type
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TASK 3 : Identify the controls of the package unit (Figs 3 and 4)

1 Unscrew the electrical panel with screw driver.

2 Identify the controls.
3 Identify the condenser water flow line and water pressure

(cut out) switch.

TASK 2 : Operating electronic display panel (Sketch of microprocessor control band)

1 Identify the microprocessor display panel

2 Check the display panel operation by pressing/ touching
the panel button one by one.

a Line voltage in each phase.

b Switch to start condenser fan/pump & CT fan.

c Select the evaporator fan motor blower to start.

d Select the compressor motor/cooling mode on dis-
play panel to start.

e For checking/ setting temperature, select tempera-
ture set bottom.

3 May check phase current (individual) by separate
ammeter.

4 For safety cut out also to be set. If microprocessor
controls not provides this facilities.

If the start only observe the performance on display
panel if require. (Fig 2)

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.272
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TASK 4 : Identify the electrical components of the package unit

TASK 5 : Record the specification/ details in Record Sheet

1 Fill up the specifications / details of the components and controls in the record sheet which is given at the end of the
exercise.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.272

Record sheet

Packaged A/C unit

1 Make/Model :

2 Type (Air cooled/Water cooled) :

3 Capacity (KW/TR) :

4 Refrigerant :

5 Compressor make :

6 Compressor model :

7 Compressor power (K.W.) :

8 Filter size

9 Electric supply .....................PH .................V  ....................  HZ

10 Evaporator blower motor .......................Kw.

11 Fan capacity ........................Cu/m per hour /(CFM)

12 Speed rpm   ................................

13 Bare weight  (kg) ........................

1 Identify the components which are electrically operated. Examples : Connector, MCB, Over load relay, contactors
etc.
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Capital Goods & Manufacturing Exercise  4.2.273
R&ACT - Package A/C

Trace electrical  circuit of package A/C
Objectives: At the end of this exercise you shall be able to
• trace the wiring circuit of package A/C
• trace the circuit of motor starters
• check on-delay timer circuit.

Requirements

Tools/Instruments

• Screw driver 100mm long - 1 No.
• Line tester - 1 No.
• Multimeter - 1 No.
• Tong tester - 1 No.
• Voltmeter - 1 No.

Equipments

•  Package unit with electrical wiring circuit

Materials

•  Insulation tape - 1 roll.

PROCEDURE

TASK 1 : Trace the wiring circuit of package A/C

1 Trace the wiring circuit in Fig 1.

2 Insulate the wires if it is necessary.
3 Check and clean the electrical contact points.

4 Tighten if any loose connections found.

TASK 2 : Trace the circuit of motor starters

1 Trace and study the circuit of motor starters is Fig 2. 3 phase motor starters.  Direct on the line (DOL)
starter (For motor up to 5 H.P.) (Fig 3)
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Table 2

Label Parts name Operation of the
No   components

1

2

3

4

5

6

7

8

9

10

11

When start button (green) is pressed phase B is
connected to the coil through P4,P3,P2 and P1,
coil magnetises attracting the plunger and
making your contacts. The current passes to
the coil through the right side contact (p3 and
P4 are connected) press the start button only for
starting

Fig 3 and Fig 4 contacts are made connecting
phase R to A,  to B and B to C current passes to
the motor through 3 sets of thermal OLP,OLP
opens the NC contacts when current increases.

TASK 3 : ON-Delay timer circuit

1 Trace the wiring of delay-time circuit.

2 Identify the circuit components and record with the
operation in the table below.

You can take hints from theory book of related
exercise.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.273
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Capital Goods & Manufacturing Exercise 4.2.274
R&ACT - Package A/C

Descale of water cooled condenser
Objectives : At the end of this exercise you shall be able to
• descale of condensor tube side (inner).

PROCEDURE

TASK 1 : De-scale the condenser tube side (inner)

1 Put off the compressor and main power supply. Close
the cooling water outlet and inlet valve.

2 Drain the water from the condenser through drain
plug.

3 Punch mark the end cover with reference to tube sheet
outer.

4 Loosen the water line flanges and end covers retaining
bolts..

5  Remove the end cover. Do not damage the gasket.

6 Clean each tube thoroughly with a soft brass tube
cleaning brush which is welded to the rod. Fig 1.

3 After brushing each tube flush each tube individually
with water immediately.

4 Check each tube after brushing if the scale is hard and
the tube is cooled.

5 Then acid descaling to be carried out.

6 Fix both end covers and water line flanges with new
gaskets to condenser.

7 Connect the acid circulating pump motor to power
supply.

8 Connect the acid circulating system to the condenser
as  shown in Fig 2.

Requirements

Tools

• Screw driver 12” - 1 No.
• Combination plier 8” - 1 No.
• Double end spanner - 1 Set.
• Adjustable wrench 12” - 1 No.

Equipments

• Shell and tube condensor 5 TR - 1 No.
• Cooling tower - 1 No.

Materials

• Condensor tube cleaning brush - 1 No.
• Flexible hose (acid resistance) - 5 mts.
• Hose clamps - as reqd.
• Tank 200 litre - 1 No.
• Commercial HCL - 2 litres.
• Litmus paper 0 - 10 ph - 1 Set.
• Anti corrosive paint - as reqd.
• Wire brush, painting brush - 1 each.
• Clean cloth

Caution

1 Do not use steel brush

2 Ensure that the welding joint from brush to rod is ground
smooth and it should be of the rod dia.
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9 Fill the mixing tank with clean water upto 3/4 level.

10 Open pump suction and delivery and vent valves.

11 Start the pump and keep filling the mixing tank maintain
1/2 level till the water returns back to the tank through
vent line.

12 Stop clean water filling

13 Calculate roughly the water up quantity in the system.

14 Add commercial  grade hydraulic acid to the mixing
tank to the required quantity to maintain 5 percent of
solution (i.e.) water and acid in the mixing tank.

15 Add inhibitor to the solution in the mixing tank refer
manufacturer’s details on the inhibitor container for
quantity.

16 Circulate for 4 hours.

17 After completion of 4 hours connect the return vent line
to a movable barrel which could hold the total hold up
quantity.

18 Drain the system quantity to the barrel by operating the
pump.

Caution: Do not run the pump dry

19 Fill the mixing tank with fresh water and circulate.
Check the pH value of return water till it raise 7-7.5 water
to the be added if it reads lower value of pH.

20 Stop the circulation

21 Drain the mixing tank and hold up water to a area
outside the building.

22 Shift the movable barrel with the 5 per cent descaling
solution to a safe place outside.  Pour it down and pour
fresh water (or pour in the running water  canal).

23 Disconnect the descaling system.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.274
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Capital Goods & Manufacturing Exercise  4.2.275
R&ACT - Package A/C

Perform leak testing, Evacuation and gas charging
Objectives: At the end of this exercise you shall be able to
• pump down the system
• strip out the major components flush & cleaned the components
• assemble/rejoint the components
• leak test the system
• evacuation & gas charging
• performance checking of package A/C.

Requirements

Tools/Instruments

• 12” pipe wrench - 1 No.
• 14 to 21 & 24 to 27 D.E. spanners - 1 No.
• Valve key 6.4 mm/Ratchet wrench - 1 No.
• Charging hose - 2 Nos.
• Compound gauge - 1 No.
• Pressure gauge - 1 No.
• Gauge manifold - 1 No.
• Adjustable spanner 12” - 1 No.
• Adjustable spanner 10” - 1 No.
• DE spanner - 1 Set.
• L-allen key - 1 Set.
• Sling psychrometer - 1 No.

• Screw drivers - 1 Set.
6mm tip,150mm 10mm tip, 250mm

• Adjustable spanner 12” - 1 No.
• Adjustable spanner 10” - 1 No.
• Thermometer (digital) - 1 No.

Equipments

• Package unit - 1 No.
• Vacuum unit - 1 No.
• N2 cylinder - 1 No.
• R22 gas cylinder - 1 No.

PROCEDURE

TASK 1 : Pump down the system

Ensure the plant is idle.

1 Close the liquid line valve.

2 By pass the electrical connection at low pressure cut
out switch.

3 Start the compressor & allow the refrigrant stored in
high side.

TASK 2 : Strip out the major components & flush, clean the coils

1 Strip out the components one by one.

2 Connect nitrogen gas cylinder with cooling coil & flush
it.

3 Connect N2 gas cylinder with air cooler condenser &
clean it by flushing.

4 Watch and wait till the suction pressure drops to 0.5 kg/
sq.cm.

5 Stop the system & immediately close the suction &
discharge port of the compressor.

6 Store the refrigerant at high side.

7 Recover the refrigerant. (refer ex-270)

4 Assumed after cleaning both the coils, there is no
debaris or oil residue.

Do not flush the compressor or expansion valve.

TASK 3 : Assemble/Rejoint

1 Assemble/re-joint the refrigration major components one by one.
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TASK 4 : Leak test

1 Apply dry nitrogen pressure 12-13 kg/sq cm. as previous
system leak test.

2 Apply soap solution in every joint & suspected portion.

TASK 5 : Evacuation and gas charging

1 Connect vacuum pump.

2 Start the vacuum pump & continue the evacuation up to
suitable time (Depends the vacuum pump capacity &
coils length)

3 Close the vacuum pump valve from process tube.

3 Check through by hand light for minute leak.

4 After check release the nitrogen gas up to 0.5 kg/sq cm.

4 Connect gas cylinder (R22/HFC 407C).

5 Charge proper quantity by weight.(refer ex-270)

6 Balance the gas in the system & run the machine with
manifold gauge for check up operating processes.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.275

Record sheet

Sl.No. Activity   After gas charges

1 Check leak

2 Check controls (Pressure
temperature)

3 Check blower motor speed

4 Check bolt tension

5 Check canvas

6 Clean cooling tower filter

7 Water treatment

8 Check refrigerant

9 Check vibration

10 Clean filters

11 Check pressure

12 Water valve operation

13 Lubrication

14 Painting

15 Water line strainer cleaning

16 Spray nozzle cleaning

17 Condenser descale

18 Air cooled condenser fins
cleaning

19 Evaporator fin cleaning

20 Clean cooling tower

21 Paint

Water circulating pump

Compressor

Unit base

Cooling tower fan motor

Condenser shell
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TASK  6 : Performance check of package A/C

Assemble electrical panel and control

1 Assemble all controls, microprocessor display board,
indicating LED in panel box.

2 Fix the cut out, temperature controler & gauges if
require.

3 Fix the voltmeter, ammeter on separate board or front
panel box.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.275

4 Check W.B. temperature by psychrometer.

5 Check air velocity at diffuser (supply grill) & return air
(Return grill).

Air cooled condenser air circulation to be
observed. No short cycle of air passing is
allowed.  Rectify the short cycling of air if any.

6 Check cooling lower performance.

- Check tower range

- Check C.T. approach

7 Check water flow quantity.

 Wiring

1 Wire the circuit  as per drawing.

2 Fasten the screw/clips PCB tightly. (Avoid  loose
contacts)

Panel fixing

1 Fix/fit the front panels, back side cover.

2 Clean the display board for clear visibility.

Lose fitting should be avoided for vibration/
noise.

Operate machine through panel board

1 Run the machine from panel board controls.

2 Observe the running performance at least one hour.

Performance check

1 Check volts & ampere by using tong tester.

2 Check operating pressures by gauges.

3 Check supply & return air temperature by digital
thermometer.
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Record sheet
Log Sheet for Cold Storage Plant readings Date:

 Time Compressor Condenser Condenser Cooling Evaporator             Cold

Pump Tower fan           Temp.            Fan     Room
Suction Discharge Oil Amps Pressure  Temperature Pressure Amps Amps.         In       Out    Amps      Temperature
pressure pressure    level In    Out    In      Out In   Out

Fo
r o

pe
n 

ty
pe
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om

pr
es

so
r

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.275
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Capital Goods & Manufacturing Exercise 4.2.276
R&ACT - Package A/C

Perform trouble shoot of AC unit
Objectives: At the end of this exercise you shall be able to
• trouble shoot for the complaint of “Excessive head pressure”
• trouble shoot for the complaint of “Unit not supplying enough cooling”
• trouble shoot for the complaint of “Unit does not work”
• trouble shoot for the complaint of “Unit is noisy”.

PROUDURE

TASK 1 : Trouble shoot for the complaint of “Excessive head pressure

Repeat steps 1 to 3 for all the tasks

1 Switch on the given package A/C to condirm the
reported faults/complaint.

2 Refer TSC for the probable cause of defects and rectify
using the remedial measures.

3 After rectifying the fault, test the package A/C.

Trouble Shooting chart (TSC)

Problem Probable cause Remedial measures

Excessive Dirty outdoor coil Descale coil ( Innnertube)

head Defective outdoor fan Replace

pressure Refrigerant over charged Purge excess refrigerant

Air or non- condensable refrigerant Blow refrigerant, Evacuate
in the system. system and recharge.

Cooling tower water is not clean Clean cooling tower fram algae.

Requirements
Equipments

• 5TR package A/C (Different)
with different complaint - 4Nos.

• Vacum pump - 1No.
• Air blower - 1No.

Materials

• Refrigerant R-22 - 1 Cylinder
• Liquid line drier -1 No.
• Coil cleaner (chemical ) -1 Can
• Soap solution - as reqd.

Tools/Instruments

• Screw driver (150mm) - 1 No.
• Cutting plier - 1 No.
• Charging hose - 1 No.
• Valve key - 1 No.
• Compound gauge - 1 No.
• Pressure gauge - 1 No.
• Wire brush - 1 No.
• Tube cleaning brush - 1 No.
• Line tester - 1 No.
• Tong tester - 1 No.
• Anemometer - 1 No.
• Brazing kit - 1 Set.
• Adjustable spanner - 1 No.
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Trouble Shooting chart (TSC)

Problem Probable cause Remedial measures

Unit does To protect the unit upon an After turning unit off, wait
not work immediate restart aftera stop, at least 3 minutes before

the system controller will delay the unit trying to restart.
for 3 minutes before allowing the unit
to start back up.

The circuit breaker has tripped or a Reset the circuit breaker or
fuse has blown. replace the fuse.

Power faiture Restart operation when power
is restored.

Error codes displayed Check manual and the take
necessary stel.

Voltage is too low Check causes and rectify.

Trouble Shooting chart (TSC)

Problem Probable cause Remedial measures

Unit is Loose parts or mounting Check  for loose parts,tubing
noisy vibrating against sides or

component,loose blower or mountings.Check for worn  fan
motor shaft bearings or loose
parts in the uint.

Faulty compressor Could have internal parts worn,
low on oil or low voltage. Correct necessary.

TASK 2 : Trouble shoot for the  complaint of “Unit not supplying enough cooling”.

Trouble Shooting chart (TSC)

Problem Probable cause Remedial measures

Unit not Air flow cannot circulate freely. Remove obstructions.

supplying Dirty filters Clean air filters.

enough cooling Cracks in door/windows Close the crack or gap

Fan speed has been set too low Set fan speed at high

Airflow direction is not correct Adjust airflow direction

Selected temperature is higher Correct selected temperature
than the room temperature in
the cooling mode.

TASK 3 : Trouble shoot for the complaint of “Unit does not work”.

TASK 4 : Trouble shoot for the complaint of “unit is noisy”.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.276
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Capital Goods & Manufacturing Exercise 4.2.277
R&ACT - Package A/C

Identify various components of split package A/C
Objectives: At the end of this exercise you shall be able to
• identify the mechanical components of split package A/C
• identify the electrical components
• identify the various controls
• identify operating electronic display panel
• record the specification details in record sheet.

Requirements

Tools/Instruments

• Line Tester - 1 No
• Screw driver 12’’ (300mm) - 1 No
• Screw spanner 6’’ (150mm) - 1 No

Equipments

• Split package A/C unit

PROCEDURE

TASK 1: Identify the mechanical components of split package A/C

• Isolate the main switch of package unit.

• Open the front panel of ODU and IDU of split package
A/C unit.

• Identify the mechanical components in the ODU and
IDU

• Record the names types specification and function of
each mechanical components in both ODU and IDU.

Fig 1 Showing the IDU and ODU components of split
package A/C.
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TASK 2: Identify the electrical components of split package  A/C

• Identify each components of the unit which are
electrically operated.

• Identify the electrical components such as MCB,
contactor, overload relay, overload protection propeller,

and blower motors, compressor motor, capacitors
connectors etc.

• Record your identification of electrical components
along with their specification, types and ratings.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.277

SI.No  Names of  Types Specification
Components / Functions

1

2

3

4

SI.No  Names of  Types Specification
Components / Functions

5

6

7

8

Table 2

Record sheet

Sl.  Names of Types Specification Ratings Functions
No (as per manual) (as per manual)

1 Relay

2 Over load Protector

3 Contactor

4 Compressor motors

5 Propeller/ blower motor

6 Capacitors

7 Transformer

8 Starters
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TASK 3 : Identify various controls

• Unscrew the electrical panel with screw driver.

• Identify the controls.

• Identify the high pressure - low pressure cut out switch,
dual pressure switch, sail switch (flow switch),

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.277

Humidistat oil pressure failure switch, short cycle timer,
thermostat, Thermostatic Expansion devices.

• Record the names and functions of various controls.

Fig 15

LOW PRESSURE SWITCH

DURL PRESSURE SWITCH

Fig 16
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TASK 4 : Identify operating electronic display pannel

Split package A/C unit

1 Make/mode :

2 Type of unit :

3 Capacity :

4 Refrigerant used :

5 Compressor Mark :

6 Compressor model/Type:

7 Compressor power (KW) :

8 Filter type :

9 Electric supply : _______ PH, _______ V, ________ Hz

10 Evaporator blower motor :  ____________KW

11 Fan capacity : __________cu/m per hour/ (cfm)

12 Speed (rpm) : ____________rpm.

13 Base weight (kg) : __________

• Identify the micro processor display pannel.

• Check the display pannel operation by pressing/
touching the pannel button one by one.

a Line voltage in each phase

b Switch to start condenser fan

c Select the evaporator fan motor blower to start

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.277

d Select the compressor motor/cooling mode on
display panel to start.

e For checking/setting temperature, select
temperature set button

• Check phase current by separate ammeter

• Set safely cut out in microprocessor controls panel.

TASK 5 : Record sheet

Fill up the specifications/details of the components and
controls in the record sheet given at the end of this exrcise.
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Capital Goods & Manufacturing Excercise 4.2.278
R&ACT - Package A/C

Electrical circuit of split package AC
Objectives: At the end of this exercise you shall be able to
• check and Test various electrical components through a diagnostic
• trace the wiring circuit of split package A/C.

Requirements

Tools/Instruments

• Screw driver 100 mm long - 1 No
• Line tester - 1 No
• Multimeter - 1 No
• Clamp meter - 1 No
• Voltmeter - 1 No

Equipment

• Split package unit electrical wiring circuit

Materials

• Insulation tape -1roll

PROCEDURE

TASK 1 : Trace the wiring circuit of split package A/C

• Tighten any loose connection found

• Check for the unit must be grounded

• Use copper conductors for supply connections.

• Trace the wiring circuit in fig 1 (or follow manual)

• Insulate the wires if it in necessary

• Check and clean the electrical contact points
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TASK 2 : Check the electrical compounds through diagnostic chart.

• Perform an electrical diagnostic of the electrical
components as per the chart.

• Rectify any fault found following the remedial steps.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.278

An electrical diagnostic chart for a split system package air conditioner in the cooling mode
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Capital Goods & Manufacturing Exercise 4.2.279
R&ACT - Package A/C

Testing components of split  package A/C
Objectives: At the end of this exercise you shall be able to
• test safety switches of unit
• test electrical components of the unit
• test the controls of the unit.

Requirements

Tools/Instruments

• Screw driver 300mm long - 1 No.
• Line tester - 1 No.
• Continuity tester - 1 No.
• Valve key 4.7 and 6.4mm - 1 No.
• Compound gauge - 1 No.
• Pressure gauge - 1 No.
• Pipe cutter - 1 No.
• Thermo meter - 1 No.
• Multimeter - 1 No.

• Double ended spanner
4.7mm,16mm - 1 Set.

Equipments

• Split package A/C unit - 1 No.
Materials

• Charging line with 6mm fitting - 1 Set
• Long/Cm2 pressure seirce sylinder - 1 No.

1 Note the set pressure of the low pressure switch.

2 Fix a compound gauge at suction service valve with
the help of a charing line.

3 Start the package unit and observe the compound
gauge pressure.

4 Close the suction service value.

When the compound gauge pressure is just
below the low pressure setting, then the unit
trips, then LP switch is in good condition.

TASK 2 : ‘O’ line high pressure cut-out switch check up

If it is not tripped, stop the unit immediately.

5 Isolate the L.P. switch pressure line and disconnect
the switch connection.

6 Remove the L.P. switch from its position and check
bellows,contact points and pressure adjusting
screw.(L.P. test onwork bench)

1 Note the set point (pressure) of the high pressure cutout
switch. Decrease the setting to 15.0 kg/cm2.

2 Fix a pressure gauge in discharge service valve with
the help of the charging line.

3 By psss the water flow switch. (If it is a water cooler
condenser).

4 Start the unit.

5 Close the condenser water value slowly and note the
gauge pressure.

6 When the gauge pressure raises above 15.0 kg/cm2.
The unit will trip by high pressure cut-out. (The H.P. is
in good condition).

7 If it  is not, stop the unit immediately.

8 Remove the gauge from dicharge service valve.

9 Open the  condenser water valve.

10 Remove the by pass from water flow switch (H.P. test
on work bench).

TASK 3 : Check Air-flow switch

1 Switch on the unit 2 Check for the flow of air through the duct where air flow
switch is installed

PROCEDURE

TASK 1 : Check low pressure cut out switch
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4 Check for the corect response in triggered when flow
starts or stops.

• Check the reading of desired air flow as per set for the
space in the display.

• Use an ohmmeter to check the resistance of switches
electronics

TASK 4 : Test electrical components of the unit

Testing a transformer using ohmmeter

• Disconnect power from unit

• Disconnect the transformer from the unit

• Set the ohmmeter on its lowest scale

• Touch the probes to two primary wires (terminals) The
meter should register  a continue reding,otherwise
replace the transformer.

• Touch the probes to two wires coming from the
secondary winding (or terminals). The ohmmeter should
read above, it not, replace the transformer.

NOTE : There may  be more than one set of
wires or terminals connected to the primary or
secondary windings. This means that the
transformer primary winding is usable on
different voltages, i.e., 110 VAC or 220 VAC;
also, the secondary winding produces more
than one voltage. Each set is individually
colour coded, and the set not being used is
tied off and insulated from the rest.

• Visually inspect the transformer, if you notice any
discolouration or a smell of burnt bakelite, it should be
replaced. It can be an indication of internal short.

Test a contactor using ohmmeter

1 Disconnect the power supply

2 Turn the wall thermostat off

3 Remove the screw in back of the contactor that hold it
in place

4 Remove the contactor and disconnect the two wires
to the coil

5 Set the ohmmeter on its lowest scale and touch the
probes to the two coil terminals (or the wires coming
from it).

6  See, if the meter  is registering a continuity in reading
or not. If not replace the contactor

7 Check the contacts carefully. If there is any pitting or
discoloration on or a round the points, replace the
contactor even if it is working

NOTE : These are the signs that contactors will
not go much longer without becoming
defective

Testing of relays

1 Disconnect the power supply, remove the compartment
cover of the unit, and remove the plastic cover.

2 Remove the relay from the compressor terminals for
burn discolouration and the wires for charred
insulation. If so, replace the relay.

3 Touch one probe to the terminal that connects to the
compressor run terminal and the other one to the
terminal that connects to the other one to the terminal
that connects to the compressor start terminal, by
holding the starting relay with the top up. The
ohmmeter should show an open circuit, otherwise, the
relay is defective.

4 Touch one probe of the relay terminal on the outside
and other probe to the relay terminal that connects to
the compressor starts terminal. The ohmmeter should
register an open circuit.

5 Now, turn the starting relay up side down and touch
one probe to the relay terminal that is connected to
the compressor run terminal and other one to the  relay
terminal that connects the compressor to the start
terminal. The meter should register a zero reading on
the ohmmeter, otherwise replace the relay.

Testing of electrical  overload

1 Switch off the power supply

2 Check over load terminals with test lamp or continuity
tester

3 Check with test lamp or continuity tester, the bimetal
control inseries with the power supply to the
compressor motor.

Testing the fan motors

1 Disconnect the power supply

2 Disconnect the fan motor wires from the unit

3 Set the ohmmeter to zero

4 Connect each probe to a fan motor terminal. The meter
should register a continuity. If not, the motor is defective
and must be replaced.

TASK 5 : Test the controls of the unit

• Confirm that there is a completed circuit being
registered when switch is activated.

• Replace the air flow switch, if required result is not
obtained.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.279
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Check for oil failure trips by oil pressure control

1 Check for low compressor oil level.

2 Check for system refrigerant piping are designed or
sited properly or not.

3 Check if the system has not been properly adjusted
and balanced.

4 Check for lack of proper charge of refrigerant.

5 Check if the system controls have not been properly
set.

6 Check for any electrical problems.

7 Check for any compressor problems.

Test of humidistat

1 Test your volt-ohmmeter and see if it is working properly
or not.

2 Attach the ends of the humidistat to the volt ohmmeter.
Once it is connected, you can turn  the knob all of the
way to the  right for the humidistat.

3 Now, move the knob back to the left slowly as far as it
can go. Watch the meter as you are turning to make
sure that the Ohms are being measured.

4 It the reading stays at zero, the humidistat is having
problem. However if you continue to get a reading then
the humidistat is working properly.

Check and temperature control (Thermostat)

1 Open the package unit evaporator cover.

2 Set the thermostat knob to low cool.

3 Start the package unit.

4 Take a glass of crystal ice (200 gms) and keep the
thermal bulb inside the glass. The unit willl trip
immediately.

5 Switch off the package unit for 5 minutes to avoid
immediate start.

6 Remove the thermal bulb and place it at evaporator air
suction.

7 Close the evaporator compartment cover.

8 Adjust thermostat knob to earlier position.

Check and test thermostatic expansion valve

1 Connect a hand shut off valve to the pressure supply
cylinder.

2 Connect a high pressure gauge, thermostat, 10 cu.in.
cylinder,low pressure gauge and a adjustable drill
bleeder.

3 Insert the thermal bulb in the crushed ice.

4 Open the valve on the service cylinder.

5 Build up a pressure 5 kg/cm2  on the high pressure
gauge connected in the line to the  expansion valve
inlet.

The pressure gauge shows 5kg/cm2 and the
pressure will not increase in the compound
gauge. The expansion valve is in good
condition and not leaking.

6 Tap the body of the expansion valve lightly in order to
determine if the valve is smooth in operation. The
neeedle of the  low pressure gauge should not jump
more than 0.1 kg/cm2.

If the orifice is leak the pressure will raise in
compound gauge and  equals the inlet
pressure.

7 Remove the power element bulb (feeler bulb) from the
crushed ice and warm it up with the hand.

8 Open the bleed, the pressure should increase rapidly
if the power element is operating.

If it is not increased that indicates the power
element may be dead. Adjust the super heat
adjustment.

9 Insert the thermal bulb in the crushed gauge.

10 Open the service cylinder valve.

11 Build up a pressure 5 kg/cm2 on the high pressure
gauge.

12 Check the bleed is open.

13 Adjust the expansion valve. The pressure on the outlet
gauge should be different for various refrigerants as
Freon 22-3.0 kg/cm2.

R22 or dry air at 7.0 kg/cm2 pressure can be
used in place of the service cylinder. The
service cylinder or air is needed only to supply
pressure. Do not attempt to make this test with
the container full of water and a little crushed
ice.

Precaution

1 Use suitable gas with required pressure.

2 Tap the thermostat expansion valve lightly.

3 All additional joints should be in tight.
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Capital Goods & Manufacturing Exercise 4.2.280
R&ACT - Package A/C

Leak test and charge gas in split  package A/C
Objectives: At the end of this exercise you shall be able to
• connect the system with gauge manifold and nitrogen cylinder
• charge nitrogen gas into the system
• test leak with soap solution
• connect the system with vacuum pump
• dehydrate the system
• dehydrate and evacuate the system
• refrigerant charging.

Requirements

Tools/Instruments

• Nitrogen cylinder with 2 stage
pressure regulator - 1 Set.

• Gas brazing torch with hoses and
oxygen, LPG cylinder - 1 Set.

• Gauge manifold with LP/HP gauges - 1 No.
• Double ended spanner Nos. 6/7 to 20/22 - 1 Set.
• Adjustable spanner 6"(15 cm) - 1 No.
• Flaring block with yoke - 1 Set.
• Painting brush 1" 25mm - 1 No.
• Charging hose - 2 Nos
• Cutting plier - 1 No.
• Cylinder key - 1 No.
• Dry bulb thermometer

(stem alcohol type) 0 - 100°C - 1 No.
• Eye goggles - 1 Pair
• Hand gloves - 1 Pair

• Vacuum pump  2 stage - 1 No.
• Heating kit- infra red type or hot air gun - 1 No.
• Gauge manifold with high

pressure and compound gauge - 1 No.
• Charging hose 6mm - 3 Nos

Materials/Components

• Copper tube soft annealed
24 swg  -1/4"OD (6mm) - 15 cm

• Flare nut brass 1/4" (6mm) - 1 No.
• Flare union brass 1/4" (6mm) - 1 No.
• Flare dummy nut brass 1/4" (6mm) - 2 Nos.
• Brazing rod silver or copper - 1 No.
• Plastic / metal mug 1 liter water volume - 1 No.
• Multi Split AC - 1 No.

PROCEDURE

TASK 1: Connect the system with gauge manifold and nitrogen cylinder

1 Make sure that all pipe joints, flare points are properly
brazed/ connected firmly

2 Set the position of service valves (suction and liquid 3
way type) to intermediate state (crack open).

3 Connect one end of charging hose 1 to the gauge port
of liquid service valve

4 Connect the other end of charging hose I to high
pressure (HP) port of the gauge manifold.

5 Connect one end of charging hose II to intermediate port
of gauge manifold.

6 Connect the other end of charging hose II to the valve of
Nitrogen cylinder through two stage pressure regulator.

7  Make the joints of charging hoses tighten by using
cutting pliers.

TASK 2: Charge nitrogen gas into the system

1 Make sure that the high pressure and low pressure (HP
& LP) ports of gauge manifold are closed by checking
the knobs

2 Open the Nitrogen cylinder valve using valve key

3 Regulate the pressure to 50 psig in the pressure
regulator and increase after step by step upto the test
pressure level (300 psig)

4 Open the knob of high pressure port of gauge manifold.
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TASK 5 : Dehydrate the system

5 Observe the nitrogen gas flowing into the system
through identifying nitrogen escaping from gauge port
of suction service valve

6 Backseat the suction service valve.

7 Observe the nitrogen pressure starts to build up by
watching the reading in the high pressure gauge of
manifold.

8 Allow the nitrogen flow for 20-30 seconds until the
pressure reaches to the limit (300 psig.)

9 Close the knob of gauge manifold.

10 Ensure that the system has got Nitrogen pressure by
the reading on the pressure gauge

11 Close the nitrogen cylinder and loose the regulator
knob.

12 Backseat the liquid service valve

13 Remove charging hose I from the liquid service valve

14 Close the gauge ports of both service valves by flare
dummy nuts

15 Remove the charging hose I & II from gauge manifolds
and nitrogen cylinder

TASK 3: Test leak with soap solution

1 Make the soap solution in a container by using soap
concentrate and pure water

2 Make lather in the solution with sponge

3 Apply the soap solution on the joints (screwed/threaded
and braced) by using brush.

4 Apply lather/foam on the joints by using sponge, if
necessary

5 Watch carefully any nitrogen bubbles escaping through
the leak spots

6 Mark the joint by using permanent marker pen,If any
bubbles found at any joint (if it is screwed/threaded
joints arrest the leak by using spanner/cutting plier)

7 If there is a leak at the brazed joints, confirm the leak
and note down to carry out repairs.

8 Leave the system as it is,If there is no leak at any
joints,hold the pressure for next 24 hrs (1 day)

9 After 24 hrs remove the dummy cap, brass from the
liquid service valve at gauge port.

10  Connect one end of charging hose to the gauge port
of liquid service valve

11 Connect the other end of charging hose to high pressure
port of gauge manifold

Make sure that the other two ports (intermediate
and low pressure) of manifold are closed.

12 Change the position of liquid service valve to intermediate
/crack

13 Observe the reading available /shown in the HP gauge
of manifold.

14 Verify the reading with previous days reading.

TASK 4 : Connect the system with vacuum pump

Make sure that the high and low side service
valves are back seated by inspecting its stem
position (It should be long) or turn the stem (half
turn) clockwise direction.  If the stem turns well,
immediately turn it to anticlockwise direction
and backseat the valve using wracket leg.

1 Uncap the dummy nut from the gauge port of service
valves using a suitable double ended spanner.

2 Connect one end of charging hose (I) to the gauge port
of liquid service valve (LSV) and connect other end to
high pressure (HP) port of gauge manifold.

3 Connect one end of charging hose (II) to the gauge port
of suction service valve (SSV) and connect other end to
low pressure (LP) port of gauge manifold.

4 Connect one end of charging hose (III) to the
intermediate port of gauge manifold and connect the
other end to inlet of vacuum pump.

5 Tighten the charging hose connections by using cutting
pliers (for charging hoses) suitable size double ended
spanner (for flare nuts, unions, dummy nuts etc.).

6 Make sure that the HP/LP knobs of gauge manifold are
closed. (Fig 1)

This task is to be carried out after 2 hours from
the time of switched ON vacuum pump.

1 Take the heating kit (infra red lamp/hot air gun) and
switch ON.

Make sure that the system is getting vacuum
and the vacuum pump is functioning.

2 Apply heat by heating kit uniformly to all areas of the
system - refrigerant tubes, condenser coil, evaporator
coil, liquid line drier/filter, expansion device etc.

3 Keep and maintain the distance between the heating kit
and surface of the system (15 cm) always.

Caution: Avoid/Be careful when heating the
areas near electrical wiring connections/parts

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.280
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4 Continue the process for 30-45 mins.

TASK 6 : Evacuate the system completely

1 Notice and observe the pressure reading on the
compound gauge of the manifold, it should be 100
microns or below (equivalent to -30 inches of Hg.)

2 Backseat the liquid and suction service valves one by
one by turning the valve stem anticlockwise direction
fully using wratchet key/wrench.

Caution

1 Be careful whenever operating (closing/
opening) service valves, use proper tools
like ratchet key/wrench only.

2 Extra/over tightening/loosening of valve
stem to be strictly avoided as it may damage
the valve internally.

TASK 7 : Refrigerant charging

1 After evacuation is completed, charge the circuit with
the proper amount of refrigerant.

The proper amount of refrigerant is specified
on the nameplate of the outdoor unit and in
section "2-1. Unit  specifications" on the service
manual.

2 Use  a hose to connect the narrow tube service valve to
the liquid port of the charging cylinder.

3 Purge air from the hose and connect it.

Write down the gradation levels on the charging
cylinder before and after the charging. This
allows you to calculate the charging volume.

4 Do additional charging if it is not possible to completely
charge the unit with the proper amount of refrigerant,
after installing the units. At that time, refrigerant should
be recharged in the liquid state a little at a time using
the wide tube  service port, and the air conditioner
should be operating in COOLING mode during the
entire  charging process. (Fig 2)

5 Leave the system as it is under vacuumising/evacuating
for 1 to 1½ hours more.
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  Charging = Graduation Graduation
volume level before level after

charging charging

Charging the unit with a large amount of
refrigerant  at once may damage the
compressor.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.280
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Capital Goods & Manufacturing  Exercise 4.2.281
R&ACT - Package A/C

Install and trouble shoot split package A/C unit
Objectives: At the end of this exercise you shall be able to
• install ODU and IDU of split package A/C unit
• repair for the symptom “less cooling”
• repair for symtom “Insufficient air flow”
• repair for the sympton “Unit tripping frequently”.

PROCEDURE

TASK 1 : Install ODU and IDU of split package A/C unit

1 Find a suitable location to install ODU (refer ex -No.301)

2 Identify the pipe sitings between ODU and IDU as per
the installation manual.

3 Identify the site of the ducts to be used.

4 Cut out the holes for supply air duct and return air duct
as per the determined duct sites.

5 Place the ODU on a solid, permanent, correosion and
weather - resistant plat form. Check the flatness of
plat form.

Note : A concrete pad constructed according
to the following dimensions is recommended
6” thick 48” wide and 60 long with apron in
front condenser coil.

6 Coat the bottom of the unit with liquid or semi liquid
water proofing compound such as cement or hot tar.

7 Install the air handling unit with cooling coil and blower
along with blower motor.

8 Join the condenser outlet from ODU with the A-type
cooling coil inlet through flaring nut.

9 Connect the suction line between A-type cooling coil
and compressor by flaring nut or brazing.

10 Install an air filter in the path of return air to A-type
cooling coil.

11 Insulate all the pipings and ducts with proper insulating
material (refer ex - 264)

12 Use a vibration isolator between AHU and supply air
duct.

13 Operate and check the performance of the unit.

Requirements

Tools/Instruments

• 12” pipe wrench - 2 Nos
• 14 to 21 and 24 to 27 double

ended spanners - 1 Set each.
• Valve key 6.4 mm - 1 No.
• Spirit level - 1 No.
• Charging hoses - 2 Nos
• Tong tester - 1 No.
• Line tester - 1 No.
• Compound gauge - 1 No.
• Pressure gauge (0 to 30 kg/cm2) - 1 No.
• Measuring tape 5 mtr - 1 No.
• Drill bit - as per need

• L-Allen key - 1 Set
• Flaring tools - 1 No.

Materials
• Clean cloth
• Insulating material - as per need
• Nut - bolts - as per need
Equipment

• Split package A/C with ODU and IDU
• Drill machine - 1 No.

TASK 2 : Troubleshoot and repair split package A/C for the sympton “Unit does not cool sufficiently”

1 Switch on the given split package A/C to confirm the
reported faults/complaint. Record the identified
complaint in the record sheet

2 Refer troubleshoot chart (TSC) for the probable cause
of the defects given below. Record the remedial
measures



69

3 Repair and rectify the defect/fault with the help of
suggested remedial measures given in the troubleshoot
chart

4 Check the unit’s working condition after rectifying the
fault.

5 After trouble shoot and repair the reported fault. Incase
any other fault exist record the fault in recordesheet
and consult with your instructor (Record sheet provided
at the end of exercise).

Trouble Shooting Chart

Sl. No Problem and possible cause Remedy

1 Thermostat set too high Adjust to desired temperature

2 Thermostat improperly located Relocate the Thermostat away from drafts, out of
direct sunlight.

3 Condenser fan not running Check for capacitors, and other electrical
connection.

4 Dirty condenser or evaportor Clean condenser or evaporator

5 Dirty filters Clean or replace

6 Blower wheel slips on shaft Check and tighten allen screw
7 Refrigerant low as shown by Recharge after checking for restriction in capillary

low amperage, evaportor not tube, strainers, TEV and filter drivers. Amperage
cold, or large portion of condenser should not be lower that shown on condensing unit
cool nameplate.

8 Lack of insulation on ducts Replace loose or missing insulation

9 Air leaks in ducts Check and repair

10 Insufficient air form evaporator Make sure duct dampers are open, duct runs are
not too long or too small. Adjust blower speed.

TASK 3 : Trouble shoot and repair split package A/C for the sympton “Compressor stops before thermostat is
satisfied”

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.281

1 Switch on the given unitto confirm the reported faults/
complaint. Record the identified complaint in the record
sheet.

2 Refer trouble shoot chart (TSC) for the probable case
of the defects given below
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3 Repair and rectify the defect fault with the help of
suggested remedial measures given in the trouble shoot
chart

4 Test the package A/C for its working condition, after
rectifying the fault

TASK 4 :  Trouble shoot and repair split package A/C unit for the symptom “Unit does not run”

1 Switch on the given package A/C unit to confirm the
reported faults/complanit. Record the identified
complaint in the record sheet.

2 Refer trouble shoot chart (TSC) for the probable cause
of the defects given below.

3 Repair and rectify the defect/fault with the help of
suggested remedial measures given in the trouble shoot
chart.

4 Test the unit after rectifying the fault.

5 After trouble shoot and repair of the reported fault. In
case any other fault exsit record it in record sheet and
consult with your instructcor.

Sl No Problem and possible cause Remedy

1 No power to unit Check plug and cord, circuit breaker or fuse.
Fuse should  be of right capacity and
proper time delay.

2 Low voltage Be sure voltage is no more than 10%
below that specified on the name plate.

3 Broken wire or bad component Check wiring and connections, check
compressor, capacitor, switches, relays,
OLP and thermostat.

Trouble Shooting Chart

SI No. Problem and possible cause Remedy

  1 Condenser dirty Clean condenser coil and fins.

  2 Low voltage Check for required voltage

  3 Condenser fan speed too slow Check for loose blower wheel.

  4 Dirty filters Clean or replace.

  5 Defective run capacitors Check and replace it necessary.

  6 Deferctive compressor motor Check for proper voltage. Allow enough
time for overlaod to reset. If condenser
pressure is normal, but compressor draws
more than rated amperage, compressor
is defective.

  7 High - or low - pressure control swich Check control switches. check for dirty,
linted or obstructed condenser, bad condenser
fan motor, or bad HP switch. check for poor
air flow through evaporator, bad low-pressure
switch, low freon or pressure dirty fitter in operative.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.281

5 After trouble shoot and repair of the reported fault. In
case any other fault exist record the fault in record
sheet and consult with you Instructor.
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Sl Defects Identified reason Remedial Part/components
No Identified for the defects measures taken replaced

Record sheet

1 Manufacturer’s details of the unit :

2 Reported defect/complaint :

3 Identified complaint/fault :

4 Replaced components :

5 Condition of the unit after  repairing the reported defects :

6 Time taken to repair for the  reported defect/complaint :

7 Space for additional information :

Trainee: Instructor:

Comissioning

Check points Probable defective Cmponents

1 Check power element
2 Thermal bulb and capilary puncture
3 Check needle in close position
4 Clogged screen
5 Orifice block
6 Unit run continuous
7 Check evaporator coil fins
8 Low air circulation

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.281
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Trouble shooting chart (TSC)

Sl Probable defects Cause/Reason Remedial measure
No

1 Less cooling Leak in the system Check for leaks and arrest them
short of gas Charge refrigerant, required level

2 Defective thermostatic Clogged screen/filter Remove and clean
expansion valve

Defective power element Replace the power element
Stuck in close position Flush and clean

3 Unit run continuously Poor compressor Repair or replace the compressor
Short of gas Charge refrigerant, required level
Leak in the system Arrest leak
Clogged drier Reprocess the system and

change drier

4 Thermostatic expansion Wrong super heat adjustment Adjust accurtely
valve surging and hunting

5 Very low suction pressure Short of gas Charge refrigerant
Leak in the system Arrest leak
Clogged drier Replace filter/drier and reprocess the

system

6 Frosted evaportator Air circulation low Improve the circulation of air
Fan belt loose Tension the belt
Bent blower Repalce the blower
Blower motor defective Replace the motor
Evaporator fins block (dirty) Clean evaporator fins
Suction filter block Replace the suction filter

Commissioning

Check point Probable defective Components

1 Check RPM

2 Check suction air filter

3 Low air flow through evaporator

4 Check for coil

TASK 5 : Identify analyze and repair the defective components of the package A/C with complaint of
“Insufficient air flow”

A package A/C with one or two faults created
of “Blower working but insufficient air flow”
will be given in this exercise. Follow the
procedure given below to identify the defect
and repair the given unit.

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.281
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Trouble shooting chart (TSC)

Sl Probable defects Cause/Reason Remedial measure
No.

1 Low air flow Motor low RPM Rectify or replace the motor

Low voltage Check line voltage and determine the
location of the voltage drop

Weak capacitor Test or replace the capacitor

Drive belt loose Tension the belt as necessary/
 replace the belt

Tight bearing Test by turning the pulley by hand.
If adding lubricant does not help,
the bearing must be replaced

Excessive bearing wear Check belt tension and alignment

Check for dirty, incorrect or insufficient
lubrication

If the bearings have become clogged
with dirt.Clean thorough/replace the
wornout bearing

Bent blower Check blower/replace the blower

Dirty blower Clean the blower

2 Wrong rotation of blower Wrong wiring connection Rewire and correct the connection
(3phase)

Capaciotor connection wrong Reconnection for capacitor and correct
(1phase)

Wrong fitting of blower Fit correctly the blower check air flow
suction and discharge

3 Suction air filter block Dust and dirty filter Clean the filter or replace the filter.

4 Low air flow through Dirty evaporator, damaged filter, Clean evaporator fins, replace the filter.
evaporator unit run without filter for long Provide a suction air filter.

time

Record sheet

Record the details of identified defect, reason of defects and remedial measures taken by you along with parts/components
being replaced in the record sheet provided below. (Use the same sheet for all the Task of this exercise)

1 Manufacture detail of the package A/C :

2 Reported defect/complaint :

3 Identified complaint/fault :

4 Replace spare parts :

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.281
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Sl Defects Identified reason Remedial Part/components
No Identified for the defects measures taken replaced

5 Condition of the package A/C after
repairing the reported defects :

6 Time taken to repair for the reported defect/complaint :

7 Space for additional information :

CG & M: R&ACT (NSQF Level - 5) - Exercise 4.2.281
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Capital Goods & Manufacturing Exercise 4.3.282
R&ACT - Central Air Conditioning System

Identify various component of central A/C plant
Objectives: At the end of this exercise you shall be able to
• identify the electrical components
• identify the mechanical components
• identify the different flow cycle.

Requirements

Tools/Instruments

• Double end spanner set - 1 Set
• Adjustable wrench 200mm - 1 No.
• Screw driver 200 mm - 1 No.

PROCEDURE

TASK 1 : Identify the electrical components

Equipments

• 5 TR central AC plant

1 Trace the electrical component located in the system.

2 Identify the electrical component one by one and enter
in to tabular column and write function of each
component.

TASK 2 : Identify the mechanical components

TASK 3 : Identify the different flow cycles

1 Locate the mechanical components of the central A.C
plant.

2 Identify the mechanical components one by one.

3 Note the components and enter in to tabular column
and write its function.

1 Trace the Mechanical Components.

2 Identify the flow of refrigerant in the system.

3 Trace the condenser water cycle.

4 Identify the flow of water from cooling tower to condenser
and condenser to cooling tower.

5 Trace the AHU, return duct and supply duct.

6 Identify the flow of air from AHU to A.C Room to AHU
with duct system.

SI No. Name of the Component / Function
Control

1
2
3
4
5
6
7
8

SI No. Name of the Mechanical Function
parts

1
2
3
4
5
6
7
8
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Capital Goods & Manufacturing Exercise 4.3.283
R&ACT - Central Air Conditioning System

Electrical circuit of central A/C plant
Objectives: At the end of this exercise you shall be able to
• identify the electrical components used in the circuit
• trace the wiring circuit of the plant.

PROCEDURE

TASK 1: Identify the electrical components of used in the circuit

1 Identify the electrical components used in the circuit.
like- a) Fuse unit b) Main MCB c) Motor contactors d)
Overload relay e) Starters.

2 Record your identification with specification in the below
provided table.

Requirements

Tools/Instruments

• Multi meter - 1 No.
• Screw driver 150mm insulated - 1 No.
• Insulated plier - 1 No.
• Voltmeter - 1 No.
• Test lamp - 1 No.
• Line tester - 1 No.
• Insulation tape - 1 No.

Equipment

•   5TR refrigeration plant. Direct system complete
with all controls

Materials

• Water emery - as reqd.
• Banian cloth - as reqd.

Sl.No. Name of the Part Specification /
identified Function

1
2
3
4
5
6
7
8
9
10
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TASK 2 : Trace the wiring circuit of the central A/C plant

1 Trace the wiring circuit of a typical commercial or
residential central A/C system as the figure 1. given
below

2 Identify three phase motor protectors in the circuit see
Fig- 2 below.

Three phase - Protector

• Three-phase- motor protects the compressor by
shutting off power to the unit in case of (a) energy surge,
(b) low voltage, (c) phase loss, (d) phase imbalance,
(e) phase reversal, or (f) short-cycling. It indicates the
specific problem(s)  and in which order they occurred.
Six indicator lights display line status and faults in
memory.

• Five -seconds-to-eight-minutes adjustable delay timer.
After power interruption, time period start when power
is restored and thermostat closes. The two terminals
are connected in series with load.

•  This timer will prevent short-cycling by delaying the
start-up of a compressor for five minutes after a power
interruption. Its terminals are connected in series with
the load.

• Different styles of bayonet-type relays for solid-state
circuit boards. They are widely used in ice machines.

Fig 2

Three phase - Protector
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Capital Goods & Manufacturing Exercise 4.3.284
R&ACT - Central Air Conditioning System

Test components and gas charging component
Objectives : At the end of this exercise you shall be able to
• test high pressure safety cut out
• test safety valve
• test oil pressure safety cut out
• test the water regulating valve’s function
• set and test the bellow type - low pressure switch
• test compressor
• gas charging
• performance check.

Requirements

Tools/Instruments

• Screw driver - 1 Set.
• Double spanner set - 1 Set.
• Charging line - 2 Nos.
• Pressure gauge 0 to 30 kg/cm2 - 1 No.
• Pressure gauge 0 to 10 kg.cm2 - 2 Nos.
• Adjustable wrench - 1 No.
• Valve key (handle) - 1 No.
• Thermometer (0 - 50°C) - 1 No.
• Thermometer (-50°C to +50°C) - 1 No.
• Ring spanner set - 1 No.
• Screw driver 150mm length - 1 No.
• 6" screw driver - 1 No.
• 6" adjustable spanner - 1 No.
• Hammer 450g ball peen - 1 No
• Flaring tool - 1 No.
• Tube cutter - 1 No.
• Continuity tester battery operated

Equipments

• High pressure safety cut out - 1 No.
• Safety valve - 1 No.
• Oil pressure safety cut out - 1 No.

• Refrigeration system with water cooled condenser
provided with water regulating valve and water flow

• Thermometer(digital) meter
• Heat exchanger
• 0-10 kg. low pressure switch bellow type
• 2 way solenoid valve
• Thermostatic expansion valve - 1 No.

Materials

• 6.0 mm copper tube as per length - as reqd.
• 6.0 mm flare nut - 8 Nos
• 6.0 mm equal flare tee - 2 Nos
• Clean cloth - as reqd.
• Goggles - 1 Pair
• Oil can - 1 No.
• Hydraulic hand pump
• Nitrogen cylinder, line with
• two way regulator and gauges
• Rubber hose with jet arrangement
• Soap solution with small container
• R-22-gas cylinder

PROCEDURE

TASK 1: Test high pressure safety cut out (Fig 1)

1 Keep nitrogen cylinder regulators in closed position by
keeping the handle fully loose.

2 Open the nitrogen cylinder valve with the valve key.

3 Check the cylinder pressure on the dial in Gauge 1.

4 Connect the charging hose to the pressure switch as
shown in Fig.1.

5 Watch the movement of the spring and place the
continuity tester leads on the terminal across NO &
NC terminals, the light should not glow. This indicates
that the switch has cut out.
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TASK 2 : Test safety valve (Fig 2)

1 Prepare the end fitting of safety valve to match the
charging hose connection 25 x 6 mm reducer.

2 Connect the safety valve to nitrogen cylinder with the
charging hose.

3 Ensure that the nitrogen cylinder regulator is tight and
gauges are OK.

4 Open the nitrogen cylinder valve with the valve key.

5 Tighten the regulator key so that the gauge No.2 reads
21.0 kg/cm2.

At this pressure the safety valve should lift.

TASK 3: Test oil pressure safety cut out (Fig 3)

1 Connect one nitrogen cylinder to the oil pressure
bellows (element)

2 Connect the one more nitrogen cylinder to the
crankcase bellows.

3 Open both the cylinder valves place the continuity tester
probe on the leads of the switch. When the oil pressure
are set at mentioned above. The continuity test light
should glow. This indicates that the switch is closed.
Close the cylinder oil pressure charging cylinder, loosen
the flare nut and drop the oil pressure to 2.0 kg. The
contacts will open and the continuity tester light will
not glow. This indicates that the switch is set OK.
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TASK 4 : Test the water regulating valve's function

1 Check the suction and discharge pressure of the
system, while the system is running.

2 Check the cooling temperature at evaporator area.

3 Record the inlet and outlet temperature of the water.

4 Check the water flow according to head pressure.

5 Stop the unit and check the water flow is stop, otherwise
confirm the regulating valve has to be serviced.
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TASK 5: Set and test blower type-low pressure switch (Fig 6)

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.284

1 Connect to nitrogen cylinder with two stage regulator
as shown in

2 Set the cut out pressure at 2.0 kg/cm2 on switch cut
out scale.

3 Open nitrogen cylinder by using the valve key and set
the Nitrogen pressure at 2.0 kg/cm2 on the 2 stage
pressure regulator gauge No.2.

4 Check the switch if it has cut out, by placing the
continuity tester on the load. The bulb in the continuity
tester should not glow.

5 Increase the nitrogen pressure to 3.0 kg/cm2 and place
the continuity tester probs on the switch leads the light
has to glow. This indicates that the switch contacts
are closed it means switch is O.K.

TASK 6 : Check compressor (Fig 6)

1 Check Fitting of compressor.

2 Fit high pressure gauge on discharge point  energised
and check pressure as per compressor data.

3 Fit low pressure gauge on suction point and check
pressure as per compressor data

4 Check ampere drawn as per data sheet.

TASK 7 : Charge the gas

• Open the suction and discharge shut off valves of the
compressor. Install a gauge in the discharge gauge
port and open the gauge line if a gauge port has not
been provided.

• Connect a refrigerant cylinder and the connect with a
compound gauge, to the charging valve provided on
compressor suction line. Purge the air from the lines
and tighten the connections.

• Admit the refrigerant by slowly opening the refrigerant
cylinder. The cylinder should be kept in upright position
to prevent the refrigerant from entering the compressor
in liquid state.

• Start the compressor

• Check the quantity of refrigerant charge by noting the
difference in the weight of the cylinder and observing
the pressure.

• Replace the valve cores and remove the vacuum valve
and core removal tools.
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It’s a good idea to simply replace Schrader
valves, as they are not that expensive and
neew valves will reduce the likelihood of
system leaks.

• Screw them back in and seat them properly.

TASK 8 : Check the performance

(Related information check from related theory of
exercise)

• Check and open all the valves in the indirect AC system

• Check the water level at cooling and ensure the make-
up valve float ball is in function

• Check the crank case of the compressor is warm, if
provided with crank case of the compressor is warm, if
provided with crankcase heater. Close the doors and
windows, provided at chiller plant before start the plant.

• Check the supply voltage at panel board is with-in limit.

• Compare with manufacturer’s manual, check the
current drawn by the compressor motor, evaporator fan
motor and the cooling water circulation pump’s motors.

• Check all the electrical motor amp rate drawn data

• Check water temperature of condenser & chiller as per
data table

• Check air temperature (Supply & Return)

• Check air flow rate.
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Capital Goods & Manufacturing Exercise 4.3.285
R&ACT - Central Air Conditioning System

Service AHU and fire dampers
Objectives: At the end of this exercise you shall be able to
• service various components of AHU/Air washer
• service fire dampers.

Requirements

Tools/Instruments

• Double end spanner 6mm to 17mm - 1 Set.
• Screw drive 6” - 1 No.
• Descaling pump set - 1 Set.
• Gasket cutting - 1 Set.
• Moderate heating source - 1 No.

Equipments

• Electric Humidifier
• Steam Humidifier, Electric Humidifier duct type

Material

• Goggles, Mouth mask - 1 Set
• 15.00 mm PVC flexible hose - 3 Nos.
• 15 x 6 mm Brass or M.S nozzle - 1 No.
• Tap - 1 No.
• PVC Adopter for tap to hose - 1 No.
• 20 micron washable air filter - 1 No.
• Hydrochloric Acid - as reqd.
• Plastic bucket 20 Lts, Face shield - 1 No.
• Apron PVC - 1 No.

PROCEDURE

TASK 1 : Service various components of AHU/Air washer

Duct Humidifier

1 Ensure that the water valve to the humidifier is opened.

The humidifier can be opened only when the
fan motor operates (check that the is on)

A humidistat directly controls the operation of
the humidifier. If humidity is high enough, the
humidistat shuts down the humidifier, even
when the fan motor is operating. (Fig 1)

2 Clean the water - absorbing discs in the humidifier need
clean periodically, as indicated in the manufacturer’s
instructions.

3 Make certain that the humidifier water supply is on,
that the humidifier is set properly, and that the
humidifier discs are clean

4 Ensure that all the above point are OK. If any one fails

5 Check the manufactures manual and rectify the
problem.

Steam Humidifier

1 Check that the main inlet steam valve is opened

2 Ensure that main control valve is operational. Fig.2.
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6 Take the filter to open space and tap filter to the ground
(wear goggles and mouth mask) to remove all the
course duct.

7 Take the filter to washing area and rest against wall
(inclined)

8 Fix flexible hose to water tap as shown in Fig 5.

4 Check the manufacturers manual and rectify for any
abnormalities.

Dehumidifying Air washer

The common types of air washer used for
cooling and dehumidification Fig.4.

The water which is sprayed is chilled in the
evaporator of the refrigeration plant

1 Measure the temperature of the water which should
be below the dew point temperature of the air

2 Check whether the chilled water pump should be in
continuous operation

3 Ensure that the nozzles are not blocked

4 If the nozzles are blocked with foreign particles then
stop the refrigeration plant and air washer fan and
nozzles to be cleaned manually

5 Ref manufactures manual and rectify for any other
failure.

Cleaning of air filter with water spray.

1 Take air flow reading and record it in the record sheet.

2 Remove filter from the equipment.

3 Hold it in front of a light or even sunlight.

4 See through the filter light should be visible.

5 Light not visible

9 Open tap and move nozzles up and down repeat this
up and down to every pleat nozzles should be 25.0mm
away from filter element.

10 Allow all the water to drain.

11 Hold the filter by hand and swing so that the water will
drain fully.

12 Fix filter in position of equipment.

The same exercise to be repeated for all the
filters in the equipment.

3 Check that the condensate outlet stop valve is opened

4 Check that the trap is functioning (only condensate
water should drain from the trap not steam)

5 Check that main air blower is in operation

6 Check for any failure of the above mentioned operating
conditions

7 Refer manufacturers manual and rectify.

Electric heating in Air washer

1 Check that the power supply is on (indication lamp
should glow)

2 Check that the main fan is in operation

3 Clean all the heating coil fins without restricting the air
flow. Fig.3.
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13 Start the unit and check the air flow with the help of
velometer and record in Record sheet.

Precaution

1 Read filter catalogue supplied by
manufacturer

2 Some of the filters are disposal so go as
per the  advice of filter supplier.

Cleaning of chilled water coil fins

1 Check if required air flow is up to the design quantity,
after cleaning the air filter. If not follow the steps below.

2 Isolate the chilled water inlet and outlet valves.

3 Loosen the chilled water coil inlet flange bolts allow
the  coil water to drain.

4 Drain the water and loosen out flange bolts.

5 Remove all inlet and outlet flange to bolts and keep in
tray.

6 Remove coil from equipment and shift to cleaning
area.

7 Keep the air inlet side of coil.

8 Take 5% hydrochloric acid and pour on coil fins evenly.

9 Wait for 30 minutes.

10 After 30 minutes lift the coil upright and keep the
hydrochloric acid side facing front keep the coil inclined.

12 With the use of the water jet as shown in Fig 6. Spray
the  water as explained for cleaning of Air-filter. The
water should be sprayed so that the complete force
area to be cleaned.

13 Allow the water to drain.

14 Check the coil if it is cleaned fully by placing torch
light behind the fins end light should be seen fully on
the face (Air inlet Area)

15 After checking fix back the coil to equipment tighten
all bolt & nuts.

16 Connect all water lines.

17 Open the  water valves check for leaks.

18 Start A.H.U. (equipment) and take air flow readings
and check recommended readings with of  manufacturer.

19 Also check the temperature drop in Air across the coil.

20 Record all the reading in record sheet.

Safety precautions

1 While handling Hydrochloric acid

a Wear PVC gloves

b Face shield

c Apron

Descaling of coil tubes, refer Ex.285.

6 Stop the acid pump, add more water to dilute the acid
in container then drain the drum through long flexible
PVC hose to the drainage connection

7 Fill the fresh water to the drum, circulate  around 15
minutes through the coils, when drain the water take
sample and check with litmus paper for acidity.

8 Re--wash with fresh water till you get the water PH to
7.5 to assume, there is no acid stayed inside the coil

9 Remove the acid circulation pump, accessories and
connect the chilled water coil to the system.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.285
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TASK 9 : Method of de-scale Air-washer

1 Follow the steps as per sequence to prepare the air-
washer for de-scale

2 Remove the spray nozzles at the ends of the chilled
water coils (lines) inside the cabinet.

3 Drain the water in the basin and clean the basin with
G.I. plate and wire brush, use bleaching power and
wash the basin with fresh water

4 Clean the nozzle's holes with scriber and rinse, change
the damage or worn out nozzle's

5 Repeat the de-scale process

6 Fit the spray nozzles at the proper places.

TASK 10 : Final check and put in operation

1 Open chilled water line inlet & outlet, start the chilled
water pump circulation and release the air-lock

2 Check if there is any leak in the flange joints, if it is so,
tighten properly.

3 Check it sprays properly  in all the spray nozzles (at
air washer)

4 Stop the circulation pump and close the cabinets side
doors air-tight

5 Start the plant as per sequence and check the reading
after 1 hour

6 Check the chilled water pressure inlet & outlet to
recommended level

7 Check the improvement in cooling effect, compare to
previous reading in room temperature

Make ready to de-scale the AHU (chilled water coil)

1 Get the clearance from instructor and stop the plant

2 Switch 'off' the water circulating pumps, fans and close
the chilled water inlet & outlet to AHU

3 Isolate the panel board main switch  and keep the
unit 'under maintenance' board

4 Open the AHU cabinets side door for chilled water coil

5 Open both inlet & outlet of the chilled water line's
flanges and drain the remaining chilled water inside

6 Dilute the HCL to required quantity and keep in the
drum or barrel, which is to use for circulation

7 Prepare rubber gaskets for the flange joints or make
permanent gaskets to the requirement.

De-scale the chilled water coil at AHU

1 Connect acid circulation pump's inlet to the container
(Ref. Fig 1 of Exercise no.746)

2 Connect the acid pump's outlet to the outlet of the
chilled water coil

3 Connect a line to chilled water coil inlet, with vent line
in between from the top of the container

4 Tighten every joints leak proof with gaskets, then start
the acid pump now release the air-lock through vent
pipe

5 Leave it to run for 1 or 2 hours and stop the acid pump

If the diluted acid became too contaminated
with sediments, change the acid again,
interchange the connections as chilled water
coil inlet to acid pumps delivery and the chilled
water coil outlet to container and run the pump
for 1hr.

Record sheet

Table 1

Grill No. Air flow reading        Total Air flow

Before  After
cleaning cleaning
filter filter

1

2

3

Table 2

Grill No.   Air flow reading    Air flow reading
        Before cleaning coil   After cleaning coil

    Before          After    Before         After
       air Temp.   air Temp. air Temp.    air Temp.

1

2

3

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.285
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TASK 11 : Checking and servicing of fire dampers

Maintenance

1 Check actuator and tighten linkage if necessary

2 Clean damper blades and other working parts if
necessary

3 Lubricate linkage, bearings and other moveable parts
with a silicon lubricant

4 Do not use petroleum based products as they could
cause excessive dust collection

5 Operate the damper via actuator

6 Check the blades to make sure they completely close
and re-open

Testing of fire dampers

1 Use a moderate heat source and heat the thermal
disc found "in the air stream" on the fire damper

Caution: Too much heat may damage the
thermal disc

2 Observe if the damper blades are getting closed by
the heat as the disc will dimple and cause the flow of
electricity to the actuator to stop

3 Allow the disc to cool

4 Press the reset button on the outside of the damper.
Flow of electricity to the actuator will resume and the
damper blades will open up

Note

• If possible, operate the dampers under
normal airflow conditions.

• Fire dampers are also known as smoke
dampers.

Record sheet

Table 1

Reading before de-scaling the chilled water coil.

      Chilled water      Room

Pressure     Temperature Temperature

   Inlet   Outlet    Inlet    Outlet

Table 2

Reading after de-scaling the water coil.

          Chilled water      Room

    Pressure    Temperature            Temperature

  Inlet  Outlet    Inlet    Outlet

Rinsed water P.H. (After de-scaling) =

Total no.of spray nozzles (Air-washer) =

No.of nozzles changed =

Remarks :

Trainee : Instructor :

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.285
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Capital Goods & Manufacturing Exercise 4.3.286
R&ACT - Central Air Conditioning System

Check air flow, dampers, temperature and pressure
Objectives: At the end of this exercise you shall be able to
• Check the air-flow distribution
• Check the dampers
• Measure temperature and pressure.

Requirements

Tools

• Philips screw driver - 1 Set.
• Screw driver, 3mm tip, length 100mm - 1 No.
• Scriber, Divider - 1 No.
• Hammer, nylon 300 gms - 1 No.
• Hammer ball pein 220 gms - 1 No.
• Pliers flat nose length 150 mm - 1 No.
• Plier long nose length 200 mm - 1 No.
• Sheet metal sniper 200 mm - 1 No.
• Center punch 150 mm - 1 No.
• Hand drilling machine with 6 mm drill bit - 1 Set.
• Drill bit, Scissors - 1 Set.
• Jumper, Thermometer (digital) - 1 No.
• Knife, Folded S.S. 150 mm - 1 No.
• Pop rivet gun, Anemometer - 1 No.

Equipments

• 5TR Air-conditioning plant equipped with AHU or
air-washer and complete duct system

Materials/Instruments

• Insulation & duct materials - as reqd.
• Engg. Rule 300 mm long - 1 No.
• Measuring tape 10m & 2m graduation - 1 No
• Pencil, Marker pen - 1 No.
• Marker pen - 1 No.
• Self thread screw, bolts & nuts - as reqd.
• Hanging clamp supports (wooden blocks)
• Ladder, Velometer - 1 No.
• Goggles, Mouth mask, Rubber pads - 1 No.
• Gaskets for duct joints - as reqd.
• Canvas & insulation converging cloth - as reqd.

PROCEDURE

TASK 1 : Check the air flow distribution

1 Start the air-conditioner plant and AHU

2 Wait till the plant to stabilize, then check the air velocity
in supply and returns ducts

3 Check, if any dampers are closed, open it.

4 Check the air velocity by various drills or diffusers and
record

5 Compare it with manufacturer's manual and find any
loss in air velocity

6 Check and confirm the air velocity loss is not because
of the fan problem

TASK 2 : Checking of damper (Fig 1)

• Check power or open or power closed

• Check frequency

• Check spring return of drive damper

• Check floating damper

• Check automatic smooth flow of air as per design data
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TASK 3 : Measure the pressure and temperature

• Identify the compound pressure and oil pressure gauge
connected in the system

• Note the suction pressure shown in compound gauge
and entered into the tabular column

• Measure the head pressure shown in pressure gauge
and entered into tabular column

• Measure the oil pressure shown in oil pressure gauge
and entered into tabular column

• Measure the temperature shown in thermometer and
entered into tabular column

SI.No Data Value

1 Suction pressure

2 Discharge pressure

3 Oil pressure

4 Temperature



90

Capital Goods & Manufacturing Exercise 4.3.287
R&ACT - Central Air Conditioning System

De-scale of condenser and cooling tower
Objectives: At the end of this exercise you shall be able to
• descaling of condenser coil
• cleaning of cooling tower
• clean & service of air louvers.

Requirements

Tools

• Screw driver 12” - 1 No.
• Combination plier 8” - 1 No.
• Double end spanner - 1 Set
• Adjustable wrench 12” - 1 No.

Equipments

• Shell and tube condensor 5 TR - 1 No.
• Cooling tower - 1 No.

Materials

• Condenser tube cleaning brush - 1 No.
• Flexible hose (acid resistance) - 5 mts
• Hose clamps - as reqd.
• Tank 200 litre - 1 No.
• Commercial HCL - 2 litres
• Litmus paper 0 - 10 ph - 1 Set
• Anti corrosive paint - as reqd.
• Wire brush, painting brush - 1 each.
• Clean cloth

PROCEDURE

TASK 1 : De-scale the condenser tube side (inner)

3 Flush each tube individually with water immediately
after brushing each tube.

4 Check each tube after brushing if the scale is hard and
the tube is cooled.

5 Carry out  acid descaling by diluting HCL acid.

6 Fix both end covers and water line flanges with new
gaskets to condenser.

7 Connect the acid circulating pump motor to power
supply.

8 Connect the acid circulating system to the condenser
as  shown in (Fig 2)

9 Fill the mixing tank with clean water up to 3/4 level.

Caution

1  Do not use steel brush

2   Ensure that the welding joint from brush to rod is ground
smooth and it should be of the rod dia.

1 Put off the compressor and main power supply. Close
the cooling water outlet and inlet valve.

2 Drain the water from the condenser through drain plug.

3 Punch mark the end cover with reference to tube sheet
outer.

4 Loosen the water line flanges and end covers retaining
bolts..

5  Remove the end cover. Do not damage the gasket.

6 Clean each tube thoroughly with a soft brass tube
cleaning brush which is welded to the rod. (Fig 1)
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10 Open pump suction and delivery and vent valves.

11 Start the pump and keep filling the mixing tank maintain
1/2 level till the water returns back to the tank through
vent line.

12 Stop clean water filling

13 Calculate roughly the water up quantity in the system.

14 Add commercial  grade hydraulic acid to the mixing
tank to the required quantity to maintain 5 percent of
solution (i.e.) water and acid in the mixing tank.

15 Add inhibitor to the solution in the mixing tank refer
manufacturer’s details on the inhibitor container for
quantity.

16 Circulate for 4 hours.

17 After completion of 4 hours connect the return vent line
to a movable barrel which could hold the total hold up
quantity.

18 Drain the system quantity to the barrel by operating the
pump.

Caution: Do not run the pump dry

19 Fill the mixing tank with fresh water and circulate.
Check the pH value of return water till it raise 7-7.5 water
to be added if it reads lower value of pH.

20 Stop the circulation

21 Drain the mixing tank and hold up water to a area
outside the building.

22 Shift the movable barrel with the 5 per cent descaling
solution to a safe place outside.  Pour it down and pour
fresh water (or pour in the running water  canal).

23 Disconnect the descaling system.

TASK 2 : Clean the cooling tower and rectify the problems in accessories

1 Open the cooling tower sump drain valve and empty it.

2 Remove the sludge in the bottom of the tank (with shovel
and gather in bond) scrap and clean the algae thoroughly
by G.I. sheets.

3 Remove the water spray nozzles with suitable spanner,
and clean it. Clean the spray holes, remove if there is
any blockage then fit it.

4 Clean the louvers of the cooling tower by wire brush.

5 Replace the broken nozzles or louvers which is in bad
condition.

6 Check the make-up water float-valve assembly, if need
service it and check the action is perfect.

7 Lift the cooling tower strainer (which is located at the
tank water outlet to circulating pump inlet) and clean it
with wire brush.

8 Open the water make-up valve and fill the sump with
fresh water.

9 Start the water circulating pump and circulate the water
for 1 hour and stop it.

10 Drain the cooling tower sump once again.

11 Paint the non-corrosive (red-oxide) paint to supporting
channels and ladder steps (M.S. metals) paint the
pipes (water line) as per colour code.

12 Check and clean the drain and overflow pipe and fill the
sump with fresh make-up water.

13 Start the water circulating pumps and check the proper
circulation of the cooling water.

14 Check the fan blades free rotation and start it, observe
the operation of the cooling tower.

15 Start the unit after 1/2 an hour check and record all the
parameters (Refer TASK 1 Procedure Step No.2 of this
same exercise).

16 Enter the schedule maintenance completed date and
find the temperature drop, improvement in cooling
areas.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.287
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Location Pressure Temperature

Compressor suction
(Refrigerant vapour)

Compressor discharge
(Refrigerant vapour)

(Warm) water, inlet
of the cooling tower

(Cooling) water, outlet
of the cooling tower

Table 1

Previous schedule maintenance completed date

Record sheet

100
 Approach Range

Range
  efficiency Tow ers Cooling ×

+
=

Table 2

Present schedule maintenance completed date

Location Pressure Temperature

Compressor suction
(Refrigerant vapour)

Compressor discharge
(Refrigerant vapour)

(Warm) water, inlet
of the cooling tower

(Cooling) water, outlet
of the cooling tower

TASK 3 : Clean and service air louvers

1 Check the condition of air louvers.

2 “Off” the air blower of AHU.

3 Remove air louvers

4 Clean the air louvers by using high pressure water.

5 Dry the air louvers.

6 Fix back the air louvers.

7 “ON” the air blower motor of AHU.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.287
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Capital Goods & Manufacturing Exercise 4.3.288
R&ACT - Central Air Conditioning System

Pump down gas from central A/C plant
Objectives: At the end of this exercise you shall be able to
• pump down the compressor
• pump down the system.

Requirements

Tools

• Valve key (handle) -1 No.
• Double end spanner set -1 No.

Instruments

• Compound gauge, pressure gauge
attached to operating panel -1 Set.

Equipment

• Commercial open type compressor system  -1 Set.

PROCEDURE

TASK 1 : Pump down the compressor

1 Ensure the plant is idle, if  it is running, with the
instruction of instructor.

2 Put off the system.

3 Close the suction (service) isolating valve.

4 By pass the electrical connection at low pressure cut-
out switch.

5 Watch and wait till the suction pressure drops to
0.5 kg./sq.cm.

6 Stop the compressor- drive motor

7 Immediately close the delivery (discharge ) valve.

8 Open the suction gauge port and vent the least gas
pressure from the compressor

Precaution : Do not allow the compressor
suction pressure drop to vacuum, or allow oil
to pump to the  system.

TASK  2 : Pump down the system

1 Put off the system, if  it is running.

2 Bypass the electrical connection  at the  low pressure
cutout  switch.

3 Close the (King valve) liquid line shut off valve.

4 Start the compressor and watch the suction valve gauge
pressure drop till 0.5 kg/sq.cm.

5 Stop the compressor and close the discharge valve.
Refer Fig.1 Transferring refrigerant to the receiver.

Precaution : Ensure the water flow in the  water
cooled condenser.
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Capital Goods & Manufacturing Exercise 4.3.289
R&ACT - Central Air Conditioning System

Add oil to compressor
Objectives: At the end of this exercise you shall be able to
• check the lubrication oil level in compressor
• add lubrication oil to the compressor (when oil plug is provided)
• add lubrication oil to the compressor (when oil plug is not provided).

Requirements

Tools/Instruments

• Double end spanner set 8 to 32 mm
• Ring spanner set 8 to 32 mm
• Compound gauge - 1 No.
• 6.0 mm Hand shut off valve - 2 Nos

Equipments

• One 5TR refrigeration plant

Materials

• Refrigeration lub oil - as reqd.

• Plastic funnel with 10 mm outlet - 1 No.
• Plastic bucket (20 lts) - 1 No.
• Glass measuring jar of capacity 5 ltrs - 1 No.
• Banian cloth - 2 Kg.
• 6.0 mm charging hose - 2 Nos
• Clean cloth - 5 mts.
• 6.0 mm flared union coupling

Male flare x Male pipe - 2 Nos
• 6.0 mm flared dummy - 2 Nos

PROCEDURE

TASK 1 : Check the lub oil level in compressor

1 Stop the compressor drive and wait till the pressure
equalizes.

The suction and delivery gauges should read
the same.

TASK 2 : Add lubrication oil to the compressor when oil plug is provided

1 Back seat the suction service valve (B)

2 Remove the gauge port plug C from the valve.

3 Fix a compound gauge with charging line to suction
gauge port nipple.

4 Turn the valve all the way in and isolate the suction.

5 Electrically bypass the low pressure switch if in use.

6 Start the compressor by watching the suction gauge
when the suction pressure reaches Zero. Put off the
compressor drive.

7 Front seat the discharge service valve quickly.

8 Loosen the compound gauge connection and release
the gas from the compressor and tighten back the
connection.

9 Loosen the oil charging plug E and remove the plug.

10 Clean the plastic bucket with Banian cloth filter the
refrigeration oil from the storage container to the bucket
(use clean new cloth).

11 From the plastic bucket pour the lub oil in the glass
measuring jar.

12 Place the funnel in the oil charging nozzle and pour the
oil to compressor to the required level. The oil level
should cover 3/4 level of the sight glass.

13 Fix back the plug ensure that the copper washer is on
the plug and tighten the plug with spanner.

2 Check the lub oil in the compressor crankcase sight
class. It should cover 3/4 level of the sight glass.
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14 Crack open the front seat of the compressor suction
service valve till suction pressure reads about 0.5 kg/
cm2 on the gauge and front seat the valve again.

15 Open the discharge service valve port plug D and
release the gas till suction gauge reads 0.25 kg/cm2.

16 Then tighten the plug D.

17 Back seat suction and discharge service valves.

18 Remove the suction compound gauge and charging
line.

19 Fix back plugs for suction & delivery valve ports.

20 Apply soap solution on all the joints which was loosened
and check for leaks.

21  Arrest the leak If leak is observed. The service valve
could be isolated if the leaks is heavy after arresting the
leak the service valves could be normalized.

22 Normalized the pressure switch if by passed.

23 Put the unit in operation.

24 Check the oil level in the sight glass it should be less
than 3/4 above 1/2 of the level in the sight glass, when
the compressor is in operation.

TASK 3 : Adding lubrication oil to the compressor (when oil plug is not provided)

1  Put off the compressor drive, if the compressor is in
operation.

2 Ensure that the suction service valve is fully back
seated.

3 Remove the suction gauge port “C”.

4 Fix the charging line along with a compound gauge and
shut off valve.

5 Front seat the suction service valve fully start the
compressor drive.

6 Watch the compound gauge.  When the pressure drops
to zero.  Stop the compressor drive, and quickly front
seat the discharge service valve.

7 Loosen the discharge gauge port plug if any left over gas
in the compressor it will be released.

8  Fix a charging hose with a 6.00 mm shut off valve to the
delivery gauge port.

9 Keep the delivery gauge port charging hose shut off
valve open.

10 Start the compressor drive.

11 Allow the compressor to operate till the suction
compound gauge reads a vacuum of 50 cm.

12 Stop the compressor drive and close the delivery gauge
port shut off valve.

13 Observe the gauge reading, allow for 10 minutes the
vacuum should hold.

14  Ensure that the suction service valve gauge port shut
off valve is closed remove the compound gauge.

15 Take the desired quantity of refrigeration oil in a clean
plastic bucket and shift it to the compressor.

16 Immerse the charging hose in the lub oil with shut off
valve in the lub oil bucket.

17 Open the shut of valve, now the oil will be sucked in the
compressor.

18 Observe the oil level in the bucket, do not allow the oil
level to drop below the shut off valve.

19 When the desired level is obtained in the compressor.

20 Close the shut off valve.

21 Back seat the suction and delivery service valves A &
B.

22 Disconnect the hoses from suction and delivery valves
and fix back the flare plugs.

23 Start the unit and check the oil level in operation it
should be above half 1/2 below 3/4 (three fourth) of the
sight glass provided in the crankcase.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.289
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Capital Goods & Manufacturing Exercise 4.3.290
R&ACT - Central Air Conditioning System

Top up gas to the central AC system
Objectives: At the end of this exercise you shall be able to
• check the system
• determine the need
• top up the central A/C.

Requirements

Tools/Instruments

• Wrench adjustable length 200mm - 1 No.
• Valve key 4.7 and 6.4 mm - 1 No.
• Service-man thermometer - 1 No.
• Double ended spanner - 1 Set.
• Brazing rod and flux - as reqd.
• Screw driver 10mm tip length 200 mm - 1 No.
• Charging line - 1 No.
• R-22 gas cylinder - 1 No.
• Dry N2 cylinder - 1 No.
• Nitrogen charging line with pressure

regulating valve and shut-off valve - 1 No.
• Spark lighter - 1 No.
• Wire brush - 1 No.

• Hand gloves, goggles - 1 Set
• Electronic R.H meter -  1 No.

Equipments

• 5TR central A/C ( R-22) provided with all the
parameters,(gauges and thermometer) along with
operating panel board. - 1 No.

• Vacuum  pump - 1 No.

Materials

• Clean cloth - as reqd.
• Match box - 1 No.
• Soap solution in a vessel with brush - 1 Set.

PROCEDURE

TASK 1 : Check the system

1 Perform standard  maintenance on the system clean
evaporator, condenser, air filter. If any of the above are
dirty it cause symptoms similar to a unit that is low on
refrigerant.

2 Check for any obstructions, including build up of debris

on the air handler  blower fan and make sure the
condenser fan is operating correctly.

3 Conduct a through inspection of the rest of the
components of the system. Like- Missing insulation,
like ductwork joints, poor electrical connection etc.

TASK 2 : Determine the need of the system

1 Determine the type of refrigerant need for the central
A/C. Check the label on the unit’s cabinet for
manufacturer’s specifications (R-22 or R410A).

2 Determine what type of charging connections your
system is equipped with.

3 Start and stop the unit using the thermostat.

4 Turn the power off by removing the fuses or by turning
the breaker off before continuing.

5 Hook up the gauge manifold with the unit when A/C
unit is off. The blue hose to the low pressure side and
red hose to the high pressure side.

6 Turn on the A/C and wait 15 minutes for the system to
stabilize with the gauge being hooked up.

7 Take the reading on the gauges. The blue gauge should
have dropped it the system needs to be charged.
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TASK 3: Top up gas to the central AC unit

1 Shut down the AC unit

2 Attach the low pressure hose (blue) to the suction line
and the high pressure hose (red) to the liquid line

3 Turn on the AC. Let it run for at least 15 minutes so
that the system can reach steady state operation.

4 Check the outdoor air temperature, return air
temperature, suction line temperature and note it.

5 Determine the metering device used in the system. if
the system uses a TEV or restrictor orifice.

6 Pump down the system and pressure test nitrogen
(300psig) in the system with soap solution check
leakage in the system. If leak is found arrest the leak.
Evacuate the system.

7 Charge the system by connecting the charging or
supply hose from manifold to the refrigerant container.

8 Check the parameters for proper cooling.

9 Connect a new cylinder with the system, if the
parameters are not found specific and there is a need
to add refrigerant.

10 Introduce refrigerant into the suction line of the system,
slowly and in small amounts.

11 Check pressure and temperature readings and
determine if more refrigerant is needed.

12 Repeat until every parameters as per specifications
looks  normal.

13 Observe a complete cooling cycle.

14 Turn off the power to the unit and remove the gauges,
after AC has completed a cycle.

NOTE : Do not  tilt the refrigerant container, as
this will introduce liquid refrigerant into the
suction side of the compressor and can result
in damage to the unit.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.290
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Capital Goods & Manufacturing Exercise 4.3.291
R&ACT - Central Air Conditioning System

Check temperature and pressure control
Objectives: At the end of this exercise you shall be able to
• check HP safety cutout
• check LP safety cutout
• check oil pressure safety cutout
• check and service electronic thermostat control.

Requirements

Tools/Instruments

• Screw driver - 1 Set
• Double end spanner set - 1 Set
• Charging line - 2 Nos
• Pressure gauge 0 to 30 kg/cm2 - 1 No.
• Pressure gauge 0 to 10 kg.cm2 - 2 Nos.
• Adjustable wrench - 1 No.
• Valve key (handle) - 1 No.
• Thermometer (0-50ºC) - 1 No
• Thermometer (-50ºC to +50ºC) - 1 No.
• Ring spanner set - 1 No.
• Screw driver 150mm length - 1 No.
• 6” screw driver - 1 No.
• 6” adjustable spanner - 1 No.
• Hammer 450g ball peen - 1 No.
• Flaring tool, Tube cutter - 1 No.
• Continuity tester battery operated

Equipments

• High pressure safety cut out  - 1 No.

• Oil pressure safety cut out  - 1 No.
• Air-conditioning system with water cooled condenser

provided with water regulating valve and water flow
• Thermometer (digital) meter
• Heat exchanger
• 0-10 kg. low pressure switch bellow type
• Thermostatic expansion valve - 1 No.

Materials

• 6.0mm copper tube as per length - as reqd.
• 6.0mm flare nut - 8 Nos.
• 6.0mm equal flare tee - 2 Nos.
• Clean cloth - as reqd.
• Goggles - 1 Pair
• Oil can - 1 No.
• Hydraulic hand pump
• Nitrogen cylinder, line with
• two way regulator and gauges
• Rubber hose with jet arrangement
• Soap solution with small container

PROCEDURE

TASK 1 :  Check high pressure safety cut out (Fig 1)

TASK 2 : Check oil pressure safety cut out (Fig 2)

1 Keep nitrogen cylinder regulators in closed position by
keeping the handle fully loose.

2 Open the nitrogen cylinder valve with the valve key.

3 Check the cylinder pressure on the dial in Gauge 1.

4 Connect the charging hose to the pressure switch as
shown in Fig 1.

5 Watch the movement of the spring and place the
continuity tester leads on the terminal across No &
terminals, the light should not glow. This indicates the
switch has cut out.

1 Connect one nitrogen cylinder to the oil pressure
bellows (element)

2 Connect the one more nitrogen cylinder to the crank-
case bellows.

3 Open both the cylinder valves place the continuity
tester probe on the leads of the switch. When oil

pressure are set at mentioned above. The continuity
test light should glow. This indicates that the switch is
closed. Close the cylinder oil pressure charging
cylinder, loosen the flare nut and drop the flare nut and
drop the oil pressure to 2.0 kg. The contacts will open
and the continuity tester light will not glow. This
indicates that the switch is set  OK.
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TASK 3 : Check the LP cutout switch

1 Set and test the bellow type -  low pressure switch

2 Isolate the switch from power and gas connection

3 Remove the switch from location

4 Connect to nitrogen cylinder with two stage regulator as
shown in Fig. 5.

5 Set the cut out pressure at 2.0 Kg/cm2 on switch cut out
scale.

6 Open nitrogen cylinder by using the valve key and set
the nitrogen pressure at 2.0 kg/cm2 on the stage
pressure regulator gauge. No. 2.

7 Check the switch if it has cutout, by placing the
continuity tester on the load.

8 The bulb in the continuity tester should not glow.

9 Set cut in pressure at 3.0 kg. in differential scale.
Increase the nitrogen pressure to 3.0 kg/cm2 and

10 Place the continuity tester probs on the switch leads
the light has to glow. This indicates that the switch
contacts are closed.

11 Close nitrogen cylinder and disconnect the fittings
from the switch.

12 Fix the switch lock plate and cover. Keep switch ready
for use.

Service the electronic thermostat

1 As the electronic thermostat has no moving parts so
the service is less.

2 Open the outer cover.

3 Clean the electronic circuit cord with soft brush. Refer
manufacturers cleaning procedure and manual for
operation.
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Capital Goods & Manufacturing Exercise  4.3.292
R&ACT - Central Air Conditioning System

Identify various  components  of  direct  expansion type central  A/C plants
Objectives: At the end of this exercise you shall be able to
• identify the electrical components
• identify the mechanical components
• identify the different flow cycle.

Requirements

Tools/Instruments

• Double end spanner set - 1 Set
• Adjustable wrench 200mm - 1 No.
• Screw driver 200 mm - 1 No.

Equipments

• 5 TR central AC plant

PROCEDURE

TASK 1 : Identify the electrical components

1 Trace the electrical component located in the system.

2 Identify the electrical component one by one and enter
in to tabular column and write function of each
component.

TASK 2 : Identify the mechanical components
1 Locate the mechanical component on the central A.C

plant.

2 Identify the mechanical component one by one.

3 Note the component and enter  in to tabular column and
write its function.

TASK 3 : Identify the different flow cycles

1 Trace the Mechanical Component.

2 Identify the flow of refrigerant in the system.

3 Trace the condenser water cycle.

4 Identify the flow of water from cooling tower to condenser
and condenser to cooling tower.

5 Trace the AHU, Return duct and supply duct.

6 Identify the flow of air from AHU to Air Conditioning
Room and A.C Room to AHU with duct system.

 SI.No  Name of the Mechanical Parts Function

1

2

3

4

5

6

7

8

 SI.No Name of the Component/Control Function

1

2

3

4

5

6

7

8
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Capital Goods & Manufacturing Exercise 4.3.293
R&ACT - Central Air Conditioning System

Identify & check electrical circuit of direct expansion type central A/C plant
Objectives: At the end of this exercise you shall be able to
• identify the wiring circuit of the plant
• check and test the components of the circuit
• trace the wiring circuit.

Requirements

Tools/Instruments

• Multi meter - 1 No.
• Screw driver 150mm insulated - 1 No.
• Insulated plier - 1 No.
• Voltmeter - 1 No.
• Test lamp - 1 No.
• Tester (line) - 1 No.
• Insulation tape - 1 No.

Equipment

• 5 TR Refrigeration plant direct and
indirect system complete with all
controls.

Materials

• Water emery - as reqd.
• Banian cloth - as reqd.

PROCEDURE

TASK 1: Wiring circuit of the plant
1 Check power circuit and control circuit

2 Identify the parts of the circuit

A Fuse unit B Main MCB

C Motor contactors D Overload relay

E Starters

TASK 2: Check and test components of the circuit

Relays and starter are magnetically or
electrically operated switches.  Each device
contains a magnetic coil and core or more sets
of contacts. The individual set contacts may be
N/O normally open or N/C normally closed.
When the coil is energised.

1 Turn off all power to unit

2 Remove wires from relay coils

3 Check continuity across the terminals with multi meter.

If a very high resistance is indicated it is O.K.
4 Then place one meter prob to ground or to the unit frame

and touch other prob to each coil terminal.

5 Replace the coil if a circuit is indicated from either
terminal to ground.

6 Check coil voltage by voltmeter between coil wires after
turning on unit power.

It should be the same voltage as indicated on
the coil body.

7 Check that the contact should be normally open or
closed.  When the coil is de-energised or energised.

8 Turn off the power

9 Remove wire leading to the load or control device.

10 Check across each set of contacts by multi meter.

• Normally open contacts should read infinite
resistance.

• Normally closed contacts should read zero
resistance.

11 If an incorrect meter reading is obtained remove all wires
leading to components.

12 Check again the contact points with multi meter and if
the reading is still improper.

13 Check for welded or burnt contact.

14 Check for metal sploter carbonizing or mechanical
jumping.

15 If possible repair or replace the contacts.

If component body, guide spring etc, shows
signs of over heating reduce overall complete
device.

16 Reassemble the starter properly, if contacts seem to be
O.K.

17 Install the starter and connect properly.

18 Turn on unit power.

19 Determine the coil voltage by voltmeter.

20 Check voltage through contact terminals.

If incorrect voltage reading is observed the
contacts are malfunctioning.
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21 Check current drawn by motor.

22 Check for proper functioning of starter.
Precaution: At the time of disconnecting, wires
should be marked as to reconnect correctly
later.

TASK 3: Trace the electrical wiring of central A/C plant

1 Trace the electrical circuit as per Fig 1

2 Check the installation manual for any other wiring
circuit.

A central air conditioner with the thermostat
on "Auto "position. A 230 VAC is decreased to
24 VAC to activate the indoor fan relay coil,
which in turn activates the compressor, the
internal fan motor and the condenser fan
motor. In order for this to happen, the cool
switch and thermostat must be closed. (Fig 2)

Heavy lines - wires encircled

Note the different paths in which the current
travels in each of the diagrams.

When the thermostat switch in ON, the indoor
fan relay coil is energized and activates the
internal fan motor.

NOTE: The normally open (NO) contacts close,
and the normally closed (NC) contacts open in
the 220 VAC circuit when the control coil(s) is
(are) energized in the 24 VAC circuits. (Fig 3)

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.293
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Capital Goods & Manufacturing Exercise 4.3.294
R&ACT - Central Air Conditioning System

Test components, mechanical components, wiring circuit, safety switches
components
Objectives: At the end of this exercise you shall be able to
• test the mechanical components
• test the components of the circuit (wiring)
• test the safety switches.

Requirements

Tools/Instruments

• Multimeter - 1 No.
• Screw driver 150mm insulated - 1 No.
• Insulated plier (Nose) - 1 No.
• Voltmeter - 1 No.
• Test lamp - 1 No.
• Tester (line) - 1 No.
• Electronic leak detector - 1 No.
• Anemometer - 1 No.

Equipments

• 5TR air-conditioning plant direct types with all the
components and controls

Materials

• Water emery - as reqd.
• Banian cloth - as reqd.
• Insulation tape -1No.

PROCEDURE

TASK 1: Test  the mechanical components

Compressor

• Check the fitting of compressor and test for any
refrigerant leak by leak detector.

• Test the discharge pressure by installing high pressure
gauge on discharge point and tally with the data specified
in the Manual.

• Test the suction pressure by installing low pressure
gauge on suction port and tally with the data specified
in the manual.

• Test the ampere drawn by the compressor as per data
sheet.

• Check for shaft seal and check for oil leakage and oil
shortage.

• Test the service valves by providing it different seats
(front, back and intermediate).

a Condenser

• Check for any leakage of refrigerant and water
through pipe lines.

• Test the condenser water inlet and outlet temperature
and tally with the data sheet.

• Descale if temperature is not specific.

b Cooling tower

• Test for the acidity, base and neutral (PH) of
characteristics of water.

• Clean the cooling tower base from algae deposition.

• Test the float valve workings is proper or not

• Test nozzles are spraying water in proper way or
not

c Evaporator/cooling coil and filter

• Test the temperature of cooling coil using
thermometer and tally with data sheet.

• Check the air filter is cleaned or not if not clean it.

• Test the Air flow and air circulation through cooling
coil using anemometer.

• Test for any refrigerant leak using leak detector.

d Duct work

• Check for the duct joints for air leakage.

• Check for vibration and noise, if found install vibration
isolator.

• Check for duct insulation.

e Damper : (Refer ex no: 312 and 313)

TASK 2 : Test the components of wiring circuit : (Refer TASK 1 and TASK 2 of Ex.No : 293)
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TASK 3 : Test the safety switches

a Test and service bellow type low pressure switches:
(Refer Task- 5 of Ex.No:284)

b Test and service high pressure safety cut out

1 Calibrate the switch and set the cut out pressure

2 Keep nitrogen cylinder regulators in closed position by
keeping the handle fully loose.

3 Open the nitrogen cylinder valve with the valve key.
4 Check the cylinder pressure on the dial in Gauge 1.
5 Connect the charging hose to the pressure switch as

shown in (Fig1)

Example:  The Freon 22 water cooled condenser,  High
pressure cut out at 16.0 kg/cm2.  The reset is 14.0kg/cm2.
The differential is 2.0 kg/cm2.

c Check and service safety valve

Check the safety valve lifting pressure (Fig 4)

1 Prepare the end fitting of safety valve to match the
charging hose connection 25 x 6 mm reducer.

2 Connect the safety valve to Nitrogen cylinder with the
charging hose.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.294
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M
R

N
43

29
4H

2

6 Set the required pressure on the regulator gauge No.1
and on line pressure gauge.

7 Watch the movement of the spring and place the battery
operated continuity tester (Fig 3) leads on the terminal
across NO & NC terminals, the light should not glow.
This indicates that the switch has cut out.

8 Reduce the nitrogen pressure by loosening the flare nut
No.10 when the pressure drops to differential pressure.
Place the continuity tester probs on the terminals the
light will glow. This indicates that the switch has reset.
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3 Ensure that the nitrogen cylinder regulator is tight and
gauges are OK.

4 Open the nitrogen cylinder valve with the valve key.

5 Tighten the regulator key so that the gauge No.2 reads
21.0 kg/cm2. At this pressure the safety valve should
lift.

If it opens before or does not open at 21.0 kg/cm2.

Then the adjustable screw No.10 to be adjusted (by
tightening).

6  Close nitrogen cylinder and remove valve after setting
pressure . To increase the spring tension No.8 by this
the set pressure is to be reduced adjust screw 7 (by
loosening).

7 Tighten the check nut 8 and fix the Cap. No.5

Service the safety valve and set for lifting pressure

1 Dismantle all parts

2 Loosen the cap and remove

3 Loosen fully the adjusting Screw

4 Remove the spindle and top seating.

5 Loosen and remove locking screw.

6 Unscrew bottom seating.

7 Rinse all parts in kerosene and wipe dry with banian
cloth.
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8 Check the spring for proper shape.

9 Check bottom and top sealing for scoring.

10 Cap the seating in position by using smooth emery
paste.

11 Clean and wipe both seating.

12 Assemble all parts and tighten the adjusting screw.

13 Set the lifting pressure as explained in Task 2, Procedure
1 (Fig 5)

d Check and service oil pressure safety cut out

1 Connect one nitrogen cylinder to the oil pressure
belows (element) as illustrated in Fig 6.

2 Connect the one more nitrogen cylinder to the crankcase
bellows.

3 Open both the cylinder valves and set the required crank
case pressure on the charging line gauge. Set the

required pressure on the oil pressure charging line
gauge. The pressure can be adjusted by adjusting the
regulators. Then set the required differential on the
switch scale.

Example: If the operating oil is 3.0 kg/cm2. The
operating suction pressured is 2.0 kg. The switch is
2.0 kg.  The switch should be set for 3.0 - 2.0 = 1.0 kg
differential.

4 Place the continuity tester probe on the leads of the
switch.

When the oil pressure are set at mentioned above.  The
continuity test light should glow.  This indicates that the
switch is closed.  Close the cylinder oil pressure
charging cylinder, loosen the flare nut and drop the oil
pressure to 2.0 kg. The contacts will open and the
continuity tester light will not glow. This indicates that
the switch is set OK (Fig 6).
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TASK 2 : Trace the leak and arrest the leak

Capital Goods & Manufacturing Exercise 4.3.295
R&ACT - Central Air Conditioning System

Perform leak testing, evacuation and gas charging
Objectives: At the end of this exercise you shall be able to
• pump down the unit and pressure test with dry nitrogen
• trace the leak and arrest  the leak
• evacuate and charge the gas & top up the gas
• check up the  condition of the unit after charge of gas.

Requirements

Tools/ Instruments

• Wrench adjustable length 200mm - 1 No.
• Valve key 4.7 & 6.4 mm sq. - 1 No each
• Service-man Thermometer - 1 No.
• Double end spanner - 1 Set
• Brazing rod & flux - as reqd.
• Screw driver 10 mm tip length 200mm- 1 No.
• Charging line (Refrigerant) - 1 No.
• R-22 gas cylinder or spare receiver - 1 No.
• Nitrogen cylinder (dry N2) - 1 No.
• Nitrogen charging line with pressure

regulating valve & shut-off valve - 1 No.
• Spark lighter - 1 No.
• Wire brush - 1 No.

• Hand gloves, goggles - 1 Set
• Electronic R.H. meter - 1 No.

Equipments

• 5TR Central AC (R-22) provided with all the
(gauges & parameters, thermometers) along
with operating panel board.

• Vacuum pump - 1 No.

Materials

• Clean cloth - as reqd.
• Match box - 1 No.
• Soap solution in a vessel with brush - 1 Set.

PROCEDURE

TASK 1 : Pump down the unit and pressure test with dry nitrogen

1 Pump down the system and recover the refrigerant in
the cylinders or in the standby receiver.

2 Remove any controls or relief valves in the system,
which could get damage while pressurizing the unit.

3 Connect the dry nitrogen cylinder with pressure regulating
valve to compressor Suction Service Valves (SSV) port.
(Check the nitrogen cylinder is having cylinder pressure
gauge and regulator pressure gauge)

4 Keep the Suction Service Valve (SSV) in back seat
crack position and (DSV) Discharge Service Valve in
back seat (open) position. Then open the nitrogen
cylinder valve slowly and set the recommended (50%
of) pressure.

5 Leave the nitrogen to enter in the system gradually till
the suction line pressure gauge shows the required
pressure (10 kg/cm2 approx.)

6 Keep the liquid line shut off valve fully open and reset the
pressure reducing valve at nitrogen cylinder up to the
100% of recommended pressure (20kg/cm2 Approx.)

1 Close the nitrogen cylinder valve and isolate the cylinder.

2 Apply the soap solution by brush on the possible joints
(screw, flanges, brazing) and all the gauge connecting

joints, carefully observe if there is any leak, and mark
the correct spot.
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TASK 3 : Evacuate and charge the gas and top up the gas

1 Re-connect all the controls and relief valves.

2 Connect the vacuum pump to the suction service valve.

3 Check that all the systems cycle, valves are open and
the solenoids are also open.

4 Run the vacuum pump around 12 hours and check the
reading in the compound gauge.  If it reaches to the
recommended vacuum pressure (760mm of Hg approx.)
close the charging hose hand shut off valve, allow the
system to stand under vacuum for 24 hours, after stop
the vacuum pump.

5 Check the vacuum reading, confirm there is no leak in
the system.

6 Disconnect the vacuum pump and charging line after
back seat the suction service valve.

7 Connect a drier with the charging line to recovered gas
in cylinder, purge the line before connecting to suction
service valve.

8 Check up all the parameters, safety devices to the
system properly, keep compressor oil level perfect,

9 Check the fan, motor bearings, supply water line to
condenser, lubricate the pumps, and other normal
maintenance check ups.

10  Open the cylinder valve slowly and back seat crack the
suction service valve.

11 Keep the gas cylinder in slanting position and allow the
liquid refrigerant to charge in the system.

12 Continue charging till the gas rushing into system (feed
the charging line) when the flow reduce, lift the cylinder
carefully upside down.

13 Close the cylinder valve, lift the cylinder make it to stand
in normal position as the valve side up,after complete
idle charging

14 Start the compressor and record the pressure &
temperature.

If the recovered gas is not sufficient to get the
required evaporative temperature and suction
pressure, connect a new cylinder and top up
only gas (not liquid) to the required amount.

15 After complete charge, close the charging line valve,
cylinder valve disconnect and cover with valve cap.
Close the service port also with the seal cap.

3 Release the nitrogen pressure inside the system slowly
to atmosphere.

4 Arrest the leaks with suitable methods.

5 Pressurize the system again and hold it for 24hrs. and
check is there any pressure drop.

6 Release the pressure in the system finally through
service valve gauge port, to atmosphere slowly.  Assure
the machine room is well ventilated.

(Caution: No attempt should be made to repair the leaks,
while the system is under pressure).

TASK 4 : Check the condition of the unit after gas charge

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.295

1 Check and record suction and discharge pressure. 2 Check the AC plant evaporator temperature and record
it.
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Record sheet

Table 1

Air conditioning plant

Capacity       Type of condenser      Type of evaporator          Details of Humidifier (if any)

Vacuum pulled up to =

Vacuum remains after 12 hrs =

Table 2

Suction Discharge Evaporator Relative

Pressure Pressure Temperature Humidity

Initial reading before pump down

Final reading after gas charge

Gas leak arrested details :

Remarks:

Instructor:
Trainee:

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.295
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Capital Goods & Manufacturing Exercise 4.3.296
R&ACT - Central Air Conditioning System

Trouble shoot cooling, air flow & frequent plant tripping
Objectives: At the end of this exercise you shall be able to
• troubleshoot for less cooling
• troubleshoot for less air flow
• troubleshoot for frequent plant tripping.

Requirements

Tools/Instruments

• Screw driver 6” - 1 No.
• Adjustable wrench - 1 No.
• Cutting plier - 1 No.
• Valve key - 1 No.
• Compound gauge - 1 No.
• Pressure gauge - 1 No.
• Air blower - 1 No.
• Vacuum pump - 1 No.
• Anemometer - 1 No.

• Techno meter - 1 No.
• Line tester - 1 No.

Equipment

• 5 TR central AC plant

Material

• Refrigerant - as reqd.
• Liquid drier (Desicant) - 1 No.

PROCEDURE

TASK 1 : Troubleshoot for less cooling

A Central AC with one or two fault created of
"Less cooling"  will be given for this task.

1 Switch on the given central A.C to confirm the reported
fault/complaint. Record the identified complaint in the
record sheet.

2 Make use of the problem tree discussed in lesson for
the defect "Less cooling", identified and the possible
cause.

3 Follow the logical service flow sequence (SFS) to
identify the defective components and rectify the
identified defect / complaint. Record the identified
defect / fault in the corresponding record sheet.

4 Refer trouble shoot chart (TSC).

Service flow sequence

1 Check refrigerant shortage

– Leak in the system

2 Check condenser

– Condenser fan low RPM/low voltage/fan blade lock
screw loose/motor bearing problem/fins choke

3 Check air flow and motor RPM

– Motor low RPM/Low voltage/fan belt loose/blower
lock screw loose

4 Check suction air filter

– Dust and dirty filter

5 Check evaporator fins

– Blocked fins

6 Check expansion valve

– Improper location of thermal bulb

7 Check liquid line drier

– Partial choke/contaminated oil or gas

8 Check compression

– Valves leak (reed)/ rings, piston worn out

9 Check water cooled condenser

– Insufficient water flow/ scale formation in water tube/
poor water treatment
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Defect/Fault record sheet

Defects Identified Identified reason for Remedial measures Parts/Components
the defects taken replaced

Trouble shooting chart

Sl.  Probable defects Cause/Reason Remedial measure
No.

1 Shortage of gas Leak in the system Arrest leak/charge gas

2 Poor condensation Condenser fan low RPM/low voltage/ Rewind or replace the fan motor/improve
fan blade lock screw loose/motor voltage/tight the fan blade lock screw/
bearing problem/fins choke replace the motor bearing/clean the fins

3 Air circulation low Motor low RPM/Low voltage/fan belt Rewind or replace the motor/stabilise
loose/blower lock screw loose voltage/tension the belt or replace tight

the blower lock screw.

4 Suction air filter blocked Dust and dirty filter Clean or replace

5 Blocked evaporator fins Dust fins Clean the fins

6 Expansion valve Improper location of thermal bulb Relocate the thermal bulb
improper function

7 Liquid line drier partial Contaminated oil in the system Remove contamination by reprocess the
choke unit/change drier compulsorily.

8 Poor compression Valve reeds leak/rings piston, bore Replace the compressor
worn out

9 Scale in water tube Poor water treatment Descale the condenser tubes/improve
(water cooled water quality
condenser)

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.296
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TASK 2 : Trouble shoot for less air flow

Service flow sequence (SFS)

1 Check air velocity

– Return air and discharge air flow

2 Check RPM

– Low RPM/low voltage fan belt/blower lock screw
loose/dirty blower/Blower incorrect direction/check
wiring/check bearing condition.

3 Check suction air filter

– Dust and dirty filter

4 Low air flow through evaporator

– Check evaporator fins and filters.

Trouble Shooting Chart (TSC)

Sl. Probable defects Cause/Reason Remedial measure
No.

1 Low air flow Motor low RPM Rectify or replace the motor

Low voltage Check line voltage and determine the
location of the voltage drop

Weak capacitor Test or replace the capacitor

Drive belt loose Tension the belt as necessary/replace
the belt

Tight bearing Test by turning the pulley by hand. If
adding lubricant does not help, the
bearing must be replaced

Excessive bearing wear Check belt tension and alignment

Check for dirty, incorrect or insufficient
lubrication

If the bearings have become clogged with
dirt. Clean thorough/replace wornout
bearing

Bent blower Check blower/replace the blower

Dirty blower Clean the blower

2 Wrong rotation of blower Wrong wiring connection (3 phase) Rewire and correct the connection

Capacitor connection wrong (1 phase) Reconnect capacitor correctly.

Wrong fitting of blower Fit correctly the blower check air flow
suction and discharge

3 Low air flow through Dust and dirty filter Clean the filter or replace the filter
evaporator Dirty evaporator, damaged filter, Clean evaporator fins, replace the filter.

unit run without filter for long time Provide a suction air filter.
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  Sl.No. Defects Identified reason for the Remedial measures Parts/components
identified defects taken replaced

Defects/Faults record sheet

TASK 3 : Trouble shoot for frequent plant tripping

1 Refer Service Flow Sequence (SFS) given below

Service Flow Sequence (SFS)

1 Unit trips frequently with over load relay

– Faulty setting of overload relay of contactor

2 Unit trips with LP

– LP setting high /drier partial closed /expansion valve
blocked with ice or wax

3 Unit trips with HP

– HP setting low

4 Compressor short cycles

– Controls differential set too close

5 Insufficient air flow

– Check condenser fan, motor speed and condenser
fins

6 Refrigerant overcharge

– Check discharge pressure

7 Refrigerant under charge

– Check suction pressure

8 Head pressure too high

– Restriction in water cooled condenser

– Defective condenser fan motor

– Excess of refrigerant

– Air in the system

9 Low or high voltage

– Make sure that unit get proper recommended voltage.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.296
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Trouble Shooting Chart (TSC)

Sl. Probable defects Cause/Reason Remedial measure
No.

1 Unit trips with overload Faulty setting of overload relay of Adjust the setting. If defective, replace
relay contactor the overload relay

Compressor not getting all 3 phases Check supply point. Faulty contactor,
Low voltage contacts badly pitted carbon coated point etc. and rectify

replace the contact relay

LP setting high Adjust the setting correctly
Drier partially closed Replace the drier
Expansion valve blocked with ice or Clean the expansion valve or
wax expansion valve slightly open and reprocess the system
stuck

2 Unit trips with LP Expansion valve strainer clogged Clean and service expansion valve
strainer

3 Unit trips with HP HP setting low Adjust the setting correctly

Air or non-condensable gas in the Reprocess the system
system

Too warm water or air over condenser Check cooling tower, water valve, check
fan blade and fan motor check short
cycling of air

Dirty condenser Clean fins

Scale formation on water tubes Descale the tube
Valve in discharge line slightly open Open discharge service valve fully
(Discharge service valve)

Defects/Faults record sheet

   Sl.No. Defects Identified reason for the Remedial measures Parts/components
identified defects taken replaced

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.296
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Capital Goods & Manufacturing Exercise 4.3.297
R&ACT - Central Air Conditioning System

Operate and maintain central air conditioning plant
Objectives: At the end of this exercise you shall be able to
• stop the air-conditioning plant for seasonal shut down
• carry out the periodical maintenance
• start the A/C plant after shut down jobs are over.

Requirements

Tools/ Instruments

• Screw driver set (philips) - 1 No.
• Cutting plier - 1 No.
• Valve key - 1 No.
• Screw spanner - 1 No.
• Double end spanner 6mm to 27mm - 1 set.
• Ring spanner set 6mm to 27mm - 1 set.

Equipments

• Central air-conditioning plant 5 TR capacity
with operating panel and all the parameters
(AHU or Air-washer units and auxiliaries)

(and other tools & materials which used
for shut down repair & maintenance)

Materials

• Clean cloth - as reqd.
• Jumper wire - 2 m
• Paint (Red-oxide) - as reqd.
• Painting brush - 1 No.
• Soap solution with mug - as reqd.
• Refrigerant leak detector - 1 No.

PROCEDURE

TASK 1 : Stop the air-conditioning plant for seasonal shut-down

1 Stop the plant as every day routine stop procedure and
AHU also - after getting clearance from your instructor.

2 Install a pressure gauge in the back seat port of the
compressors suction service valve and crack the valve’s
back seat.

3 Close the liquid line shut off valve, which is located after
the condenser.

4 Lower the setting of the systems temperature control,
since the liquid line solenoid valve to be kept open
during pump down.

5 Install a jumper wire across the terminals of the low
pressure switch which is the refrigerant pressure control
(RPC) switch.

6 Start the compressors and watch the suction pressure

7 Stop the compressor when the suction side gauge
reading reduces to .15 kg/cm2 (a little positive pressure)

8 ‘Off’ the compressor main switch and keep ‘unit under
maintenance’ board near electrical panel.

9 Front seat the compressor discharge valve.

10 Stop the cooling tower fan & water circulating pumps.

11 Remove the jumper wire from the low pressure control.

12 Check the condenser and liquid receiver (if provided) for
refrigerant leak.

13 Remove the gauge from the port of the suction valve
replace port plug and front seat the valve.

14 Close the supply & return water connections of the
water cooled condenser.

15 Drain the cooling tower sump for cooling tower
maintenance.

16 Attend the other shut-down jobs, which planed earlier,
perform all annual maintenance of the AHU and other
related auxiliary equipments.

TASK 2 : Carry out periodical maintenance

1 Fill the water sump of the cooling tower, remove air lock
and start the water circulating, pumps after removing
the ‘maintenance’ board from the electrical panel.

2 Start the cooling tower fan and air-handling units.

3 Open the compressor service valves (Back seat) and
liquid line shut off valve, ‘on’ the compressor main
switch.

4 Make sure of the liquid line solenoid valve is functioning
on automatic control, after normalizing  the setting of
the safety controls.

5 Start the system as per sequence (manufacturers
manual)

6 After the system operated in normal condition for 30
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minutes check the compressor oil level, oil pressure,
liquid flow in the liquid line sight glass.

7 If the system stabilize to normal condition adjust the
temperature controller to the proper required setting.
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TASK 3 : Start the A/C plant after shut down jobs are over

1 Check compressor oil level, when compressor is idle,
the level should be around 60% in the sight glass.

2 While running check the oil level at 30 minutes equal
intervals.  When the load is uniform and high, if the level
is lower than 40%, change oil.

3 Stop the compressor and check the shaft seal for oil
leakage. If oil trace is found, check the seal for refrigerant
leak with halide torch.

4 Check the condition of the air-filters of the air-handling
unit, clean or replace filters as necessary.

5 Check the general operating conditions, system’s
refrigerants pressures and temperatures, etc.

6 Check throughout the week’s log, if find any
abnormalities take remedial action.

TASK 4 : Pump down the compressor

Ensure the plant is idle, if it is running, with the instruction
of Instructor.

1 Put off the system.

2 Close the suction (service) isolating valve.

3 Bypass the electrical connection at low pressure cutout
switch.

4 Start the compressor drive motor.

5 Watch and wait till the suction pressure drops to
0.5 kg./sq.cm.

6 Stop the compressor - drive motor

7 Close the delivery (discharge) valve immediately.

8 Open the suction gauge port and vent the least gas
pressure from the compressor.

Precaution: Do not allow the compressor suction
pressure drop to vacuum, or allow oil to pump
to the system.

TASK 5 : Pump down the system

1 Put off the system, if it is running.

2 Bypass the electrical connection at the low pressure
cutout switch.

3 Close the (king valve) liquid line shut off valve.

4 Start the compressor and watch the suction valve
gauge pressure drops till 0.5 kg/sq.cm.

5 Stop the compressor and close the discharge valve.
Transferring refrigerant to the receiver (Fig 3)

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.297
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Capital Goods & Manufacturing Exercise 4.3.298
R&ACT - Central Air Conditioning System

Identify VRF/VRV system
Objectives: At the end of this exercise you shall be able to
• identify the mechanical components of VRF/VRV system of ODU
• identify the electrical and electronic components of 1 the VRF/VRV system of ODU
• identify the mechanical, electrical and electronic components in IDU of VRV/VRF.

Requirements

Tools/ Instruments

• Screw driver (150mm and 300mm) -1No.each
• Double ended spanner -1No.
• Combination plier -1No.
• Adjustable wrench -1No.
• Air blower -1No.
• Ring spanner -1Set.

Equipments

• VRF/VRV air conditioning system -1No.

Material

• L - allen key -1Set.
• Box spanner -1Set.

PROCEDURE

TASK 1 : Identify the mechanical components of VRF/VRV system of ODU

1 Bring the trainees to the AC system.

2 Locate the ODU of VRF/VRV.

3 “OFF” the system.

4 Open the front panel of ODU.
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TASK 2: Identify the electrical and electronic components used in VRV/VRF system of ODU

1 Trace electrical components and indentify one by one.

2 Note the electrical components with specifications and
function in the table. (Fig 2 a & b)

3 Note the electronic components and enter with
specifications and function in the table.
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Table 1 : Table of ODU and IDU mechanical components

Sl. No Name of the  component Specification (as per manual) Types           Function

A

B

C

D

E

F

G

H

I

J

5 Trace the mechanical components of VRF system one
by one, (Fig 1a & b).

6 Note the components, their specification, function, type
and enter in the table provided.
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Table 2 : Tabular column for electrical components of IDU and ODU

Sl. No Name of the  component Specification (as per manual)         Function

A

B

C

D

E

F

G

H

I

J

Table 3 : Tabular column for electronic components of IDU and ODU

Sl. No Name of the  component Specification (as per manual)         Function

A

B

C

D

E

F

G

H

I

J
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TASK 3: Identify the mechanical, electrical and electronic components of IDU of  VRV/VRF system

1 Locate the IDU.

2 Open carefully the front panel of IDU.

3 Identify mechanical, electrical and electronics
components.

4 Note the components and enter their specification and
functions.
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Capital Goods & Manufacturing Exercise 4.3.299
R&ACT - Central Air Conditioning System

Check  and  service  the  VRF/VRV system
Objectives: At the end of this exercise you shall be able to
• check various parameters and components of VRF/VRV system
• service the VRF/VRV system.

Requirements

Tools/Instruments

• Screw driver (150mm & 300mm) - 1 No.each
• Double ended spanner - 1 No.
• Combination plier - 1 No.
• Adjustable wrench - 1 No.
• Voltmeter - 1 No.
• Clamp meter - 1 No.
• Sling psychromotor - 1 No.

• Electronic leak detector - 1 No.

Materials

• Air blower - 1 No

Equipments

• VRF/VRV air-conditioner system - 1 No

PROCEDURE

TASK 1: Check various parameters and components of VRF/VRV system

1 Check current and voltage drawn by the unit using clamp
meter and volt meter, match it with the specification
given in manual. Record in record sheet.

2 Check condenser and evaporator temperature by digital
thermometer. Record in record sheet.

3 Check DBT and WBT temperature by sling
psychromemter and calculate the corresponding RH.
Record in record sheet.

4 Check suction and discharge pressure using gauge
manifold and connecting the mani fold's gauges with

the suction and discharge line using hoses. Record in
record sheet.

5 Check safety controls like HP cut out switch, LP cut
out switch etc.

6 Check for any current leakage from the wiring circuit

7 Check for any refrigerant leakage using electronic leak
detector.

8 Check for vibration and use vibration eliminator where
vibration is noticed.

TASK 2: Service the VRF/VRV system

1 “OFF” the main supply of  VRF/VRV air conditioner.

2 Open the front panel of the ODU.

3 Clean the system by using air blower.

4 Clean the condenser.

5 Tighten any loose connection in electrical connection.

6 Top up refrigerant if it is less. (Refer Ex: 290)

7 Close the front panel of ODU.

8 Open front panel of IDU.

9 Remove air filter and clean it.

10 Service IDU of VRF system.

11 Return the air filter and close the front panel.

12 Start the unit and check the performance.
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Record Sheet

Current Voltage  DBT WBT RH Suction Discharge
Drawn Drawn (ºC/ºF) (ºC/ºF) (%) Pressure Pressure
(AMP) (V) (kg/cm2) (kg/cm2)

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.299
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Capital Goods & Manufacturing Exercise 4.3.300
R&ACT- Central Air Conditioning System

Connect  master  unit and IDU
Objectives: At the end of this exercise you shall be able to
• identify the installation location for the ODU
• identify the pipe sittings between ODU and IDU
• identify ODU fittings process
• connect the ODU and IDU of VRV/VRF system.

Requirements

Tools/Instruments
• 12" pipe wrench - 2 Nos.
• 14 to 21 and 24 to 27 double ended

spanner -1Set
• L-allen key -1Set.
• Charging hoses -2Nos.
• Spirit level -1No.
• Line tester -1No.
• Tong tester -1No.
• Measuring tape-5mtr -1No
• Drill bit-20mm.
• Thermometer (0ºC to 50ºC -1No.
• Brazing kit -1No.

• Pipe cutter -1No.
• Reamer -1No.
• Pipe holding device -1No.

Equipments

• VRV Indoor unit -1No.
• VRV outdoor unit -1No.
• Drilling machine -1No.

Materials

• Bolts and nuts - 4Nos.
(as per specification)

• Plate - 8Nos.
(as per specification)

PROCEDURES

TASK 1: Identify the installation location for the ODU

Refer to Ex. No. 301

TASK 2: Identify the pipe sittings between ODU and IDU

Refer to Ex. No. 302

• Check the flatness of the surface with spirit level.

• Check for the strength of the surface to support the
unit.

• Make a concrete supporting base.

• If necessary, add wire mesh or steel bars to the
concrete to prevent damage or cracks.

• Measure the dimensions of holes and also the distance
between the centres of holes of the ODU (or read the
installation manual).

• Mark the dimensions of holes on the structure where
the ODU needs to be installed, which should be 1.5
times larger than the bottom of the ODU.

• Take drill bit of suitably matching hole dimensions and
using drill machine, do the drilling on the structure.

• Fix the unit securely with anchor bolts, nuts and
washers to the structure. Use a tin-plated or stainless
steel nuts and bolts, also use a rubber washer between
the bolts.

TASK 3 :Identify ODU fitting process
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NOTE

1 The recommended height of the upper protruding part of the bolt is 20mm.

2 Prepare a water drainage channel around the foundation.

TASK 4 : Connect the ODU and IDU of VRV/VRF system
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1 Check for the refrigerant pipings weather they are clean,
dry, leak free.

2 Design a layout process. (refer Ex.no : 302)

3 Select the proper pipings length between ODU and IDU
(refer manual)

4 Remove the pipe cover from ODU.

5 Remove the knock-outs that you are going to use keep
close the unused knock-outs.

6 Connects the pipes to the ODU using flared
connections.

7 Do the necessary electrical wirings and insulate the
pipes.

8 Install outdoor ‘Y-Joints’ as needed to connect multiple
ODU to one another.

9 Install Y - Joints to connect outdoor unit to indoor units.

10 Install IDU from largest to smallest capacity starting at
the inlet of the Y-Joints.

11 Insulate the pipings.

NOTE

1 If the piping length between the ODU and
the Y-Joint exceeds 6.56 ft (2m), install a
vertical trap that is 8-12” in (200-300mm)
high.

2 If there are unused ports on a distribution
header, pinch off  the ports first that are
closes to the inlet.

3 Maximum allowable pipings length
between ODU and IDU is 656 to 722 ft (refer
to manual).

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.300
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Capital Goods & Manufacturing Exercise 4.3.301
R&ACT - Central Air Conditioning System

Identify the location of ODU
Objectives: At the end of this exercise you shall be able to
• locate ODU of VRV/VRF system.

Requirements

Tools/Instruments

• Screw driver 100-150mm - 1 Set.
• Ring spanner set 8 to 22 - 1 Set.
• Wrench adjustable 150mm - 1 Set.
• Anemometer - 1 No.
• Measuring tape 5 mtrs - 1 No.
• Velometer - 1 No.

Materials

• Spirit level - 1 No.

Equipments

• VRV/VRF system.

PROCEDURE

TASK 1: Identify the location of ODU of VRV/VRF system

1 Select a suitable location to install ODU.

2 Check the flatness of the installation location to reduce
vibrations.

3 Check if there is sufficient clearances around the unit
for service and air circulations.

4 Ensure the area is well ventilated.

5 Ensure the installation area do not block any ventilation
openings.

6 Select a place where rain can be avoided as much as
possible.

7 Check for location of the installation site, if it can
withstand the unit’s weight and vibration.

8 Select the location in such manner to match the piping
lengths as per manual.

CAUTION

1 Select the installation location which must
remain away from strong wind.

2 Select the location where there is no risk of
fire due to flammable gas leakage.

3 Do not install the unit in areas where the
air contain high levels of salt such as near
sea.

4 To prevent exposure to strong wind and
snow, install a battle plate on the air side
of the ODU.

5 In case of heavy snowfall area, select an
installation site where the snow will not
affect the unit.
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Capital Goods & Manufacturing Exercise 4.3.302
R&ACT - Central Air Conditioning System

Identify the size of pipings and laying work of VRF/VRV system
Objectives: At the end of this exercise you shall be able to
• identify piping lay work  in VRF/VRV system
• Select and identify proper size of refrigerant piping in VRF/VRV system.

Requirements

Tools/Instruments

• Pipe cutter - 1 No.
• Measuring tape (5mtr) - 1 No.
• Double ended spanner 14 to 21

and 24 to 27 - 1 Set.
• 12" adjustable wrench - 1 No.
• Brazing kit - 1 No.

• Flaring tool and yoke - 1 Set.

Equipments

• VRF/VRV system

Materials

• Flaring nuts - as reqd

PROCEDURE

TASK 1: Identify the refrigerant pipe laying work of VRF/VRV

1 Identify various refrigerant pipe laying work of VRF/VRV system from the figures below and mention the name of the
laying work with the help of instrument.

TASK 2: Select and identify proper sitting of refrigerant piping in VRF/VRV system (Fig 1)

1 Bring the trainees to VRF/VRV system.

2 Note down the capacity of outdoor unit in HP from
installation manual.

3 Note down the capacity of Indoor unit in HP from
installation manual.

4 Identify from the following table in accordance with the

outdoor unit total capacity type, the piping outer
diameter size between ODU and first refrigerant branch
kit. Also check in manual.

5 Identify from the following table or from manual, if
provided, the connecting piping outer diameter size
(mm) between outdoor units. (Refer Fig 1)
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Table 1

SI No. Outdoor unit Capacity (HP) Piping outer diameter site (mm)

Gas pipe Liquid pipe

1 8

2 10

3 12-16

4 18-22

5 24

6 26-34

7 36-54
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6 Identify the site of the outer diameter of the main pipe from the table below in accordance with the capacity of the
ODU. Also refer the manual of the unit to be installed. (Refrigerant)

Table 2

SI No. Outdoor unit Capacity (HP) Connecting pipes of ODU outer diameter (mm)

Gas side Liquid side

1 08 to below 16

2 16 to below 26

3 26 to below 36

4 36 or more

7 Identify the pipe site between branching sections from the table given below also tally with the manual (if  provided) in
accordance with capacity of IDU. (Refer Fig-1)

Table 3

SI No. Outdoor unit Capacity (HP) Site of OD of main pipe (mm)

Gas pipe Liquid pipe

1 below 6

2 6 to below 8

3 8 to below12

4 12 to below 14

5 14 to below 22

6 22 to below 26

7 26 to below 36

8 36 to below 46

9 46 or more
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NOTE : If the total capacity value of IDU exceeds that of the ODU apply the capacity of ODU.

8 Identify the pipe size of IDU from the table given below also tally with the manual in accordance with the capacity of
IDU. (Refer Fig 2)

NOTE : If the total capacity value of IDU exceed that of ODU apply the capacity of ODU.

9 Identify different branching sections among ‘Y - Shape’ branching joints, branching header and ‘T - shape branching
joint’ in accordance with the capacity of IDU in HP. (refer Fig 2)

Table 5

SI No. Capacity of IDU in HP            Pipe size of IDU

 (mm) Gas side         Liquid side

1 6-12

2 12-20

3 20-25

4 25-35

5 35 or more

Table 4

SI No. Capacity of IDU in HP Pipe size between branching sections (mm)

Gas pipe Liquid pipe

1 2.8 or less

2 2.8 to below 6

3 6  to below 12

4 12  to below 20

5 20  to below 25

6 25  to below 35

7 35   or more

Table 6

SI No. Capacity of IDU in HP Type of branching section

1 Below 6

2 6 to below 12

3 12 to below 25

4 25 or more
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Capital Goods & Manufacturing Exercise 4.3.303
R&ACT - Central Air Conditioning System

Check control systems of  VRV/VRF
Objectives : At the end of this exercise you shall be able to
• check electrical and electronic controls systems
• check communication system.

Requirements

Tools/Instruments

• Screw driver 6mm x 150mm - 1 No.
• Line tester - 1 No.
• Multi meter - 1 No.
• Tong tester - 1 No.
• Navigation remote controller - 1 No.
• Service checker - 1 No.
• Pressure gauge - 1 No.

• Micro computer - 1 No.

Materials

• L-Allen key set - 1 Set.

Equipments

• VRV/VRF system

PROCEDURE

TASK 1 : Check for electronic expansion valve coil abnormality

1 Check electrical and electronic control system.

Use a micro computer to check the electronic expansion valve for coil conditions.

Be sure to turn off power switch before
connector disconnect connector, or parts
damage may be occurred.

Check if the EXV is connected to IDU PCB. No Connect, turn off the power supply and then
turn the power on.

YES

Check it the EXV coil is indicating normal. No Replace the electronic expansion valve coil.

YES

Relay cables short circuit or disconnected. YES   Replace the relay cable.

No

Turn off the power supply and turn ON again,
and it still doesn't help, replace the IDU PCB.
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2 Check for thermistor abnormality.

Remove the thermistor from the
IDU PCB and insert it again.

Is the thermistor normal? YES Normal (The error is caused by defective contact)

NO

Remove the thermistor from the
IDU PCB, and then make resistance
measurement of the thermistor
using a multimeter

The valve range must come
between 5 k  to 90 k No Replace the thermistor

YES

Replace the indoor unit PCB

3 Check for PCB abnormality.

Turn off the power supply once
and then turn it ON again YES Check the following parts and continue operation

• Check noise, etc.
• Check whether foreign particles attach to
   the terminal of the main PCB.

Dose it return normally?

NO

Foreign particles are attached
to the terminal of the main
PCB YES Remove the foreign particle and restart operation

NO
Replace the outside unit main PCB.

4 Check for humidity sensor system abnormality.

Remove the humidity
sensor from the IDU PCB
and insert it again.

Does it function normally? YES It is normal (Poor connector contact)

  NO

Delete the error code history
from the remote controller

Is the error still displaying on YES Replace the humidity sensor PCB
the remote controller.

NO

It in believed that external factors
other than failure caused the error.
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NOTE

1 To delete the history, the ON/OFF button of the remote controller must be pressed and hold for
5 seconds in the check mode.

2 To display the code, the Inspection/Test operation button of the remote controls must be pressed and
hold in the normal mode.

3 If error is displayed even after replacing the humidity sensor PCB and taking the steps 1 and 2,
replace the IDU PCB.

5 Check for high pressure abnormality ( Defected by the high pressure switch)

Check the following items:

1 Is the stop valve open
2 Is the connector for HP switch properly No Rectify the defective points, if any.
   connected to the main PCB Dose the
3  HP switch have continuity.

YES

• Mount a pressure gauge on the Hp service port
• Connect the service checker
• Reset the operation using the remote controller, and then restart the operation.

Does the emergency stop YES Is the high pressure switch pressure NO Replace the HP switch
due to error recur ? switch operating valve normal?

         YES

NO Are the characteristics of
HP sensor normal NO Replace the HP sensor

YES

Connect the service checker to  compare the “High pressure” valve  and the actual measurement valve
by pressure sensor by using the service checker.

Are the “High pressure” valve and the actual                    NO Replace the outside unite main PCB
measurement valve by pressure sensor  the same

YES

•  The high pressure sensor is normal and the
    pressure detected with the main PCB is also normal
•  The high pressure has really become high
Check 1 : Remove the causes by which the high pressure has become high.
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6 Check for low pressure sensor abnormality

Is the stop valve open? NO Open the stop valve

 YES

1 Mount a pressure gauge on the low pressure service port
2 Reset the operation using the remote controller, and then restart the operation

Are the characteristics of low     NO Replace the low pressure sensor
pressure sensor normal?

YES

Connect the service checker to compare the “Low pressure”
Valve and the actual measurement valve by pressure
sensor by using service checker.

Are the "low pressure" value and the actual measurement      NO      Replace the outside unit main PCB
value by pressure sensor the same?

YES

The low pressure sensor is normal and the pressure detected with the main PCB is also normal
The low pressure has really become low

Check : Remove the causes by which the low pressure has become low.

7 Check for abnormal power supply voltage

Check the condition of the power supply
1 Check if the power supply voltage is 220v-240v±10%
2 Check if there is power open phase or defective wiring

There are problems on the condition YES Correct any fault
of power supply described above

NO

Error is displayed again? YES Check and correct each wiring

NO

It is possible to have external factors,
such as blow out and instantaneous
power failure
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8 Check for fan motor lock

Is the wiring from the fan motor securely connected
to connectors and the indoor unit PCB? NO    Connect the connector correctly

                 YES

Disconnect the connectors with power supply
and check the voltage between terminal of connector

Is there approx.DC 12Volts between pins? YES Check for wiring of IDU fan motor and motor itself

NO Replace the IDU PCB

9 Abnormal indoor fan motor checking

Turn off the power supply

Are there any foreign matters around the fan? YES Remove the foreign matters

NO

Are the harness from the fan motor connected properly? NO Connect properly

YES

Check the fan motor connector

Does the resistance between pins NO Replace the fan motor
satisfy the judgment criteria?

YES

Are high power PCB and low power NO Connect properly
PCB connected properly?

YES Replace the indoor unit PCB

NOTE: Check on connector of fan motor (power supply cable)

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.303

- lead

+ lead

Wire          Red   White        Black
windings

Red 3,5          3,5

White        3,5          3,5

Black        3,5 3,5
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10 Inverter compressor motor lock check

Is the stop valve open? NO Local factor open the stop valve

Are the relay wires to the compressor correct ?  NO Replace the relay wires and ensure
 right connection of the connector

YES
Is the connection of CSR phase order correct?       NO   Ensure correct connection

YES

Is the wiring the same as in
the electric wiring diagram? NO Check if the wiring has any error in mistake

for inverter compressor Ensure correct connection

YES

Check if the insulation resistance of the YES  Replace the compressor
compressor is low (not more than 100KW)

NO

The compressor coil has disconnection of wires

NO

Restart and check the operation. NO Conclude the work. There is a possibility
Check if the condition occurs again of detective pressure equalizing.

YES

Is the start mode in the high differential YES Defective of pressure equalizing.
pressure (Not less than 0.5Mpa)?

NO

Is the power transistor normal? NO Replace the invertor PCB

YES

Restart and check if the error occurs again NO Continue the operation (There is a possibility
of instantaneous power failure etc.)

YES

Replace the inverter PCB

Restart and check if  the error occurs again NO Continue the operation.

YES Replace the inverter compressor.
The inverter PCB is not defective.
Return the  inverter PCB to original position.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.303
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Task 2 : Check the communication system

Transmission error check between IDU and ODU

            Check if the IDU PCB or ODU PCB has been       YES        Press the RESET  button on the main PCB
       replaced or check if indoor - outdoor, outdoor-         of the master ODU keep pressing for
       outdoor transmission wires has been modified         5 seconds or more.

NO

Do all the indoor remote controllers within the NO Are the indoor- outdoor, outdoor- outdoor
same refrigerant circuit display the error? transmission wires normal?

Reset the power supply NO YES

Correct the transmission wires Replace the IDU PCB

Does the normal condition monitor for NO Is the voltage between NO  Correct the voltage
the ODU PCB blink? phase and neutral on the (220-240)

    YES             ODU PCB 220-240V?

Does the LED in preparation mode Is the fuse on the        YES Replace the fuse
on the ODU PCB blink? ODU PCB blown?

NO

    YES              Check  whether the secondary  NO Replace the transformer
voltage of the trans former
 is about 22V

Replace the ODU PCB

Light does not go out for YES Press the RESET button on the
12 minutes or more main PCB of the ODU main PCB

Keep pressing for 5 seconds or more.

NO Are the indoor - outdoor.
outdoor - outdoor transmission NO Connect the transmission wires.
wires normal?

YES
Repair the ODU main PCB

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.303
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2 Check for transmission error between remote controller and IDU.

Power on the unit

Check pressing + temp - temp
in remote controller

Check the IDU receiver in PCB is YES Transmission ok (May be error came for some
        receiving the signal or not external factors like noise , etc)

NO

Check the transducer of the
remote controller in PCB.

Check by multimeter.
Is it showing resistance NO Charge the remote controller PCB

YES

Check IDU PCB receiver YES             Check for remote controller battery
Circuit. Is it showing resistance?                                     discharge

NO

Change IDU PCB receiver circuit             Is it discharged YES Changer

Check again for normal function. Charge remote controller traction circuit in PCB

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.303
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Capital Goods & Manufacturing Exercise 4.3.304
R&ACT - Central Air Conditioning System

Identify error code for VRF/VRV system
Objectives: At the end of this exercise you shall be able to
• identify error code for IDU of VRF/VRV system
• identify error code for OUD of VRF/VRV system
• identify error code for system of VRF/VRV system.

Requirements

Tools/Instruments

• Screw driver 6mm x 150mm - 1 No.
• Line tester - 1 No.
• Multi meter (Digital) - 1 No.
• Tong tester - 1 No.
• Navigation remote controller - 1 No.
• Service checker - 1 No.

• Pressure gauge - 1 No.
• L - Allen key set - 1 Set
• Micro computer - 1 No.

Equipments

• VRV/VRF system

PROUDURE

TASK 1 : Identify error code for VRV/VRF system IDU from service

1 Bring the trainees to the VRV/VRF system.

2 Open the control panel and check for displayed error
in display panel of the system.

3 Check for description of error in the display of error
given in the tables below for IDU/ODU and system of
VRF/VRV.

4 Note the error code against the error displaying in the
display panel from the service manual of the system.

5 Tally the errors (showing) displaying in the display panel
with the errors provided in the tables and identify the
error codes.

6 Note down the error codes in the table provided with
“description of error”, and “description of diagnosis.

NOTE

The error codes for the system (VRF/VRV) can
varies depending on manufacturer.

Sl No. Error code Description of diagnosisDescription of errors

1

2

3

4

External protection device
abnormality

PCB abnormality.

Drain level control system
abnormality.

Fan motor lock, over load

• Check for the setting state of the external ON/OFF
input by remote controller.

• Turn the power supply off, then the power ON
again, if the system  does not return to normal,
replace the IDU PCB.

• Check for defective float switch or short circuit
connector. check for power supply (208 & 230
V). Check for defective drain pump, drain clogging,
defective IDU PCB also check for loose connecting
of connector.

• Check for broken wire, short circuit or disconnection
of connectors from fan motor harness.

• Check for defective fan motor.
• Check for defective IDU PCB.
• Check for any for matters blocking the fan.
• Check the IDC fan motor and the wiring circuit of

the  motor.
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• Check for the  power supply of 208-230 V.
• Check for the continuity of relay cable.
• Check the air flow direction flap cam mechanism.

7 Power supply voltage abnormality. • Check if power supply voltage in 208-235V
• Check if there is power open phase or defective

wiring
• Check if power voltage unbalance is within 6V or

not.

• Check coil condition of electronic expansion valve
by using a micro-computer.

• Check dust clogging condition of electronic
Expansion valve main body by using micro
computer.

 • Check whether capacity setting adapter is installed
or not.

 • Check for defective IDU PCB.

Electronic Expansion valve coil
abnormality/Dust clogging

Capacity determination device
abnormality

8

9

• Check the connection between the connectors of
IDU PCB and fan PCB.

• Check for defective fan PCB.
• Check for defective IDU PCB.

Transmission abnormality between
IDU PCB and Fan PCB

10

5

6

IDU fan motor abnormality.

Swing flap motor abnormality.

• Check for broken wires.
• Check for connectors securely connected or not.
• Check the IDU fan motor and the wiring circuit of

the motor.

Sl No. Error code Description of diagnosisDescription of errors

11 Thermistor abnormality • Remove the thermistor from the IDU PCB and
insert it again. If it works normal the error is
caused by defective contact. If it does not work
normal. Check thermistor’s resistance with multi
meter. Check the valve range must come between
5K   to 90K  . It not replace the thermistor.

12

13

Combination error between IDU PCB
and fan PCB.

Remote sensor abnormality

Humidity sensor system abnormality.

Room temperature thermistor in
remote controller abnormality.

• Check the condition of transmission with fan PCB
using IDU PCB.

• Check for defective IDU thermistor for air inlet
• Check for defective IDU PCB.
• Check the resistance of sensor after

disconnecting from PCB.

• Check if the moisture sensor is disconnected or
short circuited.

• Check for the defective sensor.

14

15 • Check for defective room temperature thermistor
in remote controller.

• Check for defective remote controller PCB.
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TASK 2 : Identify the error codes for IDU of VRF/VRV system against description of error (provided in the table)
after tallying the error with the service manual. Also make a detailed diagnosis of the errors as per
the steps provided below.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.3.304

Sl No. Error code Description of diagnosisDescription of errors

PCB abnormality1 • Turn OFF the power once and turn ON  again. IF
it not return to normal. Check it in side/outside
relay wires of outdoor unit PCB is disconnected
or not.

Actuation of high pressure switch

Actuation of lower pressure sensor.

• Check if the stop valve open or not
• Check if the high pressure switch connector

properly connected to the PCB control or not.
• Check if  there is continuing across the HP switch
• Check if operating pressure is 4.0mpa

2

3 • Note whether  its operating pressure is 0.07 mpa
or not.

• Check if the stop valve is open or not
• Check the characteristics of low pressure sensor

by connecting service checker and then make a
comparison between low pressure checked by
service checker and the measurement of the
sensor.

4 Inverter compressor meter lock. • Check whether ODU PCB takes the position
signal from the phase line connected between
the inverter and compressor

• Check if any abnormality is observed in the
phase - current wave form.

Outdoor fan motor abnormality5

6

7

8

Electronic expansion valve coil
abnormality

Discharge pipe temperature
abnormality

Refrigerant overcharged.

Outdoor unit fan motor signal
abnormality

Thermistor abnormality

• Check for the connections of all fan motor
connectors.

• Check for continuity across the fuse on the fan
inverter PCB.

• Check for disconnections of connectors from
EXV.

• Check for defective EXV coil
• Check for defective ODU PCB

• Check the characteristics of the dischange pipe
and the compressor surface temperature
thermistors are normal or not

• Check for defective outdoor PCB

• Detect overcharged refrigerant according to
outdoor air temperature heat exchanging deicer
temperature, and liquid pipe temperature.

• Check if the connector of signal cable of the
relevant fan motor normally connected or not

• Check for the connector of the fan motor.

9

10 • Check the resistance of thermistor with multi
meter for normal range of 1.8K  to 8.00K

• Turn OFF the power supply once, and then turn
it ON again.

• Check whether it acts normally or not.
• Check the power transistor normal working.

11 Inverter PCB abnormality
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TASK 3 : Identify the error code for the system error displayed in display panel after tallying the error  description
as provided in the table below and also with the service manual.

Caution : Be sure to turn off the power switch before connecting or disconnecting connectors or parts
may be damaged.
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Sl No. Error code Description of diagnosisDescription of errors

13

14

15

• Check the stop valve is open or not. Check any
error in wire connection to compressor.

• Check for defective inverter PCB.

• Check  for defective connection between inverter
PCB and the control PCB using a micro-
computer.

• Check for defective capacitor in the main circuit.
• Check for defective wiring and defective

magnetic relay.

Inverter compressor start up
abnormality

Transmission errror between inverter
and control PCB

Power supply voltage in balance.

12 Inverter compressor over current • Check for the disconnection in compressor coil.
• Check for the disconnection of compressor

wiring.

Sl No. Error code Description of diagnosisDescription of error

1 Refrigerant shortage • Defect refrigerant shortage by checking the low
pressure sensor’s characteristics. Check the low
pressure valve by using pressure gauge compare
the actual measurement of the low pressure
between pressure gauge valve and sensor’s valve.

Reverse phase, open phase

Transmission error between IDU
and ODU

Transmission error between
remote controller and IDU

System is not set yet

• Check if there is an open phase at the power
supply terminal section of the ODU.

• Check if short circuited between in door - outdoor
or outdoor - outdoor transmission wiring or wrong
wiring

• Check if outdoor power supply is OFF
• Check for defective IDU and ODU PCB.

• Check for noise in surrounding.
• Check for remote controller PCB
• Check for IDU PCB.

• Check for improper connection of transmission
wiring between indoor- outdoor- and outdoor -
outdoor units. Check for defective IDU PCB.
Check for stop valve is not  opened.

2

3

4

5
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Capital Goods & Manufacturing Exercise 4.4.305
R&ACT - Central A/C (INDIRECT/CHILLER)

Identify various components of indirect expansion type central A/C plants
Objectives: At the end of this exercise you shall be able to
• identify the refrigeration system components
• identify the electrical components.

Requirements

Tools/Instruments

• Chiller plant 5 ton capacity

PROCEDURE

TASK 1 : Identify the refrigeration system components (Fig 1)

Equipments/Materials

• Cotton waste, Record sheet - 2

1 Switch off the plant.

2 Clean with cotton waste.
3 Minutely observe the components.

4 Record in tabulated sheet.

Sl. No. Code Name of the components Purposes

1 A

2 B

3 C

4 D

5 E

6 F

7 G

8 H

9 I

10 J

11 K

12 L

13 M

14 N

15 O

16 P

17 Q

18 R

19 S
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TASK 2 : Identify the electrical components

1 Identify electrical components. 2 Record in sheet there location.

Sl. No. Name of the components Specification Make Location

1 Under/Over Voltage Current Transformer

2 Water Temp Sensor Pair

3 Oil Temp Sensor Pair

4 Outdoor Air Temperature Sensor

5 Zone Temp Sensor

6 Connector (UCM mating connectors)

7 Connector Keying Plug

8 Electronic Expansion Valve

9 High pressure Cut out Switch

10 Low pressure Cut out switch

11 Variable Speed Fan Drive

12 Motor Temperature Thermostats

13 Slide Valve Load/Unload Solenoids.

14 Steps Load Solenoid Valve

Signature of trainees                                     Signature of Instructor.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.305
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Capital Goods & Manufacturing Exercise  4.4.306
R&ACT- Central A/C (INDIRECT/CHILLER)

Electrical circuit of indirect expansion type central A/C plants
Objectives: At the end of this exercise you shall be able to
• trace electrical circuit of chiller plant.

Requirements

Tools/Instruments

• Chiller plant 20 Ton capacity - 1 No.
• 150 mm screw driver - 1 No.
• 150 adjustable spanner - 2 Nos
• Double end spanner set

(8 to 24mm) - 1 Set
• 0-10 kg. low pressure switch

bellow type - 1 Set

• 2 way solenoid valve - 1 No.
• Continuity tester battery operated - 1 No.

Equipments/Materials

• Soft cotton cloth - as reqd.
• Water, emery cloth
• Nitrogen cylinder with 2 stage regulator

PROCEDURE

TASK 1 : Trace electrical circuit of chiller plant

1 Time delay circuit Fig 1.

2 DOL Starter circuit breaker Fig 2.

3 Combination heavy duty starter Fig 3
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4 Combination starter with magnetic relay Fig 4.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.306



148

Capital Goods & Manufacturing Exercise  4.4.307
R&ACT - Central A/C (INDIRECT/CHILLER)

Test various components
Objectives: At the end of this exercise you shall be able to
• test and service HP safety switches
• test and service oil pressure safety switches
• test and service LP safety switches
• test the liquid line solenoid valves
• test electronic thermostat.

Requirements

Tools/Instruments

• 150mm screw driver - 1 No.
• 150mm adjustable spanner - 2 Nos.
• Double ended spanner set (98 to 24mm) - 1 Set.
• 0-10 kg low pressure switch below type - 1 No.
• 2 way solenoid valve - 1 No.
• Continuity tester - 1 No.
•    Dry N2  gas cylinder with pressure regulator - 1 Set.

Equipments

• 20 TR capacity chiller plant

Material

• Soft cotton cloth - as reqd.
• Water, emery - as reqd.

PROCUDURE

TASK 1: Test and service HP safety switches

(Refer Ex-No. 294)

1 Set and test the bellow type -  low pressure switch

2 Isolate the switch from power and gas connection

3 Remove the switch from location

4 Connect to nitrogen cylinder with two stage regulator as
shown in (Fig 1).

5 Set the cut out pressure at 2.0 Kg/cm2 on switch cut out
scale.

6 Open nitrogen cylinder by using the valve key and set
the nitrogen pressure at 2.0 kg/cm2 on the stage
pressure regulator gauge. No. 2.

7 Check the switch if it has cutout, by placing the
continuity tester on the load.

The bulb in the continuity tester should not
glow.

8 Set cut in pressure at 3.0 kg. in differential scale.
Increase the nitrogen pressure to 3.0 kg/cm2 and

9 Place the continuity tester probs on the switch leads
the light has to glow. This indicates that the switch
contacts are closed.

10 Close nitrogen cylinder and disconnect the fittings from
the switch.

11 Fix the switch lock plate and cover. Keep switch ready
for use.

TASK 2: Test and service oil pressure safety switches

(Refer Ex-No. 294)

TASK 3 : Test and service the electrical control components
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TASK 4 : Service the liquid line solenoid valve

1 Fix the solenoid valve to nitrogen cylinder.

2 Open the nitrogen cylinder by using the valve key.

3 Set the pressure gauge No.2 to the required pressure
(20kg/cm2).

4 Connect the solenoid valve power supply.

5 Put the switch on and flush the valve with nitrogen.

6 Then off the power supply to valve and test the valve
for leak of nitrogen. Fig 2 indicates a leaky valve.

Service of leaky valve

1 Disconnect the power cable from solenoid coil.

2 Loosen the top screw.

3 Remove the coil cover and coil.

4 Dismantle the valve and check the seating.

5 Clean the seating for dirt and scratches.

6 Assemble back and give power supply and check for
leak. Fig 2(b) for leak proof valve (no leak valve). Keep
ready for installation.

TASK 5 : Service the electronic thermostat

As the electronic thermostat has no moving
parts so the service is less.

1 Open the outer cover.

2 Clean the electronic circuit cord with soft brush. Refer
manufacturers cleaning procedure and manual for
operation.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.307
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Capital Goods & Manufacturing Exercise  4.4.308
R&ACT - Central A/C (INDIRECT/CHILLER)

Perform leak testing, evacuation, gas charging/ top up gas
Objectives: At the end of this exercise you shall be able to
• pump down the unit and pressure test with dry nitrogen
• trace the leak and arrest the leak
• evacuate the system
• charge/top up gas in the system
• check up the condition of the unit after charge of gas.

Requirements

Tools/Instruments

• Wrench adjustable length 200 mm - 1 No.
• Valve key 4.7 & 6.4 mm sq. - 1 No.

  each
• Service-man Thermometer - 1 No.
• Double end spanner - 1 set
• Brazing rod & flux - as reqd.
• Screw driver 10 mm tip

length 200mm - 1 No.
• Charging line (Refrigerant) - 1 No.
• R-22 gas cylinder or spare receiver - 1 No.
• Nitrogen cylinder (dry N2) - 1 No.
• Nitrogen charging line with pressure

regulating valve & shut-off valve - 1 No.
• Spark lighter - 1 No.
• Wire brush - 1 No.

• Hand gloves, goggles - 1 set
• Electronic R.H. meter - 1 No.

Equipments

• 5TR Central AC (R-22) provided with all the
parameters, (gauges & thermometers)
along with operating panel board.

• Vacuum pump - 1 No.

Materials

• Clean cloth - as reqd.
• Match box - 1 No.
• Soap solution in a vessel

with brush - 1 set.

PROCEDURE

TASK 1 : Pump down the unit and pressure test with dry nitrogen

1 Pump down the system and recover the refrigerant in
the cylinders or in the standby receiver.

2 Remove any controls or relief valves in the system,
which could get damage while pressurizing the unit.

3 Connect the dry nitrogen cylinder with pressure regulating
valve to compressor Suction Service Valves (SSV) port.
(Check the nitrogen cylinder is having cylinder pressure
gauge and regulator pressure gauge)

4 Keep the Suction Service Valve (SSV) in back seat
crack position and (DSV) Discharge Service Valve in
back seat (open) position. Then open the nitrogen
cylinder valve slowly and set the recommended (50%
of) pressure.

5 Leave the nitrogen to enter in the system gradually till
the suction line pressure gauge shows the required
pressure (10 kg/cm2 approx.)

6 Keep the liquid line shut off valve fully open and reset the
pressure reducing valve at nitrogen cylinder up to the
100% of recommended pressure (20kg/cm2 Approx.)
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TASK 2 : Trace the leak and arrest the leak

1 Close the nitrogen cylinder valve and isolate the cylinder.

2 Apply the soap solution by brush on the possible joints
(screw, flanges, brazing) and all the gauge connecting
joints, carefully observe if there is any leak, and mark
the correct spot.

3 Release the nitrogen pressure inside the system slowly
to atmosphere.

4 Arrest the leaks with suitable methods.

TASK 3 : Evacuate the system

Quality of your vacuum pump performance is
directly related to the quality of your vacuum
pump oil.

• Remove the Schrader cores (if present) with the core
removal tools.

• Connect the low side (or blue hose) to the low side core
removal tool and high side (or red hose) to the high side
core removal tool. If you're using a four-valve manifold
vacuum pump , connect the 3/8" hose from the vacuum
port on your manifold to the 3/8" port on the vacuum
pump. Connect the 4th vacuum hose port from the
manifold to the refrigerant cylinder.

• Plug in the power cord for the pump.

• Open all manifold valves and make sure the vacuum
valve and core removal tool ball valves are open.

• Start the pump. For cold weather starts, open the intake
port until the pump reaches running speed and then
close it off.

• Once you have pulled a vacuum that meets the
manufacturer's specifications, you can close the valves
on the core removal tools.

• Observe the vacuum gauge. It is normal operation for a

TASK 4 : Charge the gas or Top up gas

• Open the suction and discharge shut off valves of the
compressor. Install a gauge in the discharge gauge port
and open the gauge line if a gauge port has not been
provided.

• Connect a refrigerant cylinder and the connect with a
compound gauge, to the charging valve provided on
compressor suction line. Purge the air from the lines
and tighten the connections.

• Admit the refrigerant by slowly opening the refrigerant
cylinder. The cylinder should be kept in upright position
to prevent the refrigerant from entering the compressor
in liquid state.

• Start the compressor.

• Check the quantity of refrigerant charge by noting the
difference in the weight of the cylinder and observing the
pressure.

rise in microns to occur. However, if the rise continues
to atmosphere (760,000 microns), there is a leak in the
system.

• Close the valve that connects the manifold to the pump,
Once you are satisfied with the reading.

• Shut off and disconnect the vacuum pump. Your
evacuation process is complete and you are ready for
system charge.

5 Again pressurize the system and hold it for 24hrs. and
check is there any pressure drop.

6 Finally release the pressure in the system through,
service valve gauge port, to atmosphere slowly.  Assure
the machine room is well ventilated.

Caution: No attempt should be made to repair
the leaks, while the system is under pressure.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.308
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TASK 5 : Check the performance

• Check and open all the valves in the indirect AC
system.

• Check the water level at cooling tower and ensure the
make-up valve float ball is in function.

• Check the crank case of the compressor is warm, if
provided with crankcase heater. Close the doors and
windows, provided at chiller plant before start the plant.

• Check the supply voltage at panel board is with-in
permissible limit. Compare with manufacturer's manual,

check the current drawn by the compressor motor,
evaporator fan motor and the cooling water circulation
pump's motors.

• Check all the electrical motor amp rate drawn data .

• Check water temperature of condenser & chiller as per
data table.

• Check air temperature (Supply & Return).

• Check air flow rate.

If the charged gas is not sufficient to get the
required evaporative temperature and suction
pressure.

• Connect a new cylinder and top up only gas to the
required amount.

• Once the charge is complete, you can replace the valve

cores and remove the vacuum valve and core removal
tools.

It's a good idea to simply replace Schrader
valves, as they are not that expensive and new
valves will reduce the likelihood of system
leaks.

• Screw them back in and seat them properly.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.308
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 Sl. No. Make  Capacity Electrical components Condenser water Chilling water    Air          Flow of
power consumption temperature  temperature  temperature    air
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Capital Goods & Manufacturing Exercise 4.4.309
R&ACT - Central A/C (INDIRECT/CHILLER)

Trouble shoot cooling in complaint A/C plant
Objectives: At the end of this exercise you shall be able to
• trouble shoot for the complaint of “No cooling” of central A/C plant
• trouble shoot for the complaint of “Poor cooling” of central A/C plant
• trouble shoot for the complaint of “Noise and Vibration”
• trouble shoot for the complaint of “No cooling” due to stuck off solenoid valve.

Requirements

Tools/Instruments

• Trainee kit - 1 Set.
• Screw driver 300mm - 1 No.
• Cutting plier - 1 No.
• R-22 service cylinder with gas - 1 No.
• Charging manifold with nose - 1 Set.
• Tong tester - 1 No.
• Flaring tool and pipe cutter - 1 Set.
• Hammer - 1 No.
• Double ended spanner 4 to 27mm - 1 Set.
• Gas welding set with cylinder key - 1 Set.
• Wrench adjustable 200mm - 1 No.

• Grease gun - 1 No.
• Electronic leak detector - 1 No.
• Series lamp - 1 No.
• DB meter - 1 No.

Equipments

• A/C chiller plant 10 TR capacity running
with chilled water circulation.

Materials

• Cotton waste - as reqd.
• Soap solution - 1 Ltr.

PROCEDURE

TASK 1: Trouble shoot for the complaint of “NO cooling of central plant”.

Check the working of  mechanical components

1 Switch on the given chillers unit.

2 Check pumping  high pressure & low pressure of
compressor.

3 Check leakage all the joint with thick soap solution.

4 Check shortage of refrigerant.

5 Check filter blockage.

6 Check filter of AHU.

7 Check inlet & out let water  flow of condenser&
evaporator pump.

Check the working of  electrical components

1 Switch off the given chillers unit.

2 Check continuity of compressor driving motor.

3 Check solenoid valve working condition.

4 Check HP & LP switch terminal and continuity.

5 Check expansion valve working condition.

After trouble shoot complaint in case any other
faults exist record the cause(s) in record sheet
and consult your Instructor. All data check refer
with Ex.No.4.4.309.

TASK 2 : Trouble shoot for the complaint of “Poor Cooling” of central A/C plant

Check refrigerant leak from condenser

1 Pump down the system.

2 Isolate the condenser.

3 Remove the condenser head.

4 Apply dry nitrogen pressure to the cell.

5 Check the water pipe line leakage by providing cork
cap at the each pipeline.

Check refrigerant leak from pipe line

1 Apply dry nitrogen pressure to the pipe line

2 Check the suspected joints by soap solution.

3 Check Valve's connected with compressor.

4 Check LEV joint and filter joint's.
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Record sheet

1 Manufacturing Details of Chiller Plant

2 Reported complaint

3 Test series

Sl No. Defects indentified Reason specification value Components repaired/replaced

1

2

3

4

5

6

7

8

9

10

Signature of trainee                                                                             Signature of Instructor

Hints to instructor: Before checking the chillers plant, the instructor should simulate one or more faults
causing the symptom of the fault given in the title of this exercise. The instructor may refer the problem
tree given in corresponding lessons for some of the possible causes for fault/complaint. It is suggested
that the simulated faults shall be in increasing order of difficulty as illustrated in problem trees. If the
trainee is able to trouble shoot and repair the created defect easily, simulate another fault and ask
trainee to rectify the defect and so on.
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Check refrigerant leak from compressor

1 Close the suction and discharge valve of the
compressor.

2 Isolate the compressor from the pipe line.

3 Apply Dry nitrogen pressure to the compressor up to
10 Kg/cm2.

4 Check the leakage to the point of shaft seal by soap
solution.

5 Check the matching parts gaskets leakage heads,
service valves etc.

Check poor cooling and reduce air supply

1 Start the AHU.

2 Check the air flow at the supply duct to the Joint of
canvas point.

3 Check the loose connection/loose fitting in coming air
and cooling coil contact.

4 Check short cycle of air.

5 Check proper fitting of blower fan.
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TASK 3 : Trouble shoot central A/C plant with complaint of “Noisy and Vibration”
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Check  duct lines- vibration or noise (Figs 1 & 2)

1 Wear goggles to protect eyes, trace the duct lines from
AHU supply till return.

2 Check all the grills, diffusers, dampers are loose
creates rattling noise.

3 Check by the supports or hanging clamps, is there
any vibration creates noise. (Note anywhere the duct
line need extra support, or additional clamp, record it)

4 Check if the duct is dent or the insulation is damaged
mark it.

Check Compressor noise (Fig 3)

1 Check chassis  mounting of compressor.

2 Checking mounting bolt.

3 Checking pipe line fitting with compressor.

4 Check sound with DB meter

5 Record in sheet

Check pipe line clamping

1 Check the position of the pipe line and hold properly.

2 Check any insulate or packing damage.

3 Check any nut, bold and fastener damage.
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TASK 4 : Trouble shoot for the complaint of “No cooling due to stuck of solenoid valve”

Check physically condition of solenoid valve

1 Check the physical position and condition of solenoid
valve.

2 Isolate the solenoid valve

3 Record it.

Check the power supply

1 Energise the solenoid valve.

2 Check the plunger movement

3 Check proper sealing of solenoid valve.
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4 Check functioning of solenoid valve.

5 Fit it for proper operation.
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Capital Goods & Manufacturing Exercise 4.4.310
R&ACT - Central A/C (INDIRECT/CHILLER)

Insulate chilled water pipings
Objectives: At the end of this exercise you shall be able to
• insulate chilled water straight pipings
• insulate 45° and 90° elbows
• insulate flanges, couplings, tees and valves.

Requirements

Tools/Instruments

• Hack saw blade with frame - 1 Set.
• Double endend spanner (8 to 24mm) - 1 Set.
• Ring spanner set (8 to 24mm) - 1 Set.
• Adjustable pipe wrench - 1 No.
• Screw driver (300mm long) - 1 No.
• Hammer (250 and 500 gm) - 2 Nos.
• File (Different types) - 1 Set
• Steel tape (5 mtr) - 1 No.
• Calipers - 1 Set
• Self threading screws - as reqd.

• Alumininium sheets - as reqd.
• Gasnet cutter - 1 Set.

Materials

• Clean cloth - as reqd.
• Mineral fibre - as reqd.
• Seal tape - as reqd.

Equipments

• 10 TR chiller plant with bare pipings

PROCEDURE

TASK 1 : Insulate chilled water straight pipe

1 Check all inspection and acceptance testing of the
piping as required by specification has been completed
and that the piping is ready for installation of insulation
(e.g. check for leak in piping).

2 Check all the surfaces are clean, dry and any other
extraneous chemicals such as corrosive cleaners or
building materials dust.

3 Check if there is adequate clearance to install the
mineral fibre pipe insulation in accordance with
drawings, operation performance parameters of the
specification, such as access to controls, valves and
for maintenance and repair.

4 Insulate each continuous run of piping with full-length
tubes of mineral fibre insulation with single pieces cut
to complete the end of the run. (for pre. formed insulation
tubes) (see Fig 1)

9 Seal all pipe insulation longitudinal or circumferential
joints using the self- seal lap and butt strips.

10 Rub the self-seal lap and butt strips firmly with a sealing
tool such a squeegee to assure proper adhesion.
(see Fig 3)

5 Push on to pipe the insulation but not pull it.

6 Install all joins and seams by compression fitting.

7 Over lap insulation 5-10mm (1/4n) at butt edge seams
and  compress the edges into place, so that there should
no gap present at any joint.

8 Install vapor dams or vapor seals at every butt edges
and at the termination of the termination of all
fittings.(see Fig 2)
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14 Adhere directly the insulation to the pipe at the begining
at every 4m to 6m and at the ends of piping runs with a
50mm strip of adhesive.

15 Insulate hangers clamped directly to the pipe.

NOTE

Do not us cut pieces or scraps.

All pipe insulation shall be continuous through
wall and ceiling opening except where fire-
stop materials are required.

TASK 2 : Insulate 45° and 90° elbows

1 Insulate the elbows using preformed or moulded
insulation or field fabricated from a straight section of
pipe insulation or insulate using mineral fibre blanket
inserts.

2 Insulation should be mitered pre-adhered and
longitudinally slit inside throat to fit over all elbows and
bends. (Fig 5)

1) Performed mineral fiber pipe insulation with vapor
retarder jacket. 2) Fabricated or mitered or moulded mineral
fiber pipe insulation. 3) Vapor dam. 4) PVC fitting cover. 5)
Apply PVC vapor seal tape or adhesive/solvent to all joints
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TASK 3 : Insulate flangers, couplings, Tee and valves

1 Insulate any fittings with mineral fibres, vapour dam for
efficient working of the chiller unit.(Fig 6)

a Applied Jacket, Vapor dam, Vapor dam at straight
section of pipe, Vapor retarder mastic on joints and
terminations

b PVC molded fitting cover, Mineral fiber insulation,
Vapor dam, Vapor retarder mastic or PVC tape on
joints

NOTE

Protective covering must be installed on areas
of insulation that are exposed to weather or
subject to mechanical damage.

11 Seal the butt end of every fourth pipe insulation section,
and the ends or raw edges of insulation terminations
at equipment connections, fittings or fire stop systems
with vapor retarder mastic.

12 Terminate the staggered ends at the vapor dam and a
vapor retarder applied to the entire exposed raw edges
of the insulation for multi- lager systems. (Fig 4)

13 Stagger the insulation seams when applying multiple
layers of insulation.
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Capital Goods & Manufacturing Exercise 4.4.311
R&ACT - Central A/C (INDIRECT/CHILLER)

Service of FCU and water control valves
Objectives: At the end of this exercise you shall be able to
• service and maintain fan coil unit
• check and service water control valves.

Requirements

Tools/Instruments

• Double ended spanner and ring
spanner set (4 to 27mm) - 1 Set.

• Adjustable pipe wrench - 1 Set.
• Steel tape (5 mtr) - 1 No.
• Screw driver, hammer, file - 1 Set.
• Pressure gauge - 1 No.

Equipment

• Chiller unit with FCU and water
control valves.

Materials

• Clean cloth - as reqd.

PROCEDURE

TASK 1 : Service and maintain fan in Fan Coil Unit (FCU)

1 Stop the unit after getting clearance from instructor.

2 Dismantle the fan-motor compartment.

3 Wipe the fan- motor, clean the filters, coils-fins.

4 Lubricate the motor and fan as recommended.

5 Check the fan’s hub locking screw (nut) and base bolts
and tighten it.

6 Rotate the fan manually, check for free rotation.

7 Wipe the total unit with clean cloth and assemble the
cabinet.

8 Start FCU, check for the fan motor current with tong
tester is normal and check the air-velocity also.

TASK 2 : Check and service water control valves

Start the air handling unit, ensuring that dampers in the
supply duct are fully open.

Open air control valve and observe throw supply air
flow.

Open air control valve and observe throw return air flow.

Cooling coil water control valve (Fig 1)

Open all water valves and start the water pump.

Observe pressures at condenser inlet and outlet.

Observe pressures at cooling coil inlet and out.



161

Cooling by pass and flow control valve

Open bypass valve note down the reding.

Open flow meter valve note down the reading pressure on
meter.

Open all water valves and start the water pump. Observe
pressures at condenser inlet and outlet lines.

Open hot-gas valve on the condenser and the discharge
service valve on the compressor. Open discharge gauge
valve to read the pressure.

Follow the same procedure and read the suction pressure.

Open liquid line valve. Observe standing pressure on the
gauges. This should be approximately 7.03 kg/cm2  (100
psi) for R-12 and 10.5 kg/cm2  (150 psi) for R- 22 to indicate
that the system is tight with no leakage.

Open suction service valve and start the compressor.
Observe the refrigerant and oil pressures.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.311
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Capital Goods & Manufacturing Exercise 4.4.312
R&ACT - Central A/C (INDIRECT/CHILLER)

Check and service mixing dampers
Objectives: At the end of this exercise you shall be able to
• check and service mixing dampers
• check the operation of mixing dampers.

Requirements

Tools/Instruments

• Adjustable wrench - 1 Set.
• Screw driver (350 mm) - 1 Set.
• Hammer 250 gm - 1 No.
• Pressure gauge - 1 No.
• Digital thermometer - 1 No.

Equipment

• AHU with mixing damper

Materials

• Clean cloth

PROCEDURE

TASK 1: Check and service mixing damper

1 Check whether the damper shaft is rotated clock-wise
or counter clock wise.

2 Check the temperature of the mixed air and compare if
with the supply and return air.

3 Check the humidity of the mixed air and compare it
with the supply and return air.

4 Check whether the parameters of mixed air is matching
with the data provided in the manual.

5 Check if there is any dust loaded on the damper, if so
clean it.

6 Check for the dampers can work in maximum air
pressure, velocity and leakage requirements.

NOTE

1 Make sure the dampers are in the open
position before starting up the fans

2 Make sure the damper casing is clean and
free from foreign objects. If necessary,
remove any impurities  using hand blower.

7 Check the integrity and efficiency of the protective
grilles.

8 Clean the dampers, repair any damage and remove
any corrosion.

The blade drive shafts may be mounted in the
plastic bearings, which do not need
maintenance.

9 Check the condition of linkage and replace if necessary.
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10 Check whether the blades are straight or not.

11 Check the condition of the gaskets between the blades
and that the they are perfectly joined.

12 Uncouple the servo meter and retighten the servo meter
coupling.

13 Actuate the dampers in fully closed position and make
sure the blades are perfectly joined.

14 Place the damper in a fully open position before
restarting.

TASK 2 : Check the operation of mixing dampers

1 Check power open or power close of the unit.

2 Check spring return of damper.

3 Check the smooth flow of air through the damper.

4 Check for floating of damper from fully open to close
position.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.312
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Capital Goods & Manufacturing Exercise 4.4.313
R&ACT - Central A/C (INDIRECT/CHILLER)

By pass dampers checking
Objectives: At the end of this exercise you shall be able to
• check the By pass damper
• adjust the By pass damper.

Requirements

Tools/Instruments

• Adjustable wrench - 1 No.
• Screw driver (300mm) - 1 Set.
• Presure gauge - 1 No.

Equipment

• AHU with bypass damper

Materials

• Clean cloth
• Digital thermometer.

PROCEDURE

TASK 1 : Check the bypass damper

1 Check whether the damper is installed horizontally or
not.(Recommended for horizontal installation)

2 Check whether the air flows through the bypass damper
in direction indicated by “air flow” arrow in. (Fig 1 & 2)

3 Check the dimensions of the bypass damper and also
the maximum airflow through it in CFM. Record the
observation in below table. (An example is given, refer
to your manual for the data)

4 Check whether the bypass damper is working normally
under pressure difference or not.

5 Check the operating temperature range is between    -
10°F to 175° F and pressure range is between 0.40 to
1.20 wg. Refer to your manual for the data and note it.

6 Check whether the mechanism cover have enough
clearance to allow it to be removed after installation

7 Check whether the adjustment screw is accessible or
not.

8 Check if the damper is connected to the supply air
system after leaving air temperature sensor or not.

9 Check the condition of linkage, gaskets between the
blades and replace if necessary.

10 Check the blades are straight or not.

SI. No Model Name and number Height Width Length Maximum Airflow
(Inch) (Inch) (Inch)            (CFM)

1. 2DAMPBCE07Y12 8  14    16 1200
2.
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TASK 2 : Adjustment of the bypass damper
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1 Check the pressure set by the factory for the bypass
damper from manual, which is the pressure different
between the inlet and discharge bypass duct pressures.

2 Measure the pressure setting by connecting a U-tube
manometer to the bypass duct work with one connection
2ft. upstream of the bypass and the and the other 2ft.
downstream.

 NOTE

1 To increase the pressure setting, turn the
   adjustment screw clockwise.

2 To decrease the pressure setting. Turn the
   adjustment screw counter-clockwise.

3 Change the adjustment of bypass damper if necessary.

4 To perform this, remove the mechanism cover, and turn
the adjustment screw as needed.

5 Check the number of holes in the spring leave arm
(generally 5 holes are there)

 NOTE

The mounting holes closer to the damper shaft
are for lower operating pressures. The
mounting holes further from the damper shaft
are for higher pressure.

6 To change the spring setting unhook the spring from
lever arm and hook it into the desired mounting hole.

7 Now use the screw adjustment for finer adjustment

Each mounting hole will change the pressure
set point approximately 0.25 in wg. Starting at
0.40 to 0.50 in.wg. at the mounting hole closest
to the damper blade shaft. As the spring moves
from the nearest hole, the pressure will
increase. The highest pressure recommended
is approximately 1.25 in.wg.

8 Reset the damper to factory setting by mounting the
damper spring in previous hole before adjustment. And
use the screw adjustment for correct pressure different
as factory set.
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Capital Goods & Manufacturing Exercise  4.4.314
R&ACT- Central A/C (INDIRECT/CHILLER)

Service and troubleshoot of direct expansion A/C plants
Objectives: At the end of this exercise you shall be able to
• troubleshoot “less cooling” with the help of problem tree (PT)
• troubleshoot “insufficient air flow” with the help of (PT)
• troubleshoot “frosting thermostatic expansion valve” with the help of (PT)
• troubleshoot “compressor cut off through LP cutout” with the help of (PT).

Requirements

Tools/Instruments

• Screw driver - 1 No.
• DE spanner (4 to 27mm) - 1 No.
• Adjustable wrench - 1 No.
• Line tester - 1 No.
• Multimeter (digital) - 1 No.
• Anemometer - 1 No.

Materials

• R-22 gas cylinder - 1 No.
• Gauge manifold - 1 No.
• Charging hoses - 2 Nos.

Equipment

• 10TR/5TR DX type central A/c

PROCEDURE

TASK 1 : Trouble shoot “less cooling”

Less cooling’

Less cooling in central air conditioning plant may happen
in many ways. For knowing possible causes for the fault

and to service the central A/C for “less cooling” is illustrated
in problem free.

TASK 2 : Troubleshoot  “Insufficient air flow”

The correct quantity of air in the air conditioned
spare is very important for comfort. Before
supplying is very important for comfort.

1 Open the  front panel where air fitter is placed.

2 Clean the air fitter.

3 Follow the problem tree to troubleshoot and service.
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TASK 3 : Troubleshoot for “Frosting thermostatic expansion valve distribution circuit”

Thermostatic expansion valve is a throttling devise which work automatically maintaining proper and correct liquid flow as
per the load on the evaporator.

TASK 4 : Troubleshoot for “Compressor cut off through LP cut out”

The low pressure cut out switch is used to control low
side pressure of the air. Conditioning plant. It operates on
the pressure difference in the low side. Some time the

compressor cut off through LP cut out by the following
reasons.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.314
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Capital Goods & Manufacturing Exercise  4.4.315
R&ACT - Central A/C (INDIRECT/CHILLER)

Servicing and troubleshooting of indirect expansion A/C plants
Objectives: At the end of this exercise you shall be able to
• troubleshoot and service various symptoms of  indirect expansion central A/C plant.

Requirements

Tools/Instruments

• Screw driver (150 and 300mm) - 1 No each
• DE spanner (4 to 27mm) - 1 Set.
• Ring spanner (4 to 27mm) - 1 Set.
• Adjustable wrench - 1 No.
• Digital thermometer - 1 No.
• Line tester - 1 No.
• R-22 gas cylinder - 1 No.
• Compound gauge - 1 No.
• Gauge manifold - 1 No.

• Charging hoses - 4 Nos.
• Electronic leak detterctor - 1 No.

Materials

• Cotton waste - as reqd.
• Soap solution - as reqd.

Equipments

• 10 TR capacity central indirect expansion A/C plant.

PROCEDURE

TASK 1 : Troubleshoot and service various symptoms of indirect expansion central A/C plant

Condensing pressure too high,
water-cooled condensers.

a) Cooling water temperature too
high.

b) Water quantity too small
c) Deposits on inside of water pipes

(scale etc)
d) cooling water pump defective or

stopped.

    Symptom Possible cause Action

Condensing pressure too high.
Air-and - water - cooled
condensers

Condensing pressure too high Air-
cooled condensers.

a) Air or other non-condensable gases in
refrigerant system.

b) Condenser surface too small
c)  Refrigerant system charge too large

(liquid collection in condenser)
d) Condensing pressure regulation set for

too high a pressure.

a) Dirt on condenser surface
b) Fan motor or blade defective or *too

small
c) Air flow to condenser restricted
d) Ambient temperature too high
e) Incorrect air flow direction through

condenser.
f)  short-circuit between condenser fan

airside pressure and suction sides.

1 Purge the condenser by using
reclaim system

2 Start and run-system until it reaches
running temperature. Purge again if
necessary

3 Replace condenser with larger size.
4 Recover refrigerant until condensing

pressure is normal. The sight glass must
remain full. Set for the correct pressure.

1 Clean condenser.
2 Replace motor or fan blade or both
3 Remove air inlet obstruction or move

condenser.
4 Create fresh air inlet or move

condenser.
5 Change rotation of fan motor. On

condensing units, air must flow
through condenser and then to
compressor. Install a suitable duct,
possibly to outdoor air.

Ensure lower water temperature.
Increase water quantity, possibly using
automatic water valve. Clean out
condenser water tubes, possibly by
*deacidification. Investigate cause,
replace or repair cooling water pump if
fitted.

• Start the plant.

• Wait to the stabilize.

• Note for various problems.

• Find out remedy from the trouble shooting chart and
rectify the problem identified.
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            Symptom                 Possible cause    Action

Condensing pressure too low.  Air
- and - water cooled condensers

a) Condenser surface too large
b) Low load on evaporator
c) Suction pressure too low, e.g.

insufficient liquid in evaporator
d) Compressor suction an discharge

valves might be leaking
e) Condensing pressure regulator set for

too low a pressure
f) Un-insulated receiver placed too cold

in relation to condenser (receiver acts
as condenser)

Establish condensing pressure regulation
or replace condenser. Establish
condensing pressure regulation. Locate
fault on line between condenser and
thermo-static expansion valve (see
"Suction pressure too low").  Replace
compressor valve plate. Set condensing
pressure regulator for correct pressure.

Move receiver or fit it with suitable
insulating cover.

Condensing pressure too low Air-
cooled condensers.

a)  Temperature of cooled air too low
b) Air quantity for condenser too large

Establish condensing pressure
regulation.  Replace fan with smaller unit
or establish motor speed regulation.

Condensing pressure too low
water-cooled condensers.

a) Water quantity too large.
b) Water temperature too low.

Install automatic water valve or set
existing valve.
Reduce water quantity by using a
automatic water valve.

Condensing pressure hunts. a) Differential on start/stop pressure
control for condenser fan too large.
Can cause vapour formation in liquid
line for some time after start of
condenser fan because of refrigerant
collection in condenser

b) Thermostatic expansion valve hunting
c) Fault in condensing pressure regulating

valves (orifice too large).
d) Consequence of hunting suction

pressure.

Set differential on lower valve or use
valve

Regulation or use fan motor speed
regulation

Set thermostatic expansion valve for
higher superheat or replace orifice with
smaller size

Replace valves with smaller size see
"Suction pressure hunts".

Discharge line temperature too
high.

a) Suction pressure too low because of:
1) Insufficient liquid in evaporator
2) Low evaporator load
3) Leaking suction or discharge valves
4) Superheat too high in heat exchanger

or suction accumulator in suction line.
b) Condensing pressure too high.

Locate fault on line from receiver to
suction line.
Line (see "Suction pressure too low").
Ditto.  Replace compressor valve plate.
Omit heat exchange or possibly select
smaller heat exchanger
See "Condensing pressure too high".

Discharge line temperature too
low.

a) Insufficient refrigerant in system.

b) Evaporator overcharged

1) Low load, leading to refrigerant
collection in evaporator

2) Thermostatic expansion valve fault
(e.g. superheat setting too low, bulb
location wrong)

c) Refrigerant collection in condenser
because condensing pressure lower
than receiver pressure (receiver placed
warmer than condenser).

Investigate cause (leakage, overcharge
in evaporator), repair fault and charge
system

If necessary see "Fitter notes,
Thermostatic expansion valves:  Fault
location".

See "Fitters notes, Thermostatic
expansion valves:  Fault location". Place
receiver together with condenser

Air-cooled condensers: Establish
condensing pressure regulation by fan
motor speed regulation , e.g. type VLT.

Liquid level in receiver too high.

Refrigeration output normal.
Refrigerant charge in system too large. Recover a suitable quantity of

refrigerant, but condensing pressure
must remain normal and the sight glass
free of vapour.
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Install defrost system or adjust defrost
procedure. Recommend packaging of
items or adjust defrost procedure.

Repair fissures recommend that door be
kept closed.

            Symptom                 Possible cause    Action

Liquid level in receiver too high.
Refrigeration output too low.
(possible compressor cycling)

Filter drier cold, dew or frosting
possible.

a) Partial blockage of a component in liquid
line.

b) Thermostatic expansion valve fault
(eg. Superheat too high, orifice too
small, lost charge, partial blockage).

Find the component and clean or replace
it
See "Fitters notes, Thermostatic
expansion valves:" Fault location."

Moisture indicator discoloured
yellow.

Brown or black.

Moisture in system. Check system for leakage. Repair if
necessary. Check system for acid.
Replace filter drier, several times if
necessary.  In severe cases it can be
necessary to change refrigerant and oil.

Impurities, i.e. small particles
in system.

Clean out system if necessary.
Replace sight glass and filter driver.

a) Insufficient liquid sub cooling from large
pressure drop in liquid line because:

1) Liquid line too long in relation to
diameter

2) Liquid line diameter too small
3) Sharp bends, etc. in liquid line
4) Partial blockage of filter drier
5) Solenoid valve defect
b) Insufficient liquid sub cooling because

of heat penetration of liquid line,
possibly from high temperature around
liquid line.

c) Water-cooled condensers:
Insufficient sub cooling because of
wrong cooling water flow direction.

d) Condensing pressure too low.
e) Receiver stop valve too small or not fully

open.
f) Hydrostatic pressure drop in liquid line

too high (height difference between
thermostatic expansion valve and
receiver too large).

g) Badly or incorrectly set condensing
pressure regulation causing liquid
collection in condenser.

h) Condenser pressure regulation by start/
stop of condenser fan can cause
vapour in liquid line for some time after
fan start.

i) Insufficient liquid system.

Vapour bubbles in sight glass
ahead of thermostatic expansion
valve.

Replace liquid line with tube of suitable
diameter.
Replace sharp bends and components
causing too large a pressure drop.
Check for impurities, clean out if
necessary, replace filter drier.  see
"Fitters notes, Solenoid valves”. Reduce
ambient temperature or install heat
exchanger between liquid and suction
lines or insulate liquid line, possibly
together with suction line. Swap over
cooling water inlet and outlet. (water and
refrigerant flow must be opposite).

Replace valve or open it fully.  Install heat
exchanger between liquid and suction
lines ahead of rise in liquid line.  Replace
or rest regulator at correct valve

If necessary, replace regulation with
condensing pressure regulation via
valves or with fan motor speed
regulation, type recharge system, but
first make sure that none of the faults
named under a), b), c), d), e), f), g), h)
are present, otherwise there is a risk of
the system becoming overcharged.

Installation: Refrigerant charging.

a) Partial blocking of dirt strainer in filter
drier.

b) Filter drier completely or partly saturated
with water or acid.

Check whether there are impurities in
the system, clean out where necessary,
replace filter drier.  Check whether there
is moisture or acid in the system, clean
out where necessary and replace filter
drier (burn-out filter) several times if
necessary.  If acid contamination is
severe, replace refrigerant and oil
charge, install filter drier with
interchangeable core in suction line.

Air coolers, evaporator blocked
by frost.

a) Lack of or poor defrost procedure.
b) Air humidity in cold room too high

because of moisture load from
1) Unpackaged items
2) Air ingress into room through fissures

or open door.
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            Symptom                 Possible cause    Action

Air coolers evaporator frosted only
on line near thermostatic
expansion valve, severe frost on
thermostatic expansion valve.

Refrigerant supply to  evaporator too
small because of:

a) Thermostatic expansion valve defect
e.g.

1) Orifice too small
2) Super heat too high
3) Partial loss of bulb charge
4) Dirt strainer partly blocked
5) Orifice partly blocked by ice.
b) Fault as described under "Vapour

bubbles insight glass".

See Manual,  Expansion valves, Fault
location:

See "Vapour bubbles in sight glass.

Air coolers, Evaporator damaged.

Air humidity in cold room too high,
room temperature normal.

a) Evaporator surface too large. Causes
operation at excessive evaporating
temperature during short running
periods.

b) Load on room too low, e.g. during winter
(insufficient dehumidification because of
short total running time per 24 hours).

a) Room thermostat defect
b) Compressor capacity too small
c) Load on room too high because of:
1) Loading of non-cooled items.
2) High energy consumption, e.g. for lights

and fans
3) Cold room poorly insulated
4) High air ingress
d) Evaporator too small
e) Insufficient or no refrigerant supply to

evaporator
f) Evaporating  pressure regulator set for

too high an evaporating pressure
g) Cut-out pressure on low-pressure

control set too high
h) capacity regulating valve opens at too

high an evaporating pressure

i) opening pressure of crankcase
pressure regulator set too low.

a) Cold room poorly insulated.
b) High internal energy consumption, e.g.

lights and fans.
c) Evaporator surface too small, causes

long running times at mainly low
evaporating temperature.

Air humidity in room too low.

Air temperature in cold room too
high.

Straighten fins using a fin comb.

Replace evaporator with smaller size.
Establish humidity regulation with
hydrometer, heating elements and safety
thermostat.

Recommended improved insulation.
Recommend less internal energy
consumption
Replace evaporator with larger size.

See Manual, Thermostats: “Fault
location".
See "Compressor".
Recommend placing of smaller load or
increased system capacity.
Recommend reduction of energy
consumption or increased system
consumption.
Recommend better insulation
Recommend repair of fissures and least
possible door opening
Replace evaporator with larger size.  See
"Vapour bubbles in sight glass ahead of
thermal valve" and "Fitters notes,
thermostatic expansion valves:  Fault
location".
Set evaporating pressure regulator at
correct value.  Use a pressure gauge.
Set low pressure control at correct cut-
out Pressure use a pressure gauge.
Set capacity regulating valve at lower
opening pressure
Set valve for higher opening pressure if
the compressor will withstand it.

Fins deformed.

a) Room thermostat defect
b) cut-out temperature set too low
c) bulb location wrong
d) ambient temperature very low.

See Manual Thermostats: Fault
location".
If absolutely necessary establish
thermostat controlled electrical heating.

Air temperature in cold room too
low.
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            Symptom                 Possible cause    Action

Suction pressure too high. Replace compressor with larger size.
Replace valve plate.
Replace, repair or adjust capacity
regulation
Recommend less load or replace
compressor with larger size, or install
crankcase pressure regulator replace
valve.

a) Compressor too small
b) one or more compressor disc valves

leaking
c) capacity regulation defective or

incorrectly set
d) system load too high
e) hot gas defrost valve leaking.

See Manual, Thermostatic expansion
valves: “Fault location". Replace orifice
with smaller size replace heat exchanger
(HE).

a) Thermostatic expansion valve superheat
setting too low or bulb located
incorrectly.

b) Thermostatic expansion valve orifice
too large.

c) Leaking liquid line in heat exchanger
between liquid and suction lines.

Low-pressure control set incorrectly, or
defective.

Adjust or replace low pressure control or
combined pressure control.

Suction pressure too high and
suction gas temperature too low.

Suction pressure too low,
constant running.

a) Low system load
b) Insufficient refrigerant in evaporator,

because of:
1) Insufficient refrigerant in receiver
2) Liquid line too long
3) Liquid line to small
4) Sharp bends, etc. in liquid line
5) Filter drier partly blocked
6) Solenoid valve sticks
7) Inadequate liquid sub cooling
8) Fault at thermal valve

c) Evaporator too small
d) Evaporator fan defective
e) Pressure drop in evaporator and/or

suction line too large
f) Lack of or inadequate defrosting

of air cooler
g) Freezing in brine cooler
h) Insufficient air or brine through

cooler
i) Oil collection in evaporator.

Establish capacity regulation or increase
low pressure control differential.  See
"Liquid level in receiver too low" see
"Vapour bubbles in sight glass".
See "Vapour bubbles in sight glass"
See Manual, Thermostatic expansion
Valves:  “Fault location".
Replace with larger evaporator
Replace or repair fan
If necessary, replace evaporator and /or
suction line
Establish a defrost system or adjust
defrost procedure.
Increase brine concentration and check
frost protection equipment.
Check cause and correct fault.
See "Oil level in crankcase ton low".

Suction pressure too low, normal
operation or compressor cycling.

a) Thermostatic expansion valve superheat
too low.

b) Thermostatic expansion valve orifice too
large.

c) Capacity regulation fault.
1) capacity regulation fault
2) pressure control(s) for stage regulation

incorrectly set.

Suction pressure hunts.
Thermostatic expansion valve
operation.

See Manual, Thermostatic expansion
“Fault location".
Replace capacity regulating  valve with
smaller size  set for greater difference
between cut-in-and-cut-out pressures.

Suction pressure hunts electronic
expansion valve operation.

Hunting normal. None.

Suction gas temperature too
high.

Refrigerant supply to evaporator too
small because

a) System refrigerant charge too small
b) Defect in liquid line or components in

that line.
c) Thermostatic expansion valve

superheat setting too high, or bulb
charge partly lost.

Charge refrigerant to correct level.
installation, refrigerant charging.
See these entries: "Liquid level in
receiver".
"Filter drier cold", “vapour bubbles in
sight glass", "Suction pressure too low".
See "Filters notes, Thermostatic
expansion valves: Fault location".
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            Symptom                 Possible cause    Action

Refrigerant supply to evaporator too
large because

a) Thermostatic expansion valve
superheat. set too low.

b) Thermostatic expansion valve bulb
located incorrectly (too warm or in poor
contract with piping).

Flow of liquid refrigerant from evaporator
to suction line and possibly to
compressor because of incorrectly set
thermostatic expansion valve.

Oil quantity too large.
Refrigerant absorption in crankcase oil
because of too low an ambient
temperature.

a) Oil quantity too small
b) Poor oil return from evaporator

because:
1) Diameter of vertical suction lines too

large
2) No oil separator
3) Insufficient fall on horizontal suction line
c) Wear on piston /piston rings and

cylinder.
d) on parallel -coupled compressors:
1) With oil equalizing tube: Compressor

not on same horizontal plane.
Equalizing pipe too small.

2) With oil level regulation float valve partly
or wholly blocked float valve stitching.

Set thermostatic expansion valve for
lower superheat using MSS method, see
"Thermostatic expansion valves, setting
and fault location".

Compressor: Compressor  too
cold.

crankcase too high. On high load,
otherwise not. During standstill or
start.

Suction gas temperature too low. Thermostatic expansion valves: Fault
location.
Thermostatic expansion valves: Fault
location.

a) Compressor pressure too high.
b) High -pressure control defect.
c) High -pressure control cut-out set too

low See "Condensing pressure too
high".

Compressor : Compressor
cycling (cut-out via low -pressure
control).

Establish capacity regulation using
capacity regulating valve or parallel
coupled compressors.
Replace compressors with smaller size.
Using a pressure gauge, set regulator
at correct value.

Discharge pipe temperature too
high.

Discharge pipe temperature too high Replace valve plate see also "Discharge
temperature too high".

Compressor: Compressor too hot.
Knocking sound:

a) Constant
b) During start

Compressor : Oil level in

a) Compressor and possibly motor
overloaded because evaporator load
and thereby suction pressure  too high.

b) Poor motor and cylinder cooling
because of:

1) Insufficient liquid in evaporator
2) Low evaporator load
3) Suction and discharge valves not tight
4) Superheat too severe in heat exchange,

or in suction accumulator in suction line.
c) Condensing pressure too high.
a) Liquid hammer in cylinder because of

liquid flow to compressor
b) Oil boiling because of liquid build up in

crankcase.
c) Wear on moving compressor parts,

especially bearings

Reduce evaporator load or replace
compressor with larger size.  Locate fault
on line between condenser and
thermostatic expansion valve (see
"Suction pressure too low")

Set thermostatic expansion valve for
lower superheat using MSS method.

Install heating element in or under
compressor crankcase repair or replace
compressor.

Drain oil to correct level, but first ensure
that the large quantity is not due to
refrigerant absorption in the oil. Install
heating element in or under compressor
crankcase.

Fill oil to correct level, but first be sure
that the oil quantity in the crankcase is
not a result of oil collection in the
evaporator.  Install oil lock at 1.2 m to
1.5m from vertical suction lines.  If liquid
supply is at the bottom of the evaporator
it can be necessary to swap inlet and
outlet tubes (liquid supply) see also
Installation". Report replace worn
components.  In all circumstances: so
that they are in same horizontal plane.
Install larger equalizing pipe.  Fit vapour
equalizing pipe if necessary.  Clean or
replace level container with float valve.

Compressor oil level in crankcase
too low.
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            Symptom                 Possible cause    Action

e) oil return from oil separator partly or
wholly blocked, or float valve sticking.

Compressor oil boils during start a) High refrigerant absorption in crankcase
oil because of low ambient temperature

b) Systems with oil separator. Too much
absorption of refrigerant in oil in
separator during standstill.

Install heating element in or under
compressor crankcase. Oil separator too
cold during start.  Install thermostat-
controlled heating element or solenoid
valve with time delay in oil return tube.
Fit non return valve in discharge pipe
after oil separator.

Compressor oil boiling during
operation.

a) Flow of liquid refrigerant from
evaporator to compressor crankcase.

b) Systems with oil separator:  Float valve
not closing completely.

Set thermostatic expansion valve for
higher superheat using MSS method.
Replace float valve or whole oil
separator.

Compressor oil discoloured System contamination arising from:
a) Cleanliness not observed during

installation
b) Oil breakdown because of moisture in

system
c) Oil breakdown because of high

discharge pipe temperature.
d) Wear particles from moving parts
e) Inadequate cleaning after motor

burnout.

In all circumstances: Change oil and
filter drier.  Clean out refrigerant system
if necessary.  Clean out refrigerant
system if necessary.  Locate and remedy
cause of excessive discharge. Pipe
temperature see:"Discharge pipe
temperature too high" Clean out system
if necessary.  Clean out refrigerant
system if necessary.  Replace worn parts
or install new compressor.  Clean out
refrigerant system. Fit "burn-out" filter.

Clean or replace oil return pipe or replace
float valve or whole oil separator.

Compressor will not start a) Insufficient or no voltage for fuse group
b) Blown group fuses
c) Fuse in control circuit blown
d) Main switch not on
e) Thermal protection in motor starter cut

out or defective, e.g. as a result of:
1) Excessive suction pressure
2) Condensing pressure too high
3) Dirt or copper deposition in compressor

bearings, etc.
4) Supply voltage too low
5) Single phase drop out
6) Short-circuited motor windings (motor

burn -out)
f) Motor winding protectors cut out

because of excessive current
consumption

g) Contractors in motor starter burnt out
because

1) Starting current too high
2) Contactor undersized
h) Other safety equipment cut out,

incorrectly set or defective:  Oil
differential control(no oil, oil boiling).
High -pressure control
Low -pressure control

Flow switch (insufficient brine
concentration, brine pump failure,
blocked brine circuit filter, evaporating
temperature too low)

Telephone electricity company
Locate fault.  Have fault repaired and
change fuses
Locate fault.  Have fault repaired and
change fuses.  Switch on locate and
repair fault or replace protector.  See
"Suction pressure too high".
See "Condensing pressure too high".
Clean out refrigerant system, replace
compressor and filter drier.
Telephone electricity company
Locate and remedy fault (often blown
fuse)
Clean out refrigerant system if
necessary, replace compressor and filter
drier
Locate and remedy cause of excessive
current consumption, start system when
windings have cooled down (can take a
long time)
Locate and remedy cause of motor
overload, replace contactor.  Replace
contactor with larger size.  In all
circumstances, locate and repair fault
before starting system:  see
"Compressor, Oil level too low" and
"Compressor, Oil boiling…."
See "Condensing pressure too high".
See "Suction pressure too low".
Locate and remedy cause of reduced or
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            Symptom                 Possible cause    Action

Compressor runs constantly
suction pressure too low.

Frost protection thermostat (insufficient
brine concentration, brine pump failure,
blocked brine circuit filter, evaporating
temperature too low)

no flow in brine circuit. See "Liquid
chillers". Locate and remedy cause of
excessively low temperature in brine
circuit. Locate and repair fault.  Start
system.  See "Suction pressure too low"
pressure controls: Fault location
"Thermostats, Fault location".

i) Regulating equipment cut out,
incorrectly set or defective:  low-
pressure control, Room thermostat.

j) Motor windings brunt out
Open compressor:
Compressor and motor overloaded.
Motor undersized
Hermetic and semi hermetic
compressor:
Compressor and motor overloaded.
Acid formation in refrigerant system.

k) Bearing or cylinder seizing because of

1) Dirt particles in refrigerant system
2) Copper deposition on machined parts

because of acid formation in refrigerant
system

3) Insufficient or no lubrication as a result
of:
- Defective oil pump
- Oil boiling in crankcase
- Insufficient oil
- Oil collection in evaporator
- Poor or no oil equalization between
Parallel-coupled compressors (oil
starvation in compressor started last).

Cut-out pressure of low-pressure
control set too low, or defective control.

Locate and remedy cause of overload,
replace motor
Replace motor with larger size
Locate and remedy cause of overload,
replace compressor
Locate and remedy cause of acid
formation, remove compressor, clean
out refrigerant system if necessary, fit
new "burn-out" filter, refill with oil and
refrigerant, install new compressor.
Clean out system and install new filter
drier and new compressor.  Clean out
system and install new filter drier and
new compressor
In all circumstances: locate and remedy
the fault, replace defective parts or install
new compressor.  See "Compressor, oil
boiling”. See "Compressor, oil level in
crankcase too low".

See "Suction pressure too low.

a) Compressor suction and /or discharge
valve not tight.

b) Compressor capacity too low in relation
to load at any given time

Replace valve plate, recommend lower
load, or replace compressor with larger
size.

Compressor runs constantly,
suction pressure too high.
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Capital Goods & Manufacturing Exercise  4.4.316
R&ACT - Central A/C (INDIRECT/CHILLER)

Erect commercial type condensing unit (Air cooled chiller plant)
Objectives: At the end of this exercise you shall be able to
• identify suitable location to erect condensing unit
• identify space requirement for erection
• erect a commercial type condensing unit
• Erect a water system.

Requirements

Tools/Instruments

• 12" pipe wrench  - 2 Nos.
• 14 to 21 and 24 to 27

DE spanner -1Set.
• L-Allen keys -1Set.
• Pipe cutter -1No.
• Reamer -1No.
• Spirit level -1No.
• Measuring tape (5mtr) -1No.

• Drill bit - as reqd.
• Hammer (250gm) -1 No.
• Pipe holding device  -1No.

Equipments

• A commercial type condensing unit.

Materials
• Bolts and nuts - 4 Nos (as per specification)

PROCEDURE

TASK 1: Identify suitable location to erect condensing unit

1 Choose an installation location based on the following
considerations:

- on a supporting structure that can bear the
weight of the commercial condensing unit

- with sufficient clearances around the unit
for service and repairs

- on a flat surface that does not collect water

- In a well ventilated location

- away from strong wind

- away from direct exposure to rain or snow

- where there is no risk of flammable gas
leakage

- where there  is no exposure to salt,
machine oil, sulphide gas, or corrosive
environmental metal conditions.

- Away from sea breeze.

2 Ensure that the condensate water generated by the
condensing unit can drain smoothly away from the
unit.

3 Provide a safe guard from fall, if  it is erected on a high
place such as a root, a fence.

4 Add extra ventilation if the erection site is having a
chance of accumulating high concentration of
refrigerant due to leakage.

5 Avoid erecting the condensing unit where corrosive
gases, such as sulfur oxides, ammonia and sulfurous
gas are produced. If unavoidable use a corrosion-proof
or anti-rust additive to protect the unit coils.

TASK 2: Identify space requirement for erection

1 Identify suitable space required to erect a commercial
condensing unit.

2 Process according to the following requirements for
erection space, if all sides of the condensing unit are
surrounded  by walls.

- Erection space requirement for single-module unit.

- Erection space requirement for triple module unit.

3 Keep at least 3000 mm distance while erecting the
unit between a crown wall (obstacles for keeping out
the wind) and the top of the machine. keep at least
1500 mm between crown wall and top of the machine
if front, rear and sides are open. Connect an air return
duct to maintain smooth ventilation if the requirement
for minimum 1500mm cannot be met.
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4 Follow anti-monsoon erection for unit connecting
exhaust duct.

5 Provide extra height of the base which must be higher
than that of the snowfall accumulation.
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TASK 3: Erect a commercial type condensing unit

1 Outline the physical dimension of the condensing unit
need to fix on the foundation. Also find out the erection
hole size.

2 Erect the condensing unit on concrete foundation. The
requirements are as follows :
- Check the flatness of the foundation with a spirit

level.
- Create the proportion of the cement, sand and stone

for the concrete in the ratio 1:2:4. Place 10
reinforced  steel bars (ø10mm) with a space
between of 30 mm.

- Use a mortar to flatten the surface of the foundation
chamfer the sharp edges.

- Build a drainage ditch around the foundation to
discharge the condensate water.

3 Fix the condensing unit securely with required sited
bolts.

4 Apply a thick rubber sheet or corrugated damping
rubber pad with thickness of 20mm or more and width
of 100mm or more between the condensing unit and
the foundation.
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TASK 4: Erect water system for air cooled chillier plant

Water system must follow routine rule to
achieve max working efficiency. Inner pipe
should have no foreign  matter and all chilled
water pipe must be accord with local pipeline
engineering rules.

1 Install safety valve (opening pressure not below
1.0MPa)

2 Clean chilled water pipeline by pass do not connect
evaporator into water system before pipeline washing.

3 Construct piping which must set aside enough space
for maintenance. besides, it should be able to carry
through draining valve maintenance on pipeline.

4 All pipeline should be installed straightly and simplify
to avoid decrease of pump capacity by valves such as
three - way valves.

5 Install manual shutoff valve for facility of maintenance
operation.

6 Install drain pipe to ensure thorough drainage of
evaporator and pipelines.

7 Install deflation valve on the position of chilled pipe in
order to drain inner air. deflation and drain pipe is no
need of thermal insulation for convenience of
maintenance.

8 Take anti-freezing measures (drainage, water
circulation pump running, heater heating) to avoid
damages of dry expansion evaporator when ambient

temperature lower than 0°c in winter or chillers off
working.

9 Water quality must be accord with chilled water quality
standard.

10 Do not let internal pipe water expose to air follow
drawing.

11 Do not connect ant electric appliance earthing to unit
water pipeline which can arouse electrolytic corrosion
of pipeline.

12 Take Anticorrosive measure for buried pipeline.

 NOTE

• Air cooled chillers system has successfully
replaced cooling tower.

• Refer to theory for related air cooled chillers
working principle.
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Capital Goods & Manufacturing Exercise 4.4.317
R&ACT - Central A/C (INDIRECT/CHILLER)

Service and rectify in vibrate eliminator and water proofing insulation
Objectives: At the end of this exercise you shall be able to
• service and rectify vibration and noise in the duct line
• service and rectify the water proofing insulation faults.

Requirements

Tools/Instruments

• Screw driver 3mm tip, length 100mm - 1 No.
• Scriber - 1 No.
• Pliers flat nose length 150mm - 1 No.
• Pliers long nose length 200mm - 1 No.
• Sheet metal snipper 200mm - 1 No.
• Hand drill machine with 6mm drill bit - 1 Set.
• Knife, folded S.S 150mm - 1 No.
• Pop rivet gun - 1 No.

Equipments

• 5 TR Air-conditioning plant equipped with AHU
or air- washer and complete duct system.

• Refrigeration plant using chilled water circulation

Materials

• Insulation/vibrating eliminator - as reqd.
• Engg. rule 300mm long - 1 No.
• Marker pen - 1 No.
• Ladder - 1 No.
• Goggles - 1 No.
• Rubber pads - 1 No.
• Water proofing insulation - as reqd.

PROCEDURE

TASK 1 : Service and rectify vibration and noise in the duct line

1 Start the air- conditioner plant and AHU or air -washer

2 Wait till the plant to stabilize.

3 Check the duct line and carefully mark the vibration
areas.

4 Give support for the duct with hanging clamps
appropriately from where the vibration is happening.

5 Check for the puncture of flexible canvas.

6 If puncture found in the canvas, remove the canvas
measure and cut of same site and fix it firm and tighten
with joint frames. (Fig 1)

TASK 2 : Service and rectify the water proofing insulation faults.

1 Check all over the chilled water pipes, valves and the
storage tank, wherever the insulation are weak mark
it.

2 Replace the same with suitable insulation.

3 Where the thermocole is used, first apply liquid (hot)
bitumen (melted by heat source) on the pipe’s outer
area, then fix the thermocole firmly as per the shape.

4 Fill the air gaps in the joints of insulation with bitumen,
then cover it with aluminium sheets and tighten it with
self threaded screws. Fig 2, 3 & 4)

7 Star the unit, check for vibration noise.

5 Wherever the mineral wool is packed for insulation,
cover it with thin wire mesh and bind it water proof
plastic sheet, then apply correct combination of cement
paste, leave it to dry.

6 After correcting all the leaks and insulation faults, open
the water valves, vent the air (locks) by the pumps and
the lines.

7 Start the chilled water pump and leave the water to
circulate.

8 Finally once again check all over , for any leak, if there
is no leak, start plant and put in normal operation.
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Capital Goods & Manufacturing Exercise 4.4.318
R&ACT - Central A/C (INDIRECT/CHILLER)

Check different controls used in central A/C system
Objectives: At the end of this exercise you shall be able to
• check high pressure safety switch and oil pressure switch
• check low pressure safety switch, liquid solenoid valve.
• check electronic thermostat and thermostatic expansion valve
• check water regulating valve.

Requirements

Tools/Instruments

• Multi meter -1No.
• Screw driver (150mm) -1No.
• Nose plier -1No.
• Volt meter -1No.
• Tester -1No.
• Dry N2 cylinder with

pressure regulator -1Set.

• Combination plier -1No.

Equipment

• 5 TR indirect type of central A/C plant

Materials

• Water emery -as reqd.
• Banian cloth -as reqd.

PROCEDURE

TASK 1 : Check high pressure safety witch and oil pressure switch

1 Calibrate the switch and set the cut out pressure

2 Keep nitrogen cylinder regulators in closed position by
keeping the handle fully loose.

3 Open the nitrogen cylinder valve with the valve key.

4 Check the cylinder pressure on the dial in Gauge 1.

5 Connect the charging hose to the pressure switch as
shown in Fig 1.

6 Set the required pressure on the regulator gauge No.1
and on line pressure gauge.
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7 Watch the movement of the spring and place the battery
operated continuity tester leads on the terminal across
NO & NC terminals, the light should not glow. This
indicates that the switch has cut out.

8 Reduce the nitrogen pressure by loosening the flare nut
No.10 when the pressure drops to differential pressure.
Place the continuity tester probs on the terminals the
light will glow. This indicates that the switch has reset.

Example:  The Freon 22 water cooled condenser, High
pressure cut out at 16.0 kg/cm2.The reset is 14.0kg/cm2.
The differential is 2.0 kg/cm2.

Check and service safety valve (Fig 3)

set pressure is to be reduced adjust screw 7 (by
loosening).

10 Tighten the check nut 8 and fix the Cap. No.5

Service the safety valve and set for lifting pressure

1 Dismantle all parts

2 Loosen the cap and remove

3 Loosen fully the adjusting Screw

4 Remove the spindle and top seating.

5 Loosen and remove locking screw.

6 Unscrew bottom seating.

7 Rinse all parts in kerosene and wipe dry with banian
cloth.

8 Check the spring for proper shape.

9 Check bottom and top sealing for scoring.

10 Cap the seating in position by using smooth emery
paste.

11 Clean and wipe both seating.

12 Assemble all parts and tighten the adjusting screw.

13 Set the lifting pressure as explained in Task 2, Procedure
1 Fig 5

Check and service oil pressure safety cut out

1 Connect one nitrogen cylinder to the oil pressure
bellows (element) as illustrated in Fig 5

2 Connect the one more nitrogen cylinder to the crankcase
bellows.

3 Open both the cylinder valves and set the required crank
case pressure on the charging line gauge. Set the
required pressure on the oil pressure charging line
gauge. The pressure can be adjusted by adjusting the
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Check the safety valve lifting pressure

1 Prepare the end fitting of safety valve to match the
charging hose connection 25 x 6 mm reducer.

2 Connect the safety valve to Nitrogen cylinder with the
charging hose.

3 Ensure that the nitrogen cylinder regulator is tight and
gauges are OK.

4 Open the nitrogen cylinder valve with the valve key.

5 Tighten the regulator key so that the gauge No.2 reads
21.0 kg/cm2.

6 At this pressure the safety valve should lift.

7 If it opens before or does not open at 21.0 kg/cm2.

8 Then the adjustable screw No.10 to be adjusted (by
tightening).

9 Close nitrogen cylinder and remove valve, after setting
pressure To increase the spring tension No.8 by this the
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regulators. Then set the required differential on the
switch scale.

Example: If the operating oil is 3.0 kg/cm2. The
operating suction pressured is 2.0 kg. The switch is 2.0
kg.  The switch should be set for 3.0 - 2.0 = 1.0 kg
differential.

4 Place the continuity tester probe on the leads of the
switch.

When the oil pressure are set at mentioned above.  The
continuity test light should glow.  This indicates that the
switch is closed.  Close the cylinder oil pressure
charging cylinder, loosen the flare nut and drop the oil
pressure to 2.0 kg.  The contacts will open and the
continuity tester light will not glow.  This indicates that
the switch is set OK (Fig 5).

TASK 2 : Check low pressure safety switch and liquid solenoid valve

(Refer to Ex No. 307, TASK- 3 and TASK- 4)

TASK 3 : Check electronic thermostat and TXV

Electronic thermostat

(Refer to Ex No.307, TASK- 5)

TXV

(Refer to Ex No.278, TASK - 3)

TASK 4 : Check water regulating valve

(Refer to Ex No.311, TASK -2)
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Capital Goods & Manufacturing Exercise 4.4.319
R&ACT - Central A/C (INDIRECT/CHILLER)

Trouble shooting of central A/C
Objectives: At the end of this exercise you shall be able to
• identify the fault and rectify for the complaint of “Compressor motor and fan do not start”
• identify the fault and rectify for the complaint of “Inadequate cooling”
• identify the fault and rectify for the complaint of “Unit short - cycles”
• identify the fault and rectify for the complaint of “Unit operates but does not dehumidify”
• identify the fault and rectify for the complaint of “Unit noisy”
• identify the fault and rectify for the complaint of “Unit runs but does not cool”.

Requirements

Tools/Instruments

• Trainee kit - 1 Set.
• Screw driver 300mm - 1 No.
• Cutting plier - 1 No.
• Charging manifold - 1 No.
• Hose pipes - 2 Nos.
• Flaring tool - 1 Set.
• Hammer - 1 No.
• Tong tester - 1 No.
• Double ended spenner - 1 No.
• Compressor oil - 2 ltrs.
• Brazing kit - 1 Set.

Equipments

• Central a/c plant with symptom of “compressor
motor and fan do not start”

• Central A/c planet with symptom of “inadequate cooling”
central A/c planet with symptom of unit short - cycles“,

• Central A/c planet with symptom of “unit operates
and does not  dehumidify”.

• Central A/c planet with symptom of unit noisy”.
• Central A/c planet with symptom unit runs but

does not cool”.

Material

• Cotton waste - as reqd.
• Soap water - 1 ltrs.

PROCEDURE

TASK 1 : Identify the fault and rectify for the complaint of “compressor motor and fan do not start”

1 Follow  the trouble shooting chart to rectify the above symptom.

Trouble Shooting Chart

Problem Possible cause Remedy

Compressor 1) Circuit breaker off or fuse bad. 1) Reset breaker or check fuses.
motor and fan 2) Thermostat setting too high. 2) Reset thermostat to lower the temperature.
do not start 3) Bad thermostat switch or wiring 3) Short between Y,R and G; if unit runs the

4) Loose connections     thermostat must be replaced.
5) Bad transformer 4) Check wire terminal and tighten.
6) Bad compressor or fan. 5) Check primary voltage (110/200), if power
7) Bad relay in control panel.     is there but no voltage on secondary wires
8) HP-switch open.     (24 VAC), repair/replace as necessary.
9) LP-switch open. 6) Check and repair/replace as necessary.
10) Contactor winding shorted. 7) Check and replace.
11) Bad wall thermostat. 8) Check for dirty, lined or obstructed

    condenser, bad condenser form relayer
    motor or bad HP-switch.
9) Check for poor airflow through evaporator,
    bad LP switch, low freon pressure, dirty filter.
10) Check continuity in winding replace
      contactor if necessary.
11) Check or replace as necessary.
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TASK 2 : Identify the fault and rectify for the complaint of “Inadequate cooling”

1 Follow the trouble shooting chart to rectify the above symptom.

TASK 3 : Identify faults and rectify for the complaint “Unit short - cycles”

1 Follow the trouble shooting chart to rectify the symptom.

Trouble Shooting Chart

Problem Possible cause Remedy

Inadequate 1) Thermostat set too high. 1) Adjust to desired temperature.
cooling 2) Thermostat improperly located 2) Relocate thermostat away from drafts, out

3) Compressor or condenser fan  of direct sun light.
 not running. 3) Check causes.
4) Dirty condenser or evaporator. 4) Clean condenser or evaporator
5) Dirty filter 5) Clean or replace
6) Blower wheel slips on shaft 6) Check and tighten allen screw.
7) Refrigerant low as shown by 7) Recharge after checking for restriction in
   low amperage,evaporator not cold, capillary tube, strainers, TEV and filter-drier.
   or large portion of condenser cool Amperage should not be lower than shown

on condensing unit nameplate.
8) lack of insulation on ducts 8) Replace loose or missing insulation.
9) Air leaks in ducts 9) Check and repair.
10) Insufficient air from evaporator 10) Make sure duct dampers are open, duct

runs are not too long nor too small.
Adjust blower speed.

11) Leakage in system 11) Check leakage in condenser, compressor
evaporator, pipe line and arrest them.

TASK 4 : Identify the fault and rectify for the complaint of “Unit operates but does not dehumidify”

1 Follow the trouble shooting chart to rectify the symptom.
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Trouble Shooting Chart

Problem Possible cause Remedy

Unit short-cycles 1) Low supply voltage 1) Check for proper voltage.
2) Temperature set too high 2) Reset thermostat.
3) Faulty compressor 3) Check for short or ground.
4) Faulty fan motor 4) Check for wrong or binding fan

or blower wheel or wrong fan motor.
5) Restriction in sealed system 5) Check head and suction pressure clear

restriction.
6) Unit restarted too soon 6) Advise customers to allow two to three

minutes for pressure to equality.
7) Sensing element improperly located 7) Check location of sensing element or

 “Comfort guard” (a plastic sleeve) missing from
 sensing element.
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TASK 5 : Identify the fault and rectify for the complaint of “Unit noisy”

1 Follow the trouble shooting chart to rectify the symptom.

TASK 6 : Identify the fault and rectify for the symptom “Unit runs but does not cool”

1 Follow the trouble shooting chart to rectify the symptom.
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Trouble Shooting Chart

Problem Possible cause Remedy

Unit noisy 1) Loose parts or mounting 1) Check for loose parts, tubing vibrating
against sides or components, loose fan,
blower or mountings. Check for worn fan
shaft bearings or loose parts in the unit.

2) Faulty compressor 2) Could have internal parts worn. low on
 oil or low voltage.

3) Puncture of canvas 3) Check canvas for its puncture or not.
Replace if necessary.

Trouble Shooting Chart

Problem Possible cause Remedy

Unit runs but 1) Compressor not pumping 1) Check for restriction, loss of freon, or lowered
does not cool     capacity of compressor.

2) Restricted air low 2) Check for obstruction in air passage and
dirty filter.

3) Low refrigerant as shown 3) Top up gas.
    in ampermeter.

Trouble Shooting Chart

Problem Possible cause Remedy

Unit operates but 1) Defective fan motor 1) Check motor for continuity. If there is none
doesn’t dehumidify replace fan.

2) Restriction in scaled system 2) Check high and low pressure to deter mine
if there is a restriction repair if necessary.

3) Poor air circulation 3) Check to see that no furniture or other
objects are placed closer than 6” from end
grilles and that the grilles are clean and
unobstructed.

4) Area too large 4) Average area to be dehumidified should be
no larger than LOMft3 (10,000 cubic feet) for
a single unit.

5) Humidity too low 5) Unit is effective only when  temperature is
above 65°F and RH is above 60%;
otherwise the air is too cool and dry for
efficient operation.
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Capital Goods & Manufacturing Exercise  4.4.320
R&ACT- Central A/C (INDIRECT/CHILLER)

Install compressor and other components
Objectives: At the end of this exercise you shall be able to
• make layout of installation
• install components as per layout.

PROCEDURE

TASK 1: Make lay out of installation (Fig 1)

Requirements

Tools/Instruments

• Screw driver - 1 No.
• Double ended spanner set - 1 Set
• Ring spanner set - 1 Set
• Hammer ball peen - 1 kg, 0.5kg
• Portable drill machine - 1 No.
• Measuring tape 50 metre - 1 No.
• Sprit level 300mm - 1 No.
• Adjustable spanner300mm - 1 No.

Equipments

• All the components Of HVAC Chiller unit

• Electrical panel control unit

Materials

• Concrete material - as reqd.
• Nut, bolt, screw - as reqd.
• Clean cloth - as reqd.
• Goggles - 1 Pair.
• Oil can - 1 No.
• Nitrogen cylinder, line with two way

regulator and gauges
• Rubber hose with jet arrangement thick

soap solution.

1 Check flatness and strengthness of ground level.

2 Measure the sizes of all the components.
Space should be free from all the equipment
fitting.

3 Mark the point for foundation of compressor unit.

4 Mark the point for frame  of holding evaporator &
condenser unit.

5 Mark space for Cooling tower.

6 Mark space  for AHU.

7 Mark space for electrical control.

TASK 2: Install components as per lay out (Fig 2)

1 Make hole on all marking point.

2 Fixed foundation bolt with RCC material in hole

3 Allow it to fixed for 24 hrs and pour water regularly.

4 Install compressor Maintaining level with sprit level.

5 Install condenser & evaporator on frame with nut & bolt.

6 Install cooling  tower  with nut & bolt

7 Install all the components of AHU.

8 Connect refrigeration cycle.

9 Connect refrigeration cycle in between components .

10 Connect water circulating pump with condenser and
cooling tower.

11 Connect water circulating pump with evaporator and
AHU components

12 Connect related duct in between AHU, Condition space
& fresh air

13 Install Electrical control panel unit at specified space.

14 Evacuate refrigeration cycle and charge unit.
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15 Fill Water in cooling tower.

16 Fill water in evaporator and seal inlet port.

17 Connect electrical connection.

18 Run Water circulating pump and check leakage.

19 Run compressor open control valve.

20 Check all the joint for refrigeration leakage with soap
solution.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.320
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Capital Goods & Manufacturing Exercise 4.4.321
R&ACT - Central A/C (INDIRECT/CHILLER)

Perform electrical wiring in central A/C
Objectives: At the end of this exercise you shall be able to
• test the motor starter
• check for proper connection of oil pressure switch
• check complete electric connection
• check performance of central A/C.

Requirements

Tools/Instruments

• Multi meter - 1 No.
• Screw driver 150mm insulated - 1 No.
• Insulated plier - 1 No.
• Voltmeter - 1 No.
• Tester (line) - 1 No.
• Insulation tape - 1 No.
• Sprit level 300mm - 1 No.
• Adjustable spanner 300mm - 1 No.

Equipments

• 5 TR Refrigeration plant direct and indirect
system complete with all controls

Materials

• Soft cloth - as reqd.

PROCEDURE

TASK 1 : Check the motor starter contacts (Fig 1)

1 Turn off all power to unit

2 Remove wires from relay coils

3 Check continuity across the terminals with multi meter.

If a very high resistance is indicated it is O.K.
then place one meter prob to ground or to the
unit frame and touch other probe to each coil
terminal.

4 Replace the coil, if a circuit is indicated from either
terminal to ground.

5 Check coil voltage by voltmeter between coil wires after
turning on unit power.

6 Check that the contact should be normally open or
closed. When the coil is de-energised.

7 Check across each set of contacts by multimeter.

8 Turn on unit power.

If incorrect voltage reading is observed the
contacts are malfunctioning.

9 Check current drawn by motor.

10 Check for proper functioning of starter.
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TASK 3: Check complete electric connection (Fig 2)

1 Switch “off” the unit.

2 Check as per diagram with continuity meter or series
lamp.

TASK 4: Check performance of central A/C (Fig 3)

1 Run the chillers plant unit.

2 Open all the valve.

3 Check temperature of every spot.

4 Check rate of water discharge.

5 Check cooling water temperature.

6 Check air temperature.

7 Check air flow rate.

TASK 2 : Check for proper connection of oil pressure switch

1 Close the isolation valve to switch

2 Loosen the flare nut fitted to oil pressure switch

The pressure from the isolation valve to
pressure switch will drop to zero.

3 Check whether the motor has trip or not, after the
compressor comes to rest.

4 Tighten the flare nut which was loosened.

5 Open isolation valve and loosen flare nut to switch
slightly and purge, after purging fully tighten the
loosened flare nut.

6 Start the unit as per the starting procedure
recommended by manufacture.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.321
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Capital Goods & Manufacturing Exercise 4.4.322
R&ACT - Central A/C (INDIRECT/CHILLER)

Estimate the capacity of AHU,CFM of air and find the tonnage of cooling
and heating load effect in a duct based A/C
Objectives: At the end of this exercise you shall be able to
• find out location of building
• find out effected total heat from out side
• find out effected total heat from in side
• fill up cooling load estimation data sheet
• find out the capacity of AHU and CFM.

Requirements

Tools/Instruments

• Plastic rule 300mm - 1 No.

PROCEDURE

TASK 1 : Find out location of building

Equipments/Materials

• Different related data table
• Sun exposed building - 1 No.

1 Note data from out side design data table.

2 Select city from data table.

TASK 2 : Find out effected total heat from outside

1 Window absorb heat (calculate all the window heat
individually)

a Calculate total area of window deducting frame area.

b T value from ‘solar heat gain’ consider the latitude
and time peak from Fig 1.

3 Note altitude, latitude & daily range of the city.

4 Note DBT, WBT, R.H% of summer, monsoon, winter.

c “U” value from table “solar heat gain factor”.
Q = UA x T Q = BTU/Hr

2 Wall absorb heat (calculate all the wall heat
individually)

a Calculate total area of each side wall deducting
window door ventilator etc.

b T = ETD + CETD value peak up from table.

c U = 1/ R, R = (Ri+Ro) + X1R1 + X2R2 + .....XnRn
X1 + X2 + X3 = Thickness of the material. From
table thermal resistance (Fig 2)

Q = UA x T Q = BTU/Hr
Ri = Inside air co-efficient 0.45 Ro = Outside air
co-efficient 0.25

3 Roof absorb heat (Exposed/not exposed to the sun)
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a “A” calculate total area of roof.
b T = ETD + CETD value peak up from table.
c “U” from table thermal resistance

Q = UA x T  Q = BTU/Hr

TASK 3 : Find out effected total heat from inside

4 Heat gain through ventilation.

a) LH + SH = Q

b) Calculate CFM ventilate, depends on how many
visitors coming and going.  CFM = ________No. of
people x ________ CFM per person.

c) Find out LH & SH.  Put CFM calculated value

LH = ________ CFMXT.DXBFX1.08

SH = _________CFM x Gr/Lb x 0.68

1 Partition absorb heat.

Q = UA x T

a Find out partition structure & material.

b Calculate area of partition.

c Find out T = DBT - WBT

d “U” value from thermal resistance table.

Normal partition T = T - 5 Heat gain portion
Ti = T + 10

2 Heat gain through occupancy.
Total heat gain = Q x No. of people
a Find out how many workers, visitors
b Collect data for LH & SH from table as per their

activity.
c At first Q = LH + SH    Q = Btu/Hr individual

3 Heat gain through light
a Calculate internal roof area.
b Calculate total watt (Light) = Roof area x 2.4
c Heat gain = Light watt x 3.4 Btu/Hr.

Q = Watt x 3.4 incandescent lamp
Q = Watt x 1.25 x 3.4 Florescent lamp

4 Heat gain through motor HP x 3000 = Q
a Find out total H.P of electrical equipment.
b Find out heat gain through motor.

5 Heat gain through infiltration = Infiltration LH +
Infiltration SH.
a Find out total gap area in between window/Door

frame and flank.
b Find out CFM infiltration = Perimeter gap area in sq

feet x crack value = CFM
c Find out infiltration LH = _______CFM x T.D x 1.08
d Find out infiltration SH = _______ CFM x Gr/Lb x

0.68.
e ADP value typical by pass factor data collect from

table.

TASK 4 : Fill up heat load data sheet

1 Fill up data in cooling load estimate form as per heat
load calculated.

TASK 5 : Select capacity of compressor, AHU and CFM required

1 Collect total heat load from cooling data sheet.

2 Total heat gain divided by 12000 Btu/Hr in the case of
Q in Btu / Hr.

In the case of Q in K.cal /Hr divided by 3000 K.cal/Hr.

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.322
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Cooling load estimate form

1  Design condition             Dry bulb Temp. °F            Wet bulb temp. °F           Specific Humidity Gr/lb
    Outside                           ______________              ______________           ______________
    Inside                              ______________              ______________           ______________
    Difference                       ______________              ______________           ______________

Items Cooling Load, BTU/Hr

Single zone air cycle load  Multi zone load

Sensible   Latent  Sub Total      Factor      Refrigeration
   = (L+S)      Load

2   Sensible heat gain through glass (Table -2)
     Sq Feet x Factor
     East _______ x _______ _______
     West _______ x _______ _______
     North _______ x _______ _______
     South _______ x _______ _______    ______ x     _______        _______
     Total heat gain through glass

3   Transmission Gain (Table -3)
     Wall Sq Feet x Factor x Temp. Diff. DB
     East ______x ______x_______          = _______   _____
     West ______x ______x_______         = _______   _____
     North ______x ______x_______        = _______   _____
     South ______x ______x_______       = _______   _____
     Partitions ______x ______x_______  = _______   _____
     Roof ______x ______x_______         = _______   _____
     Ceiling ______x ______x_______     = _______   _____
     Floor ______x ______x_______        =       _____ x    _____ =      _______
     Total heat gain through glass

4   Internal heat gains, People & Light (table - 4)
     Numbers     Sensible Heat    Latent Heat
     People ______ x ______                                     =     _____
     People ______ x _____        =     _____
     Light watts ______x 3.4        =   _____
Total Heat gain of people & light (Sen + Latent)        =

5   Internal heat gains motors & appliances (table 5)
     Motors _______ x 3.393
     Appliance (Use values given in table 5)                 =
                                                                             =
      Total of other internal heat gain (Sen + Lat)          =     _______x    1.00

    =           _____ x      _______ x

6   Ventilation or Infiltration (Table 6 & 7 use larger
     quantity only)
      Cubic Feet/Min   Dry bulb temp. Diff.
      ____________ x _________________x 1.08 =     ______ x       _____ =    _________
      Cubic Feet/Min  Specific Humidity. Diff.
      ____________ x _____________x 0.067    =
      Total heat gain ventilation or infiltration
      (Sensible + Latent heat)

7    Total sensible & latent heat load  _____       ____

8    Total zone air cycle load

CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.4.322
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Capital Goods & Manufacturing Exercise 4.5.323
R&ACT- Mobile A/C

Repair and maintain bus A/C system
Objectives: At the end of this exercise you shall be able to
• identify the components at bus A/C system
• check belt condition and tension
• clean evaporator, condenser and filter
• check magnetic clutch
• repair and perform maintenance of major components periodically.

Requirements

Tools/Instruments

• Double ended spanner
set 4.7-16 mm - 1 No.

• Adjustable wrench 200mm - 1 No.
• Box spanner set - 1 Set
• Screw driver set

150mm to 300mm flat trip - 1 Set
• Electrical hand blower - 1 No.

Materials

• Spray bottle - 2 Nos.
• Cleaning cloth - as reqd.
• Clean water - as reqd.
• Chemical - as reqd.
• Polythene cover - as reqd.
• Bus fitted with AC (latest) - 1 No.

PROCEDURE

TASK 1 : Identify  the equipment components

1 Identify the bus A/C system from the labeled Fig 1.
This figure is showing system components.

2 Record the function of each components in the given
table1

3 Identify the components from the labeled Fig 2

4 Record the function, specification details in the given
table 2.
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Table 1

Sl No. Component names Types (if any) Specifications (if any) Functions

1 Condenser

2 Filter drier

3 Expansion valve

4 Evaporator

5 Air filter

6 Fluid refrigerant

7 Air circulation

8 Controller

9 Drains

10 Condenser fan

11 Relay plate

12 Temperature Sensor

13 Blower

14 Refresh air

15 Compressor

16 Pressure switch

17 Clutch

CG & M :  R&ACT(NSQF Level - 5) - Exercise 4.5.323
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TASK 2 : Check belt condition & tension

Table -2

Sl No. Component Types (if any) Specifications (if any) Functions

1 Evaporator Coil right

2 Evaporator coil left

3 Relay plate

4 Expansion valve

5 Condenser Fan

6 Condenser coil

7 Filter drier

8 Service valve

9 Receiver

10 Temperature sensor

11 Blower

12 Heating coil

13 Fresh air intake

CG & M :  R&ACT(NSQF Level - 5) - Exercise 4.5.323

1 Listen for  squealing sounds from the engine when you
drive.

These sounds like mean one or more belts are
worn, loose or damaged.

2 Check belts for signs or wear

• Pinch, squeeze and twist them, looking for cracks,
fraying, splits or brittle places. Also look for missing
grooves or places where the belt’s layers have
separated, on a serpentine belt.

3 Check your belts for places where the rubber is slick
or glazed in appearance

4 Inspect pulleys

• Look for a buildup of rubber deposits, as well as
worn spots that could catch the belt cause it to
break

• Check the belt’s alignment on the pulleys. They
should line up straight on the pulleys.

TASK 3 : Check component fastener

1 Check mounting bolt compressor

2 Check mounting bolt of condenser & evaporator.

3 Blower and condenser fan fitting arrangement.

4 Check receiver drier mounting arrangement.

5 Check all the lines are securely grip or not.

6 Check duct area fitting.

7 Check electrical control fitting.
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TASK 4 : Clean the filter, evaporator and condenser

1 Remove the filter and clean with air pressure in the
case of paper and blanket. Plastic nylon other clean
by water.

2 Remove outer grill cover along with blower assembly.
Fig 4

3 Clean evaporator with air blower.

4 Put polythene bag under evaporator to cover complete
unit horizontally.

5 Spray dilute chemical on evaporator with spray bottle
allow to dilute dust & dirt.

6 Spray clean water on evaporator.

7 Take out polythene bag and drain in waste pot again fit
as previous.

8 Fit assembly and run all the inside water will deposited
in polythene bag.

9 Cover condenser fan unit with polythene cover. Fig 5

10 Clean by forced air from inside towards outside.

11 Clean by forced water from inside towards outside. Fig
6

12 Blow compressed air horizontally with low pressure
after water wash.

Water sprayer should move horizontally and
not vertically water spraying will damage the
fins of blower and condenser.

TASK 5 : Check the working of magnetic clutch

1 Open bonnet of vehicle stand properly.

2 Energise the magnetic clutch.

3 Check movement of armature plate. Check engagement
by manually rotating pulley. Fig 7

4 Start engine 1500 RPM at neutral position.

5 Check refrigerant flow in perfect automotive AC system.
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1 Perform periodical maintenance of the bus A/C system
according to the provided maintenance chart below.

Weekly

1 Clean or change the air return filter.

2 Inspect the general conditions, the tensioning and the
alignment of the compressor and alternator belts.

Monthly

1 Perform the weekly preventive maintenance routines.

2 Clear the condenser coil. (Use only mild soap and
water, not abrasive to cooper and aluminum)

3 Check the evaporator hoods ensure to prevent the
entry false air into the equipment.

4 Check the refrigerant gas load : After 15 minutes of
operation the refrigerant must flow through sight glass
without bubbles.

5 Check the compressor oil level : After 15 minutes of
operation it must be between 3/4 and 1/4 of the sight
glass.

6 Test the equipment functions : cooling mode/ventilation
mode (high and low speed)/heating/air refreshment.

Quarterly

1 Perform the monthly preventive maintenance routines.

2 Measure the suction and discharge pressure and check
the temperature and condition of the suction line.

3 Tighten the alternator power cables, main fuse, relay
plate and starter.

4 Measure the current consumption of the condenser
fans and the evaporator blower (check the air flow).

5 Measure the magnetic resistance of the clutch.

6 Measure the voltage and current of the alternator.

Every six months

1 Perform the quarterly preventive maintenance routines.

2 Clean the evaporator coil (use only mild soap and water,
not abrasive to cooper and aluminum).

3 Clean the evaporator drains.

4 Check the retention of oil felt of compressor sealing.

5 Visually check the air conditioner components to see
whether they show signs of leaking refrigerant and oil.

6 Observe if there are parts loose, damaged, broken or
showing signs of wear, rust deterioration and friction
with the body.

Annual

1 Perform the six months preventive maintenance
routines.

2 Test compressor efficiency at 1500 rpm.

3 Check the compressor oil pump pressure at 1000 rpm.

4 Check the open and closure pressure of the high and
low pressure switches.

5 Tighten all screws from the compressor support and
the unit, observing the applied torques.

6 Remove dirt deposited on the components condenser,
controller, relay plate, compressor, clutch, alternator.

NOTE : All preventive maintenance described
above is considered for operating under normal
conditions should the conditions be other than
expected the frequency of actions must be more
intense.

2 Repair the faulty components of  the bus A/C system
according to the failure diagnosis table which lists the
possible malfunctions and symptoms and the remedial
action to be taken to restore the system to its normal
operation.

CG & M :  R&ACT(NSQF Level - 5) - Exercise 4.5.323

TASK 6 : Repair and perform maintenance periodically
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Symptoms              Probable Cause                                      Solution

Compressor Fuse or relay defective Replace fuse or relay
does not work Magnetic cluth burned Repair or replace clutch

Compressor blocked Repair or replace compressor
Low pressure switch open Lack of gas on system or defective low pressure

switch

Low suction Lack of refrigerant Check for leakage, fill to correct pressure amount
pressure Air return temperature is too low Place the temperature sensor at the most

appropriate position
Dirty or defective expansion valve Clean or replace the valve
Evaporator motor is stopped Replace motor
Restriction in the system Eliminate
Loaded air filter Clean or replace filter
Dirty evaporator coil Clean coil

High discharge Excess refrigerant in the system Drain and capture refrigerant, fill to correct amount
pressure

Refrigerant flow obstructed Check for restriction (compressor valve blocked,
filter dryer blocked, etc.)

Condenser motor is stopped Refer to sympton “Condenser motor is stopped”
Dirty condenser coil Clean and wash

AC does not Lack of refrigerant Check the leakage, fill to correct amount
cool down and Air or other gas in the system Draw a vacuum (min.3h below 10mbar) replace
the compressor filter dryer, remains on fill to correct amount
remains on Dirty or defective expansion valve Replace the valve

Dirt evaporator coil Clean the valve
Air filter dirty Clean or replace filter

Cools down too Incorrect temperature selection Adjust the temperature on the control panel
much, compressor Temperature sensor badly placed Place the sensor appropriately
does not turn off

Condenser motor Electric wiring connections with no contact Repair wiring harness
is stopped Condenser motor is stopped Replace condenser motor

Burned fuse or defective relay Replace fuse/or relay

HP switch Excessive refrigerant Drain and collect excess refrigerant
opens Condenser coil is dirty Clean the coil

Condenser motor/motors stopped Replace motors

LP switch Lack of refrigerant Check for leakage, fill to correct amount
opens Dirty or defective expansion valve Replace the valve

Dirty evaporator coil Clean the coil
Excessively contaminated air filter Replace the filter
Evaporator ventilator is stopped Replace the evaporator fan
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Capital Goods & Manufacturing Exercise 4.5.324
R&ACT- Mobile A/C

Service and test magnetic clutch operation
Objectives: At the end of this exercise you shall be able to
• check magnetic clutch coil of automobile air conditioner
• replace magnetic clutch coil bearing of automobile air conditioner.

Requirements

Tools/Instruments

• Feeler gauge - 1 No.
• Multimeter - 1 No.
• Socket - 1 No.
• Ratchet - 1 No.
• Clutch disk holder - 1 No.
• External circlip plier - 1 No.

• 3 leg puller - 1 No.
• Press - 1 No.
• Screw driver - 1 No.

Equipments/Materials

• SHIMS
• Magnetic clutch coil

PROCEDURE

TASK 1 : Check magnetic clutch of automobile air conditioner

1 Check the resistance across the coil lead wire and
ground as shown in the Figs 1 & 2.

[The specification is 3.4 - 3.8? at approximately 70°F
(20°C) if not within specification, replace
clutch coil. Refer workshop manual]

2 Check for continuity between the clutch coil and its
shell with the help of a multimeter as shown in the
(Fig 3) [if there should not be any continuity or coil
shorted replace coil].

3 Check and adjust the clutch clearance using a feeler
gauge check the clearance between the compressor
drive pulley and the function plate, at several points
around the pulley as shown in the Fig 1.

If the clearance is adjusted with shim, remove the
function plate add or remove shims [For clearance refer
workshop Manual]
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1 Open bonnet of vehicle.

2 Energised the magnetic clutch.

3 Check movement of armature plate. Check engagement
by manually rotating pulley Fig.4

4 Start engine 1500 RPM at neutral position.

5 Place the motor on a bearing assembler.

6 Press in the bearing and collar.

7 Replace the bearing carefully.
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TASK 2 : Check the working of magnetic clutch

TASK 3 : Replace magnetic clutch bearing of automobile air conditioner

1 Remove centrebolt (Fig 5)

1a Hold clutch disc with clutch disc wrench.

1b Rotate the centre bolt as shown in the Fig 6. (Use
correct socket and ratchet)

1c Remove the bolt carefully

2 Remove Clutch disc

2a Insert the holders three pins into the holes in the
clutch disc. (Fig 7)

2b Rotate the holder clockwise to hook i.e. on to the
plate, then tighten the centre bolt to remove the
clutch disc. After removing the clutch disc, remove
the shims for either the drive side or the clutch disc.

Do not use screw drivers between clutch plate
assembly and pulley to remove front plate.
Doing so, may damage front plate assembly.

3 Remove circlip

3a Remove circlips using external circlip plier.

3b Refer Fig 8 for the operation.

3c Remove the circlip carefully.



204 CG & M :  R&ACT(NSQF Level - 5) - Exercise 4.5.324

4 Remove pulley

4a Use the puller as shown in the Fig 9 Position the
centre of the puller on the end of the drive shaft and
remove the pulley assembly.

To prevent the pulley groove from being
deformed, the puller claws should not be
positioned onto the edges of the pulley
assembly.

5 Remove Harness clip

5a Remove the field coil harness clip using a screw
driver. (Refer Fig 9)

5b Hold the compressor by left hand.

5c Hold the screw driver by the right hand and remove
the harness clip carefully.

6 Remove circlip

6a Remove the circlip use external circlip plier.

6b Refer Fig 10 for the operation process.

7 Remove bearing

7a Place the motor on a bearing remover. (Refer Fig 11)

7b Press out the bearings and the collar.

7c Remove the bearing out carefully.

8 Replace bearing Fig 12.

8a Place the motor on a bearing assemble.

8b Press in the bearing and collar.

8c Replace the bearing carefully.
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Capital Goods & Manufacturing Exercise 4.5.325
R&ACT- Mobile A/C

Compressor overhaule components
Objectives: At the end of this exercise you shall be able to
• dismantle the compressor (swash plate type)
• identify the components of the dismantled compressor
• assemble and service the compressor.

Requirements

Tools/Instruments

• Open end spanner set (4 to 27 mm) -1Set.
• Ring spanner set -1Set.
• Torque wrench -1No.
• Wooden mallet -1No.

Materials

• Clean cloth -as reqd.
• Diluted HCL -as reqd.

Equipment

• Swash plate type compressor

PROCEDURE

TASK 1 : Identify the components of the dismantled compressor

1 Remove the clutch mechanism Fig 1 (Ref Ex No:821)

2 Remove the through mounting bolts.

3 Gently tap rear housing with a wooden mallet.

4 Gently tap front housing with wooden mallet.

5 Take apart front and rear housing.

6 Remove gasket, discharge reed valve, plate.

7 Remove the service valve housing

8 Take cylinder blocks apart with gentle tap by the mallet.

9 Identify the parts and record.
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TASK 2 : Assemble and service the compressor
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Record sheet

Date :

Compressor make :

Model No :

Sl.No. Name of the part Physical condition Physical dimensions (mm)     Remarks

1

2

3

4

5

6

7

8

9

10

Trainee Instructor

1 Clean the parts with a soft cloth.

2 Clean the parts also with the cleaning liquid-
trichloro ethylene, whichever requires/found not clean.

3 Take the cylinder blocks together with gentle tap by the
mallet.

4 Assemble the service valve housing.

5 Assemble gasket, discharge valve reed, valve plate
together.

6 Take together front and rear housing.

7 Use wooden mallet for connecting together.

8 Put the mounting bolts.
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Capital Goods & Manufacturing Exercise 4.5.326
R&ACT- Mobile A/C

Perform leak testing, evacuation gas charging oil charging
Objectives: At the end of this exercise you shall be able to
• check the leakage in the A/C system
• recover refrigerant
• find out and rectify leakages
• evacuating the system
• charge the system with refrigerant
• performance checking
• add oil to compressor and system.

Requirements

Tools/Instruments

• Double and spanner set - 1 No.
• Manifold gauge set - 1 Set.
• Vacuum pump/Recycle machine - 1 No each
• Recovery machine - 1 No.
• Electronic tester - 1 No.
• Two stage nitrogen pressure regulator - 1 No.
• Adaptor - 1 No.
• Refrigerant cylinder R-134a
• Recovery cylinder capacity 5 kg - 1 Set.

• Digital probe thermometer - 1 Set.
• Anemometer - 1 No.

Equipments/Materials

• Refrigerant R-134 - as reqd.
• Refrigerant oil - as reqd.
• New thermostatic expansion valve
• Dry nitrogen filled cylinder
• PAG oil - as reqd.

PROCEDURE

TASK 1 : Check the leakage in the AC system

1 Run car at 1500 RPM.

2 Check all the joint with thick soap solution.

TASK 2 : Recover refrigerant

1 Disconnect negative cable from battery

2 Disconnect clutch lead wire from wiring hardness

3 Connect two flexible hoses from compressor service
port to in put of R & R Machine.(Recover and recycling
machine)

4 Connect out put with recovery cylinder putting on
weighing machine.

5 Run recovery & recycling machine purge inlet cylinder
hose and connect with cylinder.

6. Open recovery cylinder valve, check weight of cylinder
how much recovered.

7. Close cylinder valve, When compound gauge shows
negative pressure.

8. Switch off R & R machine, close all the valve of machine.

9. Disconnect flexible hoses from compressor service
port & recovery cylinder.

3 Check all the joint evaporator, condenser fins with
Electronic leak detector.

TASK 3 : Find out and rectify leakages

1 Connect hoses with service port and Nitrogen two stage
regulator with dry nitrogen fill cylinder.

2 Open nitrogen cylinder valve and operate up to 150 P.S.I
close regulator valve.

3 Check all the joint with thick soap solution, trace the
spot and mark.

4 Open leakage joint observe  position rectify and tight.

5  Fill dry nitrogen again check as previous method.

6 Release dry nitrogen slowly, loosing hoses nut
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TASK 7: Add oil to the compressor and system adding oil to the compressor

TASK 4 : Evacuating the system

1 Connect port hoses with Evacuation and charging unit.

2 Connect cylinder without open valve with Evacuation
and Charging machine in put port.

3 Open all the valve knob of Evacuation & Charging unit.

4 When vacuum en-reached as our desired level 500
micron.

5 Close out let valve knob of machine, switch off the
machine.

Vacuum hold for 10 minutes if vacuum not
break perfect vacuum reached with out leak.

TASK 5 : Charge the system with refrigerant

1 Close all machine valve.

2 Put cylinder on weighing machine open cylinder valve.

3 Open in-let and high side valve knob of Evacuating
charging unit.

TASK 6 : Performance checking

1 Connect the manifold gauge to the A/C system in a car.

2 Keep all windows and door open.

3 Set the controls for maximum cooling.

4 Keep the blower at high speed.

5 Keep a dry bulb thermostat in the cool air outlet.
(Fig 1)

6 Place a psychrometer close to the inlet of the cooling
unit.

7 Check the high pressure gauge reading (200 to 230 psi).

8 Check that the reading on the dry bulb thermometer at
the air inlet at 25-35 oC.

4 Allow it to go in high side up to vacuum break, close high
side knob and disconnect from discharge port.

5 Now open suction port valve knob allow remain refrigerant
to go.

9 Calculate the relative humidity from the psychrometer
chart by comparing the wet and dry bulb reading.

10 Park vehicle out of direct sunlight.

11 Connect manifold gauge set. Low pressure 1-3 kg/cm2

highpress. 12-22 kg/cm2

12 Start and run engine at 1500 rpm.

13 Set A/C controls to max A/C and maximum cold
setting.

14 Set blower / fan on high speed.

15 Close doors and windows.

16 Insert thermometer in centre vent gill temperature 12.4
oC.

17 Operate system for 10 minutes to allow system to
stabilize.

18 Measure centre vent output temperature.

When A/C clutch disengages, low side pressure
will increase and high side pressure should
decrease.

19 Close the cap of service port after checking.

1 Discharge the system

2 Remove the compressor from the car

3 Draw oil by tilting the compressor slightly with care from
the suction port.

4 Add refrigerant oil through compressor suction port to
system capacity, minus the capacity of the components
that have not been replaced. Refer Fig 2

CG & M :  R&ACT(NSQF Level - 5) - Exercise 4.5.326
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Refer the workshop manual for the system
quantity and type of oil. (Too little oil will
provide in adequate compressor lubrication
and cause compressor failure.  Too much oil
will increase discharge air temperature).

Add oil to the system

1 Connect the oil injector in series with the low side test
fitting and the low side gauge as shown in the Fig 3.

Engine should be off.

2 Turn ON the vacuum pump and open the high side shut
off valve on the manifold (B)

3 Low side shut off valve on the manifold (A) should be
closed.

4 Valve ‘C’ is closed

5 Add required amount of oil to the injector (50 cc)

6 Secure the injector cap

7 Start the vacuum pump

8 When the vacuum is 29" Hg or more open the injector
valve ‘C’.

9 Close the high side valve B and open the low side valve
A.  Oil will be drawn into the low side of the system.  If
more oil is needed, repeat the sequence.

Refer the workshop manual for the system
quantity and type of oil.

CG & M :  R&ACT(NSQF Level - 5) - Exercise 4.5.326
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Capital Goods & Manufacturing Exercise  4.5.327
R&ACT- Mobile A/C

Testing wiring system
Objectives: At the end of this exercise you shall be able to
• trace the wiring circuit of bus A/C
• connect the components mentioned in the circuit.

Requirements

Tools/Instruments

• Screw driver (150mm) - 1 No.
• Cutting plier, Clampmeter - 1 No.
• Series lamp - 1 No.

Materials

• Insulation tape - as reqd.
• Clips - as reqd.

Equipments

• Bus A/C with wiring system.

PROCEDURE

TASK 1: Trace the wiring circuit of bus A/C as per Fig 1

Wiring diagrams are not hard to follow, once you understand the basic requirements of the electrical
circuit and the symbols used in the diagrams, you can easily trace the circuit.
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TASK 2: Connect the components mentioned in the circuit

Battery

– Connect negative terminal to the ground.

– Connect positive terminal  to ignition switch, cooling
from relay and AC relay.

Blower motor

Connect blower motor between ignition switch and blower
switch.

Blower switch

Connect blower switch, between AC relay, AC switch and
blower motor.

Thermostat

Connect thermostat between AC switch and cooling fan
relay.

Electromagnetic clutch

Connect electromagnetic clutch, between high pressure
switch and earth.

HP switch

Connect HP switch, between compressor clutch and water
temp cut relay.

LP-Switch

Connect LP switch between magnetic clutch and water cut
relay in same cars.
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Capital Goods & Manufacturing Exercise 4.5.328
R&ACT- Mobile A/C

Repair and maintain train A/C system
Objectives: At the end of this exercise you shall be able to
• identify the components of train A/C system
• perform maintenance of train A/C system components
• perform periodic overhauling (POH) and repairing.

Requirements

Tools/Instruments

• Adjustable spanner, Hand blower - 1 No.
• Screw driver set 150mm to 300mm - 1 Set.
• Box spanner - 1 No.
• L-Allen key - 1 Set.
• Double ended spanner 4.7mm-16mm - 1 Set.

Materials

• Pinching plier, Spray bolts - 1 No.
• Watch, Chemical - 1 No.
• N2 cylinder - 1 No.

Equipment

• Train A/C coaches

PROCUDURE

TASK 1: Identify the components of train A/C system

1 Identify EMPU type AC coaches. Follow the flow chart
given in Fig.1.

2 Identify the components of train A/C system as per
Fig 2 and Fig3

3 Record your observation in the table -1 provided.

Image source link : main - 9 img - ec144 b65 d8
bf7 cec 8b466 doe 529c 5ble for 1 CAD Team
reference.

NOTE : Image should be given as clear as
possible
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Label Name of Specification Function
 No. components  type

1 Precooling plug
2 Cubicle
3 Compressor unit
4 Condenser unit
5 Battery
6 Precooling

transtormer and
rectifier unit

7 Resulator and
rectifier

8 Pipe work and
Cable

9 Evaporator with
blower fan

10 Ducting

Components/Equipments Ampere drawn

Package in cooling mode

Compressor motor

Condenser motor

Blower motor

Heaters

TASK 2: Perform train A/C system maintenance

1 Perform routine maintenance of train A/C system as
per  the given instructions

2  Trip Attention

• Remove dust and dirt from the panel.

Ensure that all the safety/protection devices are
in the working conditions and not in the by-
passed condition.

• Defective/by-passed should be replaced

• Clean the filters if required.

The defects noticed during the run should be
attended.

3 Monthly

• Remove dust and dirt and clean the panel
completely with vacuum cleaner

• Remove the fresh air and return air filters. Replace
them with pre-cleaned filters.

• Run the plant for half and hour and check the current
drawn by various equipment with the help of clamp
tester.

• Operation of safety cut-outs.

a OHP 1-2

Switch “ON” the heaters with blower off (take out blower
fuses and short the vane relay terminals) Keep the
package in manual heating mode. The heaters should
trip.

b HP 1-2

Switch “ON” the compressor with condenser fan OFF.
Take out the condenser fan motor fuses. Keep the
package in manual cool mode. Compressor should trip
in 3 minutes. HP cut-outs should reset after each trip.

c LP Cut -out (1-2)

Switch “ON” the compressor and condenser with blower
OFF. Take out the blower motor fuses and short the
vane terminals (44-45).Keep the package in manual
cool mode. Compressor should trip in 3 minutes.

d Timer

Check the timer for their operations. Timer I should
have delay of 2 minutes and timer 2 should have a
delay of 4 minutes.

e Control PCB

Keep the package in the auto mode. Run the blower.
Short points 3 & 4 on PCB. The compressor should
come “ON”. Open the points 5 &6, heater should come
on.

f Drip tray drains

Pour water into drip tray and ensure free flow.

The defects noticed during the run should also
be attended.
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Annual Overhauling

The AC package units should be overhauled
completely once in a year which include all
the necessary replacement of spares.
Consumable, accessories to make the AC
package unit of AC coach fit to run and bring it
close to new package.

Following activities should be carried out

• Check all the motors for abnormal sound and replace
the bearing of condenser and blower motor if necessary.

• Replace fresh air and return air filters with new one.

• Check the setting of LP & HP cut - outs with standard
pressure gauge and adjust if necessary.

• Clean cooling and condenser coils, repair unit if required
including topping up of gas.

• Insulation resistance of all the motors to be checked
with megger.

• Open, clean and reconnect properly all the terminals
connections at the motor terminals.

• Replace anti-vibration mountings of compressor,
condenser and blower motors.

• Top up gas if necessary.

All the activities carried out in monthly attention
should be carried out.

TASK 3 : Perform POH and repairing of train A/C system

a Axle Pulley

Check the axle pulley for slipperage, tightness and
physical damage to grooves. Ensure availability of
locking nuts and split pins in position. Check the
alignment of axle pulley with alternator pulley and
adjust, if required. Change the rubber packing.

Replace the pulley if any groove is damaged/broken.

b Belts

Replace the whole set of belts by new 6+6 matched
belts.

c Brushless Alternator

i The machine received for overhauling should be
externally cleaned with wire brush and wiped before
dismantling.

ii Carry out visual inspection of the machine and
record the following

• Serial number and name particulars of the machine.

• Check if the rotor rotates freely.

• Replace the suspension bushes.

• Check insulation resistance.

• Check continuity of the field and stator.

• Check alternator tension rod.

• Check the bearing noise shock pulse meter.

iii Carry out the following electrical checks and
record the following

• Open the cover of the terminal box and check
whether the internal termination and terminal board
are intact

• Tighten all the connections on the terminal board.

• Using a 500 V megger, check continuity between

• Field terminal F+ and F-

• Stator terminals U to V., V to W and W to U

iv Check the insulation resistance between

• Stator terminals and frame of machine

• Field terminals and frame

• Field terminals and stator terminals.

(Note : Minimum insulation resistance should
not be less than 1.0 mega-ohms under worst
weather conditions)

v Overhauling

• Clean and degrease the bearing after removing the
bearing from the bearing housing. Multipurpose
grease No.2 should be used.

• Clean the mating surface of the end shield. Before
assembly, the surface should be coated evenly with
gasket shellac.

While removing and placing the rotor, care
should be taken to see that the rotor does not
rub over the field coils.

• Clean if any grease has crept into the stator surface,
before assembly.

• Clean and slightly coat with insulating varnish or
with meggar lac the stator or rotor parts found rusty

• Apply the insulating varnish (air drying) of
recommended grade. Impregnation of the varnish
shall be done in an air circulating oven.

• Change the alternator suspension nylon bushes
100% and change the suspension pin on condition
basis.

vi Testing

After complete assembly, the testing of the
alternator should be conducted at the test bed.
A variable speed dyno drive motors shall be
provided for running the alternators. The
alternator shall be tested on load at different
speeds. The following points shall be checked
during the test.

CG & M :  R&ACT(NSQF Level - 5) - Exercise 4.5.328
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• Proper functioning of the regulator.

• Proper generation at cut in speed.

• Full generation (MFO speed)

d Rectifier regulator unit
• Check the terminals and blow out the dust.

• Systematically perform the wiring of the regulator
shall be done systematically.

• Replace the damaged wiring/terminals.

• Check the PCB circuit with PCB testing kit or
multimeter to sort out defective components.
Replace the defective components.

• Apply silicon grease at contact point of rectifier with
the heat sink.

• Check field transformer correct voltage. Replace, if
found defective.

e Battery and battery box
• Remove the cells from the battery boxes on arrival

of the  coach in workshop and bring them in the
battery shops for maintenance.

• Record voltage and specific gravity of each cell.

• Clean interior of the cell thoroughly. Wash top of
the battery with a 10% solution of soda and a wire
brush. During such cleaning operation, it is
necessary to ensure water does not enter into cell.

• Clean the repaired battery boxes and paint with anti
corrosive epoxy based paint after removing the
battery.

• Top-up cells wherever necessary with distilled water.
The level should be corrected such as indicated by
the float.

• Clean, if there is corrosion/sulphation on the inter-
cell-connectors etc, and protect from further
corrosion by applying petroleum jelly or vaseline.
Cell connectors and fasteners should be changed
on condition basis.

• Replace defective floats and vent plugs, if any.

• Clean vent plugs and floats guides and ensure that
vent holes are in order.

• Record lug date to determine the life of the battery.

• Charge the battery fully till 3 constant half hourly
readings of voltage and specific gravity indicating
the conditions of fully charged cell are recorded.

• Discharge the battery at 10 hrs. Discharge rate.
While discharging, record the voltage and specific
gravity.

• Record teh capacity of the battery during discharge.
If should not be less than 80% of the rated capacity.

In case while discharging, any of the cells fall
below 1.8 volts, disconnect the cell from the
circuit for treatment with one or two cycles of
slow charge and discharge as per maintenance
manual.
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• Recharge the cells fully, after two cycles of charge
and discharge.

f   Compressor

There is no need to open the refrigeration
system of the AC package units it is complete
sealed at factory. Conduct the cooling test as
per annexure A.  If the time required to cool
the coach is less than the recommended value
of condenser and evaporator, the compressor
will have to be changed.

Procedure for replacement of compressor

• Braze a 1/4” (6mm) OD copper tube fitted with shut off
valve  at one of the ends. Connect the shut off valve
through a charging line to an empty refrigerant cylinder
and keep in a cool iced water container until all gas is
extracted. Weight the cylinder before and after. Ensure
that weight gain is minimum 2600 grams. A gas
compressor can also be used to extract the gas and
forcing it into the empty cylinder.

• Unsolder the suction and discharge lines and
disconnect the electrical wiring from the compressors.

• Remove the compressor and clean the cylinder using
carbon tetrachloride (CTC) with the help of circulating
pump. It is advised that CTC flushing should not be
done with compressor in circuit.

• Install a new compressor and resolder the suction and
discharge lines. Make the electrical connections. Use
high quality silver based copper solder with minimum
40% silver.

• Test for leakage under 30 kg.cm2 pressure using
Nitrogen/Carbon dioxide gas cylinder fitted with a two
stage pressure regulator.

• Create a vacuum of 50 micron for 15 minutes with the
help of two stage rotary vacuum pump to extract the
moisture from inside of the refrigeration system.

• Charge the quantity of refrigerant gas (R 22) as per
recommendation of the manufacturer. Charging slub
tube  on the compressor should be 1/4” OD and of
heavy gauge. Pinch off charging tube nearest to the
compressor body so that it remains as short as
possible. Longer stub tube can break due to vibrations.
Place slight amount of solder at the pinch point for
strengthening.

g Condenser

• Clean the condenser coil with steam of 10 kg/cm2
pressure to remove all dirt and mud. The coil should
be cleaned thoroughly. This can be done without
removing the coil from their places.

• Clean cooling coil with steam at 10kg/cm pressure
to remove all dirt and mud. The coil should be
cleaned thoroughly through and through. This can
be done without removing the coil from their places.

h Motor for Condenser and Evaporator

• Check for abnormal noise vibrations, burning smell.



216

• Check foundation bolts for looseness and tighten,
if necessary.

• Check the terminals after opening terminal box cover
and see for tightness.

• Check the condition of terminal lugs.

• Check the earth connection of the motor body.

• Clean the by blowing compressed air.

• Lubricate the motor bearing by approved lubricant.
Use lubricating gun for greasing.

• Check the alignment and re - align the driving and
driven shaft.

• Check the coupling for looseness and tighten if
necessary.

• Check the dust for crack and for loose/missing fixing
bolts.

• Measure the insulation of winding with  a 500 v
megger If the insulation resistance is less than 10
M ohms run the motor for half an hour for drying. If
insulation level does not improve revarnish the
armature.

 NOTE

To avoid brinelling, the armature must be
rotated periodically by quarter to half of the
revolution.

It has been observed that bearing greasing
deteriorate when in the use and cease to be
effective as a lubricant with the lapse of time,
The deterioration might show in the form of
dry cakes/ flakes in sodium base grease whilst
in the lithium base grease starts thinning and
its oil contact separates out of the rest of the
grease.

j A/C Control and Power panel

• Completely isolate the panel from power supply and
its loads. Contacts of the contactors shall be
removed and cleaned by means of clear rag socked
in petrol. Any contacts which are burnt should be
replaced, after which they should be lightly  covered
with Vaseline.

• Dismantle the contacts of the relays and clean them
by means of clean rag soaked in petrol. Any
contacts which are burnt should be replaced.

• Check the flexible braided connections. If found
damaged, replace the same.

• Pull out the pin holding the pull off spring on the
armature frame work of the contactor of its slot and
the armature hinge is removed. This should be
examined for wear and if necessary, replace by a
new pin tightly covered with vaseline.

• Measure the insulation resistance of each relay and
contactor. If the insulation value is less than 2 meg.
Ohms, replace the coil of the respective unit.

• Check whether all connections are tight. If found
loose, tighten the same.

• Replace all the fuse links.

• Check rotary switch for proper working.

• Check clean and tighten all connections.

• Check for defective ammeters and voltmeters, if
necessary replace the defective one.

k Cut Outs

• Clean the contacts with CTC/Petrol and test for
correct operation of settings. Calibrate with the
standard gauges. Also test in series.

j Pre cooling transformer rectifier unit

• Open the canopy and clean externally with
compressed air.

• Dismantle the unit as per manufacture’s instructions.

• Remove and clean the contacts by means of a clean
rag soaked in petrol. Any contacts which are burnt
should be replaced and covered with Vaseline.

• Clean the transformer, rectifier and rotary switch.
Check for operation, if defective, change it.

l Inverter Unit

• Open the front panel doors and clean with
compressed dry air. In case the compressed air
pressure is too high cover the nozzle with thin cloth
to reduce the pressure.

• Clean the semi-conductor devices heat sink with
compressed air, In case the dust is not removed
completely from fins use hard hair brush and again
clean with compressed air. Do not use any chemical
for cleaning the heat sink.

• Check that all connectors PCB are tight and no
insulation is damaged on cables, boards and
insulators etc.

• Check for normal routine performance test as per
manufacture’s instructions.

m Air-Filter

• Replace the filter with new one in case of synthetic
type filters.

• Wash the filter in hot water first, then with detergent
and ageing with hot and cold water. Dry the filter and
replace them in the unit.(In case of wire mess type
filter)

The manufacturer’s instructions for any other
specified type filter, shall be followed.

CG & M :  R&ACT(NSQF Level - 5) - Exercise 4.5.328
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Capital Goods & Manufacturing Exercise  4.5.329
R&ACT- Mobile A/C

Perform leak test, Evacuat and gas charge of a train A/C system
Objectives: At the end of this exercise you shall be able to
• recover the refrigerant from the system
• test and arrest leak in the system
• evacuate the system
• charge refrigerant in the system
• test run the system and seal the system.

Requirements

Tools/Instruments

• Vacuum gauge-Electronic or tube type - 1 No.
• Pressure gauge both for suction

(30 to 300 psig) as well as head - 1 No
pressure (0 to 500 psig) side each.

• Pinching pliers - 1 No.
• Nitrogen cylinder - 1 No.
• R-22 gas cylinder with 2.85 kg gas - 1 No.
• Brazing equipment - 1 No.
• Hose pipe - 2 Nos.
• Tong tester - 1 No.
• Screw wrench 12”, 8” - 1 Set.
• Screw driver (150mm and 300) - 1 No.

• Ring spanner12/13, 10/11 - 1 No each.
• Double ended spanner

22/24,32/36 - 1 No each.

Materials

• Weighing scale - 1 No.
• Watch - 1 No.
• Halogen leak detector - 1 No.
• Soap solution

Equipments

• 5kg capacity vacuum pump (rotary type)
• Train with A/C fitted.

PROCEDURE

TASK 1 : Pump down and recovery of the refrigerant

1 Pump down the system

2 Connect the system with an empty gas cylinder ( or
use recovery system condensing unit)

3 Heat the system mildly, keeping the empty cylinder
cooled.

4 Keep the cylinder on a weighing scale and watch its
weight ringing (Indication of flow of refrigerant tow wards
cylinder)

5 Check for 5 minutes, wait until the weight becomes
constant. (No more gas will flow)

NOTE: While heating the system keep a wet
cloth around the vibration isolators to avoid
over heating and damage to the isolators.

6 Install a new capillary and filter-drier if required and
reassemble the system.

TASK 2 : Test leak and arrest the leak spot in the system

1 Disconnect the low pressure cut-out from the system.

2 Pressure-charge the system with dry nitrogen at 24
kg/cm2 (350 psig)

3 Check for leakage with soap solution.

4 Carefully observe and nitrogen bubble coming out of
the system or not ,if found mark the spot with
permanent marker

5 Arrest the leak with proper brazing procedure.

TASK 3 : Evacuate the system

1 After leak test, connect the system on both the low
and high side to a vacuum pump for at least 4 hours.

2 Pull up to 200 microns (29.9 inch mercury column of
vacuum.

3 Use electronic or tube type gauge for checking vacuum.
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TASK 4 : Charge refrigerant in the system

1 Charge the system by weight.

2 Charge the system with 2.85 kg R-22 gas.

3 Pull a vacuum on a 5 kg gas cylinder

4 Charge it with 2.85 kg of R-22 gas by weight.

NOTE: Weight the cylinder before and after
filling gas. The difference should be 2.85 kg in
weight.

TASK 5 : Test run the system and seal the system

1 After the system has been charged, test run the unit.

2 Check head pressure, suction pressure and the current
consumption using a clamp meter.

3 Check the noise level and the cooling capacity before
reinstalling the unit at its location.

4 Seal shut the system by pinching off  the charging line
and brazing it.

5 Reinforce the charging line with thick PVC tubing to
avoid breakage due to vibrations.

NOTE

Do not use the unit compressor for vacuuming
the unit.

Do not use the refrigeration compressor for
pulling a vacuum.

5 Now charge the system by connecting the cylinder
and suction service valve (open condition) with hose
pipes through a gauge manifold.

6 While charging measure the weight of the cylinder filled
refrigerant.

7 Charge until the weighing scale shows the weight of
empty cylinder.

CG & M :  R&ACT(NSQF Level - 5) - Exercise 4.5.329
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Capital Goods & Manufacturing Exercise 4.5.330
R&ACT- Mobile A/C

Check air flow with anemometer and tube manometer
Objectives: At the end of this exercise you shall be able to
• measure the air flow rate with anemometer
• measure the air pressure with inclined tube manometer.

Requirements

Tools/Instruments

• Screw driver 6” - 1 No.
• Combination plier 6” - 1 No.
• Pressure gauge - 1 No.
• Compound gauge - 1 No.

• Anemometer - 1 No.
• Inclined tube monometer - 1 No.

Equipment

• 5 Ton air conditioning plant RMPU

PROCEDURE

TASK 1 : Check the air flow with anemometer

Dial (A) large dial scale reads air flow  upto 50mts/sec.

Dial (B) Scale reads 50 mts/sec graduations. (Fig 2)

Dial (C) scale reads 500 mts/sec.

1 Carefully place it in the air stream at right angles to air
flow. Fig 1.

2 Watch the constant speed, reaches within a minute.

3 Then trip the registering mechanism

4 At the same time start a stop watch

5 Record the reading and the time

6 For this data compute the velocity of the air in mts/sec.

7 Take several readings, then compute the average to
ensure accuracy.
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Capital Goods & Manufacturing Exercise 4.5.331
R&ACT- Mobile A/C

Measure temperature and pressure in AC train
Objectives: At the end of this exercise you shall be able to
• measure temperature of the conditioned air in the train
• measure the pressure of the conditioned air in the train.

Requirements

Tools/Instruments

• Screw driver 6” - 1 No.
• Combination plier - 1 No.
• Voltage meter - 1 No.
• Digital thermometer - 1 No.
• Ammeter - 1 No.
• Pressure gauges - 1 No.
• Compound gauges - 1 No.
• Inclined tube manometer - 1 No.

• Hose pipes -2Nos.
• Gauge manifold -1No.

Equipment

• Train with AC system.

Materials

• NTC thermistor -1No.
• Thermo Anemometer -1No.

PROCEDURE

TASK 1: Measure temperature of the conditioned air in the train A/C system

1 Run the RMPU of the train. Wait for 10 to 25 minutes.

2 Use a digital thermometer to measure and record the
temperature of the supply air from the diffuser. Insert
the probe inside of the supply air duct diffuser and
wait until the temperature reading stabilizes.

3 Record the supply air temperature.

4 Also measure the temperature at the return of rile by
inserting the probe of digital thermometer into the
return air of rile wait for the measure to stability.

5  Check with the data provided by manufacture.

6 Also if  the system has in built temperature sensor like
RTO,NTC type sensor, the temperature reading will
be shown in display panel.

7 You can also measure the temperature by using a
thermo anemometer. This device measures both
temperature and air velocity.

TASK 2 : Measure the air pressure with inclined tube manometer
1 Adjust the leveling screws till the manometer is in level

if necessary place a sprit level on the top of the body.
(Fig 3)

2 Once leveled, the gauge must be set to zero, by
adjusting the amount of fluid allowed to remain in the
reservoir.

When using the inclined monometer, it is
important to anticipate which pressure sensing
part will see the greater pressure and always
have the greater pressure pushing the fluid
down the scale.

3 When hooked up backwards the liquid will pour out.
Insert one end of the tube in the direct and the other
end of the connection should be opened to
atmosphere.

4 The tube should face the air flow direction, then the
liquid will shift in the scale.

5 Wait till liquid is stable in one place, then read the
scale.

6 The static pressure obtained in the pressure of air in
the duct with respect to atmospheric air.
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RECORD SHEET

                          TEMPERATURE PRESSURE

 Supply air  Return air           Temp diff               Static pressure Pressure diff

          (Atm. Pressure - Static pressure)
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Capital Goods & Manufacturing Exercise 4.5.332
R&ACT- Mobile A/C

Check solenoid valve
Objectives: At the end of this exercise you shall be able to
• check the power supply
• check physical condition of solenoid coil and plunger.

Requirements

Tools/Instruments

• Series lamp
• Line tester
• Screw driver

Equipments

• A/C chillers plant 10 TR capacity running with chilled
water circulation.

• Panel board equipped with parameters (Dial
thermometers pressure gauges)

Materials

• Cotton waste -As reqd.
• Soap water -1 ltr.

PROCEDURE

TASK 1: Check physical condition of solenoid valve

1 Check the physical position and condition of solenoid
valve.

TASK 2: Check the power supply

1 Energise the solenoid valve.

2 Check the plunger movement

3 Check proper sealing of solenoid valve.

4 Check functioning of solenoid valve.

5 Fit it for proper operation.

2 Isolate the solenoid valve

3 Record it.
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Capital Goods & Manufacturing  Exercise 4.6.333
R&ACT - Commercial Plant maintenance

Repair different commercial units at site
Objectives: At the end of this exercise you shall be able to
• execute the servicing of central A/C (Direct system)
• execute servicing of central A/C (Indirect system)
• maintain Log sheet.

Requirements

Tools/Instruments

• Screw driver (150mm to 300mm) - 1 No each
• Combination plier - 1 No.
• Long nose plier - 1 No.
• Flat nose plier, Multimeter - 1 No.
• Anemometer - 1 No.
• Ratchet - 2 Nos.
• 3 leg puller - 1 No.
• Ring spanner set 8 to 32mm - 1 Set.
• DE spanner 8 to 32mm - 1 Set.
• Compound gauge - 1 No.
• Pressure gauge - 1 No.
• Charging hoses - 2 Nos.
• Dry N2 cylinder with pressure

regulating valve -1No.

• Refrigerant cylinders (R-22, R-134a) - 1 Nos
each.

Materials

• Refrigeration lub oil - as reqd.
• Snip (straight and bent) - 1 No each.
• Banian cloth - 2 Nos.
• 6.0mm flared dummy - 2 Nos.
• 6.0mm union coupling - 2 Nos.
• Measuring tape (5mtr) - 1 No.

Equipments

• 5TR central A/C plant switch
• 5TR package A/C plant with
• Train A/C system.

PROCEDURE

TASK 1: Execute the servicing of central A/C (Direct type)

a) Stop the air-conditioning plant for seasonal shut-
down

1 Stop the plant as every day routine stop procedure
and AHU also-after getting clearance from your
instructor.

2 Install a pressure gauge in the back seat port of
the compressors suction service valve and crack
the valve’s back seat.

3 Close the liquid line shut off valve, which is located
after the condenser.

4 Lower the setting of the systems temperature
control, since the liquid line solenoid valve to be
kept open during pump down.

5 Install a jumper wire across the terminals of the
low pressure switch which is the refrigerant pressure
control (RPC) switch.

6 Start the compressors and watch the suction
pressure

7 Stop the compressor when the suction side gauge
reading reduces to. 15 kg/cm2 (a little positive
pressure)

8 ‘Off’ the compressor main switch and keep ‘unit
under maintenance’ board near electrical panel.

9 Front seat the compressor discharge valve.

10 Stop the cooling tower fan & water circulating
pumps.

11 Remove the jumper wire from the low pressure
control.

12 Check the condenser and liquid receiver (if provided)
for refrigerant leak.

13 Remove the gauge from the port of the suction valve
replace port plug and front seat the valve.

14 Close the supply & return water connections of the
water cooled condenser.

15 Drain the cooling tower sump for cooling tower
maintenance.

16 Attend the other shut-down jobs, which planed
earlier, perform all annul maintenance of the AHU
and other  related auxiliary equipments.

b) Start the A/C plant after shut down jobs are over

1 Check compressor oil level, when compressor is
idle, the level should be around 60% in the sight
glass.

2 While running check the oil level at 30 minutes equal
intervals. When the load is uniform and high, if the
level is lower than 40%, change oil.
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8 Open the suction gauge port and vent the least
gas pressure from the compressor.

Precaution: Do not allow the compressor
suction pressure drop to vacuum, or allow oil
to pump to the system.

d) Pump down the system

1 Put off system, if it is running.

2 Bypass the electrical connection at the low
pressure cutout switch.

3 Close the (king valve) liquid line shut off valve.

4 Start the compressor and watch the suction valve
gauge pressure drops till 0.5 kg/sq.cm.

5 Stop the compressor and close the discharge valve.
Transferring refrigerant to the receiver.

e) Check the condition of the heat exchangers

1 When the plant is running, check and record the
evaporator temperature.

2 Check and record liquid lines temperature, before
and after heat exchanger.

3 Find the difference in temperature, if it is minimum,
confirm the heat exchanger need service. For the
location of heat exchanger.

3 Stop the compressor and check the shaft seal for
oil leakage. If oil trace is found, check the seal for
refrigerant leak with halide torch.

4 Check the condition of the air-filters of the air-
handling unit, clean or replace filters as necessary.

5 Check the general operating conditions, system’s
refrigerants pressures and temperatures, etc.

6 Check throughout the week’s log, if find any
abnormalities take remedial action.

c) Pump down the compressor

Ensure the plant is idle, if it is running, with the instruction
of instructor.

1 Put off the system.

2 Close the suction (service) isolating valve.

3 Bypass the electrical connection at low pressure
cutout switch.

4 Start the compressor drive motor.

5 Watch and wait till the suction pressure drops to
0.5 kg./sq.cm.

6 Stop the compressor-drive motor

7 Immediately close the delivery (discharge) valve.

f) Check compressor (Fig 2)

1 Check fitting of compressor.

2 Fit high pressure gauge on discharge point
energised and check pressure as per compressor
data.

3 Fit low pressure gauge  on suction point and check
pressure as per compressor data.

4 Check ampere drawn as per data sheet.

g) Check ducting

1 Check the AHU connecting duct is having noise or
not.
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2 Check whether the duct is having insulation or not, if
found any area is un-insulated, insulate the area.

3 Check the canvas is damaged or not, if so replace the
same.

4 Check the fire dampers, mixed dampers and by pass
dampers and if faults is found, take necessary
rectifying steps.

TASK 2 : Execute the servicing of central A/C (Indirect type)

a) Check the dry type shell and the evaporator (Fig3)

1 Connect the nitrogen line to the inlet of the tube
side, close the refrigerant outlet with dummy flange.

Since the evaporator is used with R-22 gas,
build up the pressure up to 6 kg/cm2 (50
percent more than the operating pressure of
the suction line.

2 Hold it for one hour, if there is no pressure drop,
confirm the tubes are perfect.

3 Close the N2 cylinder valve, wear goggles and
slowly open the dummy and release the nitrogen
pressure inside the tube and remove the N2 cylinder
and connections.

4 Check the pressure of the evaporator shell side, fill
the water in the shell through chilled water inlet,
after closing the drain till the water stands
overflowing through the outlet, then fix dummy flange
and tighten it.

5 Connect the hydraulic hand pumps line to inlet
water flange and the outlet should be closed with
dummy flange.

6 Now pump it, till the pressure raises to 6 kg/cm2.
(50 percent higher than the chilled water operating
pressure).

7 Hold the pressure for one hour and check, if there
is no pressure drop in the gauge, confirm the shell
side also perfectly leak proof.

b) De-scale the condenser tube side (inner)

1 Put off the compressor and main power supply.
Close the cooling water outlet and inlet valve.

2 Drain the water from the condenser through drain
plug.

3 Punch mark the end cover with reference to tube
sheet outer.

4 Loosen the water line flange and end covers
retaining bolts.

5 Remove the end cover. Do not damage the gasket.

6 Clean each tube thoroughly with a soft brass tube
cleaning brush which is welded to the rod. (Fig 4).

c) Check the pipe line leak and choose the method
applicable to arrest the leak

1 Trace out the water lines and see if there is any
water leak or puncture on water lines.

2 Determine the leaks that can be arrested by
plugging method, without stopping the water
circulation pump.

3 Check for the leaks in the flange joints, that can be
arrested by tightening the nuts or replace the gasket
in downtime.

4 Choose the leak holes that can be covered with
rubber gasket or pad, tightened by clamps, on line
process.
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6
5 Check for the heavy leaks that need patch plate

welding. That can be done at shutdown time.

6 Check if the pipes are corroded and many puncture
or holes in short distance between the flanges, it
can be replaced with a new pipe-when the plant is
in shutdown.

d) Arrest  the water line leak-on line, leak arresting
by wooden plug

1 Check and mark the spots where chilled water is
leaking in pipe lines, and the leaks by the valves
joints.

Get clearance from your superior or instructor
for plant shutdown, then stop the plant.

2 Mark the chilled water leakage.

3 Clear the waste insulation materials from that place
and clean that leaking spots.

4 Identify the puncture holes size, make a wooden
taper plug, suitable to the hole.

5 Place the taper wooden plugs narrow end in the
pipe’s hole and tap it gently with hammer. (Fig 5)

6 Tap it till 3/4 of the length of the plug insert in tight,
and leave the 1/4 portion length to be visible on
top.

7 Check the water leak is arrested or minimised
(Remember, these kind of leak arresting is in
emergency, it should be covered with patch plate
welding while the plant is shut down)

e) Leak arresting by clamp fitting

1 Choose the suitable clamp and the rubber pad or
gasket which will fit on the outer diameter of the
leaking pipe.

2 Place the rubber pad on top of the leak and around
the  pipe, on top of the pad, set the clamp and tight
it with bolts even either side. (Fig 6)

f) Arrest the water line leak-while the pump is put
‘off’, leak arresting with ‘m seal’

1 Mark the pin hole which is leaking by marking a
circle by water proof marker on the pipe.

2 Close the water inlet valve, loosen the flange and
drain the water inside the pump.

3 Clean the surrounding of the pin hole with emery
sheet, remove the paint or rust on that particular
place.

4 Mix the ‘M’ seal, apply on top of the puncture and
press it tight.

5 Leave it to dry for minimum 8 hours; then tighten
the flanges, and open the water line inlet valve.

6 Start the water circulating pump and check if the
leak is arrested.

g) Leak arresting by patch plate welding

1 Mark the leaking hole on the pipe.

2 After closing the water inlet valve, loosen the flange
and drain the water inside the pipe line.

3 Clean the outer surface near the leaking spot.

4 Keep the suitable patch plate right on top of the
hole and weld, all the four side of the plate firmly
(Fig 7)

5 After welded portion become to normal
temperature, open the water inlet valve.

6 Start the circulation pump and check the leak is
arrested or not.

h) To replace the faulty pipe line and arrest the leak

1 Remove the insulation from the flange joints and
where you marked for leak spots.

2 Find the exact leak spot or puncture and clean
that spot thoroughly.

3 Open the end flanges and release remaining water.

4 Keep wet cloth, water bucket and fire extinguisher
near.

5 Measure the damaged length of the pipe.

6 Mark and cut the old pipe and remove from coupling
joint with adjustable pipe wrench.
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7 Cut the new G.I. pipe according to the need
(Required length) make thread on both the end of
the pipe, and the cut end of existing old pipe line in
position also make thread by thread dye.

i) Rectify insulation faults

1 Check all over the chilled water pipes, valves and
the storage tank, wherever the insulation are weak,
mark it.

2 Replace the same with suitable insulation.

3 Where the thermocole is used, first apply liquid
(hot) bitumen (melted by heat source) on the pipe’s
outer area, then fix the thermocole firmly as per
the shape

4 Fill the air gaps in the joints of insulation with
bitumen, then cover it with aluminium sheets and
tighten it with self threaded screws. (Figs 4&5)

5 Wherever the mineral wool is packed for insulation,
cover it with thin wire mesh and bind it water proof
plastic sheet, then apply correct combination of
cement paste leave it to dry.

6 After correcting all the leaks and insulation faults,
open the water valves, vent the air (locks) by the
pumps and the lines.

7 Start the chilled water pump and leave the water to
circulate.

8 Finally once again check all over, for any leak, if
there is no leak, start the plant and put in normal
operation.

j) Clean the cooling tower and rectify the problems
in accessories

1 Open the cooling tower sump drain valve and empty
it.

2 Remove the sludge in the bottom of the tank (with
shovel and gather in bond) scrap and clean the
algae thoroughly by G.I sheets.

3 Remove the water spray nozzles with suitable

spanner, and clean it. Clean the spray holes, remove
if there is any blockage then fit it.

4 Clean the louvers of the cooling tower by wire brush.

5 Replace the broken nozzles or louvers which is in
bad condition.

6 Check the make-up water float-valve assembly, if
need service it and check the action is perfect.

7 Lift the cooling tower strainer (which is located at
the tank water outlet to circulating pump inlet) and
clean it with wire brush.

8 Open the water make-up valve and fill the sump
with fresh water.

9 Start the water circulating pump and circulate the
water for1 hour and stop it.

10 Drain the cooling tower sump once again.

11 Paint the non-corrosive (red-oxide) paint to
supporting channels and ladder steps (M.S. metals)
paint the pipes (water line) as per colour code.

12 Check and clean the drain and overflow pipe and
fill the sump with fresh make-up water.
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Record sheet

Table 2

Present schedule maintenance completed date

Location Pressure Temperature

Compressor suction
(Refrigerant vapour)

Compressor discharge
(Refrigerant vapour)

(Warm) water, inlet
of the cooling tower

(Cooling) water, outlet
of the cooling tower

Cooling Towers efficiency =    Range    x 100
  Range + Approach

Table 1

Present schedule maintenance completed date

Location Pressure Temperature

Compressor suction
(Refrigerant vapour)

Compressor discharge
(Refrigerant vapour)

(Warm) water, inlet
of the cooling tower

(Cooling) water, outlet
of the cooling tower

Record sheet

Table 1

Log sheet for plant room readings

DX or Chilled Water Plant

Time Comp 1     Comp 2    Cond 1   Cond 2    Cond          Cond         CT         Chiller 1     Chiller 2        CH.W         CH.W
   pump 1 pump 2     Fan          pump1        pump 2

                         Press Temp  Press Temp     Press  Press                Press  Temp   PressTemp  Press        Press

SP DP OP  Amps SP DP OP Amps  In out    In out    In out      In out     In out     Amps   In out  Amps    Amps   In out      In out     In out     In out   In out   Amps   In out     Amps

13 Start the water circulating pumps and check the
proper circulation of the cooling water.

14 Check the fan blades free rotation and start it,
observe the operation of the cooling tower.

15 Start the unit after 1/2 an hour check and record all
the parameters (Refer TASK 1 Procedure Step No.2
of this same exercise).

16 Enter the schedule maintenance completed date
and find the temperature drop, improvement in
cooling areas.
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k) Clean and service air louvers

1 Check the condition of air louvers.

2 “Off” the air blower of AHU.

3 Remove airlouvers

4 Clean the air louvers by using high pressure water.

5 Dry the air louvers.

6 Fix back the air louvers.

7 “ON” the air blower motor of AHU.

TASK 3: Maintain log sheet for central A/C direct and indirect type

1 Record the data obtained during servicing of central A/C in the below provided log sheet.



229CG & M :  R&ACT (NSQF Level - 5) - Exercise 4.6.333

Table 2

No. Time started Time stopped Running hours

  Compressor
  Condenser pump
  Cooling tower fan
  Chilled water pump

  Remarks       compressor total

       running hours

Table 3

Log sheet for temperature readings

Air handling units

 Date:

 Time AHU 1 AHU 2  Outside       Inside  Inside   Remarks
 Temp       Temp  Temp

     Canvas    Return         Canvas          Return

     DB  WB  DB  WB  RH  DB  WB  DB   WB    RH    DB   WB  RH   DB   WB   RH   DB  WB  RH

Remarks:

Trainee: Instructor:
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Capital Goods & Manufacturing Exercise 4.6.334
R&ACT - Commercial plant Maintenance

Perform execute preventive maintenance of different commercial units at
site
Objectives: At the end of this exercise you shall be able to
• perform preventive maintenance of central A/C (DX and Indirect)
• perform preventive maintenance of VRV/VRF
• perform the preventive maintenance of package A/C.

Requirements

Tools/Instruments

• Wire brush - 1 No.
• 50 mm brush - 1 No.
• Screw driver 12" - 1 No.
• Line tester - 1 No.
• Pressure gauge 0 to 30 kg/cm2 - 1 No.
• Compound gauge - 1 No.
• Charging hose - 1 No.
• Screw spanner 12" - 1 No.
• Digital thermometer - 1 No.
• Tong tester - 1 No.
• DE spanner set 4.7 mm to 16 mm - 1 Set

and 19 mm to 31.8 mm - 1 Set
• Valve key 6.4 mm sq - 1 No.
• Tachometer digital - 1 No.

• Allen key 5 mm - 1 No.

Equipments

• Central  A/C (5 TR) - 1 No.
• Mobile A/C (Car mobile a/c,
• bus mobile a/c, Train A/C) - 1 No each.
• VRV/VRF - 1 No.
• Vacuum cleaner - 1 No.
• Air-blower - 1 No.

Materials

• Clean cloth - as reqd.
• Lubricating oil - as reqd.
• Soap solution - as reqd.
• Paint - as reqd.

PROCEDURE

TASK 1: Perform the preventive maintenance of central A/C
a) Weekly schedule

1 Remove filters from the case then

- Check & clean air filters by water & air blower

- Check water leak in water line, if it is found in  flange
joints, tight the bolt and nuts and arrest it, or
change the gasket and arrest the leak.

- Check & clean water drainage system under cooling

2 Check safety controls

- L.P. cut out

- H.P. cut out

- Temperature control

3 Check temperature

- Check temperature with thermometer before the
filter (return air temperature)

- Check blower outlet temperature

4 Check blower motor speed & shaft in play

- Check blower motor speed (RPM) with tachometer

- Check shaft in play physically

5 Check belt tension

- Stop the unit and check belt tension. If it is loose
adjust the motor and correct it or replace the belt.

6 Canvas connection from unit to duct.

- Check any leak in canvas connection.

- Tight the screws and arrest the leak, if there is an
,leak in canvas clamps.

- Replace with new canvas if the old one is damaged.

7 Check condenser water pressure

- Check water pressure in condenser inlet and outlet.

- Adjust the water valves up to designed pressure, if
the pressure is low or high.

8 Cooling tower

- Clean the filter (screen)

9 Water treatment

- Check cooling tower water quality

10 Check noise level/abnormal sound if any

- Tighten the bolts, screw tightly.

- Fit properly the front, back and side panels to avoid
vibrating noise.
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b) De-scale the condenser tube side (inner)

1 Put off the compressor and main power supply.
Close the cooling water outlet and inlet valve.

2 Drain the water from the condenser through drain
plug.

3 Punch mark the end cover with reference to tube
sheet outer.

4 Loosen the water line flanges and end covers
retaining bolts..

5 Remove the end cover. Do not damage the gasket.

6 Clean each tube thoroughly with a soft brass tube
cleaning brush which is welded to the rod. (Fig 1)

Caution

1 Do not use steel brush

2 Ensure that the welding joint from brush to rod is ground
smooth and it should be of the rod dia.

3 After brushing each tube flush each tube individually
with water immediately.

4 Check each tube after brushing if the scale is hard
and the tube is cooled.

5 Then acid descaling  to be carried out.

6 Fix both end covers and water line flanges  with new
gaskets to condenser.

7 Connect the acid circulating pump motor to power
supply.

8 Connect the acid circulating system to the condenser
as shown in Fig 2.

c) Check and clean the air filters

1 Remove filter from the equipment.

2 Take the filter to open space and tap the filter to
the ground (wear goggles and mouth mask).

3 Then take the filter to the washing area and rest
against wall (inclined).

4 Fix flexible hose to water tap as shown in Fig 3.

5 Open the tap & clean the filter with water.

6 Allow all the water to drain.

7 Fix the filter back its position.

8 Repeat this for all filters.

d) Leak testing for refrigerant leak

1 Prepare soap solution.

2 Take piece of sponge, dip it in leathered soap
solution.

3 Apply soap solution at all joints.

4 Observe leakage, if found arrest it.

5 For minute leakage use a halide torch for CFC
system.

Precaution: Don't use soap solution at low side
of the system

e) Check water pump (packed) glands

1 Check water drip through the gland. It should be 8-
10 drops/min.

2 If it is more, then tighten the glands nuts evenly.

3 If leakage is more then replace gland packing.

Precaution: The gland nuts should be evenly
tightened to avoid the gland flange from
touching the shaft.

4 Check and clean water strainer.
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TASK 2: Perform preventive maintenance of VRV/VRF system.

a Installation

1 Check that the unit is properly installed, the ODU
is located in a suitable foundation, which can absorb
vibration and can bear the weight of ODU.

2 Start up the unit and  check for free circulation of
air around ODU and IDU inside the conditioned area.

b Field wiring

1 Trace the wiring circuit of VRV/VRF from the
installation manual.

2 Check the electrical and electronic components
are tightly connected or not. Trace the wiring is ok
or not.

c Power supply voltage: Check the power supply
voltage on the supply panel by using digital multimeter
and match with the identification lable of the unit.

d Earth wiring: Check that the earth wires are connected
properly and that the earth terminals are tightened.

e Insulation test of the main power circuit: Use a
mega tester for 500v, check that the insulation
resistance of 2m  or more is attained by applying a
voltage of 500v DC between power terminals and earth.

Note: Never use the mega tester for
transmission wiring.

6 Fuses, circuit breakers, protection device: Check
that the fuses, circuit breakers or the installed
protection devices are of the size and type specified
in the manual.

f Pipe size and pipe insulation: Check that correct
pipe sizes are installed and that the insulation work is
properly executed.

g Stop valves: Check that the stop valves are open on
both liquid and gas side.

h Damaged equipment: Check the inside of the unit
on damaged components or squeezed pipe.

i Refrigerant leak: Check the inside of the unit on
refrigerant leakage. If there is a refrigerant leak, try to
repair the leak.

j Oil leak: Check the compressor for oil leakage. If there
is an oil leak, try to repair the leak.

k Air inlet/outlet: Check that the air inlet and outlet of
the unit is not obstructed by any material.

l Additional refrigerant charge: Top up refrigerant if
the system has run short off refrigerant.

m Various parameters: Check for DBT, WBT of return
air and supply air and accordingly find the RH, specific
volume, moisture content from the psychrometric chart.
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TASK 3: Perform  preventive maintenance of package A/C

a) Weekly schedule

1 Remove filters from the case then

- Check & clean air filters by water & air blower

- Check water leak in water line, if it is found in flange
joints, tight the bolt and nuts and arrest it, or
change the gasket and arrest the leak.

- Check & clean water drainage system under cooling

2 Check safety controls

- L.P. cut out

- H.P. cut out

- Temperature control

3 Check temperature

- Check temperature with thermometer before the
filter (return air temperature)

- Check blower outlet temperature

4 Check blower motor speed & shaft in play

- Check blower motor speed (RPM) with
tachometer

- Check shaft in play physically

5 Check belt tension

- Stop the unit and check belt tension. If it is loose
adjust the motor and correct it or replace the belt.

6 Canvas connection from unit to duct.

- Check any leak in canvas connection.

- Tight the screws and arrest the leak, if there is an
leak in canvas clamps.

- Replace with new canvas if the old one is damaged.

7 Check condenser water pressure

- Check water pressure in condenser inlet and
outlet.

- Adjust the water valves up to designed pressure,
if the pressure is low or high.

8 Cooling tower

- Clean the filter (screen)

9 Water treatment

- Check cooling tower water quality
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10 Check noise level/abnormal sound if any

- Tighten the bolts, screw tightly.

- Fit properly the front, back and side panels to avoid
vibrating noise.

b) Monthly schedule

1 Check refrigerant leaks

- Check refrigerant leak in pipe joints and flare joints
with application of soap solution.

- Apply soap solution at service valve cap and stem
and check if there is any leak.

2 Check vibration

- Find out any vibration in the unit and check base
bolts of the unit, compressor mounting bolts and
blower motor bolts, for tightness.

3 Filters

- Remove the filter, clean it and fit it back.

4 Pressure check
- Check suction and discharge pressure.
- If the pressure is high purge non-condensable gas

from the system.
5 Water valves operation
- Check water valve gland leak.
- If it leaks tight the  gland nut.

- Check valve operation.
- Close and open the valve two or three times to make

the operation easy.
c) Quarterly schedule

1 Clean fan motor (cooling coil and cooling tower, air
cooled condenser fan motor). Lubricate the fan motor.
Paint the motor if necessary.

2 Check blower lock. If it is loose, tight it.

3 Clean water line strainer.

4 Check water circulating pump current, lubricate the
pump bearings.

5 Check water flow switch.

6 Clean cooling tower spray nozzles.

d) Yearly schedule

1 Condenser tube cleaning (descale water cooled
condenser water tubes ).

2 Air cooled condenser fins cleaning.

3 Evaporator fins cleaning with vacuum cleaner or air
blower with brush.

4 Clean cooling tower / Service cooling water.

5 Paint water circulating pump, water lines,
compressor, unit base, cooling tower fan motor,
condenser shell and wherever necessary.
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