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B o .
TO THE BE_ADER | ,&
PURPOSE OF THIS MANUAL -

' [ LV “ - .
The main purpose of Rhis manual is to train the
reader so that he can understand Aand service air

- conditioning systems with speed and-skill. Starting

with “*how It works,"” we %uild up to "'whyrit fails''-and
' What to' do about it.'™ This manual is also an

. _exoellent referance for the trained mechanic who
"+ . ‘'wants to refresh his memory on air conditioning. It is.

written in a simple form using many Jlluatratlons 80
that it can be easily understood.

APPLICATION OF AIR CONDITIONING

- IN.THIS MANUAL

. “Alr Conditioning” is a broad Ileld But ‘in " this
manual, our prim¥ interest is in air conditioning
systems for mobile machines on the farm and in
industry. "Most of this information also applies to
automotfve systems. . - o

HOW TO USE THI%MANUAL

This maqual can be used by anyone — experienced
mechanics and shop trainees, as well as vocational
atudents and interested laymen.

By starting with the basics, buiId your knowledge
“step by step. Part 1 covers the basic principles of
refrigeration, while Part 2 covers the use of
refrigerants. In Part 3, the basic systems are
Introduced! while the Parts 4 through 8 cover
testing, didgnosing, and servicing the complete
systems,

. Answaers to ‘‘Test Yourself’’ quootlono. at the end
of each chapter, appear at the end of this manual
Oon pages Oo.m‘d 100.

WHAT IS “FUNDAMENTALS OF, SEI‘IVICE""

This manual Is part oI a series of texts and visuals

. called "'Fundamentals of Service," or ''FOS." These
materials are basic inforipation in power mechanics
tor use by te‘pchera as weil'as shop servicemen and
the layman. All types of ‘modern equipment are
covdred — both automotive and off- thé-road.
Emphasrs. Is on theory of operation, dlagnoais and
repair.
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- .- ~ BASICS OF AIR CONDITIONING/PART 1 -
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. ¥
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o ‘ Air Conditioning Does -

Fig. 1 — Vy\at

Air condltioning is & process that removes heat from
air and discharges -this heat to where it is not
objectionable. .

Air conditioning on mobile machines s any system ,

that -cools and. dehumidifies the air inside the

passenger compartmem

Let's ook at J\e basic principles of air cOndmonitﬁ '

— laws of matter, heat, and refrigeration.

. < . .
" BASIC PRINCIPLES OF REFRIGERATION

Air conditioners work on the basic principles of
refrigeration:

o

* Fluids absorb heat whon chengod trom liquid

to gas
A\

4

* Fluids give off heat when changed from.ghs
to llquld :

In Fig. 2, the water absorbs heat from the flage as
it boils and changes to & gas or vapor. But when the
gas condenses to a liquid again, it gives off heat o

) , ) :
In air condmoning, the liquid refrijerant absorbs
heat from the air as it chdnges to a gas. Thia heat is

then carried off and expelled v

’ Temperature"are kept cool by removing hgat faster
than it comes in from the sun and out_sid air. -

. To understand this, let's look at the e\atea of mattor ,

.and how heat eﬂebts them ‘

A N FOS — 87 . Litho Ih U.8.A;
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STATES OF MATTER -

Al matter hps three states to which it can be
changed {Fig. 3).

-

The steam fising from-a heated kettle of water is
fampiliar as a gas or vapor. Yet this vapor can be
changed to a liquid by cooling it. And the liquid can
be changed to a solfd (ice) by further cooling. -

. Even the hard steel tools we use avery day can be
changed to a liquid by heating them. while even more
heat can change them from a liquid to a gas.

[
ANl matter is ‘composed of molecules which are
moving in the mass, whatever its state (Fig. 4). The
amount of movaement will determine the density or
solidity of our hand tools or the vapor of the air we
breathe. This is called the theoty of molecular
~ motion._.. . : '

- HEAT AND MATTER

L

. Since all m#tter is Composed'gbmql_ecules in motion,
! heat becomes the gontrolling factor of molec-

GIVES OFF -
HEAT - T

Coo T GAS O LIQUID— o [

Fig. 2 — Basic Principles Of Rofrto(;rntlon.

/ -’

SoLID

VAPOR OR GAS LIQUID

-

Fig. 4 — Movement Of Molecules

ular movefment. The familiar state of all matter is the
condition in which we norially see it, when no
outside source is used to add to or remove its heat
content.

Though we use the\:i!glord cold constantly, coldis a -~ - .. -
relative tetm which reters only to the absence of
. ( heat. Cold means that a substance contains less
heat than another warmer substance. Cold as a
complete absence of heat, in which all molecular
action stops, has never been attained by man but is
" believed t? be -459°F (-273°C).

LiQuio,

, o Flg. 3 — Water In The Three Stét-ea_ Of Matter

Litho in U.8,A.
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"« HEAT MOVEMENT

A

s

In an air conditioning system. héat must be removed
trom the passenger area to a degree that is
comtortable to the occupants. This heat must then
be expelled to the butside air. This is done by
making use of the nature ot heat movement.

HEAT IRAVOL e

NATURE OF HPAT M()VH\‘NT

LN

-

Fig & - Heat Y‘}nvels From The Hotter Ao The Colder

Heat aiways movee from the hoi
(Fig. 5).

The rapidl‘y moving molecules of the warmet
substance impart some of their energy to the slower
moving molecules having less heat. This slows down
the molecules of the warmer substance and speeds

r to the qglder

. up the molecules of the colder substance. This heat

exchange can ga on until the molecules of both
substances are moving at the same rate; then their

temperatures are the same and there is no further

heat exchange between them.

[y

In some heat exchanges, the molecules will change
their shape instead of their speed of movement. This
change of shape is caused by one ¢r more atoms
makmg up the molecules changing position, which
will cause the substance to change from a gas to a
liquid, a liquid t& a soha. and vice versa

This molecular chénge is the Rasis fo\ air condmon
ing with its exchange of heat energy betwee the
gas and liquid states of its refrigerant tluid.

. &?787

Basic f’rlnciploa 3
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PRESSURE AND HEAT

VACUUM

OPYN ATMOSPHERLC PRESSURE

PRESSHRE

20 PS1
(140 kPa)

$ 34

20 UNCHES
‘N (1p kPa)

t .t t

gous AT BOILS AT
212°F (100°¢C) 250°F (1267C) 160°F {(71°C)

BOILS AT

x_7766_ - S mm e e e ..__..___ R

Fig. 8 — When A Liquid (Water) Boils Al Various Pressuros

. ) o
" The temperature at v.wich a liquid boils will vary with

the pressure on the liquid (Fig 6). Decreasing the

pressure /owers the boiling poiN while increasing

the pre’ssure raises the boiling point. “

For example: Water under 20 psj (138 kPa) pressure
boils at 268°F (126°C), while water in a vacium of
20 inches (608 mm) of mercury will boil at 160°F
(71°0). -

In air conditioning, the temperature of the refrigerant
fluid is controlled by changing the pressure on it.
This in turn controlshow much heat moves out of the
aif into the cooler refrigerant, as we'll see 1ater.

HEAT MEASUREMENT

1 1B. (0.45 kg)

WATER

1 BTU (0.3 W) EQUALS HEAT NECESSARY TO RAISE
TEMPERATURE OF 1 LB. (0.45 kg) OF WATER 1° F (1°C)
AT SEA LEVEL PRESSURE

Fig. 7 — Hoat Is Measured In B.T.U.'s (Watts)

Heat is nfeasured by a unit known as ‘The British
Thermal Unit (B.T.U.) or watt (W). OneB.T.U. (0.3 W)
is the arniount of heat required to raise the
temperature of a pound (0.45 kg) of water one
degree Fahrenheit (1°C) at sea level pressure (an
7). '

\ ~
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4  Basic Prinoples . o : ' N
. . ' ) T~ .
~  LATENT HEAT - ' ' "Here is a list giving the latent heat of vaporization of
| Latent heat is the amount of heat measured in com‘m‘?‘n*rs_’r'?ysrsnfs as compﬂsgd to W“'f"._ U .
. B.T.U.’s (walts) that is necessary to change a Substance B.T.U.'s Per Pound
subsmnce from one state to another without . . (Watts per Kllogram)
changing its temperature = Water (g;g) (at 212°F) (100°¢)~ .
. . 565 o - o
Ammonia (364) {at 6°F) (-15 G)

. 7, 1Y
Sulphur dioxide ( :88) (ﬂl—5‘° F ) (-156°C)

68.2
(49)

Lét g I06k now af tT\e qualmes of remgerants as
‘Used in modern air eonditioning systems. *

REFRIGERANTS

\‘Refrigerant- 12 is the most stable, safest, and
easiest to handle ‘of the refrigerants ‘now in use in

.+ Mmobile air conditioning systems. In its pure form, it
will not react with any of the substances in the parts

Remqerant 12 (at ¢ F) (- 15° C)

.

+

! of the refrigeration system., . v
vl o \ T with its low boiling point ,of -22°F (-30°C),"
' Q ‘ Refrigerant-12 is ideal for removing large quantmes
HEAT WILL CHANGE A . HEAT WILL CHANGE A - f heat f h di
SOUID INTO A 10U o LIQUID INTO A GAS of hea fom} e surrounding air, .
¥ . .an B.c Latent Heat .
. - "REFRIGERANT .
We know thahpewvllchange to waterat 33°F (1°C), T VAPOR \ ’ -
Each pound of ice requires 144 8:T.U.’s to make this . [NSULATED BOX - \\\ l/A,TMOSPHERE AT 75°F
change. (Each knloqram ot ice requires 93 W.) o (24°C) - .

To change water into steam at 212°F (100° C) each
pound ot wateglust have 970 B.T, U.'s added to it.
(Each kilogram of water must have 625 W added )

Wé call the heat that must be added to ice to causd’
a change of state the latent heat of liquidization.

. We call the heat that must be added to water to
cause it to change its state the latent heat of/ -
vapoﬂzaﬂon .

If we reverse this change of state, steam wnh a heat

intensity of 212°F (100°C) will give off 9T0B.T.U.'s : . ~
per pound.(625 W per kg) as it condenses to water. BOILING REFRIGERANT -12 AT -22°F  AIR. AT6“30° F
This heat release is caMed the latent heat of - X776 - (-300C)  (-1c) S
condensation. _ S _ ‘ N
. As the water is further cooled, the molecules are Fig. 9 — How Retrigeration Is p,oduced By .

' realigned and change the liquid to a solid (ice). The Evaporating Re'rigerant 12 ‘
heat given oft then is called the latent heat of ' - .
freezing, which will be 144 B.T.U.'s of heat per: .Fig. 9 shows’ how Refrigerant 12 removes heat from /
pound (93 W per kg) at Yo0F (0°C). the air. A container of the refligerant placed in an '

tsulated box will boil furiously at room temperature. .

This princnple is the basis for air condltionogg
- operation. 'A refrigerant is chosen for its ability to As this change of state occurs, tl,abwﬂrfollow "~

natural tendency and move ftom the warmer air -
Bh:rl])“s ::a:':;e readily and give off or absorb --inside the box to the boiling refrigerant., This heat

. o TR g .
N -. . Y .
§
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Heat Moves

.. Frominside .
A To

Refrigerant

rd

]

- will then|be carried out of the box with the refrigerant
vapors, lowering the temperature of the air inside
the box. This could continue until the heat was
removed from the -air inside the box or\unti\ the
temperature of the air and the refrigerant are both at
-22°F (-30°C),. when the refrigerant would stop
boiling. At -this ®time the heat contem df both
substances would be equal and there would ‘be no
further, hqat transfer between the anr and the
. refrigerant. . * .

We will look at Refrigerant-12 more closely in Part
2. ‘ ' '

/

BASIC REFRIGERATION-CYCLE

For an air conditioning system to opefate with_
economy, the refrigerant must be used repeatedly
For tpis reason, all air condutionbrs use the same
cycle of compression, condensation, expansion,
and ouporayon in a closed circuit Fig. 10). The -
same refrigerant is used to move the gat from one
area, to cool this area, and to expel thvs heat in
oot another ‘area..

COMPRESSOR

Fig. 10 —<Completo Four-Part Cycle Of Relrigeration

—P

Heat Moves

-|

_______ Rrom-Refrigerant
To Outside Air

In Fig. 10, note that the four-part cycle is divided at
the center into a high side and a low side. This
‘reters to the pressures of the refrigerant in each
side of the system.

To understand the basic refrigerant cycle let's start

pressed, and moves out ot
Mgh-pressure ggs.

at the compressor (1). The-refrigeriint comes into:
+ the.compressor as a low\pressure gas, is _jom»
S

a

compres sg

The gas then flows to the condenser (2). Here the
-gas condenses to a fluid, giving off its heat to the

outside air. - ' i

The fluid then moves to the expansion valve (3)
under high pressure. This valve restricts the flow of
the fluid, thus lowering its pressure.

The Tow-pressure fluid € then moves to the
evaporator (4), where heat from the inside air
moves in and changes it from a fluid to a gas.

'As a hot low-pressure gas, the refrigerant moves to’

the compressor (1) where the entire cycle is
repeated !

v 1\ . ' o .

Litho in-U.S.A:
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8 Basic Principles
HEAT AND PRESSURE

-AS we expiaineﬁ earlier, the boiling point of a liquid
(changing it to a gag) odn be varied by changing the
pressure on the liquid. This princlple is usedin the
basic refrigeration cycle.

Liquids will not compress; however,‘a gas can be

compressed y

in the refrlqeratlon system (Fig. 10). the &ool gas
" from the evaporator is com ressed, concentrating
its heat in a small area. This compression heats up
the gas until it is warmer than the outside air. As a
result, the gas gives off its heat to the outside air

(moving hotter to colder). As the. Qas gives oﬂ lts--- G

heat at the condenger, it changes back from a gas to
~ a liquid. Under a high pressure of 160 p8i (1103 kPa)
d@hd up, the bolling p,olnt has been raised from -22°F
(-30°C) fo +807F (27°C) pr higher..

As the liquid reaches the expansion vaVe and is
metered to the low side: of the systbm, the liquid
-refrigerant is allowed to’ exparid as pressure is

removed from it. Here the boiling point drops from -
80° (27°C) to 30°F (~1°C) or lower, depending on

the controls of the system At this lower boiling
polnp\ the refrigerant changes again from a liquid to
a gas, absorbingheat from thé inside arrthrough the
evaporator. , .

The heat-charged gas is then compressed by the
compres$or,..once agaif, concentrating its heat-and
raising its boiling point so that Heat can be
exchanged in the condenser. See chart on page 7
for temperature-pressure relation.

REMOVING MOISTURE

The principle &\51 heat and pressure is also used in
removing harmful moisture from the system, but in
reverse order: 'We can just as effectively /ower the
bolling point, by decreasing the pressure.

As the system is pumped down to a vacuum, (Fig.
11), moisture will vaporize and be carried out by -the
. vacuvum pump. In other words, the water boils at a
lower temperature be}:ause of the reduced pressure
and so vaporizes and is drawn off.

/

¥ . ¢

ERTA T . e

VACUUM
PUNP
{REMQVES
PRESSURE
ABOVE
REFRIGERANT)

MOISTURE
YAPORIZES
OUT OF REFRIGERANT

REFR{GERANT

LOWER ‘
TEQPERATURE)

Flg. 11 — Boiling Of Liquid Under A Decrease in Pressure

han Y

o

SUMMARY: BASICS OF AIR.
CONDITIONING

Here is a review of the basic principles:

* Fluids absorb heat when changed from
liquid to gas

* Fluids give off hel when changed from
gas to llquld

.» Heat always moves from the hotter to the
colder - : v v

¢ Temperature at which g llquld changes to
, 8 gas varies with the pressure on it

‘* Refrigerant fluids must have.a low bolllng
point and heat and cool readily for best heat \

ex hangep
Basic refrlgeratlon cycle is compression,
condensatlon, expanslod and rt\?poratlon

1 — cOmpresslon heats up the gas

2 — Condensatlon changes gas to llquld
- and releases heat '

3 -— Expanslon reduces pressure
4 — Evaporptlon ¢hanges liquid to ges

. (BOWLS AT

and ebsorps heat

z’f:f{ . /
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TEMPERATURE-PRE
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’.(For Refrigerant-12) -

*

}- Basia Principles 7

(

RE RELATION CHART

-

7 Yemp. T T " Press. Temp. “Wéﬁi’il““"'P;";""fiﬁibf B T T
L,°F.°c | PSI kPa °F. °C. |" PSI  .kPa °F. .°C.| PSI EPa \7
0 -18 9.1 627 | 80 Tib 446 3213 80 827 9% A B
2 17 10.1 696! 51 1 478 329.6 91 331013 688.6
4 18 | (1.2 772 | 52 1 48,7 3358 92 33| 103.0 710.2
6 14| \.Q 84.8 53 12 49.8 3434 93 3411046, 721.2 .
8 -13 134 924 s 12 5019 ° 351.0 94 34| 108.3 7329 -
10 -12 | 146 1007 | 5 13 620 . 3685 | 95 35| 108.1 7453
2 -1 168 1089 66 13 | 631 366.1 96 36| 109.8, 757.1 {*
14 10| 171 1179 &7 14 | 654 3820 97 36| 111.56  768.8-
16 -9.| 183 1262 68 14 566 390.3/| o8 37 [ 1133 _781.2
18 -B.7 197 1358 69 16 67.1 3937 99 37| 1161 7936
20 -7.| 21.0 1448| 60 16 57.7 3978 | 100 38| 116.9 806.0
21 - 8 21.7 1496 | 61 16 |- 588 408 101 38| 1188 819.1
22 - 6 224 1544 | 62 17 60.0 4137 | 102 39 ™206 8315
23 -5 23.1 1593 | 63 17 61.3 4227 | 103 391 122.4 8439 ©
24 \4 | 238 164.1| 64 18 62.56 4309 | 104 40 | 124.3 © 857.0 '
25 - 4 246 1698 65 18 63.7 439.2 | 105 411262 870.1
26 - 3 263 1744 66 19 | 649 4475 | 106 41| 128.1 883.2
27 -37| 264 1800]| 67 19 | 662 4564 | 107 42 ( 130.0 896.4
28 R 268 1848| 68 20 67.5 4654 | 108 42 [ 132.1 9108’
29 -2 276 1903 |. 69 2+ | 688 4744 | 109 43| 1351 9316
30 . -1 284- 1958| 70 21 | .70.1 ~ 4833 | 110 43| 136.0 937.7 ’
31 -1 | 292 2013 M 22 714 4923 | 111 441380 9515
32 -0 | 300 @0go9{ 72 22 72.8 5020 | 112 44 [ 140.1 966.0.
-33 | 309 2 73 23 |. 742 51164 118 45| 142.1 9798
34 31.7 21868 74 23 | 756 52068 | 114 46| 1442 9943
36 2 | 325 2241 75, 24 769 5302 | 115 46 | 146.3 10087
36 2 334 2303| 76 24 783 5399 | 116 474 148.4 1023.2 |-
37 8 | 843" 2385 77 25 79.2 . 646.1°| 117 47 | 161.2 10425
38 3 3.1 2420 78 26 81.1 5659.2 | 118 48| 162.7 10529
39 4 | 380 . 2482]| 79 26 82.5. 5688 | 119 48 | 154.9 1068.0
40 5 369, .2544| .80 27 840 579.2 | 120 49| 1671 1083.2 y
a1 5 379 2613 81— 27 | 865 65895 | 121 49| 169.3 1093.4
42 6 388 '267.5| 82 28 870 65999 | 122 50[161.5 1113.5
43 '8 | ,3977 2737 83 - 28 885, 6102 | 123 51| 1638 11294
‘44 77 407 2806 84 29 90.1  621.2 | 124, .51]-166.1 11453
45 7 | 417 2875 85 29 ‘917 6323 | 125 527 168.4 1161.1
48 8 426 293.7| 86 - 30. | 932 6428 | -126. 52 [\70.7 1177.0 “
47 8 436 . 3008| 87 31 948 66368 | 127 _ 53| 173.1 119356
48 , 9 446 3076 88 31 96.4 .664.7°'| 128 53| 175.4 1209.4
49 9 456 3144| 89 - . 32 98.0 675.7 | 129 54| 177.8 12259 |
| 130 54 | 182.2 12566.3 >
j | 131 55| 1826 12690
) ' ' 132 56| 1856.1 1276.3
. ’ N - 133* 66| 187.6¢~1293.5
0 ¢ ] - 134 .67 190.%+ 1310.7 "
. . - M - . ,7‘ .
- L T "N
-~ 11 ] -FOS — &7 Litho in U.SA. . -
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- TEST Y( URSE LF . . 4 'Deliné a B.T. ﬁafmsh Thbrmal Unit) \ '
QUESTIO S AND pROBLEMS S 8. Uaing '"0 dlaoram in’ “‘Q 12 ShOW the - b&SIC
refiigeration.cycle, Label Parts 1. 2, 3,'and 4, and <
1. When f liquid is changed to a gas, doea it absorb ghow “"High s(dg” and “-.‘ow hida by each artow at
or give off heat? . _ . o the top. ’{Between eaoh pin of, the gycle, label the- ' v
2. It you Increase the pressure on a liquid, does it . - ‘rsffigerant-llow ab high or:low pressure”a.nd as 9:?'
raise or Jower the bollirg point? ) »0r liquid. Show by afrols atound parts 2" and Ny
. whbther heat is abso:‘b‘gd or glven oft. ' N
3. (Fillin the. blanks’ wi‘h “coldér’ or"hoﬁer") Heat \ . sy oo o '
always - moves from the 1o, the . (Anawora on page 89 ) R
N ’ ' ' YL ~ . S ? v :’ 2 - ‘
. , . N | -
P ! e - _
- o .
[ 4 / - - c
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o Fig. 12 — Diagram Of Basic Hgiﬂoerauon Cycle (See Question 5)
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REFFIGERANTS AND OIL/PART 2 -

‘ LTS
. \ _’ N ‘ " ) “ ] - \-r' .
M ‘ K - ' . - * : . ~
\. ‘. N ;0 ‘/ . Ve P ’ ' ) - . ~
- - . Y Y “‘ . X -)
SN CUN Y- o
, -T HEAT E@@-- ‘
. ’ / . . .
e Q[’Q’GER‘!1 ! e S
) .%_ N [wm\\n GLOVES WHEN HANDUING | R'"‘(‘;:”"' [USE OIL ONLY ONCE]
=~ ' .
//\ ‘
\ QO "
o ' Do NOT RETURN
g ‘ \_3&19_291‘3——!’
_ _rm;m:mm-ns REFRIGERANT OIL
Lo P ’ ' Fig 13 — Retrtoerante And O
“INTRODUCTION o _ OTHER TERMS FOR REFRIGERANT-12
. The term “refrigerant’” refers to the- fluid used in.a * “Freon” has .become a qommon. shop term when v
- vefrigerating system to pfoduce “cold’’ by removing referring to Retttgefant 12. However, ““Freon’’ and.
. heat from the air. Refrigerant- 12 hés been adopted “Freon-12" are fegistéred trademarks of E."1: du
foruse in systems on mobile machines because it is Pont de Nemours and Company and should be used-
. the safest flui avattable that will remain stable and . only when referring to fetrigerant packaged -and aold
still give off or abao;b great quantities of heat. by Du Pont. ', - .
“Since natufe did not provide a pérfect refrigerant, ‘trigerant 12is also’ PGCRGQOd in the United States
man devised a compound of flourinated hydrocarbon der aeveral other brand names such as - .
‘known as carbon tetrachloride. To improve this Genatron-12, Isotron- 12, Ucon-12, and othérs.
. element, two chlorine atoma were removed and two . Rerigerant- 12 has been abbreviated as R-12 and is

_ . atoms of flourine were introdqped in their place. The acoeptad in the induetty by this name.

L - new compound was. Refrigerant-12. .
This retrigerant is ideal for s stability at both high PRESSU'RE AND TEMPERATURE P
and 16w temperatures, and it will not react with most .- RELATIONSHIP -

~ metals, Properly handled, it is ponflammable and" N i -
nonexplosive in either a gas or liquid form and wult _ in air conditioninq a compartment the ob|ective 8 to
not iniufe plant or animal life.. allow. the evaporator to reach its coldest point

without icing up. Since ice will form at 32°F (0°C),

‘e 90!"'99" ant-12 has a boiling. point of -22°F (-30°0C), the fins and cooling coils of the evaporator must not
which m 8 that a Qontalnef of the fluid S“tlng onfa. ‘ be a"owed to drop be'ow this point Because of the
block of ice will boil furiously. This is an ideal quality temperat throuqh the walls of the codling fins
for a.tefrigerant, which must work as_p heat . and coild the temperature of the refrigerant may be

v axchange N a ' several degrees cooler than that of the air paeeino
Another relrigerant, called Retrtqerant-zz contains 'thUQh the 0\'890'!“0"
‘ ' reason, all manutactuvefe have now adopted _

Refrigerant-12 as the aateat f #ise in mobile
machine systems. L ) ok‘\

@y
o ~

»

' mamfold set to property s8@rvice .an air condutioner
(see Paft 4) . .

FOS — 87 Litho in U.8.A.
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10 Retrigerants

HANDLING REFRIGERANTS - -

-d

Retrigerants must be handted with care to avoid
‘danger ) Co. N

A

. .Liquid. retrigerant it atlowed to strike the eye! can
" cause blindness. If allowed to strike the?ody it can
_ cause frostbite. -

i a retrigerant container is heated or contacts a
-heating etement the pressure inside can build up
and explode the container. .

" retrtgerant is allowed to contact an open ﬂame or

--inhaling this gas cancauss yoli 16 becoine: violently -

heated metal,. & poisonous}is will be created.

in, | \

Remember — refrigerant can be dangerous It

-should only be ha‘ndted by a trained servicéman
-§

REFRIGERANT-11 FOR FLUSHING
THE SYSTEM

When flushing the system (see Part 8), either liquid
Refrigdrant-12 ar Refrigerant-11 may be used.
Refrigerant-11, however, is preferred. It is more

- eftective than flushing with Refrigerant-12 for the
‘Wallowing reaaons

&

. Refrigeragt-11 has a hrgher boiling point and
_stays ina liquid, state up to 76°F (24° C)

2. This higher boiling point permits it to remain in its
liquld state and, therefore, it will not freeze moisture
that may be in the system.

3. Ftetrigerant 11 moves ;noisture and debris out of
a system more rapidly.

4 It will not freeze akin when in direct contact
(Ftetrigerant 12 will treeze skin on contact).

s T

L4

Litho in‘U.S.A.

. SAFETY R

) - -
L3

LES FOR REFRIGERANTS
I 4

_Observe theae "safety rules when- handiinq

Retriqerant 12 and Its oontainem

~

1. DO NOT HANDLE REFRIGERANT WITHOUT
SUITABLE EYE PROTECTION. Escaping refrigerant
that might come in contact with the eyes can result
in serious frostbite or blindness because of its low

- boiling point. The eyes should be washed immedia-

tely with clean cold water for at least ten minutes if
an accident occurs. Then go to a doctor or an eye
specialist as soon as possible. The fluid you seé

by

escaping from Open connections is oil and not
refrigerant. But it can also be harmful to the eyes

because its dryness can dehydrate the tender " .

tissues of the eyeball.

'y :
r g

[ [ ]

4

1600 ‘DANGER!
(1 000) EXPLOSIVE :
PRESSURES
1400 v y
(9623) ﬁ» .
1200 . , 4
(!250)%‘ ¥ I
. J Pressure,in ‘
° Cylinder ﬁedh *
g (‘3‘,’,‘% " With Liquid
-z
\ p -
g {4123) l
. F . Cylinder Containing - -
A 400 | 145 1bs. (86 kg) of "Refrigerant 12 |/
& 2750) Becomes Liquid — -
s Full .
200 LI —
(1373) v (l’ or Preswre
_ l’ - L
Y 60 80 ' 1007120 140 . 160 180
(18) (27) (38) (49) - (60) (7Y (82)
X7768 TEMPERATURE, °F (°C)

Fig. 14 — Pressure Of Refrigerant- 12 At Rising Temperatures

2. DO NOT OVERHEAT THE REFRIGERANT CON-
TAINER. The graph in Fig. 14 on the pressure
characteristics of Refrigerant- 12 shows that beyond
120°F (49°C) the pressure buildup is tremendous.

This can be extremely dangerous in one and two.

pound containers havlng very th‘rn walls. »

Alml during the charging procese water tempera--
 for heating the refrigerant ‘containers should not
eed 128°F (62°C). Higher temperatures will

cauae exceeeive pressure in the container.:
‘ v
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ENCLOSED AREA HAVING AN OPE
- -phosgene gas, whick is very deadly/The

"Torch Leak Detector (sea Part 4}’ mu
'oafofully and in a well-ventilated Mre

" percent of the oil infhe

v y
3. DO _NOT DISCHARGE REFRIGERANT

Refrigerant subjected {0 open flame
be used.

for inhaling
the gas a Imlo at a time can be olimuliftive; resulting

. In &'toxic condl!lon A well- van ateg area with good
- circulation is the only safte vork AQ area. Common

sense hm I the greates satgbuara.

4. WHEN PURGING OR/BLEEDING SYSTEM, Dis.,
CHARGF REFRIGERA SLIOWLY. Refrigerant has
a great affi

ty for.

\
ADD ANYTHING' BUT PURE

wet, causing the hand to Qe frozen to the .container.
This can occur when using warm water to heat the
container. If this happens, wet the container and

g your hand’will thaw and be released.

7 DO NOT WELD-OR STEAM CLEAN NEAR OR ON
AN AIR CONDITIONING SYSTEM. Excéssive pres-
sure could build up in the systom

8. Before loosening a refrigerant fitting, COVER THE
CONNECTION WITH A CLOTH TO PREVENT RE-
FRIGERANT" FROM SPRA YING ONTO 'SKIN OR
EYES. -

9. ‘When chargmg a system with the engine running,

BE SURE THE HIGH PRESSURE- GAUGE VAL VE IS

CLOSED. .

10. BE ALERT ANO STAY‘ CLEAR OF ROTATING
PARTS.

i

ang carries approximately 8 :
stem with it. Rapid purging -
- or bleedigg will cgfry dpf excegs amoant of the oil out

; wlth the'refrigerAnt. :

- .

Refrigerants + 11

l'l

e e e ) i
& Am bl °
. CONDITIONER }{1 Y
’ ulmc! ot T

(.J

"/ Fig. 16 — The Obijective Is T4 Allow Cooling
. .. Wlthout icino Up

SYSTEM :

Any air condi onl'ng system should be as dry as it is
possible to /maintain it. The refrigerant has had
virtually all/the moisture removed from it during
- manufacture. Any moisture introduced into the
system myst come from outside sgQurces such as a
break in/a line ,or from improper sealing of
cohnecﬂ {ns when a unit is removed for service.

Refrlge'ant 12 will absorb moisture readily when
exposgdd to it. To keep the, system as moisture-free

-as pogsible, all systems use a dehydrator contalning,
- @ degiccant which can absorb great quantities of
each can Only absorb a

“moigture. However,
sfdetermined amount, and “when the saturatioh
nt has been reached, the effectiveness is lost.

Y:Z .
Moisture in greater concentrations than 14 parts per

million causes damage to the ingside parts of the

- gystem. Water reacts with Refrigerant-12 to form

. hydrochlorie acid, The greater the mgisture content
in the system, the more concentrated this corrosive
acid. The acid eats away all internal metal parts —
iron, copper, and aluminum, releasing oxides into the
refrigerant as foreign substances which seriously

affect the ability of the refrigerant to absorb and olve '

off heat.

. FOS — 67 . Litho_in U.S.A.
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12  Rotrigorants

Moisture Is the gn@tnt ehemy of the air
conditioning system. Once .a system becomeg

. Saturated over a jJjong ‘period. of time, irrgparable

damage is done inside the system. Piaholes will be

eat®h through the evaporator and cgndenser cails,
ulti- v o , ' :

mately requiring thair replacement. Aluminum parts
will be eaten hwa‘y, rujning the compressot, while

.valves and fittings can be so corroded that they are
no longer usable. - :

The complete removal of moisture from a system can
be & serious problem for the serviceman. Vacuum is

" u8ed as [hé best means of removing moisture.

Moisture torms in small droplets throughout the
system at zero pressure - higher. Remembering
that at zero pressure the system still has at {east
partial atmospheric pressure, as we pump the
system down into a vacuum, pressure is released
from the moisture droplets, changing them from, &

liquid to a vapor. The vacuum pump then removes:

the vaporized moisture. The inches (kPa) of vacuum

reached plus the length of time the system is:

subjectedto a vacuum will determine the amount of
moisture removed. * ..

The use of a vacuum pump (FiQ. 16) is necessary for.
. moisture removal, .

Do not use the compressor as a vacuum pump.
The compressor is cooled and lubricated by
refrigerant and oil, but when vacuuming, neither of
these are done. The risks are high, so avoid the
“practice. ’

Fig~ 18 — Using A Vacuum Pump To Remove Moisture
- From The System. .

B

Any system that is. sariously contaminated with
moisture will require that component parts be
removed, subjected to high vacuum, and flushed
with refrigerant to pick up moisfure particles. This is
expensive ' and time-consuming, but is the only
solution to severe cases of moisture contamination.

§

Systems .that are sériously contaminated with
moisture $houid have the dehydrator replaced prior
to pumping down. A good vacuum pump will reduce
moisture to a small percent. The remaining moisture
may then be.readily absorbed by the dessicant.
Complete dehydration of the system will then allow
the unit to cool ten or more degrees.

1

R
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REFmGEhAT;QN on.

Ol is needeU to lubricate the aﬂals gaakets and
other moving parts ot the compnessor. For this

reason, a small ‘nmount of oil is clrculeted throuth

the system with ‘the. refrigerant. This also aids ‘in

keeping the thermostatic expansion valve in proper _

operating con’d_bﬂon.

. b . f .
Only nofifoaming oil specifically formulated for use in
each alr qondmonar should be used.

Re'rioeration bi) is highly raﬂned itis a mlneral oll-
with all ‘mppr}Nes such as wax, moisture and sulphur

.“removed.: N‘nr use a motor oil, regardiess of
grado. lq an air conditioning sytt&m

R mgeration oil is available in several. grades or’
* " viscosities. (Viscqsity is determined by the time in
" saconds it takes a definite quantity of oil to flow

thrdugh a certain size orifice at 100°F [38°C].) Oils

) o' 300, 525, and 1000 vuscosny are most commonly
' '-used in air condmomng

L3

Check the oil level of the compressor each time the
air conditioner is- serviced. Always check the

ompraessor manufacturer's recommendations
before adding oil tq the system, See pages 73 and
74 for procedure to check and add oil. '

Except when pouring, never allow the oil container to
remain uncapped. Always be sure that the cap is in
place and is tight. Oil absorbs moisture, and
-moisture is damaging to the system.

HANDLING REFRIGERATION OiL

Here are a few simple rules to follow when handling
refrigeration oil:

-
«

1. Use only approved refrigeration oil.

2. Do _not transfer oil from one. container to
another.

..3 Do not return oil from a system do a contamer

alwa 3Z:] dlscard it,

.
.

Cos . ¢ .

\ - h‘:‘-.,\f%

Refrjderants * 13

\
4. Make sure the cap is tight on the ftontainer whox _

not in use.

condman

6 Avo:d (‘onmmlnatmg the oII

“

(TEST YOURSELF
QUESTIONS

1. True or false? “An open container of
Refrigerant-12  will ‘pot b at room
temperatures.”’ ST o N T

i

2. What can happep to the skin jf you spill
Refrigerant-12 6n it? ~ .

3. What can happen if you heat up a small,

closed container of Refrigerant-127? i
[ 4

4. Why.is moisture harmful to the air condition-
ing system? ' :

5. What s'ervice_ tool do yotj tise to remove
excess moisturg from the air conditioning
system? ’

6. True or false? ‘‘Use only a good grade of -
motor oll in the air conditioning system."

(Answers on pégo 989.)-

. ' FOS — 87 “ Litho In U.S.A,
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BASIC SYSTEM—How It Works/PART. 3 .
; : : ' ' - Cow
» ¢ ' , . T
~ * ) - - . . T / E : Ut
LOW PRESSURE SIDE OF SYSTEM A MIGH. PRESSURE SIDE OF SYSTEM .
! 5 U NSO - ~ - . — . A T - " -
‘ % t '
3 N bt
Cold Aur Y * . N,
EXPANSION VALVE . !
Y
EVAPORATOR i .
o N - Restriction - - — - - e o o _—
(Metered Orifice)
Warny Air
S
"\'-‘{ 44444
) - Blower Fan CONDENSER
. Kl -
~ : > m
~ ~ * : ——_ Reed Yolves 4
VA
HIGH -PRESSURE L1QUID A
108 L HIGH -PRESSURE GAS
" Low - LOW-PRESSUR.E uoqno
, SIOE LOW _PRESSURE GAS -
ot AR FLOW o
" g,
I a2 ,
-~ -\ B
Fig. 17 — Basic Air Conditioning System
INTRODUCTION From the compressor, high-pressure gas is sent to

) . the condenser, .where it is ¢onverted to, liquid and
All air conditioning systems must have four basic r?aeriz;_'dissipate‘d. The high-pressure liquid flows on
o th

elements: . - e expansion valve, whereit is metered and its
« ' , pressure is.reduced. At the evaparator, the liquid is
. * Compressor ~ agtin converted to gas, ab'sorbing heat from the air.
s - : The cycle is then repeated,_'-\tarting “at the
. and.n‘.r i coOmpressor. R :
| v - _ . The air conditioner ig a heat transter unit. A failure of
: « Expansion Valve . " any element will interrapt the heat exchange cycle
. * oo . and cause the whole system to fail. Each basic
* Evgporafor - element is engineered and balanced to the other
. parts of the system in order to move heat from the '

’

- In Fig. 17, 'shomng the actual parts of the syatem, ) '
note how the refrigerant cycle of Fig. 10 is Lot's look at each basic element of the system:
repeated. i First. — the compressor. . L

ingide air to the outside air, where it s dissipated.

— [y

¢ FOS — &7 . Lithoin US.A.
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16 Banic System
- PRESSURE IN*CYLINDER RAISES |
DISCHARGE VALVE, GAS FLOWS INTO
. DISCHARGE PIPE )

PRESSURE “IN
bISCHARGE L INE
HOLDS DISCHARGE ,

-

Co~e
DOWNSTROKE OF PISTON CREATES
o VACUUM IN CYLINDER PRESSURE IN
’ SUCTION LINE* FORCES SUCTION VALVE OPEN

‘the entrance and exit of refrigerant g
pumping operation. These. must seat firmly. For

VALYE CLOSED

3
-

PRESSURE IN
CYLINDER HOLDS
. SUCTION VALVE ‘
: PISTON ON CLOSED PISTON ON .
S PR URSTRORE
E
- ‘ IMYARE STROKE GOMPRESYION STROKE ~
H
Fig. 18 — Operating Cycle Of Reciprocating Comprissor
COMPRESSOR side service vang is quickly identified by the

The purpose ot the comgressor is to circulate the -

refrigerant in the system under pressure, thus
concentrating the heat it containg. At the compres-
sor the low-pressut¢ gas ‘is changed to high-
pressure gas. This pressore bulld-up can only be
accomplished by hawving' a restriction in the
high pressure side of the system. This is a .smal|
valive tocated in the expansion valve. The metered
orifice shown in'Fig. 17 will serve the purpose for our
basic system.

The compressor (Fig. 18) has reed valves jo control
during the

instance, an improperly seated intake reed valve
can result in gas leaking back inta the low sidé
during the compression stroke, thus ralsﬁ\o the low
side pressure and impairing the cooling effedt of the

evaporatoy coil. Likéwise, a badly seated discharge

read valve can allow ¢ondensing or head préssure to
drop as it leaks past the valve, lowering the
efficiency of the condenser.

Two service valves are located on the compressor
* a8 an aid in servicing the system (see Fig. 21). One

aervices the high side, and one:is used for the low
side. A fitting is, provided in each for attaching the

. test ndl’ge ho_ses for testing the system. The high -

to the condenser, while the
evaporator. (For more
_Paft 4))

Some i \ndependen air, .conditioni
still use service ve!ve&aving a shut-off valve built
in. However, many factory air conditioning systems
now use only one valve having a shut-off feature, and

discharge hose rou
low side comes from
details, see '‘Service Valve

-occasionally none. The gauge hoses are still

conriected to the service valve fitting, in. which a
Schrader valve is incorporated to hold in the
refrigerant when a test hose is not connected to it.

The service points on the typical compressor-are as '

follows: , .
1. Replaceable carbon-type- seal on compressor
crankshatt. _ .
2. Gasket ?opposl!e, or oil pump, end of unit.
3. Serviceable reed valves and head gasket.

Any. other internal failures usually requires the
replacement of the compressor. However, some
compressors are completely serviceable.

The compressor is noffally belt- driven from the
engine crankshaft. Most manufacturers use a
magnetic-type clutch*which provides a means of
stopping the pumping of the.compressor when
refrigeration is not desired. . .

&



-

) L
< r
. - Basic System 17
€ . M
L 2 A T — AS
. FRONT DISCHARGL
' i nRIVE BALL VALVE PLATE Krkhfﬁv
' PrsTon vey PISTON-RING Q*l ' BUST.
X — \ SHCILON RELD \ St cover
MA IMSHAFT - \— { \ .
RIEAR T
BLARING
SUPERNEAT
SHUTOFE «
SW['CH\
o
allL o -
PUMp ]
. e o)
RUL [LF @
YALVL YL .
REAR
HEAD [
' W an
REAR
LA DUSCHARGY
“Y vALYE PLATE > . Lurch ¢ HUB AND
t \ FRONT corL DRIVE PLATE
g:\'?g:)o” alL SWASH MAINSHAFT MAINSHAFT pran ASSEMBLY
o R . PIGK-UP PLATE THRUS T . FRONT PULLEY
TuBt . BEARING BEARING ™

, * Fig. 19 — Axial Piston Gorflpressor Controlled By Swashplate
. - 3

COMPRESSOR RELIEF VALVE

Some compressors have a relief valve (Fig. 19) for
fegulating pressure. |f the system discharge
pressure exceeds rated pressure, the valve will
open automatically and stay open until the pressure
drops. The valve will thgn close automatically.

i the relief valve opens, a loud popping noise will be
heard. In addition. some oil may be ejected through

the'valye.'Co?Bect any condition that would cause

this valve to open. .o \
i,

SUPERHEAT SHUTOFF SWITCH = ..

In some abpllcah’ons a superheat shutoff switch

_{Fig. 18§ may be included in the system. The purpase

of t&js switch is to stop compressor action when the
refrigerant level in the system is low or when

" temperatures are too high. This prevents possible

damage to the compressor from lack of fpfrlgerant
oil. , .
/

The switch is mounted in the rear head of the
compressor. It senses reftigerant pressure at the
low side of the compressor .-

The suberh%at shutoff switch is a mecharnical switch

sensitive to both temperature and pressure. An

electrical contact welded to the diaphragm contacts
the terminal whenever low re\rloeram pressure or
high temperature exists in the inlet of the compres-
sor (Fig. 20, right). This stops the compressor as
explained next.

~
-

20

Four holes in the mounting base allow operatlng‘
pressure of the refrigerant gas to act_upon the
outside areas of the diaphragm.-The diaphragm
and sensing tube assembly is charged with a
refrigerant gas. The sensing tube protrudes into the
suction cavity of the compressor to sense the

" refrigerant operating temperature. When the re-

frigerant charge is adequate and temp_erature is
normal, the system pressure is high enough to keep
the electrical contact away from the terminal (Fig.

20, left). . - n

" If the system develops extremely low pressure

(possibly because of a loss of rafrigerant) the
pressure necessary to overcome the expansion of
the gas inside the diaphragm and sensing tube is
reduced. A loss in system pressure also inoreases
the operating temperature of the gas to the inlet of
the compressor. The increase in temperature
expands the gas in the sensing tube which
pushes the electrical contact against the terminal,
When closed, the current.flow is routed through a
thermal fuse to ground. This stops compressgor
action. '

,

If the condition does not correct itself in two or three

minutes, the excess heat generated by a resistor in
the thermal fuse will cause the fuse link to burn out. * -

This stops current flow to the compressor and stops
the air conditioning system.

FOS — 67
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A

. CHOICE OF COMPRESSOR

The comprossor i8 actually installed in the system
for two purposes. The most important of these is
heat concentration by compressioh. Second is tRe
clrculatior\ of refrigerant through the system.

Overall dimensions and weight must be considered,
plus the method used to drive the compressor: In
most installations the compressor fits into a
confined area where size and werght become an
Important factor

The cholce of compressors may - be a’two-
piston-crankshaft controlled reciprocating type (Fig.
18) or a multi-axial piston- swashplate controlled

-+ type (Fig. 19). .

The 'qumpressor must concentrate heat molecules

contained in the low-pressure refrigerant returning

from the evaporator to a temperature much higher
than the ambient or outside air temp!'rature The
wide dmorential between the refrigerant and

ambient temperatures is necessary to aid rapid heat

flow in the condenser from the hot refrigerant gas to
the much cooler outside air. Remember, heat will
flow only from the warmer to the colder.

" Litho in U.S.A.

e

-Uttle heat is added to the refrigerant by the:

operation of the compressor. The heat felt on the
compressor housing is caused by compression of
refrigerant vapor. Some heat is lost through the

"walls. of ‘the compressor by’ radiation, which
compensates for the heat resulting from friction of -

moving parts within the compressor

To create hlgh pressure heat, the compressor must
rapidly move a large volume of refrrgerant ‘vapor




past s Hischarge vatve into the high sidesof the
system™The small orifice dividing the high from the
low side of the gystem provides a presswe for the

compressor jo pump against. Too small an orifice or - .

a comprelssor with too large a capacity could cause -

excessive baildup. of prassure on the high side of the
3ystdm. Too large an orifice in the expapsion valve,
a compressor with-too small a capacity, or a reed
valve failufe could prevent a buildup of pressgure high
enough to allow sufticient heat exchange in the
condenser. . .

: /’ .

COMPRESSQR NOISE COMPLAINTS

Many noise complaints can be {raced to mount and
drive and bther related problems. Normally, if the

unit is noisy at one speed and this noise clears up at
another, it ig not usually due to the compressor.

Each machine has ts critical trequenmes where all
vibrations gyet into harmony to generate sound or
noise. The speed at which these critical points are
found will vary with each machine and each mount
and drive arrangement.

Many times, noise generated due to this condition

. can be eliminated or greatly reduced by changmg

the belt adjustment.

Replacing.a compressor which*produces noise at
the same time that the belt seems to '‘dance’ or
“jump” will not usually correct the noise problem.
Usually rigidizing mounts, addition of idlers or
changing belt adjugtment and/or length are more
succe sful in removmg or reducing this type of noise‘
level.

Noises from the clutch are difficult to—recognize
because of the close connection with the compres-
sor. A loose bolt holding the clutch to the shaft will
result in extreh?ely noisy operation. Take extreme
care to prevent rerhoving the wrong component.

The djfterential between suction pressure and
discharge pressure also plays an important part on
sound level. A compressor with a low suction
pressure will be more noisy than one with a higher
back-pressure. Likewise, high head pressures tend
to make compressors noisy because of the extra
load on bearings.

Also consider whether the system is properly
charged, whether the expansion valve is feeding
propérly to use the evaporator efficiently, and
whethar enough air is being fed over the evaporator
coil. o _ :
- s

On the high side, check for contaminants in the
system as well as cleanliness of cdndens?r. amount

refrigerant.

P Baslc Systom 19
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of air that can tlow 'throfngh it, and -overcharge of

~
.

~ Since 4’ compressor has’ many moving parts, it is
» normal forit-tp generate some noise just as a motor

gen tes sohé noiso as it aperates. The refrlger t
gases, as they are moved by the compressor
plg‘tons, will also produce noises and vibrations.

The level of permissable noise varies with each
customer and generally an :explanation of how the.
compressor functions and wQ‘mt it does will satisfy a
customer that, since the compressor is doing the

. work it is natural tor n to make some 30und

v

»

CONDENSER
CORE OF AIR FINS FOR
DISSIPATING

-COPPER FUBING

. ouTLET '

Fig. 22 ~— Condenser

The purpose of the condenser (Fig. 22) is to receive
the high-pressure gas from the compressor and
convert this gas to a liquid. This is done by heat
transfér or thre principle that heat will always move
from a warmer to a cooler substance. Air passing
over the condenser coils carries off the heat and the
gas condenses. The condénser often looks like an
engme radiator (Fig. 22).

As the compressor sub)ects the gas to increased
pressure, the heat intensity of the refrigerant is
actually concentrated into a smaller area, thus
raising the temperature of the refrigerant higher than
the-ambient temperature of the air passing over the
condenser coils. Any condition such as clogged
condenser fins, improper condenser position, and
loose belts will result in poor condensing actiop and
decreased efficiency.

" Another factor often overlooked is flooding of the

S

condenser coils W\h refrigerant pil. This results from
adding too much\oil ‘to the system. Qil flood-

FOS — 67 Litho'in U.S.A,
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ing [is charagterized by poor condensing - action,
roaumng In increaged heat Preasuré and a high
pressure ¢én the low side. Thia combination always
results in poor codling from the evapbrator
TYRES oé ¢ONOENSERS )

Heat exchange in the condenser is accomplishod/by
two general types of condensers, air-cooled and
water-cooled. Water-cooletl™ condernisers are not
used in the mobile machine field and will not be
considered here.

‘There are two basic types of air-cooled con-

densers:

J

* Ram Alr — for wutomotive systems
‘e Forced Air — for off-the-road machines

RAM AIR CONDENSER§ depend upoen vehicle
movement to force a large volume of air past the fins
and coils of the ¢condenser. The engine fan is used to
increase air vélume at lower speeds. The clutch-
type fan is designed to allow 'the fan blades to
free-yheel at higher speeds to eliminate blade drag.
Atlower speeds, the fan clutch will engage the fan to
increase air tlow over the condenser and radlator
abils. *

FORCED AIR CONDENSERS use electric fans to
move a large volume of.air over the condenser (Fig.
23). Farm and industrial machines must rely on
torced air. to remove heat from the refrigerant. This
is because these machines must operate for long
periods at slow speeds, which requires that air be

“torced over the condenser (or proper cooling.

Condensing aetion is the change of state of the
refrlgerant from a vapor to a lnqmd It is c%ﬂrolled

. by: iy

1) pressure of the refrigerant,

2) air flow over the condenser.

Condensing pressure is the controlled pressure of
the refrigerant as it condenses to a liquid.
NORMA_L CONDENSER PRESSURE

Condensing pressure must be high enough to create
a wide temperature differential between the heat-
laden refrigerant vapor and the hot air passing over
the condenser tins and coila. Only in this way can the

- air carry off enough heat for proper cooting.

Q

TOCQNGH (‘ONDENSER PRESSURE

indicated By: Excessive head pressure on hlah side
gauge.

08 — 87 Litho in U.S.A. ~ -
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| conoe?é cong/
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Fig. 23 — Forced Air Condonaer

_Caused By: Restriction of refrigerant flow in hlgh
"side of system or lack of air flow over condenser
coills. . -

Poor condénsing action results in the too-high
pressure. The upper two-thirds of .the condenser
coils remove heat from the hot refrigerant vapor,
while the lower third contain Jiquid. Too high a
condensing pressure will get this balance,
allowing superheated vapor to enter the liquid hose
and the expansion valve.

TOO-LOW CONDENSER PRESSURE

indicated By: Hngher than normal pressure on low
side gauge. i

Caused By: F’ailg”d compressor reed valve or piston.
Heat exchange ifi the condenser will be cut down,

and the excessive heat will remain in the lbw side of .

the system.

'EXPANSION VALVE

The expansion valve (Fig. 24) removes pressure,

from the liquid refrigerant to allow expansion or -

change of state from a liquid to a vapor in the
evaporator.

.

The high-Bressure liquid refrigerant eptering the
expansion valve is quite warm. This may be verified
by feeling the liquid line at, its connection t6 the
expansion valve. The liquid refrigerant leaving the
expansion valve is quite cold. The orifice within the

. valve does not remove heat, but only reduces pres-

sure. Heat molecules contained Eche liquid refrig-

23
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Fig. 24 — Expansion Valve — Two iypoa

erant are thus allowed to spread as the refrigerant
moves out of the.orifice. Under a greatly reduced
pressure the liquid refrigerant is &t its coldest as it
leaves the expansion valve and enters the evapora-
tor.

Pressures at the inlet and outlet of the expansion
valve will closely approximate gauge pressures at
the inlet and outlet of the compressor in most

~ systems. The similarity of pressures is caused by
the closeness of the .components to each other. The .
slight variation in pressure readings of a very few

pounds is due to resistance, causing a pressure
drop in the lines and colls of the evaporator and
condenser.

Two types of valves (Fig. 24) are used on machine
air conditioning systems:

. lntomnlly-oqu_lllzod valve — most common

* Externally-equallzed vaive —
pecial control : |

look at each valve in detail.

The re rigerant enters the inlet and screen (left, Fig.
24) as a high-pressure liquid. The refrigerant flow.is
restricted by a metered orifice through which it must
pass. As the refrigerant passes through this

. warmer refri

orifice, it changes from a high- pressur'e liquid to a
low-pressure liquid (or passes from the hioh side to
the low gide of the system). ~

Let's revflw briefly what happens to the refnoerant
as we change its pressure.

As a high-pressure liquid, the bomno point of the

refrigerant has been raised in direct proportion to its -
.pressure This has concentrated its heat content

into a small area, raising the temperature of.the
refrigerant higher than that of the air passing over
the condens

denses the refrigerant to a.liquid.

The heat inB.T.U.'s (wans) transferred into the air is
called latent heat of condensation. Four pounds (1.8

. This heat will theh transfer from the
rant to the cooler air, which con--

kg) of refrigerant flowing per minute through the.

orifice will result in 12,000 B.T.U.'s (3517 W) per
hour transferred, which is designated a one ton unit.
Five pounds (2.3 kg) per minute refrigerant flow will
result in 16,000 B.T.U.'s (4398 W) per. hour, ora oné
and one-quarter ton unit. Six pounds (2.7 kg) of flow
per minute will result in 18, 000B.T.U.' '8 (6276 W) per
hour, or a one and one-half ton unit.

The refrigerant flow through the metered orifice is of

vital importance. Anything that restricts this flow

seriously affects the: whole

the operation of
system. R

For'oxamplo, a one ton system uses an orifice

approximately 0.080 inchea (2 mm) in diameter .

¢ .
\
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» .
- during maximum cooling. A restriction of tfuTs orifice

can prevent the to its full

capabilities.

unit from cooling

If the area cooled by -the evaporator suddenly gets
colder.
evaporator are changed. Iffthe expansion valva kept
feeding the same amgunt of refrigerant to the
evaporatdr, the fins and c¢oils would be cooled until
they fraze over with ice and Stopped all air flow.

To control this, the orifice in the expansion valve is

- metered to vary the flow of refrigerant. This is done

by an internal balance of pressures which move the
valve seat (see at left in Fig. 24).

A thermal bulb connected to a diaphragm by a smalil
line and filled with refrigerant gas or CO. (carbon
dioxide) is secured firmly by a clamp to the
evaporator tail pipe. The thermal bulb is sensitive to
tail pipe temperatures. If the tail pipé beécomes
warm, the gas inside the bylb will begin to expand,
exerting pressure -against’the diaphragm in the top
plate that is connected to the seat or valve by a pin
or pins. This expansian will then mo V8. the seat away
from the orifice, allowing an increased refrigergnt
flow. "As the tail pipe temperature drops, the
pressure in the thermal bulb also . drops, allowing
the valve to restrict flow as required by the evap-
orator :

The pressure of the refrigerant entering the
evaporator is fed back to the underside of the
diaphragm through the internal equalizing passage.
Exgansion of the gas in the thermal bulb must
overcome the internal balancing pressure before the
valve will open to increase refrigerant-flow.

A spring is installed against the valve and adjusted
to a predetermined setting at the time of manutac-
ture. This is the superheat spring which prevents -

' slugging of the evaporator with excessive liquid.

AFOS - 57
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the heat transfer réquirements of the ,

.

‘Observe the following rules to protect the valve:

S
-

The adjus!ed tension of this spring is !he demrminmg
factor in the opening and closing of the expansion”
valve During opening of closing, Jhe spring tension
retards or-as8ists valve operation as required.’

Normally, thig sprmg is never adjusted in the field.
Tension is adjusted from four to sixteen degrees as
required for the unit on which it is to be installed.
This original Setting is sufficient for the life of the
valve, and special equipment is required in most
cases to accurately calibrate this adjustment.

EXTERNALLY-EQUALIZED EXPANSION VALVE

Operation of the externally-equalized valve is the
same- as the internal type except that dvaporator
pressure is fed against the underside of the
diaphragm from the tail pipe of the evaporator by an
equalizer line (see at right in Fig. 24). This balances
the temperature of the tail pipe through the

"~ gxpansion valve thermal bulb against the_evaporatér

pressure taken from the tail pipe.

SERVICE PRECAUTIONS

The thermostatic expansion valve is more sensitive
to foreign materials than any other unit in the air
congitioning system.

1. In winter, advise the customer to turn over the
pulley of the compressor by .hand several times

. periodically to prevent the internal moving parts from

corroding and sticking. This will also lubricate the
compressor seal, keeping it soft and.in condition to
properly seal the refrigerant. Normally, do not

'0pera!e the system in winter as this can cause

‘“slugging’’ of the compressor

2. When serwcmg !he system clean or replace all_

accessible screens.
A

3. Install a filter if !he system has exces’jve foreign
mater/als 3 '
4. EVaqu !e the system properly to rOmove all
possllzio[nois!ure from the system. :

b T

5. Cap or cover lines opened for service to prevent.

entry of moisture and dirt."

6. Replace. the dehydrator as soon as excess
moisture ¢content is evident. Any system should have
the dehydrator replaced at least upon opening the
system the third time for service. Also, anytime the
system has been opened, for a [dng period from
accident or rupture, replace the dehydrator.

v v ‘
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Fig. 26 — Evaporators

7. Handle the thermal tﬁlb and line with'exrreme'

care; excess;ve bending and rough- handling can
cause a break that will re/ease the gas, ruining the

_ valve. «

-

8. Use a back-up wrench when removing* any
connechon to prevent twisting of a line, which may
resuit in weakemng and breaking it.

9. Rep/ace the expansion valve only with a
comparable valve. A numbering system is_ used to -

designate the orifice size. Replacing the valve with

. one of either too small or too large an orifice can

Seriously affect sysrem operarion.-

10. Mamram a positive contact between the thermal

buib and tail pipe. Over a period of time corrosion

will form between the two contact surfaces and
msula!e them so that the operanon of the expansion
valve ‘will be affected, The c/amp may also work
loose, " preventing positive contact

the two. ) #

EVAPORATOR e

. , : . £
The evaporator (Fig. 26) works the opposite of the

condenser, for here refrigerﬂhquld is converted to
gas absorbing heat from the air.

When the liquid refrigerant. reaches the evaporator

its pressire has been reduced, dissipating its heat

content and making it much cooleg than the fan air
flowing around it. This causes the refrigerant to
absorb heat from the warm air and reach its low
bolling point rapidly. The refrigerant then vaporizes,
absorbing the maximum amount of heat.

(-18°0).

between * -
X,

FAN SPEEDS

" the differential,

This heat is then carried by tHe Tefriggtant from the
evapqrator as a low- -pressure gas through a hose or
line to the low side of the compressor, where the
whole refrigeration cycle is repe!ﬁed‘ '

- The evaporator. remﬁes heat from the area that is to

be cooled. The desired temperature of cooling of the
area will determine if refrigeration or air conditioning’
is desited. For example, food preservation generally
requires low r’efrigeratlon tempera\ures ranging
from 40 degrees F (4 C) to below 0 degrees F

1

A higher temperature is required fo&human comfort.
A darger area is cooled, which requires that large
volumes.of aitbé passed through the evaporator coil

for heat exchange. A blower becomes a necessary

part of the evaporator in the air conditioning system.
The blower fans must not only draw heat-laden air
into the evaporator, but must also force this air over
the evaporator fihs and coils — whére it surrenders
its heat to the refrigerant — and then forces the
cooled air out of the evaporator into the space bemg
cooled.

Fan speed is eeserﬁial to the evaporahon prdcessin
the system. Heat exchange, as we explained under .

~ condenser operation, depends upen a temperature -

differential of the air and the refrigerant. The greater

between the air and the cooler rerrigeram

Litho in U.S.A,
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the greater the amount of heat -
‘exchanged between the air and the refrigerant.’ A.

.. high heat load, as is’ ‘generally encountered when the
system is turned on, will allow rapid heat transfer

[
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The blower fan turned on to its highest speed will
deliver its greatest volume ot ait across the fins and
coils for a rapid evaporation. As the area is Ggooled,
it will soon reach a temperature where little extra
cooling will result if the fan is allowed to continue its
high-volume flow. A reduction in tan speed will
decrease volume, but the lower volume rate will
allow the air to remain in contact with the fins and
coils for a longer.period of time and surrender its
heat to the refrigerant. '

Both condensing and evaporating processes

depend upon wide temparature differentials for rapid
heat exchange. A lowering of temperature of the ,

"'rEl‘rfqé'r_an in'the condenser wiil affect the condens-

_ing process; and a lowering of the temp‘erature of the

© alr ynder air conditioning will slow down the

evaporating process.

‘Cooling the evaporator i8 Hependent on controlled

air flow over the evaporator.coils by regulating the
fan blower spged.

For the coldest air temperature from the evaporator,
opetate the blower fan at the lowest speed

wig

i EVAPORATOR

/

+ Cold A

@— HIGH SIDE FLOW
4H-+. LOW SIDE FLOW
4~ AR FLOW

COMPRESSOR |

THERMOSTATIC EXPANSION VALVE

* -

podsible to allow the greatest heat absorption by
the refrigerant from the air.

PROBLEMS OF FLOODED OR STARVED
EVAPORATOR COILS

Changing the state of the refrigerant in the
evaporator coils is as important as thq air flow over
the coils. Liquid refrigerant supplied to the coiis by
the expansion valve expands to a vapor
absorbs heat from the air. Some' liquid refrigérant
must be supplied throughout the total length of the

evaporator colls'foWacity.

\

8 it~

A starved evaporator coll is a condition in which nat

enough refrigerant has been supplied through the

total coil length. Therefore, expansion of the

refrigerant has not occurred through the whole coil
length, resulting in poor coil operation and too-low
heat exchange. _

A flooded evaporator is the opposite of the starved
coil. Too much refrigdrant is passed through the
evaporator coils, resulting in unexpanded liquid

.

-

RECEIVER DRIER (DEHYDRATOR)

Y

" Tank

Fig. 27 — A.i,t,Condllioning‘s_ymm With Receiver-Drier (Dehydrator) Added

t
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passing into the suction line and into the aompres-

- 8or. Liquid refrigerant in the compressor can result in .

damage to the reed valves and pistons. A flooded
evaporator will contain too much refrigerant for

rosult is la
cooling.

efficient heat absorption in tha evaporator coil. The _
t evaporation and so-poor evaporator’

" Gauge pressure readings on the low side of the

system readily indicate either condition:
! .

A starved coil is shown by too-low a reading on the
compound gauge plus a too- quick frost formation on
the tins. Also,
evaporator, -

A flooded colil is indicated by too high a pressure on
the compound gauge and excessive sweating of the
evaporator coils and suction hose. This js~ac-
companied by little cooling from the evaporator‘

OTHER FEATURES OF THE SYSTEM

The basic system we have discussed will work okay
under constant loads or until the unit ices up
because of tao much humidity. The cooling rate of
the evaporator can®etontrolled to a great extent by

varying thé speed of the fan. ,

However, adding other features will aid in operation
of the system. Let's l6ok at several of the extra
controls, starting with the receiver-dryer (dehydra-
tor) shown in Fig. 27.

N
RECEIVER-DRIER ( DEHYDRATOR)

Air conditioning systems do not operate at 100
percent-efficiency. Over a period of time, véry slight
leaks and occasionally some serious leaks will
develop. In addition, the demand for refrigerant by

. the evaporator varigs with changes in the heat load,

the condensing action, and pump speed.

To compensate for these variables,; a small receiver
tank is provided in the system (Fig. 27). Here the
refrigerant is stored until needed by the evaporator.
The addition of the receiver tank increases the
capacity. of the system approximately one to one
and a half pounds of refrigerant.

A desiccant or drying agent such as Silica-Gel or
Molecular Sieve is sealed inslde the receiver during

its manutacture (Fig. 28).

too little atr is emttted trom the :

Basic System 2§
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Fig. 28 — Receiver-Drier (Dehydrator)

- Operating the air conditioning system in late evening

and early m0rni\19 with lower outside temperatures,
the drier. will hold its moisture from circulating in the
system. Increased temperature during the heat of
the day will raise the temperature of the dehydra
It the desiccant has reached its saturation p
absorbed the maximum amount of moisture of iy

Atis capable the increased temperature will cause

the desiccant to release some of its moisture into
the system. These moisture droplets will collect
inside the expansion valve and~change to ice in the.
valve orifice. This moisture turning to ice can
completely block the refrigerant flow and stop the
cooling a'ctlon of the evaporator

Regardlees of where the dehydrator is located the
desiccant can absorb and hold only a predeter

FOS8 — 57 . ~ Litho in U.S.A
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EVAPORATOR * ’

Cold Aur

THERMOST

Thetmo! Tube
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»

/ THERMOSTATIC EXPANSION VALVE

¢

Y

: /Wnrm Asr

AP

Low Side

HIGH SIDE FLOW
" LOW SIDE FLOW
@~ AIR FLOW

. COMPRESSOR

»

Fig. 29 - ‘Thermostat-Controlled Recycling Clutch System

mined amount of moisture. If operation of the system
is satisfactory during cool N,nes of the day, but
cooling action becomes intermittent with a rise in
outside temperatures, the desiccant is super-
saturated and releases moisture that freezes up in
the expansion valve. As soon as.the valve warms
sufficiently to melt the ice, the flow of refrigerant will
resume until more icing occurs.

—_—
High Side .

MAGNETIC CLUTCH

Separate dehydrator units are available to be .

installed in the liquid line in addition to the
dehydrator in the system, and these will assist in

" removing moisture.

REMEMBER: A Ré#R!GERAT!ON SYSTEM CANNOT
TOLERATE MOISTURE. - .

USE OF SCREENS-IN TJE SYSTEM

At any time a refrigeration system_ is opened for
service, foreign matter can enter in th

¢

CONDENSER

R

/

L}

dirt and moisture. These are called npncondensibles
and have a deteriorating effect on Refrigerant-12 or

- any other refrigerant. Moisture mixed with refriger-

ant causes hydrolizing action, which results in
interior corrosion .of all metal.parts. This corrosion
will, in time, sluff off into the system in small particles
which can stop the flow of refrigerant thfough the
small orifice in the expansion valve.

Screens are installed throughout the system to filter
and hold these foreign particles from circulating in
the system. A filter screen is always located in the
receiver-drier {Fig. 28). Should any of these screens

collect foreion_parﬂclea until they can nodoriger pase

réfrigerant, refrigerant flow will stop at this point.

¢ 3
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REMEMBER: FROST WILL FORM AT THE POINT OF
* BLOCKAGE OF THE REFRIGERANT.

A screen is ’so located jn most cases at the inlet of
the expansion valve. Two or three manutacturers
‘have eliminated the screen at this point in their later
units. In any system containing a screen at this
location it is not advisable to eliminate this screen
unless a self-contained filter unit is placed ahead
"of the expansion valve somewhere in the liquid
line between the valve and the receiver. These
tilters are available to be instalied as a separate
item,

\

Many manufacturers install an additional scréen at.

the suction side or low side service- valve of the
compressor. Most mctory-installeddnns have
screens located at this point. .
All screens except the one located in the dehydrator
may be removed for cledning and should be replacea
i torn or corroded so that cleaning fails to open the
fine mesh.

Wi
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THERMOSTAT AND MAGNETIC CLIHCH
SYSTEMS

During the earlier years of machine air conditioning,

)

many systems did not provide a means for stopping . -

pumping action of the compressor. A solid pulley
was installed on the compressor crankshaft, which
resulted in compressor operation anytime the engine
was operating. The only time the compressor could
be stopped was when the belt was removed. Even
with the ‘air conditioning controls in the “OFF"
position during cold weather operation, a slight
amount of cold alr would be leen o" by the
evaporator

Today, manufacturers are turning more and more to.

the thermostat-controlled system with a magnetic
clutch (Fig. 29). Lo

THERMOSTAT CONTROL

The opening and closing of electrical contacts in the
thermostat (Fig. 30) are controlled by a movement
of a temperature-gensmve diaphragm or bellows.
The bellows has a capillary tube connected -to it

-30
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* . which has been filled with Refrigerant-12 or CO*. The
WHAT HAPPENS WHEN REFRIGERANT IS capillary tube is positioned so that it may have ejther
BLOCKED the cold air from the evaporator pass over it or it may
A restriction or stoppage of refrigerant flow will be connected to the tail pipe of the evaporator. In

either position, evaporatdr temperature will atfect -
cause the following: A
the temperature-sensitive compound in the capillary
1) Normal or low head pressure with low suctiog~_g tube by causing it to contract as the evaporator_
pressure. _ ) _ ecomes colder. The contraction of the gas will
2) Excessive cqolness or frosting of the dehydrafor, Ll :mstei t'he t')etllows dt(t)) Co:"i‘: Tt'nsts'epr'ara'tes"":g
expansion valve, and compressor service valve. ‘electrial points and breaks the electrical circu
- . . _ the compressor clutch, which stops compressor
3) Little or no cooling from the evaporator. operation.
Clutch Cotll Over-
Center
Spring
: Battery l _____ !
‘F e '.'/— ‘ I Capillary
' vbe
PoerponInq—rJ - CLUTCH.
Temper r . - .
.A(;;:.l:’i':q. /}" | Capillary
Screw Bellows
Asserbly
' " ‘Runge : .
Spring T T T CAPILLARY
Cam Colder . Tust
170 THERMOSTATIC SWITCH (SHOWN OFF) BATTERY |
- Fig. 30 — Thermostat Control
P
Q )

-

NN
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p.
Now the-evaporator begins to warm which, in turn,
causes the gas in the capillary tube to expand. The
bellows -will also expand. moving the electrical
points closer to each other. At a predetermined
point, bellows expansion will bring the points
together, closing the electrical circuit to the
" compressor clutch, energizing it and bfinging the
compressor into of)eraNon again. This cycling action
~will be repeated as long as air conditioning is
required. L.
The thermostatic switch is composed of a pivoting
frame attached to the bellows. Movement of the
- ‘bellows during its contraction and expansion will
cause the frame to pivot. Springs are used to
counteract and control the movement of the pivoting
frame. One-half the electrical contacts are connect-
ed to the frame, and the other hall are mounted
splidly to the body of the switch. The contacts arew
insulated trom the metal parts to which they are
attached.

The distance the contacts must travel and the spring
pressure that must be overcome by the expansion of
the gag in th& capillary tube and bellows are the
“tactors determining at what defyree of evaporator
temperature the contacts will close to complete the
electrical circuit to the clutch.

Most thermostats have provisions for regulating
' the range between opening and closing of poinjs.
Some models have a removable cover under which
. an adjusting screw is located. If a set screw is not *
found here,-assumo that the thermostat is pgon-
adjustable. ] ’ &

In all thermostats, the spring tension and point
spacing may be varied by the operator to regulate
evaporator cooling for his comtfort. Temperature is
controlled by rotating a cam (via a knob control)
which increases or decreases spring tension on 8
pivoting point (Fig. 30).

MAGNETIC CLYUTCH

The ¢lutches on machme air condmoning systems
are of two types:

' Rotating coil
. .Su'tlonar.y coll

ROTATING COIL clufches have the magnetic coil
inside the pulley and rotating- with it. The elec-
tric current is carried to the coil -by brushes,

A}

'FOos — 87 Litho In U.S.A.

»

mounted on the compressor frame and contacting

a slip ring mounted on the lnslde of ‘the rotating

pulley.

STATIONARY COIL clutches have the magnetic coil
mounted on the frame of the compressor and it does
not rotate. Since the coil is stationary, correct
spating is important to prevent the rotating pulley
trom contacting the coll, while still bringing the hub
and armature into position for the fullest attraction of
the magnetic torce.

-

“Each clutch manutacturer has units to fit all models
‘of compressors according to the requirements Tor

both six- and twelve-volt applicatlons. The ser-
viceman replacing either the clutch unit or the coil
must note carefully that the voltage of the re-
placement unit is correct for the vehicle on which it
is to be .installed. -

All clufches operate on the same principle whether
the magnetic coil rotates or is stationary. Each has
a wound core located within a metal cup acting like
a horseshoe magnet when the to.l is ‘energized
electrichlly (Fig. 32). - : *
The pulley rotates on a bearing mounted on the
clutch hub (Fig. 31) except the Frigidaire compres-
sor, which mounts the beating on the compressor
front head assembly. The pulley is free to rotate
without turning the compressor crankshaft anytime
the clutch c¢ojl is not energized. The free-rotating
pulley and non-energized clutch coil stop compres:
sor operation. '

An armature plate is mounted by a hub to the
compressor crankshaft and is keyed into place and
locked securely with ‘a lock nut, thus making

connection to.the orankshaft. - ~

Energizing the clutch .coil creates lines of mag-

‘netic force from the poles of the electromagnet

through the armature, drawing it towatds the shoe
plate or rotor that is a part of the pulley assembly,
(Fig. 32). The solid mountihg of the pulley prevents
the pulley from moving in a lateral direction;
however, the armature can move until it contacts the

rotor. Magnetic force locks the rotor ‘and the °

armature plate together This solid connection then
allows the pulley to rotate the compressor crank-
shaft and operate” the compressor. Compressor

operation will continue until the electrical circuit is

broken to the clutch coil, when the magnetic force is
de-energized. The rotor and

31

armature then

g



PULLEY

- CLUTCH COM.

Fig 31 — Magnetic-Clutch ,

.2 .
separate. and the pulley rotates freely without
rotating the compressor crankshaft.

Slots are machined into both the armatuz and the
rotor to concentrate the maghetic field and increase
the aftraction between the fwo when energized.

. Some scoring and wear is permissible between

these plates. However, it is important that full
voltage be available to the clutch coil as low voltage
will prevent a full build-up of magnetic flux to the

plates.

The correct spacing between the pulley.and the coil

on statiopary ‘coil models must be maintained to

prevent the pulley from dragging against the coil.
Correct spacing must glso be maintained between
the rofor and the armature.

Too close a clearance will allow the two plates to
contact each ther in the “OFF" position, while
too wide a space can ’gr'event'the rotor from con-
tacting the armature solidly.in the "‘ON'' position.
Any of these variations can cause a serious clutch
failure. '

Also be sure that the mating surfaces are not
warped (from overheating). '

Always use the correct tools when performing any

. service operations, as damage to closely-fitted

parts .may result from too much hammering or
prying.

NOTE: For information of the electrical part of these
clutches, refer.to the FOS manual on ‘‘Electrical
Systems. ‘ '

Basic System 29

M

Fld‘ 32 — Magnetic Clutch Showing Path Of Magnetic Flow

BYPASS SYSTEMS
HOT GAS BYPASS

The control of evaporator pressure and temperature
by metering a small amount of hot gas from the high
side of the compressor (Fig. 33) has been used
successfully many years in commercial refrigeration.
@enéral Motors engineers have also been very
successful in adapting this same process to the:
control of their larger automotive air” congitioning
units.

Other manufacturers have Afempted briefly to adapt
this type control to their units but soon dropped itin.
preference to some other type. Most have not gone
beyond the experimental stage.

SOLENOID BYPASS

Some automotive produéts use a solenoid bypass to

~ control the evaporator pressure and temperature.

The thermal switch is attached to the suction

- pressure line at the evaporator outlet manifold. The

-

" evaporator,

electrical contacts in the switch are connected in
series with the temperature control switch and the
solenoid bypass valve winding. In the' normal
position, the contacts are closed. A

A decrease in the tompe’hture of the refrigerant gas
leaving the evaporator will cause a thermal blade to
bend and open the electrical circuit to the solenoid
valve when the temperature reaches approximately
25°F (-4°C). Opening the- solenoid valve allows a
charge of hot rofmorant -gas to flow intd the
When the temperature increases

.~ FOs-—-s&7 titho in U.S.A.
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- ; YPASS VALVE
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Low Side v High Side ¢

Compressor

Fig. 33 — Hot Gas Bypass System .

again to app,rdxima!ely 40°F (4°C) the contacts’
close and the solenoid energizaes, .closing the
bypass valve.

SUCTAON THROTTLING REGULATORS

SUGAION THROTTLING REGULATOR

Low Side or
Suction Line High Side
COMPRESSQR

Fig 34 — Sya’tem Regulated By Suction Throttling

*

Suction throttling is any type of ¢ontrol used to
regulate the flow of refrigerant from the evaporator
to the compressor. This control is located at some
point between the tail pipe of the evaporator and the
compressor in the low side or suction line as it is
commonly called (Fig. -34). These devices are used
mainly on automotivé systems, l '

Sometimes it may be difficult to determine exactly

‘ what type of control is used on a pahlcular instal-

|
I
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lation. it ingpection of the compressor and lines does
not show a control device, it is safe to assumera

'thermostat-cbmrollpd recycling clutch system ia

used. _ f

We found earlier that a constant heat load -and
compressor speed would allow the expansion valve
to meter an even flow of refrigerant into the
evaporator. Changing any of these conditions,
however, would change the refrigerant flow through
the expansion valve. Without some way to regulate
refrigerant tlow, the evaporator cooling will Become
excessive and freeze the moisture condensing on

the coits. This results ‘in svaporatorcing or -

freeze-up and requires that the ice onthe evaporator
be melted before’it can resume COf)Ilnq. '

Instalétlon of a suction throttling control device will
compensate for thesae varying conditions. As the
preaSure\ and “temperature within the evaporq!or
drop, spring pressure forces a yalve within the
regulating device toward its seat, retdkging the flow
of relfrigerant. This action increases the pressure
back into the evaporator, raising both pressure and
temperature. Thetemperature will not be allowed to

. drop low enough to frebze over the evaporator coils.

A point of balance will soon be rédached whereby the
refrigerant flow past the valve in the regulator will
reach a pressure and temperature sufficient to
maintain cooling without evaporator freeze-up.

v

MODULATOR VALVE

The modulator valve (Fig. 35) limits and maintains a
Minimum pressure in the evaporator. It works like a
hydraulic relief valve except that it has a suction
relief.

The valve assembly is simple in operation. In Rig. 35,
note that the valve has been divided into three
functional areas. - !

The middle séction is connected to the compressor

suction valve. When the thermostatic expansion
valve closes, the suction pressure will increase and

compress the sealed bellows.

When the suction pressure becomes Iow_r'enouqh.
the bellows will force the valve disk open® This will

~allow the refrigerant to bypass the . evaporator,

thus stopping any further decrease in suction
pressure.

When the thermostatic ‘expansion vaive at the
evaporator inlet opens, the suction pressure will be

’ ~ relieved and the bypassing of refrigerant through the

v

mbdulator valve will be atopped”. .

P
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Fig. 36 — Modulator Valve

Located at the top of the modulator valve i8 a manual
control'plunger. This plunger is connected by a cable
to the operator's témperature c8ntrol. The manual
control plunger regQulates the range at which .the
valve opens and closes.

}
When the temperature control is pulled opt for

.maximum cooling, the valve is fuly closed And will
require a low suction pressure for the refrigerant to-

bypass. " : o, .

When the control is pushed in, the valve will be
manually forced open, causing refrigbrant to bypass
freely through the modulator, destroying the suction
pressure in the evaporator.

L
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OTHER TWPES OF SUCTHON THROTTLING
REGULATORS

Some other types of suotion throttling regulators
are: '

* Robotrol Valvoa -
* Evaporator Pressure Regulator (EPR) P4
* Suction Throttflng Regulator (STR)

These regulators are used primarily in automotive
systems.

LINES AND CONNECTIONS

Relrigerant lines carry refrigerant between the major
components of the refrigeration system. They are
joined to the components by connections. »

Lines may be constructed of reinforced synthetic
rubber, steel, aluminum, or cdpper. Connections
(Fig. 36) are made with synthetic rubber O-rings,
flare fittings, or hose clamps.

Some fittings are equipped with self-sealing
couplings or "‘quick disconnects’ which permit a
new component such as an evaporator or condenser
to be 'ship?ed with a partial charge. :

£
LOCATION

Listed below are the components connected by the
maijodr lines, followed by the various names by which
these lines are Kriown.

* Evaporator vutlet to compressor inlet: Suctipn
line — (low-pressure line or low-pressure vapor
line).

 Compressor outlet to condenser inlet:
Dischatge line — (high-pressure vapor line or
pressure line). .

* Receiver-dehydrator outlet to thermostatic

“expansion valve inlet: Liquid line — (high-pressure
liquid line). -

LI

» Compressor outlet to evaporator outlet: Hot gas

bypass line — (hot gas line).

FOS — 87 Litho in U.S.A,
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HOSE CL AW FIVVING

' UPSET FLANGE

@/o_nmc

ty RING

F1 NG

SEAL SEAT

FLARE  FEY TING

Fig. 36 ~ Types Of Llno Connections /

OPERATlON a

When the system is operating properly, the lines
should be at the following general temperatures to
the touch:

* Suction Line — Cool

¢ Dlschargem}lne — Hot

e Liquid Line — Warm

~

¢ Hot Gas Bypass Line — Warm to hot (when
bypassing refrigerant)

108 ~ 87 Litho In U.8.A.

evaporaror Icing

e Fe

DIAGNOSIS

ay
Restrictiona or kinks in the refrigerant lines may -be
indicated as follows: - .
Suction line — low suctian pressure at the

compressor low discharge préssure, Imle er no
cooling.

Discharge line — compressor relief valve opens.
Liquid-line — qu discharge pressure, low suction
pressure, no co Ing )

Hot gas bypass f low suction pressure, possiple o

iR SR TR

SERVICE

Plugged lines. can usually be flushed with high-
pressure liquid refrigerant. If lines cannot be flushed,
they should be replaced. Hoses which leak or are
damaged (and plugged screens) should be re-
placed. Hoses and lines should always be protected *
from rubbing against sharp metal surfaces moving

. parts, or hot engine parts,

The proper oiling and Nghtening of conmections
is very impottant. Always tighten the line. connec-
tions to the torque recommended in the technlca!
manual,

Circulating rgre‘r/efrlgerem in the system periodivally
thraughout the year will help to lubricate seals and

.Qagkets to insure a sealed system. in winter, do this

by turning over the compressor pulley by hand a few
times. .




Cold At

* [ rion-PRESSURE LiouiD
T ' "7 HIGH-PRESSURE  GAS
B Lov-PRrRESSURE LiquiD

LOW_-PRESSURE GAS

_ Basic System 33

AR R K

Fig. 37 — Diagram Of Basic Air Conditioning System (for Test Question No. 1)

' TEST YOURSELF

QUESTIONS AND PROBLEMS

. Mark up Fig. 37, "'Diagram of Basic Air Condition-
ing System

ar Label tho four bastc parts of the system.

b. Draw a Iine through the diagram at the sorrect
place and label the * hIOh side' and '‘low side"’
of the system.

e c. Use red and blue pencils and color the
refrigerant passages as coded on the diagram
fo show high or low pressure and gas or
liquid.

2. The compressor actually has two jobs. The first is
compressing the refrigerant gas What .is the
second? ' i

Ty

3. What does compresslng the relrigerant gas db to
its heat contént?

4. (Fill in the blanks.) Air passing over the

condensor coils carries off and changes
the refrigerant from to

5. Crompare.“ram.air" to ‘‘forced air."

6. Which side of the expansion valve will be ‘‘cold"
— inlet or outlet? _ .

7. (Fill in the blanks.). Air passing over tﬁe-

evaporator coils changes the refrigerant
to . As a result, heat is

A,

<,

8. To get the coldest air temperéture from th‘e
evaporator, should the blower fan be normally run at
its- lowest or fastegt speed?

9. What is the purpgqse of the dessicant seafbd
inside the receiver-drier?

(Answers on page 98.) ,

i

r
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Vidadd

C— Plastlo-Goggles

A — Vacuum Pump

B — Charging Hose

D — Qauge and Mani{old Set

E — Refrigerant Dispensing

F— Thormome_ter

SERVICE EQUIPMENT /PART 4

G — Leak Delsctor Kit
Can Valve

H — Metal Storégo Box

Flg. 38 — Complete Air Conditioning Service Kit

lNTRODUCTION

Three basic tools are require%}o test and service an
air conditioning aystem:

* Gauge and Manifold Set -

* Leak Detectors ' /ﬁ
* Vacuum P\_:mp

-~

in addition, some apecial tools and aﬁachmento are

required (Fig. 38).

Here we will describe only "y operation of the
various equipment. In Parts 5 thtough 8 we will show

~ the actual use of the tools in testing and servicing

tho system.

GAUGE AND MANIFOLD SET"

"Accurate testing réqulres the use of a test gauge set

.connected to the high and low sides of the air’

37

conditioning system. With these pauges, the
servicéman can accurately pinpoint trouble within
the system as well as determine if the system is
operating as it should.

The gauge manifold set (Fig. 39) is composed
of a /ow side or.compound gauge, a high side gauge,
and the manifold to which the gauges are cof-
hected.: :

Followlng is a brief deséription of the gauges and

their requirements.

s FOS — 67
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Servige Equipment

COMPOUND

PERFORMANCE TrST

4

HI1GH

GAUGY
(LOW
SEoL)

Prossyre

Yacyuym

- o (Tg)

"

HAND
VALVE
LLaseD

FROM LOW SIDE
SERVlC@ CONNECTOR

X774 1%

MAN 1 FOLD

S10E

() Wi
»
= HAND
le— VAL VE-
B CLOSED
9 B

FROM HIGH SIDE : ‘. )
SERVICE CONNECTOR :

r

Fig. 3% — Retrigerant Flow To Gauges In _Po,r\{manco Test — Both Hangd Valves Closed

_ COMPOUND GAUG!? (LOW SIDE)

. reading. T

The compound gauge (Fig, 39) derives its name from
its function. It will register both pressure and
vacuum. All air conditioning systems can, under
certain conditions, drop from a pressure intp a
vacuum on the low side. It is necessary that a gauge
be used that will show either pressure (psi and.kPa)
or inches (kPa) of mercury vacuum (Hg.).

The vacuum side of thq gauge must be balibrated to

show 0 to 30 inches (0 to 100 kPa) Hg. The pressure
side of the gauge must be calibrated to register from -

0 pressure to a minimum_.of 60 psi (415 kPa). The
maximum reading of the pressure should not exceed
160 psi (1035 kPa).-Practically all readings of the.
low side of the system will be less than 60 psi (416
kPa). o

The stale. reading preterred by the individual
serviceman is left to his own choice. To accurately
convert preasures to temperatures in the system,
the gauge should be calibrated to a low enough
scale that it will not be ditficult to obtain an accurate
igher the pressure scale, the more
difficult it becomes to get an accurate pressure-
temperature conversion.

=08 — 87 Litho In U.8.A.

HIGH PRESSURE GAUGE (HIGH SIDE)

The high pressure gauge is' used to determine -
" pressures in the high side of the system. The gauge

is calibrated to-register from zero pressure to a
minimum of 300 psi (2070 kPa). A few systems
operate under high head .pressure during normal
operation conditiogs. This is why the high pressure
gauge should have a reading of .at -least 300 psi
(2070 kPa). L

GAUGE MANIFOLD .

The gauge manifold mounts the high and low side

gauges and connects the gauges into the high and
low sides of the system by means of test hoses. The
gauges connect to the upper part of the manifold
through holes drilled and tapped to a %-inch pipe
thread. Test hose connectors below the gauges on
the lower side of the manifold direct the refrllgrant
through the manifold to the o;ugea to obtaig
pressure readings.

A center test hose connector on the lower side of the

_ manifold is connected to both pressure gauges and

GAUGE )

\

the test hoses by a passage in the manifold (Fig.*

38). Refrigerant, flow into the high and low side is
controlled by a shut-off hand valve at @ach end of
the manifold. o ' .-

3
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Tpen
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T LOW S10C REFRIGE

SLAVICE LONNECTOR

¢

X704

I avoins werricerant |

SOURCL

Closea

AU

FROM HIGH SIDE
SCRVICE CONNECTOR

< . -

RANT

Fig. 40 -~ Refrigerant Flow To Gauges And Through Manitold Whilé Adding Refrigerant

With both hand valves in the ""closed"’ position (Fig. -
39), refrigerant will be shut off from\the centar test
hose fitting but wifl flow to the gaugds.

. Opening’ the high side hand valve will allow re-
frid@rant to flow through the passage and out the
center test hose connector and at the same time
continue to the high gauge to register pressure

.. . . rpading. . :

Opening the low side gauge (Fig. 40) will open the
low side refrigerant{ to the center test hose
' connection and thiljzz ’

side gauge.
By opening and clpsing the ht;nd valves on the
manifold, the following jobs can be done:

L _ | 1) Blepding excess refrigerant from system

2) Bleeding éir. from .system ‘

3) Purging refrigerant beIO( service work

4) Remov‘ing air and moisthre during pump-down

5) Filling system with refrigerant’

_ All of these jobs will’ be explained i Parts_7
- and 8. ' -

. system.

TEST HOSES

The test hoses are the connections between the
gauge manifold and the air cenditioning system.
They are connected to the gauge manifold test hose
fittings by use df a screw-on connection and sealed -
with an internal O-ring. Hose connectors should be
tightened only finger tight as this is.sufficient to seal
the hose onto the O-ring.

The manifoid is constructed so that the test hose
and connector directly below the gauge will pass
refrigerant to that gauge to show.pressure readings.
Opening the hand valve on the same side as the
gauge is the only y'ihe refrigerant can move in any
direction other thah to the gauge.

The center test hose is ndt connected to the air

" conditioning system. It is used to allow refrigerant to

purge from the system, or it may bé connected to a
vacuum pump for removing air and moisture from the

.

\

QOpening the hand valves on the.maﬁ"old will control
pump-down of the system into a vacuum for more
effective moisture removal. - -

J %,
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Hoses are. available to fit the service connectors
" with a Schrader Yailve. Other hoses require the use
of a\8chrader valve adapter on the connectors
before using the Schrader valve. The use of the
Schradefivalve in the service connector eliminates
the.need for a service valve in the system and the
refrigerant is effectively sealed inside the system

until the valve is opened.
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.  Fig. 41 — Gauge And Manitold Set

Fig. 41 shows a gauge and manitold set discharging
a system through the compressor service valve
ports. For instructiops on installing-gauge set into
system, see Part 7. . ' .

SERVICE VALVES ° .

The compressor is equipped with service vaives
which are used as an aid ip servicing the air
conditioning system. The manifold gauge set |g.

- connected into the system ;&ﬂ the service valve ports
and all procedures such as evacuating and charging
the system are carried on here through the gauge
and manifold set. ’

~

Most compressors are equipped wm; two service

- valves. One services the high side, while the other
services the low sigde. The high side getvice valve is* _

Quickly identitied by the diacharge hose routed to
the tondenser, while on the low side valve the hose
comes ‘from the evaporator. . .

Since all valves are the same, we Will' be con-
cerned herp with the operation of.one valve in the
system, . . '

FO8 — 57
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Fig. 42 -— Sohrader Valve
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The val;/es described here are the hand shutoft type.
Mapny air ‘conditioning systems ndw use only one
- vailve having a shutoff feature, or one valve having no
shutoff feature. The gauge hoses are still connected
- {0 the service valve fitting, -in--which a Sehrader ————-———

"

1-To Gouge Port
2-To Hose
3-To Compressor

FRONT-SEATED
(ALL FLOW SHUT OFF)

BACK-SEATED
{NORMAL SYSTEM OPERATION)

L~ !
ey
3

\' @ ' ‘g’ - .
. R v 3

MID-POSITIONED ;o
(CRACKED OPEN FOR TESTING) o
R Y A .
a,

- Fig. 43 — Service Valve (Hand Shutoft Jype Shown).
. A
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valve (Fig. 42) is incorporated. Wher the fitting in
the end of the service hose is screwed onto the

Schrader valve, a pin Is depressed in the center of
the valve allowing preassure to be read on the
gauges. When the fitting is removed, the valve
closes to hold refrigerant in the system.

The hand shutoff type of valve (Fig. 43) has three

»

‘

' system is operating normally.

positions:
AN |
A — Shut off refrigerant flow. G;lge pert out of the
system.
B — Normal re!ngeran! operahon Gauge por! out
?Tm ‘System. B .

the system. :

e
C — Normal re!ngin{ operation. Gauge port in

We will discuss each 'position and-determine at what
points refrigerant will be allowed to flow.

A. Shut Oft Refrlgerant Flow Gauge Port Out Of |

System

Cd

In this position we refer to the service valve as being
in the front-seated position. .

Reter to illustration “*A’ in Fig. 43. You can see that
‘the refri nt is trapped in the hose end, of the
servic . The gauge port fitting i8 toward
the atmosphere. By following the path through the

. valve, you can see that the gauge port only con-

nects to the compressor. f the compressor were
run with the service valve in this position and. the
gauge port capped, serious damage would occur
in the compressor. There would be_no area to
pump into. '

';“""._,'WARNING: Never operate a compressor with the.
“service valves in closed or front-seated position.
. This will damage the compressor.

B. Normal nemgerant Operatlon —_ Gauge Port

Out Of The System

in “8" in Fig. 43 the service valve is in the
backseated position. The compressor and hose
outlet are connected and refrigerant is free to flow if
the compressor is started. Now the gauge port is

* closed oft and pressure readings cannot be taken.

All service valves should be in this positiop when the

.7-p V

4
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SERVICE VALVE .
MGH SIDE)

Fig. 44 — Locatlotu‘Of SYrvioe Valves In A Typloal Sya'em

. openings.

41

C. Normal Remqera t 0peratlon _— Gauge Port
in The Syatem ’

The service valve in “C" Fig. 43 is in the cracke
or mid-position. Now the system can be operated
and the pressures recorded through the gauge port/[

Remember, however, that the valves must alwaf{,s be
backseated again before attempting to remove the
gauge hose from the service valves. Failing to do so
will result in loss of. refrigerant. lllustration ‘C"
shows the presence of refrigerant at all outlets of
the se'ry}f valve for testing.

The locahon“?ﬂ service valves at the compresser for
a Wpucal”eystem is shown in Fig. 44,

Valve position is controlled by rotating the valve '
stein with a eervice valve wrench. -

LEAK DETRCTORS

Severa! typesfof leak detectors are available to the
serviceman: - '

« Coloréd Dye Additive

i
* Liqhid Detergent-Type Detector
« Electronic Leak Detector

. PrOpane Torch Leak'Deteolpr « G

»

A COLQRED DYE ADDITIVE is available which is
added to the refrigerant. Operation of the system
will show coloration at the point of leakage A very
slight lebk requiring several weeks or even months
to bleed off enough refrigerant to affect system
cooling can often be located using this additive
when other methods ofleak detection fanl

v

. FOS — &7 © Litho in U.S.A.
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DETECTOR UNIT
N

~ A R 2
N TORCH LFEAK ns_}‘ﬂcroR

-

" DETECTOR UNIT

SAMPLING END

ELECTRONIC LEAK DETECTOR ’ '

¢

Fig. 45 — teak Detectors

A LIQUID DETERGENT-TYPE DETECTOR may be
used around connections and any external point that
might be a source of leak for the Refrigerant-12.
Escaping refrigerant will cause the liquid to bubble,
indicating a leak. Any parts that are not accessible,
such as the coils in the condenser and the
evaporator cannot readily be coated with this liquid
to check tor leaks.

The ELECTRONIC LEAK DETECTOR (Fig. 45) is the
most sensitive of any detector on the market.
However, the initial cost of thig type detector has
been a deterrent to individuals and small shops
- doing a minimum of air conditioning service. This

~ instrument is electronic and must be handled with

care togive accurate results. When cared for
properly, the electronic detector will locate leaks
quickly and accurately that are almost imposslble to
locate with other types of detectors. (Fig. 48).

The PROPANE TORCH LEAK DETECTOR (Frg 45) is
the most familiar and has received the most

widespread. use because of its ease’ of handlmg, ’

availability of propane in disposable tanks, and low
initial cost. In operation, thé blue flame changés
coldr to yellow to vivid purplish blue when
Refrigerant-12 is picked up by the snﬂter tube
outslde the system. - . ‘ R

CAUTION: The propane torch leak dotoctor must

. be used only In well-ventilated areas. When

Rotrlgonnt-tz passes over an open flame, it
gives off phoagene gas, which is very toxic. Do
not brutho fumeo given off by the detector.

Litho in U.8.A.

Leak detection must be’ per'ormed
under pressure to obtain accurate results. Very
small leaks often require that the system prdssure
be increased abov& normal before they can be
located. A 50 percent charge of refrigerant in the

- system is enough to locate most leaks. Occasional-

ly."a stubborn small leak will require overcharging
the system.

The high side of the system might require leak
testing while in operation with air flow restricted to

the condenser t'raise the hrgh side pressure above

normal. - Y.

The low slde is checked in the ‘‘off'’ position with
the pressures equalrzed in both sides ot the
system. :

Many leaks can be found by looking for an oily spot
or film at the source of the leak, especially if the leak
is a Iarge One,

!

\r‘“};
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Eleotronic Leak Detector -
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VACUUM PUMP’

. FROM co'mnesson

é‘
-EVAPORATOR #
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_— VACUUM PUWP
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Fig. 47 — Using Vacyum Pymp To Evacuate The System

The, vacuum pump is used to evacuate Jr from the
system (Fig. 47). :

" When the system is depressurized and opened for

service, air enters the openings before they can be
capped. To remove. this air (and its harmful
moisture), the system must be evacuated. This is
done by removing a&r untL a vacuu e/ls created.

. Detailed procedures are given in Part

OTHER SERYlCE TOOLS

Qther service tools such as those shown in Fig. 38
arespart of complete air conditioning service kit.
These include. charging hoses, plastic safety
goggles, refrigerant can 'velve and thermometer.

" Since ‘the air condmoning system is aotivated by -

electrical controls, some ¢lectrical test equlpmem

such as a voltmeter will also be negded to check for

faulty wiring and other problems. S

©
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TEST YOURSELF

. QUESTIONS

1. What three basic topls are required to. test
and service an air conditioning system?

2. Why are two gauges needed to test the

- pressure in the system? ' 1
- %

3. On what Component are the system s‘evvloe,
*valveg located?

4. tht type of leak detector ié most sensitive

- to small-leaks? - ——— -

\
5. What happona When Refrlqerant 12 is

pgssed over an open flame?

6. What equipment is used to remove air from
the system?

(Answers on page-99.)

FOS — 87 Litho in U.S.A,
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INSPECTING THE SYSTEM/PART 5§

Hot Alr Qut

COMPRESSOR

COMPRESSOR
__MANIFOLD AND

ERVICE VALVES
A\

X1773

-

1::::
/ CONDENSER

EXPANSION
VALVE

" Fig. 48 — Air Condjtioning System For Typiocal Tractor With Cab

INTRODUCTION

- A deasonal check of the system is very.important in

revealing troubles early before they cause a failure.

A Performance Test of the system (page 67) is the
only positive way .in which the complete system can
be checked for efficient operation. Whenever
possible, the system should be given this test before
work is begun on the system. . S

Many times, however, the system is completely
inoperative, aid repairs must be performed before it
can be properly tested. The test can uncover further’
work that must be performed before the system is
brought to full operating efficiency.

The Performance Test should always be performed
after repair work has been, done and before the
machine is released to the customer. The ser-

.. viceman petforming this test carefully will insure that

" thee repairs have:been propprly performed and that

L A4

the system will operate satisfactorily. )

A good Performance Test includes d thorough
~examination of the outside of the system as well as
the inside. Many related parts are overlooked
becausejt is felt they are of no importance to the
system aetdally cooling the inside of the cab. But

j@ﬂen these outside parts have a direct bearing on

the operating efficiency of the unit.

For this reason, a thorough visual inspection of the
complete system should be ferformed, followed by
an operating inspection of the system.

FOS — 87 -
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44 nepection

VISUAL INSPECTION OF SYSTEM

Visually inspect The Following:

COMPRESSOR DRIVE BELTS TIGHT; NOT WORN
OR FRAYED; AND ALIGNED WITH PULLEYS. The
compressor belt (Fig. 49) is subjected to a heavy
load during operation. This is especially true when
the head pressures build up in excess of 200 psi
(1380 kPa) in hot weather operation. The belt mus|
be in excellent condition to withstand the strain of
heavy loads. If the pulleys are not properly aligned,
extreme side wear to the belt and pulleys will result.
Too tight at belt tension will result in strain to the
bearings of units operz
 Too loose a belt tension will result in belt slippage
. and poor performance. A belt tension gauge
eliminateas guesswork in tightening the compres-
sor belt. It a belt tension ‘gauge is not available,
tighten until there is %- to %-inch (10- to 13-mm)
dettectlon between any two pulleys that are farthest
apart.

LGt S i A (TR L A e g
Fig. 49 — @ompressor Drive Belt And Pulley

2. COMPRESSOR BRACKETS AND BRACES TIGHT
AND NOT CRACKED OR BROKEN. Mounting bolts
work loose, and brackets and braces often break
under the vibrations and strain of operation. Failure

. to inspect and repair any damage at these points -

can result_ in early system failure.

3. HOSES OR COPPER LINES NOT CHAFING OR _

LEAKING. Grommets and rubber pads that were

originally installed to protect the hoses from contact - _

with metal parts may detertorate or loosen.
Exposing the hose or ling to constant rubbing and
chating can cause de’:;t\oritﬁrt and allow the
refrigerant to<escape. To prevent damage, install
some type of protective material.

, FOS —587 ' Litho in U.SA.
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ted by the compressor belt.

[
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4. CONDENSER CL.EAN AND PROPERLY MOUNT-
ED. Insecta and dirt oloo the condenser and radiator
and atop air movement. Any blocking of tull air flow
over the condenser and radiator colls must be
corrected to allow proper condensing action of the
system. N

6. EVAPORATOR CLEAN. The evaporator con-

/

denses moisture which in turn traps dust and lint on =~

the side where the air enters. The blower or fan can
be effective only when evaporator passages are
clear. Duat and lint should be removed.

6. COMPRESSOR Olli LEVEL CORRECT. On com-
pressors having a proviston to check the oil level

without disconnhecting the compressor from the

system, make an oil tevel check using the correct dip
stick. Do not overfill the system with ofl as flooding
of the condenser and evaporator will result. See
pages 73 or 74.

.7. AIR DUCTS AND—LOUVERS OPERATING

SMOOTHLY. Operate.all mechanisms to check for
free operation wiHfout binding and sticking.

8. BLOWER MOTOR OPERATING SATISFACTORI-

jome speeds, repalr it.,

" 9. AIR FILTERS CLEAN. Many systems use filters to

clegn the air before it goes to the evaporator coil.
The filter must be removed and cleaned, as a
clogged filter will seriously affect evaporator air
tlow,

10. VISIBLE LEAKS. An oily spot usually indjcates a
refrigerant - leak, as oil is carried out wrth the
escaping refrigerant °

1. LEAK TEST THE.SYSTEM. A leak test (page 83)
- will tell whether an oily spot indicates a leak. This

test can only be performed on systems ‘that are
operative. A unit-that has lost its refrigerant must be
partially charged before this test can be pertormed.

OPERATING INSPECTION OF SYSTEM

An operattng mspectton of the system can be made
for three factors: :

~

* System fully charged : 8T

* Relation of temperatures at high and low
sides of system okay :

« Evaporator outlet blowing cool air

Before making these- inspections, operate the
system for about-5 minutes to allow refrigerant in
system to stabilize. :

45
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* EVARORATOR

X1774 AlR CONDmONED CAB FOR WlNDROWER

Fig. 60 — Atr Condmonlno Syatom\For Farm Macmnoa wnh Caba

- CHECKING SYSTEM FOR FULL CHARGE

. Use the test gauges ‘and the slght glass (if
equipped) for this test. See page 65 for lnstalllnd
,9auges.

2. High aldo or head pressure will normally read
from 150°to 270 psi (1035 to 1860 kPa), depending
upon ambient aif temperatures and the type of unit
tested. (S¥e chart at right.)

3. The si& t glass (if equipped) should be free of
bubbles (&Hter system has been operating for a few
minutes).

4. Low side pressure should read from 7 to 30 psi
(80 to 210 kPa), again depending on the air
iomperatures and the unit tested.

5. It is impossuble to give a definite reading for all
types of systems, as the type of control and

" component installation will influence the pressure
readings of the high &nd low sides. _

6. The high side pressure will definitely be affected
by the ambient or outside air temperature. A system
that is operating normally will indicate a high side

gauge reading between 150:170 psi (1035-1170
kPa) with a 76-80°F (24-27°C) ambient tempera-
ture. “The same system will register 210-230 psi
(1350-1585 kPa) with an ambient temperature ot
100°F (38°C). No two systems will register exactly

. the same, 80 allow for variations in head pressures.

e
> 4

L4

CHECKING RELATIVE TEMPERATURES AT HIGH °

AND LOW SIDES OF SYSTEM

t The high side of the system should vary from hot

cOmpressor disoharge valve to warm at expan-
sion valve. A difference in temperature will indicate
a partial blockage of liquid or gas at thig point.

~

< Ambient Ton¢

46
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- inspeoction

EVAPORATOR

DITIONED CAB FOR FARM COMBlNE
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PRESSURE- TEMPERATURE CHART

e ——— “ tmerp e oo

Normal High Side Pressure

80°F (27°C)  160-170 psi (1035-1170 kPa)
90°F (32°C) “175-195 psi (1210-1345 kPa)
96°F (35‘10{\48.5-205 psi (1275-14 15 kPa)
100°F (38°C) 10-230 psi (1460-1585 kPa) -
105°F (41°C)  230-250 psi (1585-1725 kPa)
110°F (43 C) 250-270 psi (1725-1860 kPa)

e J— W e . . PR e s

‘ &

N

The low side of the system should be uniformly coo/

to the toucl with no excéssive sweating of the ~

\
suction line or low side- service valve. Exces-

" give sweating or 1rostin& of the low side service

valve usually indicates the expansion valve is al-
lowlnq an excessivé amount o' refrigerant into the

~ evaporator.

CHECKING EVAPORATOR OUTPUT

If all the above inspgctions have heen performed
cgre'ully and components have been found to
operate okay, a rapid cooling of the cab interior

. should resuit.

The use of a thermometer is- not necessary to
determine evaporator output, but its use is left to the
discretion of the serviceman. Bringing all units to
their correct operating specmcahons will insure that
the evaporator performs as lntended

N CONTINUING PERFORMANCE TEST

’16

it further tests are needed, see ‘'‘Performance
Testlng The Systbm" on paoe e7.

FOS — 67 Litho in U.S A
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TEST YOURSELF

QUESTIONS

. "What is the normal range tor low side prooapro in

the system? Y

2. Filhin the normal high side prouuro ranges ln the

chart below.
Ambient Totnp Normal quh Side Pressure

3. Match the temperatures below with the compon- j
ents listed.
\
System Component
1. Expansion valve

. Normal Temperature

a. Hot to the touch
2. Low side suction line b. Warm to the touch

3. Compressor dlaoharoo c. Cool to the touch -
valve

* 80°F (27°C) ’
80°F (32°C)
96°F (36°C)
100°F (38°€)
106°F (41°C)

" 110°F (43°C)

(Answers on page 69.)

‘ros-sr S Litho

N

inU.SA.




47

COMPRESSOR

|

XYy COMPRESSOR
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DIAGNOSING THE SYSTEM/PART 6

Hot Air Out

EXPANSION

VAk‘E

Fig. 51 — Basic Air Conditioning System For Farm Or Industrial Tractor With Cab

INTRODUCTION

Part 8'is divided into three sections.

. Troubh'_ohootlng customer complaints
* Diagnostic chart *
* Flow charts for diagnosing the system

Troubleshooting Customer Complaln\s

_ The t.ollowlng charts are offered as an aid in
troubloahoofino all kinds of air conditioning systems.

All complaints -in this section fall into three main
categories: , N

¢ Electrical
* Mechanica!
* Refrigeration

An inspection will tell which of these categories the -

auspected trouble falls under.

In many cases, a problem that cayses an air

© conditioning system to malfunction requires little
time to check out and repair. These possible causes
should be the first to be examined and corrected.

18

For example, @ complaint will likely be that the air
conditioner prodiices -no {coolin‘?. Before installing
pressure gauges, take time to check a few possible
causes. Go to the troubleshooting chart on the next
page and review the Causes for System Producing
No Cooling. .

It electrical components are operating, the causes -
under “§leotrl¢al" can be eliminated. You may want
to check for a burned out or disconnected clutch coil
and solenoid, @xcessively burned electrical switch

contacts in the thermostat, or defective sensing .

element. o

\ .
Next. check for “Mochgnical(“ broblems‘,lhat could
be inspected and repaired without attaching the
pregsure gauges — line_q 1 and 2. These can be
examined and corrected, it necessary, with little

difficulty. Lines 3, 4 and 5 require installing the

gauges. - Co
In this. example, it would be appropriate to next
inspect for refrigeration-related problems, in the
next section of the chart, that require the least
amount of time to inspect and repair. Lines 1 and 2
under Causes fit this requirement, ‘

FOS -— 87 Litho in USA. |
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It the problem is not discovered after inspecting these possibilities,
“it'will be necessary to install the pressure gauges. The remalning

“‘Mechanical’ and ‘'Refrigeration" problems may then be examined
using pressure readings as a guide.
By using this type of logic to troubleshoot air conditioning systems,
many problems can be repaired in a minimum amount of time, First,
eliminate the possible causes of problems that are easi®st to check

TROUBLESHOOTING CUSTOMER COMPLAINTS

Trouble cause
I. SYSTEM PRODUCES Eloctrlca‘l

NO COOLING 1. Blown fuse. -

&

2. Broken or disconnected elec-
trical wire.

‘3. Broken or disconnected ground
wire.

T

. Clutch coil or solenoid burned
out or disconnected.

6. Electric switch cc_)ntacts in ther-
mostat burned excessively, or
sensing element defective.

6. Blower motor disconnected or
burned out.

Mechanical
A ( | 1. Loose or broken drive belt.

2. Compressor partially or com-
i _ pletely frozen.

_and repair. Then, it the problem is not discovered, attach the

&

pressure gauges and check the other possible causes of the
problem. If none of the symptoms listed are détected, use the flow
charts (beginning on page 56) for a systematic diagnosis of the
entire system. Remember, this troubleshooting chart is a methodiocal
procedure to locate the source of a problem. The Flow Charts for
Diagnosing the System give a systematic examination to determine
what the problem is and how to repair it.

Indications

. Electrical components will not

operate.

. Electrical components will not
operate.

3. Blectrical components will not

operate.

. Compressor clutch or solenoid
-inoperative.

. Compressor _clutch inoperative

(applies to units having thermo-
statically controlled recycling).

. Blower motor inoperative.

N
. Visual inspection.

. Compressor pulley slips on belt

or will not turn when clutch is
engaged. :

?

1. Replace fuse.

4 .
2. Check all terminals for loose

co_nnec!ions; check wiring for
hidden breaks.

3. Check: ground wire to see if
loose, broken, or
nected.

4. Check current flow to clutch or
solenoid — replace if inopera-
tive.

5. Replace thermostat.

T
6. Crrgck current flow to blower
motor .— repair or replace if
inoperative.

1. Replace drive belts and/or
tighten to specifications”

2. Remove comprassor for service
or replacement.

discon- -
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TROUBLESHOOTING CUSTOMER COMPLAINTS —Continued

Trouble _

“1. SYSTEM PRODUCES
- NO COOLING —
Continued

4

W. SYSTEM WILL NOT
PRODUCE
SUFFICIENT -
COOLING

51

1

!

J

Cause

3. Compressor reed valves inoper-
ative. :

4. Expansion valve stuck in open
position.”

5. Expanéion valve stuck shut. .

Refrigeration

1. B.ro_ken refrigerant line.

2. usible plug blown (does not
apply to all units)..

3. Leak in system.

4. Compressor shaft seal leaking.

4

5. Clogged screen ‘or screens in
receiver dehydratot or expan-
~ sion valve; plugged hose or coil.

-
-~ ]

Elogtrlcal

- 1. Blower motor sluggish in opera-:

tion.

' Indlcations

e

3. Only sllght variation of both
gauge readings at any engine
speed.

4. Head pressure normal or high,
suction pressure high, evapora-
tor flooding.

5. Head pressure low, suction
pressure low.

1. Completé loss of refrigerant.

2.“"omple!e refrigerant loss.

3. No pressure on high and low
gauges (applies to any system
having complete loss of refrig-
erant)

4. Clutch and front of cbmpres}rv

oily; system Iow ‘or out of refrig-
‘erant.

5. High gauge normal or may read
high. Low gauge usually shows
vacuum oOr. very low pressure
reading Frosting usually occurs :
at point of blockage.

1. Small displacement’ of air from
discharge duct; blower motor'
possibly noisy.

a

L E AR TR

Remedy

s Nk e T Te R TR RS R A L

3. Service or replace compressor
reed valves.

4. Replace expansiori valve.

-~

5. Replace expansion valve.

~

1. Examine all lines for evidence of
breakage by external stress or
rubbing wear.

2. Examine fusible plug ——Tt bt/wn.
replace with correct plug. O

3. Evacuate system, apply static
charge, leak test system, and
repair leak as necessary (see
pages 83 and 88).

. Replace the compressor shan
seal

N v

5. Repair.as necessary.

- NOTE: After completing repairs of

any above, system must have
dehydrator replaced, evacuated,
and charged. '

1. Remove blower motor for ser-
vice or replacement.
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TROUBLESHOOT'NG CUSTOMER COMPLAINTS Conﬂnued

Cause

. SYSTEM WILL NOT
PRODUCE -
SUFFICIENT

, COOLING —
Continued

\\ ’
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Indlcations

Ty S

3 A At R B 7 R T

Mechanical

1. Compressor clutch slipping.

2. Obstructed blower discharge
passage.

a

- 3. Clogged air intake filter.

4. Outsidé air vents open.

’

6. Too little air circulation over
condenser coils; fins clogged
- with dirt or bugs.

6. Evaporatbr cloogeb.

R_'ofrlgoratlon

" 1. Too little refrigerant in system.

RS NCE

3 g R R T

). Visualfianection.

- 2. Blower operates at high speed
but air displacement very small.-

4

3. Too little air displacement by
blower.

r

4. Too little cooling at high ambient
temperature.

5. Too'llt]e cool?nq at discharge

outlet; excessive high pressure

gauge reading; engine tempera-
ture usually excessive.

{ 8. Fins clogged with lint, dust, or

coated with cigaret‘te tars.

1. Bubbles in sight glass; high
gauge ‘readings excessively
low.

Remedy

Sl B T 3

1. Remove clutch assembly for
service or replacegpeht.

2. Examine entire discharge pas-
sage for kinks, waddings, or
failure to open passage during
installation. Correct as neces-
Sary. '

3. Remove air filter screens and
service or replace, whichever is
necessary. '

4. Close air vents (adjust ceatrols
if necessary). |

NOTE: Some owners must be in- -

structed on importance of keeping '

air vents closed when air condition-

ing unit is in operation. ‘

5. Clean engine radiator and con-
denser. Install heavy duty fan,
fan shroud, or reposition radia-
tor and condenser, whichever is
necessary.

6. Loosen, pull down, and clean
with compressed air. Use clean-
ing snlvent to remove cigarette

tars. %

1. Rocharg xptom untit bubbles
disappoar Qauge readings
stabilize to Qt;iﬂcatioﬂa (soe
page 69). 5

\
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TROUBLESHOOTING CUSTOMER COMPLAINTS— Continued Sy
o Trouble . © Cause = - Indications Remedy '!) -
N ii. SYSTEM WILL NOT | Refrigeration — Continued t . T L '
b ;:ggl%?EENT | 22 Clogged screen in expansion ) . Gauge pressures may be normal . Bleed system, remove screen,
© COOLING — , §hva!ve. ) ' or may show sslightly increased }i clean and replace (see page
! : head pressure and low suction |  ©6).
. | Continued - _ .
: A presaure; discharge output tem- \ "
. ' perature higher than specitied. '
| : . ' -
'; 3. Expansion valve thermal bulb | -3. Excessively high or low gauge . Bleed system; replace expanh-
; has lost charge. ) readings; may cool in excess or gion valve.
| : ~ not enough. -
{ K
u ’ .
4. Clogged screen in receiver- . High pressure gauge -usually . Bleed system; replace receiver-
drier. . e higher than normal; low *pres- - drier.
. sure gauge lower than normal; .
Y receiver cold to touch and may
&
| ' 4 ~ frost. ’
#
S " 5. Thermostat defective or im- . Low gauge reading high; clutch . Adjust‘or replace thermostat.
properly adjusted. ) cycles at too high a reading.
(G i . - - .. e e e et ._.______.‘..__W,._.
g
» -
N « ’
'n\
o) .
7] . .
| T -
Q ) '
A .’ | .
P
. , Q-
]
~ ‘ g
(o > © 0
' ) 5 \) . . 56‘:‘ - g.
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2 TROUBLESHOOTING CUSTOMER COMPLAINTS —Continued

i

o

o | Troublo. .
2 . SYSTEM COOLS
- e INTERMITTENTLY_

~

3

3

3

<

w

>,

]

s~y
2 {

Refrigeration

v
"’

Cause

ﬁloctrlcal

. Detective ’ircmt breaker, blow-

or switch, or blower motor.

:

2. Partial opéen, improper ground,

or loose connection in compres-
sor clutch coil or solenoid.

Mechanical

. Compressor clutch slipping.

)

|. Unit icing up may be caused’by

excessive moisture in system,
incorrect super heat adjustment
in expansion valve, or thermo-
stat adjusted too low.

2. Thermosdtat :ief;active.

. Indications

1. Electrical units operate intermit-

tently.

2. Clutch disengages® prematurely -

during operation.

1. Visual lnspect'ion; operates until .

. head pressute builds up (as
viewed on high pressure gauge)
at which time clutch begins
slipping; may or may not be
noisy.

1. Unit ices up intermittently.
NOTE: Any unit will ice up under
certain conditions of refrigerant
temperature, humidity, and ambient
temperature. ' .

2. Low side pressure may be low
or -excessively high; adjust-
menis will not correct.

Seamiy o

. Remove defective part for ser-

vice or replacement.

. Check connections or refmove

clutch coil or solenoid for ser-

vice or rpplacementJ -

. Slippage over a prolonged per-

iod will require that clutch be
removed for service; may

require readjastment for proper

spacing.

-

. Replace expansion valve; re-

place dehydrator it  excess
moisture ‘present; adjust ther-

‘mostat.

¢

2. Replace thermostat.

Remedy .

rd .

(4 |
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Trouble

R e TS SN ST NP

. SYSTEM TOO NOISY

ot
N
'r

59

)

cause

T YA 0 2 ATt

Electrlcal -
Defective winding or improper
connection in compressor
¢lutch coil or solenoid.

Mechanical
1. Loose or excessively worn drive
belts.
2. Noisy clutch,
”fl)

3. Compressor noisy.

4. Loose panels.

5. Compressor oil level low.

6. Blower fan noisy;_ excessive

wear in blower motor.

7. \dler pulley and bearing defec- |

tive.

Refrigeration
1. Excessive charge in system.

2. Low charge in system.
3. Excessive moisture in systém.

4. High pressure é‘e"ce valve
closed.

TR R TR T T EP XX

~TROUBLESHOOTING CUSTOMEFtiOMPtmNTS:—"Ctmtinued e

B SR S N S U U

Indl(‘ahons

iennn mrm i sae & it 4 m ot — [N S

Remedy

TR T I T T QNI B BT AT AT T I 1L R R S T AT o c &

1. Visual inspection; solenoid or
clutch vibrates.

1. Belte slip and are noisy.

2. May or may not slip; noisy when .
engaged.

3. Loose mountings; worn parts
inside compressor.

4. Excessive rattles during opera-
tion.

6. Compressor noisy and lower
portion hot to touch. »
8. Blower motor noisy. '

7. Whining or growling noise during
operation; pulley has rough feel
when rotated by hand.

1. Rumbling noise or vibration in
high pressure line; thumping
nc_)ise in compressor; excessive °
head pressure and suction pres-
sure; bubbles in sight glgss.

2. Hissing in evaporator case at

expansion valve; bubbles or

. cloudiness in sight glass; low

head pressure.

3. Expansion valve noisy; suction
pressure low.

4. Compressor has excessive
_knocking noise; high pressure
‘gauge reads above normal.

ez A B PAK AL N LR R

b

. Replace or repair as necessary

v

-

b

. Tighten or replace as required.

2. Remove ¢lutch tor service or
replacement as necessaty.

3. Check mountings and repair;
remove. compressor for service
or replacement.

4. Check and tighten all panels,
hose holddown clamps, or rub-
bing or vibrations of hoses or

_ pipes.
Fill with correct spacified oil.

o

. Remove blower motor for ser-
vice or replacement as neces-

sary. . -
. Replace bsearing; inepecQ idler
and pulley ‘as may be worn
excessively.

N‘ .

~ 59, StepC). .

| 2. Check gsystem tor leaks; charge

. Discharge excess refrigerant
until high pressure gauge drops
within specifications‘(see page

b

system (page 83).

~3—Replace dehydrator; evacuate
and charge system.
4. Open-valve mmedrately.

!
]
¢

.

eg
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54 Oingnosis
> DIAGNOSTIC CHART _ -
~ ) . :
The dhaqnostic chart can help to understahd how . Usethe ngubleshomlno Charts and the Flow Charts
difterent ‘conditions can atfect the entire system. For Diagnosing the System to locate the source of a
The char\ gives symptoms that normally are problem and systematically examine and repair the
associated with the conditions that are listed. problem.
¢ : 9

 DIAGNOSTIC GHART FOR AIR CONDITIONING SYSTEM

Low High Slght' Suction Recelver- Liquid Discharge ] Discharge
Condition Side - Side .
Glass Line Drier Line Line Air
Pressure | Pressure ) R
. | LACK OF R-12 - Very Very Cloar Slightly S‘Nghlly Slightly . Slightly ‘Warm
low ' tow cool warm warm warm | o
' . warm ’ .|, Warm Slighlly
LOSS OF R-12 Low | Low Bubbles - Cool 1o hot Warm o hot cool
COMPRESSOR ' ‘ o _ sughny
EAILURE High Low ) Clear Cool Warm Warm _ YVnrm . cqol
’ . . Clear to Slightly
CONDENSER . . :
MALFUNCTION . High _Hugh bccasional cool to Hot Hot Hol\’ ] Warm
bubbles warm R ) i}
' . Cold —
EXPANSION . - ) . .
VALVE STUCK High . High or Clear swemlf\g warm Warm Hot + Slightly
- Normal ’ ordrosti s cool
OPEN -
heavily o RS
N S Cold — }.

" EXPANSION . I sweating . Shightty=
"~ VALVE STUCK @ Low Low Clear ' ~-Lor trosting Warni « Warm Hot cooll i)
CLOSED . ‘ n heavily at i . -

, i K « {valveinlet | _ o
RESTRICTION : - - .
BETWEEN ] w W .1 ~Cool.or Cool or Hot to Stighlly ’
CONDENSER AND ~Low tow | Clear Cool ‘sweating .| sweating point of cool * ™
EXPANSION J or frosung or frosting | restriction .
VALVE : . /

' - + . . . . - - R o -~ P _ —_ S - - . - P - - v - - -
RESTR!CTION . . .
BETWEEN ' High oy I"{ Clear (Szggmg Warm or | Warm or Hot Warm
COMPRESSOR o e e ’ o hot . hot _
AND CONDENSER or fow o M N
. . . Cool
Gool . ' ,
NORMAL . Normal | Normal | Clear ‘possible Warm warm Hot (specification
light sweat a3, o on
. . : ‘ _ B Page 62)
A . ' | S
N

QO 0S—67 Lifkoin USA. Y
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/
FLOW CHARTS FOR b!AGNOSING THE SYSTEM After installing the gaug (page 66), determine
hat the normal pressute should be. Normal
The following charts are desighed to acquaint the air w pr gi should '

coridmonlng technician with gauges as diagnostic

instruments. temperature (see discussiomand chart on page 485).

If pressures dre not normal, fefer to the appropriate

flow chart that Thatches the gauge readings:

« Condition No. 1 LOW SIDE — low or vacuum, HIGH
SIDE — normal or low (page 56).

o Condition No. 2 LOW SIDE — normal or hiqh HIGH
SIDE — High (page 88).

« Condition No. 3 LOW SIDE -— normal, HIGH SIDE
— normal; system still not providing sufficient
cooling (pagé 61).

preasures will vary dopo‘sding on the ambient

However, before attaching the pressure gauges,
makeo 8 other problems that are easier to repair,
. have been checked tirst. See the discussion on
Troubleshooting Cust'omer Complaints on page 47.

If the gauges must be installed (see page 65 for -
. installation procedure), and the problem is not
o discovered uaing the charts on the preceding pages,

use the following flow charts to determine the cause

of a malfunction. Each flow chart begins with an low (page 64).

abnormal pressure gauge reading that could be NOTE: For more specific diagnostic procedures,
oxpécted it the air conditioning system operates " follow recommendations and spetifications from the
improperly. manufacturer as provided in the E&Q@al manual.
CONDITION NO. -1
‘o .
LOW SIDE MW OR VACUUM HIGH SIDE NORMAL OR LOW

AMBIENT
95" F
(35°C)

MANTFOLD

1A )
V:\I_\;é)_” . - HAND
o
~ (U
o~
X7788 -
FROM LOW SIDE FROM HIGH SIDE
SERVICE CONNECTOR SERVICE CONNECTOR -
Fig. 62 — Condition No. 1 '
INSPECTJON ) | REPAIR
LOW SIDE — Low or vacuum
. HIGH SIDE — Normal or low ' . , _
Step A. Check for: StOp A. : _ !

. . e b . Clean or repair.
» inoperative blower motor . 2 Recheck pressure. If no ch’anoe go to step B,
o dirty air filter _ lNSPECTION

FOS — 87 L#tho in U\S.A.

. ” L
6’. . . ) .
2 t ! ‘
+, v L. s ‘ i .. ! .

» Condition No: 4 LOW SIDE ~— -high;, HIGH-SIPE —- - -
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56 Diagnosis ‘

INSPECTION

- Step B. Chegk for restrictions:

* between condenser and receiver-drier
’

* at receiver-dgier

* between receivd(-drier and expansion valve

e at expansion valve

1l

A\l

) Step C. lnépect évaporatar outlet pipe for frost.

Step D. Check pressure readings. \

Wl

Litho in U.S.A,

N
l ’ | i .
.
e ] . .

N

REPAIR
Step B.

1. Remove thermal fuse (if sb equipped) from clutch
lead. :

.2. Connect a jumper wire between power and clutch

terminals to test thermal fuse.

3. Replace tuseint is taulty,

4. Operate enginfe at 2000 rpm, with compressor
- operating for three minutes. Blower on HIGH.

5. Check for frost on upper end of expansion valve

=~ justbetors the valvé outlet connection (see Fig.

57). &

o If frost is present, proceed to line 6 of step B, k)
REPAIR.

e It no trost, go to step C, INSPECTION.

6. Inspect line from condenser to expansion valve
for frost or temperature change (temperature
change indicates a restriction).

* It frost or temperature change is present, repair

restriction and recheck pressure.

s |f no frost, or temperature change go to step E,
INSPECTION. -

Step C. ' L TN

« It frost is present to go stap D, INSPECTION. ¢

e If no frost:

1. Inspect the lines between evaporator and
compressor for points where frost starts to
accumulate or temperature changes. A slight

temperature change usually ifdicates a restric- .

tion.

* i frost or temperature change, repair restriction
and recheck pressures.

* It no frost or temperature change, go to step E,

INSPECTION.
Step D .
. With compressor OFF, open vehicle doors for
three mtnutes o

2, Close doors, start engine (2000 rpm), compres-
sor ON for two minutes.

* If pressures are normal; there appears to be
moisture in the system.

* If pressure is low, 9o to step E, INSPECTPON.

63

S

e



. / ' ° | &qnonll 87
INSPECTION ' " REPAIR

Step E. ‘ . Step E.

Check for partially clogged inlet scroeﬁ on expan-
sion valve or low gas charge ln thermal bulb.

[ e xpansion vauve EXPANSION VALVE " 2. Remove expansion valve inlet.screen for inspec-
: tion (Fig. 63),

J

-

1. Discharge syé_tem (se‘é page 85).

* If screen is dirty:

| scaeen 1. clean screen and reinstall.

2. flush line between feceiver drier and expan-
sion valve. :

— -3 install-a-new-raceiver-degr- - - - — - mm————

7.
7 N )

e 53 inamacy et Saracs T 4, Add appropriate amount of _refrlgerant oil. *
f * |f screen is not dirty: .
. 1 s .
. ; . 1. replace expansion valve. .
/ 2. do not replace receiver-drier unless it is
N ‘ more than two years old.
PR

3. Connect all components and purge system (see
page 87)

4. Evacuate system (ge page 88). v

5. Charge system with Refrigerant- 12 (see pagé
90) , ; —_—

64 : FOS — 67 Litho in U.S.A.
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! A

CONDITION NO. 2 \_

HIGH

LOW SIDE  NORMAL OR HIGH HIGH SIQE

AMBIENT
95° F
(35" C)

MANTFOLD

A Y
HAND HAND
VALVE T <4—— VAL VL
’ CLOSED CLOSED
/ F
\__/ \_/
. [}
AL FROM LOW SIDE FROM HIGH SIDE
SERVICE ,CONNECTOR SERVICE ‘CONNECTOR
Fig. 564 — Condition No. 2 o .
INSPECTION REPAIR , [~
IDE — hi \ ’ w : o
LOW SIDE — Normal or high g ‘ v — . .
HIGH SIDE — High ; ] : . -
NOTE: No bubbles in sight glass.
IS [ ] .
Step A. Check for restricted air flow through - Step A. Clean out condenser or radiator (Fig. 55).
condenser or radiator, < Then check pressure gauges. If no change, go to

step B, INSPECTION.

/
i m Fig. 65 — Clean Condenser And Radiator . . . :
o FOS — 87 Litho in u.,s.A\\ o ) - 55 ’

IToxt Provided by ERI
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. ) Didgnosin 69
L Q ‘ »
INSPECTION : " REPAIR
Step B. Check for l100se or corroded thermal bulb. Step B.
. | 1. Repair. -
‘ o 2. It not loose' or corrodea, go to step C,
. ® » : _INSPECTION. a | ’
Step C. Check %or system overcharged with Step C. C . K/ ‘
K Refrigerant-12. ‘ '
_ : . |. Compressor operating, engine at 2000 rpm.
’ DISCHARGE SERVICE ,
. - VALVE (HIGH SIDE) jre 2. Open low side manifold gauge valve to discharge
SUCTION SERVICE -
= ) Refrigerant-12 at a slow rate from the center
. VALVE (l_ow SIDE) _ - | OREN, g{ i J;CL SED, shose of the mamfold (Fig 66)

3 Observe sight glass until bubbles appear. Then
close low side valve.

4. a. lf ‘pressures are normal, add Refrigerant- 12
until fully charged (see page 69 for
procedure). Then go to step D, INSPECTION.

COMPRESSOR T+ T ) .
b. If high side pressure is high, connect™ hose to
Fig 56 -—-Diacharge R-12 From Contor Hose ’ a can of Refrigerant-12. Tie open end of hose .
to thermal bulb (Fig. 5§7). Open valve on can of
Refrigerant-12 1% turn. Invert can for 10-15
seconds. Close valve and observe low side
“pressure gauge for a decrease-in pressure.

" CAUTION: Wear goggles and stand on opposite
‘side of vehicle to avoid contact with_

EVAPORATOR  EVAPORATOR liquid Refrigerapt-12. ¢ - v
|| OUTLET PIPE « It pressure did not decrease, go to step D,
Ce INSPECTION. .
* It pressure did wde‘crease, skip to step E,
INSPECTION. .
S{PANSION \ (
EXPANSION
ALVE VALVE OUTLETY
CONNECTION "
Fig. 57 — Tie Hose From R-12 To Tharma! Bulb ’ . ' | .-
Stop D. Expansion valve is stiok}ing Replace QopD /\ o
expansion valve. _ . Discharge system (see page 85) :

-

2. Remove expansion valve inlet hose and remove
screen for inspection.
. e |f screen is dirty:

I
1]

1. flush line between receiver-drier and expan-
sion valve.

~ - .
1Y .

” . s "'\ ' 7
. - 1 5‘6 . FOS — 67 ° - . Litho in US.A,

.....



60 Diagnosis

!

INSPECTION

Step D. (continued)

¥

)

Step E. Check for expansion valve intermittently

stiocking open or for air in system.

. EVAPORATOR

§ EVAPORATOR
QUTLET PIPE

Fig. 58 — Warm Up Thermal Bulb With Hand

Step F. Remove air from the aystem.

T Litho In U.SA.

N

REPAIR

Step D. (continued) . °

- “p ' P

2. replace receiver-drier.” o
3. add. .76 0z. (22 mL) of retrlgerant oil @ee o ‘Q
page 73-74). ) !

* If screen is olaan de"ﬁot replacé recéiver-drier.
unless it is more than two years old. >

3. Install a new expansion valve and Gonnoct all

-.4. Evacuate_system_ (see_paggs_aaég), S

components

69).

5. Charge sysfem with Refrlgefant 12. ?ee page
) B
¥ N .

Al

8. Recheck presg‘ures (see chart on page _45).

Step E.
1.

&,
Remove thérmal bulb from outlet pipe of
- evaporator. N i

»

Piace bulb in paim of hdnd and close ﬂnoersf
arouhd bulb to warm it for one” minute (Fig. 68).

. Check gauges for lncreaée in p(essure

Reattach bulb after testing orﬁrepalr

5 Repeat procedure from step C, line 4b REPAIR.

2 Y

-

* It ptessure increases aﬁef line 3 g__gdecreases g
after liné 6, go to ‘step F, INSPECTION. -

* It pressure does not always change, go back to
step D, INSPECTION. '

A

Step F.

1.

Discharge system (see page 85).

2. Evacuate system (see pages 88-89).

Charge system with Refrigerant-12 (see paoe
69).

. Recheck prLssures.
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HIGH SIDE — Normal |
NOTE: Although pressures are normal, system still
may not provide eutticient cooling.
Step A. Run engtne at 2000 rpm for at least ten-
minutes.
Operate compreeeor-.\

Inspect low side line from evaporator to
compressor for frost.

Step 'B. Check temgerature 'arop.
“ - - 1.
' . 2.
? '3,

- \ o . K} i » " i;:& ':“:r_ ‘ 1. . v
. .'{; . 3 L -
3 3. K \ . &
S y % ¥ , ,
_ - . v ! Diagnosis 61
N PR ' Ty N . .
"’}&} I ! " " -
CONDITION NO. 3 : <
- I;'
‘. & . ’l . . |l
¢ . . e N
" LOW SIDE_NORMAL - Ry HIGH SIDE NORMAL
“ . AMBIENT %
. v3° ¢
‘. o
- ’\ °
A
HAND L HANU
o VALVE —™ “ fa— YALVE
. -'r.‘;.} CLOS;&D ! 5 CLOSED
Y s . ! ' Y qr;x" R | 3
5 SN Y (e ;
X7795¢ e - FROM LOW SIDE _ FROM HIGH SIDE . *
. S _ SERVICE CONNECTOR _SERVICE CONNECTOR -
3 ! . ~
2 _ v
' Fig. 59 — Condition No. 3 \ T 3 .
INSPECTION * REPAIR _—
. LOW SIDE — Normal .

H 4
- A
A 1

Step A. -
* If frost is present, inspect thermal bulb. If loose

i .
»~

or corroded, repalr — then go to step B,

INSPECTION. .
+ If no froat, go to step B, INSPECTION -

N

Run engie ‘at 2000 rpm and operate compree-
8sor. .

ewttoh at HIGH (Fig. 60) .

_After at least 20 minutes of operation with doors
closed, note air duct temperature.

See fhext page for minimum specification.
FOS — 67.

-
.+

e

Place thermometer in blower air duct with blower .

Litho in U.S.A!
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v
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682 Diagnosis o

INSPECTION

, 'op B. (continued)

\ -
. THERMOMETER CONTROL SWITCHES .

e
AR DUCTS
Fig. 80: —Place Thermometer lggNr Duct

L

Fig. Si — Crimp Heafer Hose Shut

W
"+

_ $top D. If no leaks are/ound in step C, lagk of
cooling . could be caused by dirty components.
Check the following: .

. recurculahng filter’

« blower air duct and fan cage

¢ condenser

o radiatoc.
~ + evaporator

+

Step E: If co onents in step D ‘were not  dirty,
check for terni} erature change in high side lines.
. -
s L] )
) 7 ‘ - /
T '»s—-sr . Litho in U.SA. . S
:‘i, EMC . o & :9\ '- T - _‘ . -'_U

. .H:.;:L-A... L N T S

) Sfop C. Check deors, windowé, ando seams for
i leaks. Q{g ) .

Q
REPAIR
Step B. (continued) -
3. Minimum specification: ,
. _ ‘
Ambient Temp. -Air Dugt Temp.
- below 76°F (24°C) ﬁ (-7°Cy
76-90°F (24-32°C) - 5°F (-4°C)
above 90°F (32_°C) 30°F (-1°C) «
. I within speclﬁcation Qo to step F, IN-
SPECTION. . |
Lt -not--within-- speeuﬂeaﬂon 9o -to- next—part—d— ———— S
" REPAIR. - S
4. Use two flat washerp to crimp a heater hose shut
with locking pliers (Fig. 61) '
5. Repeat temperature drop check as in step B, 1 3
‘REPAIR. _
* If within specification it means that either the
heater valve is leaking internally or the heater
hoses are reversed. _ “
Repair either condition then again repeat’
temperature drop check in step B, 1-3 REPAIR.

* If not within specmcation go to next sfep C A
INSPECTION. - . : t
Step C. Repair any leaks and repeat temperature ' .

drop check in step B, 1-3, REPAIR. '
tep D. Clean dirty components and repeat te r-
ture drop check in step B, 1-3, RERAIR. %
) 4
_Stop'E '
1. Run engme at 2000 mm with compressor ‘
operatmg ! y

Q‘. ) N .
.
o
. ..
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T ‘ , . . Dhgn;)sla 83
) INSPEETION . h REPAIR
- Step E. (continued) . , Step E. (continued)

. 2. Feel along entire length of high side line (Fig. 62)
from compressor to expansion valve for change

* in temperature. Always check for a temperature
“ change in the normal dlrecNon of Refrigerant-12

flow.

'NOTE: Tubing may be dented, kinked, or internally
blocked, restricting flow of Refrigérant-12.

CAUTION: High side line is normally hot.

T
- e R
[ e

CONDENSER '

4

s No temperature dr\i‘ange means no restriction —
9o to next step F, INSPECTION.

* ifa temperamre change, repair restriction, then
recheck pressures (see or?rt or page 45).

RECE{VER-DRIER -

-
e

X7798

, Fig. 62 — Feel Along High Side Lines

Step F.,'Chpo:k clutch cycle time. . . Step F. See manufacturer's technica! manual for
' ' : testing procedure. C

i the system checks out to be normal at this step, but still there is"a lack of cooling, suspect that there is
moisture in the system See page 11 for mstructions o removmg moisture from system. :

N I

LIS
)

S S A o © . - FOS—87 . 'LithainUSA.
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CONDITION NO. 4

LOW SIDE HIGH

MANIFOLD

2adg

HIGH S1IDE Low

AMBIENT
95° F

HAND HAND
VALYE —* - VALVE
CLOSED CLOSED
\J \_/
%7799 FROM LOW SIDE FROM HIGH siDE  / T
: SERVICE CONNECTOR SERVICE CONNECTOR : -
m .

Fig. 63 — Condition No. 4

INSPECTION
LOW SIDE — High

HIGH SlDE — Low -

Stop A. Clutch not engaomq or belt slipping.

.Stop B. Clutch slipping.

-~ TEST YOURSELF

,(Anawors on page 99) o
'")s — 67 . . - Litho.in U.S.A,

- )

s e £7.

QUESTIONS

1. It the air conditioning system produces: no
cooling, generally what types of possible
causes for the problem should be lnapected
first?

2. List at least four symptoms that would be

associated with an expansion valve stuck open.

- It the expansion valve is sticking open, the
low side pressure would be -
and . the high side pressme would be

N

REPAIR

Step A. Repair and recheck pressure.
Step B. Repair

NOTE: Repair requires dlscharging, evacuation and
charging.

"l

=

¥
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¢ .. TESTING AND ADJUSTING THE SYSTEM/PART 7

The tollowmg operational checks and adjustments are performed when testing the system and bringing it to
best efficiency. These procedures begin with connecting the gauges into the system and carry the serviceman
through adjustment of various controls. For repairs to the system and actual test readings; refer to the
manufacturer's Technlcal Manual. After repairs, always give the system a Performance Test and make the
necessary adjustments as given on the following pages.

[ . - . I —{_ .

INSTALLING GAUGE SET TO CHECK SYSTEM OPERATION

Follow these steps any time it becomes necessary 1o install test gauges into the system. The service
procedures on the following pages require that the gauges be installed into the system. Use only the steps
here that ate necessary to perform the particular procedure. CAUTION: Put on a face shield before starting
this operation — refrigerant can blind. .

’ Procedure . . .- . Information,. .
1. Remove high and low side service valve stem 1. Use correct size wrench on melal caps.
caps.
| _ 2. Use pliers on plastic or aluminum caps if
necessary.
L ® CAUTION: Dp not break caps.
. ’ . .
2. Remove high and" low side service connector 1. Remove caps slowly in event refrigerant is

“leaking past valve seat or Schrader valve.

seav:ce VALVE ' ' -

» o (LOW SIDE) . ,

: . ; NOTE: Many units have omitted one.or both shut-off
valves and use a Schrader valve in the connectorsto ~
retain refrigerant during operatlon Use a Schrader
adapter for this type of connector ’ S :

“

DISCHARGE
RSERVICE VAL VE [Yh
(HIGH soe)  £Y ’
- Flg 84 — Locaﬂon Ot Service Valve Caps . «
(Axial Compressor) . _ & -
) 3. C_ohnect service gauge hoses to service connec- REMEMBER: _ s e o ) r
tors. Y _ .
‘ a. MHigh side .service valve connects to condenser.
L. ] < -
. b. Low side service valve connects to e\?aporator
P NERN
\ ' : R * A k‘y
. Py . , - ¢. High alde hose below hngh pressure oauge..
. w
o ' , . | | S d. Low side hose below low preasur.e oauge.
) | ~ ey FOS — 57 Litho in U8.A¢
B ‘ - . 4 < LA IR ) : )
. . o
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]
. Procedure Information

1. Close service gauge manifold hand valves.

2. Connecthoses from gauges to connectors finger

~ tight.
Fig 65 - Furst Idenuty and Connoct Test Hose | o _ e
T T T T T o Righ Side OF Syatom :
4. Mid-position service valves. . 1. Use service valve wrench.

2. Rotate ser_vice valve stem clockwise two turns
from back-seat position,

NOTE: On most installations using a Schrader valve
in the service connector, the SERVICE VALVE HAS

38 for information on Schrader valves.

3. Bleed air from high side hose by cracking high

Fig. 88 — Using Relrigerant Container To Purge Air side gauge manifold hand valve for 3 seconds,
From Test Hoses. then close

P
.(ro

4. Repeat with low side hose.

-

- NOTE: A better method of bleeding air from test
hoses igto use 15-0z. (425-g) can or tank connected
to center manifold hose (Fig. 66). Before mid-
positioning service valves, loosen hosas at service
valve, open valve -on-can or tank. Open high ‘side
manifold valve to bleed high side hose. Rep&at wit
low side. Tighten hoses and continue. On installa-

N .tions using Schrader connector, bleed hose to
. ! ' ' Schrader adapter before tightenigg on hose connet-
‘tor. ' N e
6. Start engine and adjust to specified rom 1. Use special throttle flinkage adiust'r tool or
(1500-2000 rpm range). - ‘ adjust idle speed scriw. . -

.2. Alfow time ‘up; if efigine is 'c'o|d, allow at
least 15 minutes. . : :

, © 3., Adjust air conditioning controls for maximum cold.

£
3 . . s .
! - T - L0 (O
. . A *
. \ ¥

Litho in U.8.A,

BEEN ELIMINATED FROM THE SYSTEM. See page

‘ R-'“"‘-" :..



PERFORMANCE TESTING THE SYSTEM
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Testing And Adjusting 67

P
.

-

The Performance Test as outlined in the tollowing steps is a continuation of the Wéual'lnspectlon and Operating
Ingpection of System as found on page 44 and as re'orred to elsewhere in this manual. CAUTION: Put on a

face shield before starting this operation.

Proceduwe

e

1” Performance test the air conditioning.system.

3.

4. Test operation of control used on systq'm. - 3

Sy, Feadiust engine idle to specitied idle rpm. - - ;
i

: o ey

- 0 , oy
8. Ba”sk:seat servicd valves. R

. _ [ :f }_\
o,

O

IGH PRESSURED
GAUGE HOSE

Fig. 67 — Read Low And Hloh Side GQauges
To Determine System’'s Condition

. Inspect high side of system for hot to warm
temperature.

Ingpect low side of system for excessive

'sweating or frosting. ' .

. ~ ..
. . 0

@ ° N

'0
° i

ErE / n A ' O(:
L " o : [
_ { .

s 7

Intormation .

NOTE:

8 .

d. If pressures are, not normal,

Low pressure gauge wiII normally read from 7 to
30 psi (50-2 10 'kPa). '

High pressure gauge will read from 150 to 270 psi
(1035-1860 kPa) plus, depending on ambient
temperature (page 45) and system under test.

Discharge air from evaporator should feel quite
cold. Refer to chart at end of this test.

see Part °6,

Diagnosing The - System For Diagnostic

" Procedures.

3y v

1. Feel entire high side of syghem for degree of

1.

heat; note receiver-drier.

Feel and observe lines from gvaporator to
compressor.

NQTE: Too- cbld or too-warm lines with a near-normal
Jow side gauge readmg means a failed oxpans:on

‘valve' ) : : g
S : i
". N R
P '
] o ! : Lo
f "Z : f ’
| § - E :
1‘ R¢f9rﬂ t,'o serwce pro qdure for contro| usnd
: :? ' ":I :' ; n.-v-'. ! H LN
X A o :
4

N O

.

Y o--
R



88 Teating Agd Adjysting a

- Procedure Information

7 Remove service gauge hoses from service 1. -D'lac.o}ct hoses from connectors.
valves.
@ . 2. Be sure to disconnect adapter from connector
using Schrader adapter.

.-

N

8. Replace sogvice valve- and service connector 1. Tighten metal caps with wrench to correct torque.
caps. , . —
2. Use pliers to tighten’ plastic or aluminum caps if
necessary. .= _

CAUTION: Do'not break caps.

R . ) ) . . R
~ /

9. Deliver to customer. ‘ 1. Remove tools and gaugeggrom machine.

Lf’

The following chart is given as a reference only and will not be exact in all units. Some systems will actually
register lower tempegatures than those given here due to the construction and installation. Others will not
register quite this low for the same reason. These figures are to be used as a guide only in attaining maximum
performance for a particular system. .

EFFECT OF TEMPERATURE AND HUMIDITY ON .
DISCHARGE AIR FROM EVAPORATOR

3 - e g e A . . R . -

}'_A_m_!?!-n_t, Temperature | Relative Humidity _ | ~ Discharge Air Temperaturs
SR . % Evap. Coll Air Duct
80 27 50 _. 30 -1 41 5
) S 60 : 32 0 42 8
S | A A S Y AR L A
90 082 .. 40 2. 0 © 40 4
SR Y Y I KK 1 43 6
YN Loe0 o ., 34 - 1 48 9
_,..'.-. . .- ,7 ]lf l ..:>. . Ce e ela , S e _‘,, . ..
‘ .';': : 20 ) N ls . [ - o 3' - ‘ 4' 5
i 40 "33 1 45 7
v 807 T g g 0 50 10
o ; ,
: 3
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ADDING REFRIGERANT TO THE SYSTEM

A small refrigérant loss between seasons is to be expected and is accepted as normal. When connecting the
gauges into the system, if the serviceman will use a 16-0z. (426-9) can or the refrigerant tank to purde air from
the test hoses (see “'Installing Gauge Set To Check System Operation,' page 65), he will be prepared to add
retngerant should he tind the system requires it.

Procadure Informafion

1. Connect manitold hose to refrigerant source. 1. Gauges éonneqted into system.

3. Gauges an
refrigerant.

-
N L]

v 4. Connect hose to R-12 source and bleed air from
hose.

4

2. Add Refrigerant- 12 to system (Fig. 68). 1. Air conditioning controls set for maximum cooling

and engine operating at 1600-2000 rpm.
RUFRIGERANT '
TAN 18VERTFD \S’_‘)

2. Open Igw side mgnitold valve.

ropen valve not to exceed 40 psi (275 kPa) on low
side gauge. >

IMPORTANT: Be sure that refrigerant enters
system only as a VAPOR. Too much liquid
—— entering the compressor can  damage internal
parts. Be sure to regulate the valve on the
contalner or low slde valve so that the low side
reading will not excaeed 40 psi (275 kPa). This will
assure that refrigerant In the hose has vaporized

OPEN LOW SIDE
41T OVER 40 PST)
(225 %ra)

on the low side gauge should feel cold If

3 - Add c i ) _
Fi1g 88 Add Retngerant With Sygtem (n Operation refrigerant is ontorlng system as a gas. .

) 4
' IMPORTANT: Be sure that temperpture is 80°F

(27°C) or above and that compressor and system
is warmod up to aid in vaporlzlng refrigerant.

J ’ ' ' R
NOTEAf cool weather [below BO°F (27 °C], heat the

~ refrigerant container, .not above 125F (52°C), to
help vaporize the refrlgerant before it enters the
system.

4. If using 15-0z. (425-g) cans, when one is empty,
close shut-off valve on dispensing valve and
change cans.

V) | | w0 | '

< . .FOS — 87 . Litho in U.S.A.

r sight glags indicate shortage qf

3. Use 16-0z. (425-9) refrigerant can as shown and -

before entering the compressor. Also, the fittings

)\



TO Testing And Adjusting

]

Procedure ] _ : - Information
» " 3. Check system for full refrigerant charge. 1. Close low side hand manifold valve to check for

complete charge.

) 2. High side gauge will show normal reading of head
" pressure (B relation to ambient temperature.

: (See Pressure-Temperature Relationship charr
’ page 45 of this manual )

-'}.

4

3. Low side gauge will normalize at presures of 7 to
30 psi (60-210 kPa\ depending on type control
used on system. S

4. ltSight glass, if used, will be clear of bubbles. Add
additiona) refrigerant only if' speciﬂed by man-
dfacturer.

" 5. Glose valve on refrigerant container.
ba‘: lu‘_

4. Continue Performance Test. . 1. Check system for leaks.
A 2. 'Repalr system if gauges did not normalize.

¢ 3. Deliver to customer if no further repairs are
’ necessaty.

QI8 —87 LthoinUSA . - . - v
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?

VOLUMETRIG TEST OF COMPRESSOR

'Thls tost will tell it the compressor is faulty and needs to be replaced.

Procodura ’ information
1. Stabilize system at specméd rpm (1500-2000 1. Adjust air conditioning controls for maximum
range). cooling.

2. Operate 10 to 15 minutes.

2. Shut oft engine.' 1. Return to idle speed as specified.
2' Shut off engine.
3. Leak test the compressor.

3. Discharge system of refrigerant, ' 1. Crack valve slightly, as too rapid a release of
refrigerant will carry oil out with it.

2. Open high side 9auge manifold shut-off valve until
pressure bleeds off. '

3. Open low side gauge manifold shut-off valve until
balance of pressure bleeds off.

4. Close both shut-off valves.:

4. Isolate compressaor from system. 1. ﬁemcwe refrigerant valves from compressor.

2. Cover compressor openings immediately with a
cover plate to protect O-r!ngs and prevent dirt
and moisture from entering.,

3. Plug the open ends of high and low side hoses
when disconnected from compressor.

5. Remove compressor. R ' . 1. Disconnect clutch coil wires and remove the
compressor drive belt.

2. Drain and measure oil from compressor.

3. Add back at least 1 oz. (30 mL) of oil to the
compressgor before performing volumetric ef-
ficiency test. Tip compressor side-to-side and
front-to-reé! before mounting in vise.

A
. Mount compressor in vise with oil reservoir up.
. Inspect outside of compressor for damage.

. Rotate clutch hub by hand with.low and high side
ports open. If compressor does not rotate
satisfactorily replace compressor.

. Install a test plate adapter over low and high side
ports (Fig. 69). .

FOS — 57 Litho in U.S.A.
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Procedurae

7. Connect pressure gauge hoses to adapter — low
~ pressure gauge hose to discharge fitting high
presaure hose to other fitting.

NOTE: Low pressure hose connected to dis-
_ charge adapter so that pressure reading during
testing can be read more oasily.

Fig 70 -- Rotate Compressor Clutch Hub

SHAFT SEAL LEAK TEST
Procedure

1. With adapter test plate and pressure gauges still
attached. connect a t5-0z. (460-g) can of
Refrigerant-12 to charging hose of manifold
(Fig. 71).

4
NOTE: Attdch high pressure gauge to discharge port
and low pressure gauge to suction port.

2. Check for leakage from shaklt seal and compres-
sor end plate.

Flg 71 — Connect Can of Refrigerant- 12
To Center Hose

v

08 — 587 . Lithain US A | .

Information

TN

Information

1. Rotate compressor approximately 25 times with
both manifold hand valves open.

2. Close low pressure gauge valve and open high
pressure gauge valve.

3. Use a socket and speed handle (Fig. 70) to
rotate the compressor clutch hub ten times at a
. rate of one revolution per second.

4. Pressure gauge should reaqd 60 psi (4 18 kPa) or
higher. A lower reading inicates one or more-
suction ~or discharge ‘valves are leaking, an
internal leak, or an inoperative valve. The
compressor should be replaced under these
conditions.

" NOTE: Speciftication for remanufactured com-
pressor is 40 psi (275 kPa).

5. It compressor is serviceable, perform shaft seal
leak test: !

¥

1. Open both manifold hand valves. -

2. Open valve on refrigerant container and pressur-
ize compressor to can presswe, or 60 psi (415
kPa) minimum. : :

1. It there (8 end plate leakage, replace the
compressor. If there is shaft seal leakage,
replace shaft seal assembly. B

N

2. Close valve on refrigerant cantainer bleed
pressure from cot or, and remove test

pldte
3. Add correct amount of oil'to compressor (see
., pages 73-74 and reinstall the compressor,

IMPORTANT: When compressor is removed fror#'
vehicle ‘do not stand on the clutch or damage may -

‘result. o %

A
<

s
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o i ,
CHECKING AND ADDING OIL TO AXIAL PISTON COMPRESSORS

Some axial piston compressors have no provision to accurately check oil level. Periodic inspection of oil level
has therefore been eliminated from instatlations using this oompressor. Qil level check, performed with the
compressor removed from the vehicle, Is ta be made in conditions of severe oil loss caused by a compressor

~seal leak, broken retrigerant hose, or rupture from damage. The check ls also ndcessary when one or more
components are replaced and the system is not flushed.

The attinity of R- 12 and refrigeration oil and the design of this compressor will prevent the full oil charge being
contained in the compressor Allow tor oil distribution as outlined at the end of this procedure.
- ¢

¢ ’ ©
FEERN

fProcadure v information
. . I

1. Bleed refrigerant from system. 1. Service valves often not present on installations
using this oompressor

2. Follow procedure on page 85 to bleed refrigerant.

2. Remove compressor. 1. Follow procedure as necessary for make and
year of model.

3. Remove oil from compressor into clean contaimer. 1. Remove plug from oil sump. .

2. Pour oll fram com‘ressor into container calibrat-
ed in.ounces (or milliliters). See Fig. 72.

/‘“7’ ’

" Fig 72 — Pour Oil Into Container +

. 4, Measure oil from compressor. 1. Determine quantity of oi! in compressor.

2. Refer to machine technieal manual for amount of
- oll required to return oil level to full. : o

. NOTE: When installing a‘new compressor without
flushing the system, drain the compressor to the
. recommended level. This will avoid an overcharge of
oll when oil in the new oompressor mixes with oil

already in the system.
e

b

5. Install NEW approved-viscosity gil in compressorﬂ
(if the system or compressor was tlushed):

. Discard old oil removed from compressor.

Clean thé container used to maasure oil.

N

3. Measure out required amount of oil into clean

. . Container

QO FOS8 —857 - Litho iU S A, - ) . 81 S | g
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CHECKING AND ADDING DIL TO RECIPROCATING PISTON COMPRESSORS

This check should be made anytime refrigerant has been added oy replaced.
Under normakconditions the oil level need not be checked. There is no place for the oil to go except inside
the sealed system. When the engine is first started. some of the oil will be pumped into the rpst of the system.
After 16 minute operation, most of the oil is returned to the compressor crankcase. :

/.
M "
Oil circulates with the refrigerant to not only lubricate the compressor, but to lubricate th working parts of
the expansion valve as well. :
. “.": > Q.
Procedure v : Information
t. Stabilize system at * 1500-2000 ' rpm as 1. Gauges con‘r-\?ected into system.
specitied. ' ’
P 2. Adjust controls to maximum cooling.
3. Operate 10 to 16 minutes.
2. Isolate compressor from system. 1. Refer to page‘ 93, ‘‘Isolating Compressor From
OR: - . | System. »
A. Bleed system of ‘ . .
At d sy . refrigerant t. Systems not having service valves must be
; - ' , drained of refrigerant before oil level may be
checked.
3. Remove oil check plug. . 1. It service valves are used, bleed compressor
’ charge through low sidé manifold hand valve.
. - 2. Remove cap after low side gauge reads zero
! ‘ _ pressure.
4. Check oil level. 1. Use correct dipstick.
’ : che 2. Retfer to technical manua| to determine correct on
- 3 . level.
' N 3. Add refrigeration oil-of approved viscosity to
' ' bring to correct level.
‘ T i CAUTION Store Rofrlgoratlon Ol In Alr-Tight
. - Contalnor .
5. Place unit in service and continue testing. . Replace oi! check mug and purge air from
' ’ compressor.
. v . 2. Open service Valves to mid-pbsition. '
) ’ o N\
) OR: . OJ
1. Evacuate system with suitable vacuum pump.
. ‘ ; . 2. Charge byate'm with new Refrigerant-12.
o - ' ' ! ' ‘ FOS — &7 Litho in U.S.A.
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Rrocedure iﬁm’rmmion.

4. Use emtﬂtipped funnel. insened iii drain hole to

P : install oil. S
o ;... R
' . 5. Install plug and lighlen : g
6. Install compressor A, Foliow procedure as neoeeeaiy for make and
year of model .. PN ‘;\
. ’ . . ! . ’ ‘ : 'L N LN

7. Install NEW approved-viscosity oll in compressor . With compressor insialied on mac'hine, cconnect -
(it one or more ¢f the components are replaced - gauge manitold hodes to comprésaor test fittings

—_ J— - e g e e e

_.and the. sysbem not. !luqhed) o (Fig.TY).

"2 Add a meeeured amount oi ﬁew oll into the_
suotion tesi hose with a squeezet bonle (Fig. 79).

! Rl

- 3. Connect a‘can oi Reirigerani 12 to 8uoiion hose
(Fig -74). 5 :

;«r Open Reirigerant 12, can vaive tor iive seconds to.
biow oil into compreseor

N “

%

ce iy

v
¢
4
~ :
P Fig. Z4 — Add R-12 Through Suction
- Hose To Blow @il Into Compressdy
_ 8. Fiepair damage to system. , \ . 1. Repair system as required to eliminate leak(s).
9. Evacuai‘e~'eyeiem with vacuurn pump. * 1. Follow procedure as outlined on page 88.
' . \
.o 0. Charge qystem with NEW Reirioerant 12. . 1. Followggdocedure as outlined on page 90 ‘or 92.
- .
. . Continue Performance Test of air conditioning 1. Follow procedure on page 87 for performance
. \ . system . " testing system. , '
- i ’ . “ . . . N » e
Q . . . N\ , , Con \ ' . :
- - ) _ tod ‘ ’ FOS - 87 LﬂhQ in U.S.A.
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S S - | o - - | ’
BENCH TESTING EXPANSION VALVE FOR EFFICIENGY - -
‘ v -~ ¢
Tl An expansion valve should nat be cond¥mned until tested for operating efficiency. Partial blockage inthe inlet ~ °
screen or exc oisture in the system, causing icing near the inlet or outlet of the evaporator,.can - .,
‘ iindicate a defective valve Atter an expansion valve that is suspected of being faulty has been removed from
— o the dystem, the screen should be cleaned and \h}va!ve tested as follows.
Procedure ' ©- «} . lnfor'mallon ﬂ ‘ L ,
. B . ‘ v [
_ _;___‘* Prepgm tesg gauges for expansion - valbe -test . 1. -Glege -high- and -low side- gauge manﬂold hand T
R - (Fig. 75). L ~ valves.
. - » ]
. o g . 2. Ins?all %-inch tee flare fitting to low side manifold B~
LA . T - hose connector. - : T '
e R N | 3.- Ihstall test hose 1o lower end:gf %-inch tee fitting. '
) .. ~ Q A
% e . , . _ | . k
( o %, ' - o 4. Install test cap (driled No. 71 drill) fo side
: AT, — Y~ connection on %-inch tee fitting. ®
: - R . Xy L4
"‘-1'1‘ oo . ' g‘-lnstall test .hose to high side mamfold ‘hose A
o . : Ny U ehe gctor. . ‘
.'.}.‘ ) a\ . . ) C 3 »
. Install Refngerentwm container fo test mamfold 1. Instal| test hose from center hose eonnector on -
- (Flg 75). gauge manifold to valve on 16-ounce (425-gram) ~
¢ . SR container of R-12. N
- - ! - i {ﬂ' ’ & . . . I ) N
" . . . _ . OR: . ,
v , Py [ ak - N N - ) ) . . ' [} . '
Vow * . ' L 2. Charge charging cylinder with approximately one- e
L L o .o pound of B+12 ‘and connect hose td‘center _
At C . . S connectloﬁ on gauge mamfold .
- . . 3 ) { . A
. . Ve ¢ 7 ' ’ ’
. ’ ,\‘ 1‘) . . ' OR - ‘*’ ' - .-
. . ;Lu. e vy . s - 3. Install&és§ hose from center canneclor _on gauge
S v manifdld fo R-12 drum .
)y . . } . A - ) Ky
* . 3. Prepare hot and eoﬁpontainers. N “. . NOTE: Use thermomater obtbm exaé’t tempera-
: o . " tures of water used for.test: - :
‘ ‘ ' i : K a e o {‘ --v ] * ’ ‘-'*’ ~ A ,’o" ) N ‘ . L4 ' ’
“ { ) Co } .. " T 1. Plade icé water in a suitablé container.
" , .Y - - \ - . M . I ? )
KON . e A . NOTE: If excesq:ve heat and high hUMIdIly prévent ,
BN e ) . b ., ice water in container frqm registering 28 °F (-2°C), -
. " - L L .- ' . &dd salt and stir unti| reading of 28°F (-2°C)is - -~ .
P NN g T obtained. A cold drink may be sug_gbtuted far the ot
S S A IR P iced container, provided js temperature iseexactly
. ., : e _ _ ~-28°F( 2<C). . _ . -
ST - CL o o2 Heat water in second container unhl it reaches N
IR NN - T 125 °F (52°C) < P
i . O T ) S . _ Lo .
. “\ e . L7 .. v‘.“ ¢, ’ B '— . - "' ¢ Y - I )
- - L PPN . : :‘ il . BT . » i » : . . : .‘." . e [N 1
h{ﬁbl S. . RN o i .o SR
m? 3 np A' ".:._- .- . . . | -8‘3\.' C, '“ . ”,, . . . “ .
. | LT e P e - _,_~ R

- 3 . . . . - . ' . . . . A [
R C T - . T o e Ve m LR T v
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- Maximum Hlow Reading
s a-55 PS1 (275-380 kPa)
Adjust High Side
Low Side R q
o008 " .Gauge to 70-75
et feadaa-2s st PS1(485-515 kPa)
A v Mintmum Flow Both Tests.
5 Test. N
P v
)
. . CLOSE D ——w OPEN
S 6@ lZ4xInch Femala Flarve. Coupler ' N
ek i . . 1/4-Inch Male Tee
. ‘:., . "5 M ~ *
FER ] i oot Flare Cap Orilled Wit
N No. 71 Drill g
. ." . . "
! -~
- \’/ \\
4 ol
L
- L
. Water ’
’ '« |{-100°F (38°¢) -
N A= o~ ’
{ . ]
h , " -
) - -
- Min. Flow Test: . .
. y Pzzn af 28°F o
: -2"C) Ice
) TLET S
: — 1 - ~OUTLE’ x
@ Max. Flow Teste} ot
Pan of 125°F . ' ) ’
(52°C) Water |. Reduce Inlet and Qutlet L
> - : to 1/4-1Inch Male Flare, *
. Thermal . : . "
’ ulb, . S -
’ _
. X7782 ) X )
. . R ) . A .
4 » N
. . Fig. 75 — Bench Testing of Expansion Valve N
Procedure , ’ . ’ < ' !,nforn'\aﬁon
. . ’ ~ . R *
. 4. Prepare expansion vaive for test. ( - NOTE: Always remove screen frgm expansion valve:
. . : . . TN, inlet and clean . caretully and reinstall before
. o o o S . Eegmmng this test. e
‘p » . . b . . a R . .
o’ t L . 4 -
\ ¢ . .IO
. . A _ Y. lnstall 8- lnoh female flare x Y% -inch male flare to
- - expansibn valve outlet and tighten securely .
r - . -
", ' - e . LA ] . . Vi
‘o . _ - : 2. Qn expansion valvés having a %- inch flare inlet;
O e L e S - “.install %-inch female flare x %:inch’male flare
» m v - ot e . o '_reducer and tighten securedy N v :
. N . : . w ’ . , t':‘_ . ’

»~ . kos—sr " " LindinUSA"
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-

Procedure

4. Prepare expansion valve for test (continued).

\ 8

» e

.

5. Test expansion valve for maximum flow.

6, Test expansion valve tor minimum How.

S

-
-

7. Heplace expansk;n valve.
S .
OR'. v
: ’ A T o 7
8. ,{r‘stall expansion valve into system.
rd 4 .

A ' : .
5 9. Pump down and charge system,
. . * \ «

A T

£ -
- d ¢ ~
. . . ‘/ . + . M
. 10.,Conthue 'Performance Test,/ ' -

..lj . . * i ‘ ~
S . N ‘ - .
O 08+~ 67 ° Litho in U.gA, ' B

L °

~

refrigeration supply houses.

2. Adjust control for qulmqm performance ~

Information

d on some systems will
«ing connections to
from local"

NOTE: Expansion valves
require adapters converting
Nare. fittings. These are avai

3. Install high side test hose to inlet fiting on
ekpansion valve

. - ‘ ,
4. hstall 1ow side-test hose to outlet fitting on
expansion valve. |

. \
1. Open. valve on R-12 con\fﬁiner and place
container in pan of water 100°F (38°C).

2. Check low side manifold shut off valve for closed
position. °

3. Place thermal bulb of expansion valve in
cohtainer of 126°F (62°C) water.

4. QOpen high side gauge manifold hand valve slowly
until high side gauge reads 70-75 psi (485-616
1 kPa). =

. 5. Readlow side gall‘be should be 40 to 55 psi (275

to 380 kPa).

1. Close high side géuge manifold hand valve.

NOTE™ This will reélease pressure on expansion
valve: .

i; -~ ( .
2. Place thermal. bulb in container of 28°F (- 2 C)
- liquid. - e. . o

3. Open high side _gauge manifold hand valve and
adjust to rndicate 7Q-75 psig485- 515 kPa). .

20 to 25 psi

4. Read low side qauge. should be\

(140-175°kPa).

1 Failure of valve to rheet the above test conditions
lndicates k- defective- valve. )

2. Replace valve. ;

/

LA expansion valve that meets abpve éﬁeclﬁca- R

tions during test hds correct supefeat setting,
valve moving freely, and thermgl kb that has not
. lost its charo\ .

2. This exXpansion valve is suitable.for service. &

1.,Evacuate system. Page 88 or 89. e

2. Charge system with refrigerant. Page 90 of 92.

!

1. Continue tastinﬂ.eystéfn o

» - -

. "8 - - . =\_~ - ~
?5’ . _ R
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ADJUSTING THERMOSTAT

L

Thermostat-contrslled re_cycﬂnb chlutch syastems rew
n, location ot thermal

and occasionally adjusted. For thermostat opera

Tenting And Adjusting 79

f
<

that the thermostat operation be checked periodléally
bulb, and identification, refer to -

manufatturer's technigal manual. The,fo'llowino procedure will detail stéps’in) heckiv)g the thermostat and h_0w

to sdfust thoseé types P»Qing adjustm@nts.

Procodure -,

1. Stabilize system at specified rpm ¢1600-2000

TpMm range). , off.
2. Air conditloning controls adjusted for maximum
1 COO g
v . 3. Operate for 10 to 15 minutes.
3 .0' "

-
2 *Read" high side gauge- for full’ refrigerant
charge.

’

3. Adius} air conditioning contral for maximum cold.

4. Read |ow side gauge for thermostat operation.

e

¢
5

-

Information

N

1. Gauges connected into system, hand valves

1. Normal high'side pressure will match Pressure-.
Temperature Relationship chart on page 45. -

2. Check slght_ glass for absence of bubbles.

1

L)

1. Thermos}at adjusted to coldest position.

2. Blower fan speed on "'LOW.”"

3.. All doors ang windows closed.
a \

1. Should read from 14 psi to 26 psi (95-180 kPa) .

after system is stabilized f0r1\0 to 15 minutes.

- r

NOTE: Thermostat should disconnect clutch.for

evaporator defros! between high and low read-

ings given above. If thermostat will not recycle

clutoh, mgve temperature con!rol toward warmer

‘position to check fot thermost_a_! point opening.
"

- ¥

‘2. Count number of pounds pressure’ required for

~ warm-up until points close — should Tndicate 20
16 32psi (140 to .220 kPa) rise between point
opening arid reclosing. - »

3. Check thermostat operation at least three times -

»

for consistent operation. _
. . o _ \

£ : . . : .

Y

Lithe I¥ P.S.A..

» ‘ ¢ . ' ' - \
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B0  Testing And Adjusting

Procedure ! ) Information

5. Adjust thermostat. NOTE: Thermostats are generaliy, but not always,
- ® C\ _ located in evaporator case.

1. Remove parts as necessary to make thermostat
. accessible. - )

. ' ; 2. Open atcess door to adjustment screw.

3. Rotate adjustghent screw counterclockwise to

° raisepoint ppening adjastment.

° [ . e

. ° NOTE \\Locallyes havlng high mean humidity will

_ require higher point opening than localities ith low

T mean humidity. Coastal areas with point opening

adjustmont lower thah 24 to 26 psi (165 to 180 kPa)

will result in evaporator freeze- -up. Desert areas with

. ‘ very low humidity -can easily tolerate point openlng

P — - adfustment of 14 to 16 psi (95 to 110 kPa) ‘without
- - evaporator freeze-up.

2

-

- 4. Check operatlon of thetmostat'for new!y adpugtsd

2

- cycle of operation. : .- \_
. . E’Rsplacs thermostat lf .cycle of} .operation is
. ' lnconslstent or will not respond to adlustmsnt
6. Replace access door on side of thermostat and
AT R ' any parts removed to reach thermostat.
8. Continue Performance Test. - /" . -thntmue testlng system )
- ’ - 2. Remove gauoss and dsllvsr machine te cus-
N tomer,
/ B '
THERMOSTATlé TEMPERA URE CONTROL 1 L -
SWITCH . N 3 5
. : rd
- Some air condltloning systems contain an admb!s' if ths comprsssor does - not cGycle aco%dino to
" thrermostatic temp/{(ature «Qontwl swn,ﬂh A technical manunl specifications, repo n the
._;Abmpsrgtqrs sensing “tube h!led with gas is posi- temperature-sensing tibe as- spscmsd The cycle
o L tioned between the refrigerant tubes in the evapora- _time of the compressor should chanoe
. -tor It senses the temperature of " the evaporator #If unable to obtain speclﬂsd clutch . cycls time,
tubes. The gas expands and contracts on a :
remove the temperature control switch located in
_ dipphragrd Wwhich_opena and closes slsctrlca! o
‘ . contacts in the’ thermOstatOc switch. .. - . the cab. Turn the adjustng screw -until the clutch
T W ’ stays engaged for the specified period of thne. I# still-
" The switoh con!rpls the :pumping action of the unable to obtain speciﬂed oycle time, - rsplaco" the
. q'mprésso; by means maqngio clutch. ' switch.. Cat .
) % AW
- M ? ‘ . ; . 8 ?" N P N .
. . ) . .
_’ Q '=os—sr Lt in U.SA, T ? \ ) X

- _ L _ « .. . . lower point ¢pening adjustment; clockwise fo.. . . . _
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CHECKING CLUTCH COIL FOR ELECTRICAL (“)PERA n@N (S f";"i o
:‘ ‘ S [SEE " )
Use the following procedure as a time-saving device to determine it the coilis deteche lmtailmlone mey vary H

however, the following-$feps are general enough to meet all requiremmtq N 3',.

£

Procedura

.1 Determind\voltage to clutch coll.

A

~
N
Qo
2
D
-y
3
3
=]
2]
=
-
-
o]
=
—
Q
-
<2}
b3
2
e
3
(2]
T
(o]
Q

°a

~ v .

Information : o PR ';‘-’::-
NOTE. With ignition switch "ON" '&nd clufch , g
energized, battery voltage should \be delivered to
!he?cml To prepare for test, expose:- connec!lon
between coil and evapora!or for elec!rmal checks

S

b v

- . . -

CAUTION: Do not allow exposed wire to be
grounded against machine while swltchos are in_
“ON" posltlon .-

N ¥ j
’ 1. Connect red lead of suitable Volt-Amp Tester to

exposed wire of connection between evaporatos

- and clutch coil. 7 L

<~ -
2. Connect black lead ot voltmeter to compressor

- body. .-

s . .

NOTE: The connections as listed above are for é,
nega!ive-gr’oqnded system. Reverse leads for a
positive-grounded system. N

! AN

- -

3. Voltmeter should read battery voltage — if no"

» voltage reading obtained, check line fuse,,

“ voltage into evaporator, and to ON-OFF switch to
locate and repair vo{age loss. 3 e

S
4 ©

4

o [}
. . v

R ¥

1.-Separate wiras at connection betweer evapora-
togand ¢qil. , . . .

\ i«

2 '2 Gonnect,redoiegd of ammeter tq,,exposed wire of
o eya’porator - ,

T E o

3*.Connect black lead of ammeter to lead to cutch

. "t . p
‘ . vcoﬁ 1 poe o °
-

Y 3 . . °

- " 4, T‘Urn qunches to “ON"’poqmen to energize clutch .
1'- . ':" CO"O B N . . . R

FOS€:§7 - ] ’
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‘82 Testing A{v_&}._Adthino R B N
s ne L .‘ -' ‘.‘ Lo 1 R N . .
_\ N . A :' :. ._.‘.. : '.' ' . l', . - ‘\ C i ' ' -
;. Procedure . | . ST ln\tqrmatlon
2. Determine current draw:0f clutch coil (continued). NOTE: The ammeter as connected is¥or a negative- N
. . ) : grounded system. Roverse leads for a poglrlve- .
* LR ' grounded system.
\ ~\
: ¢ 6. Ammeter should Indicate 3 amps draw for a
BN ‘ 12-volt system, & amps for a 6-volt system.
Y, : : ' 6. Zero amps draw indicates an open cirguit inside
h coil; excessive current draw indicates a short = ——
' s N circuit within coil. : ,
B P . e B
3. Determine ground crrcurt resistance. _ . NOTE: Performance of the resistance test requires
_ : _ the . current” draw of the coil to be\ within
I P , . ' specifications. ' s
\\F N . «. ‘- . - ) - - . R
* l.\\.ﬂg.- ’ % . . e ) - . A
B N N » e t. Connect evaporator and clutch coil wire. -
N\ i AN N i ‘__"_ _ . -~
- N \'\ : ST R 2. Qpnneog red lead of voltmeter to compressor .
s TR e botty. :
N N AN Sy L e 8 Connect black lead of - vojtmeter to’ bauery-;;,‘ '
. \ . N . Lt - pOS' .'," - , -
N * ) R N -
3 Iy -,
. ) . ) NQTE Reverse vof!mefer leads for a positive-
. grounded s ysrem
~ A}
S AY Y -. )
4.: Turn switches to '*ON'’ position to energize clutch
. i " C coil. . . ‘
- oy 5 Total resistance from compressor -body to
) T ' L _ battery post cannot exceed 0.3 volts.
. ) ™~ 3 . ) -. :
s - Coe 6. If resistance is excessive, clean all connections .
R Jo- and metal-to-metal contacts, including engine to B
o frame and compressor to engine, to reduce
, . . " resistance to specifications. MRS |
! J . AN . . o
‘ , ‘ ¢« - :
4 N . 0.‘ I3 , N
RS “ﬁ = . ]
’ " ] ) o - ~
, » ) W b
. . ¥ ' - -
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LEAK TESTING SYSTEM USING ELECTRONIC LEAK DETECTOR '
The electronic leak detector"(Fig. 78) is discussed here: The procedure is the same for any propane torch
detoctor, except that the pick-up device reyisters the presence of refrigerant by changing the color of a flame.
CAUTION: Do not inhale fumes produced by burning refrigerant if using a propane-tqrgh leak detector.
All other steps in preparing the system and leak.testing are the same and can be followed as outlined belaw.
Several types of leak detectors are available. Caretully follow manufacturer’'s instructions when using any leak

detector. ‘ . ]
Procodure ' _ information
. . 0 £_" . - . . .
1. Stablize system at- specified engine rpm NOTEA/! system is emply of refrigerant, install a
(1500-2000 range). . partial charge before continuing.

. - | N ¢

;1. Gauges connected into system.

2. Adjust air conditioning tontrols for mam.
cooling.

3. Operate 10 to 15 minutes.
4. Shut off machine engine. ' »

s

5. Close manifold gauge hand valves.

~,

_ X
1. 50 psi (345 kPa) is necessary to detect leaks‘

“~

2. Check system pressure.

')N@TE: Check low pressure ;;idd of system with. 2. If pressure is 100 low, open both manifold valves

- compr@8sor OFF (the prassure will be higher). . - and add refrigerant .untll adequate pressure is..
Check high pressure side of system with compres- obtained. _

sor OFF and’again with coy s ing. R

Sor OFF and again with compressor operating .3 Clohs_;gbqfh manifold valves ar‘_servlceuvalve on

~ < canof R-12. ' . Y

L . .o
Al

w2

. .
-~ t

3. Move‘leak détector.pick-up over system. ~ 1. Move ‘

ick-up under hoses, joints, seals, and any
le-place for a leak to occur (Fig. #7). Do
N not/Mmove sampling end of detector faster than 1
) mch (26 mm) per second.

v

DETECTOR UNTT_.

’ NOTE: "R-12 .is heavier than air and will move

* . tdownward; if concentration of seffigerant is locate
. v ' .. _,. move pick-up upward to locate leak:
SAMPLIRG ENI 1° e - R M : -
= NOTE: Electronic detector registers the presence of
= refr_idant by a Hashing light or-a high-pitehed
e y - squeal. . -
77873 v . 3. Repair sgystem as "necessary if leaks are *
. : Fig. 76 — Electronic Leak Detector®  *~  ~  'looated. - o _
: ' : . - R ¥
et e - o, 4. To repair; disghargé, - flush, dand hvacuate the
. e P o . system as required (see pages 85-89).° "
» b roo . L N . o o R
i = ' % . % N C oLt et v , .
I ) )ﬂ:t . (\; - o et & ':&k o .. }' - e
- . F ' P ~, . . ) e 'l.
'-._h_\"- , {‘ * o « -'4? .o B \? e . " + " N ' .7 2 ';T‘..Q‘
< » @ o ’ o o . °=, R ] . a e ',:.:’.7___ . ) . - ,
N " Mer o Febpw ‘&:’, iy, s \. N NI S .
N o " (] . . .;" N . P z . s , . .
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. Procedure

4: Start machine and turn compressor ON.

Fig 77 — Leak Test System Using Electronic Detector

{t. Check sensitivity of detector pick-up.

\ It L

5. Resume Performance Test.

'TEST YOURSELF

" QUESTIONS

1. (Fill in the -blanks with c'c‘;'_n%onen't names.)
- | "The high side service valve on.the compressor
! leads to the . The lovy side valve
leads from the -
2. When ingpecting the system, which side is
normally warm to hot, and whlch side sweatipg
“or trosting? ’ g

3. True or _false? "A slight refrigerant 'lgss
betweeén seasons is accepted as normal for an
atr oondittontng system "

o7
iy

s
Citho in U.S.A.
LW . ‘e

Anformation

t. Repeat chacks for leaks on high side only.
i CAUTION: When engine is running, be alert and
stay clear of rotating parts.

2. Damp, dusty spots inalcate a refrigerant leak.

3. Repair system :as necessary if leaks are
located.

\
1. Pasas pick-up hose over empty can.

OR: |

2. Crack open refrigerant container.

3. Electronic unit should blink light or squeal.

4. It no reaction, feak detector is malfunctioning.

. Charge system if repairs to system were r—
necessary. See pages 90 or 92.

[

OR:

2. Complete system charge and follow steps in
“Pertormanqe Testlng The System," page 67.
f.\

- - . N . ~ -~

—h

o

i\
! A
LA

4. When adding refrigerant to the system, must
it enter as a vapor of as a liquid? '

5. When ysmg an Electronlc Leak Detector, Lot
what does a blmkmg light or squealing nolse tell '
_abouyt the presence or absence of Jefngerant? A

“ .
at

(Answers on page 100.)
,)"\
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PREPARING SYSTEM FOR SERVICE/PART 8

Air conditioning {WS(QI\T\S require a number of special procedures when preparing the system for repair
service and when placing the system back into Qperat_ion. Part 8 is concerned with these procedures,

Each procedure 18 detailled separately, beginning with blee'ding flushing, and purging retrigerant from the
system; then evacuation tor moisture removal; charging the system; and isolating the compressor for
service. These procedures are necessary for satistac system performance.

Refer to the te(‘hmcal manual for the system to get the exact spocifications for each procedure. \’

BLEEDING OR DISCHARGING THE SYSTEM . .
- The retrigerant in the system must be disch rged-or bled to et oft pressure before any lines or unitp in i* T

the system are disconnected for service. Usg all satety precautions during this procedure. -
. (14
Procoedure | . > intormation
t. Stabilize system at specified rpm (1500-2000 1. Gauges connected into system both hand valves -
rom range) o closed (Fig. 78). ‘
- 1 2. Place the center hose in_a container to collect

any refrigerant oil that may be discharged with ‘
refrigerant.

w

Adjust air conditioning controls to maximum
cooling. o :
: 4. Operate 10 to 15 minutes.

)

2. Shut otf engine and air conditioning system. 1. Adjust engine speea to slow idle for a few minutes
: before shutting off to prev_e@ ““dieseling."’

3. Bledd ott.retrigerant. 1. Slowly open high side hand manifold valve an
&F‘LO SERY T MIGH T . allow refrigerant to discharge.

" Use adequate ventilation during this operation.

. . s ‘
v - WARNING: Do not discharge Refrigerant-12 near

an open flame as polsonouo phosgene gas can
result.

. 2. frowly open low side hand manifold valve when _
the pressure falls below 40 psi (270 kPa).

IMPORTANT: Open _hand valves only enough to
- bleed refrigerant from system. Tog- -rapid dis-
- charging will draw excessive oll frohv\.th__‘w-
compressor and the system.

-

Fig. 78.:e. B'eﬁding Or Dlscharglng The System

4. Close gaugk manifold hand valves. . , ~ 1. Close valves when refrigerant stops bleqding
Y _ , from hose.
o . ] 2. Both gauges will readze’ro pressure.
S ,5 Measure am0unt of oil blown. from system after 1. If system is to be flushed, add a new charge of _.
d!schargmg ) § - oil. *© ~ . L.
— L ( 2. 1t system is not, to bg flushgd, add s'am»'é amount. .
- ‘ . f new’ 6il as was Ipwn_ t (see pages'73 or -
1 ﬁ“’ o nooC |
N o Co 3.1 refngeranfwor oil leakng was detected ad& R
. _ ' * -new oil, . T e ) .
Lot . Y , - R : ot N e el W
n’v : 90‘ - . ) . ) w
“~ e ', FOS —.57 Lithg imU.S.A




86 Proparing Syatem For Seivice T \
FLUSHUNG THE SYSTEM
) .
Ftush the system alter a compressor internal tatt\m\or when the system has been open for any length of tlmo
Use Refrigerant.- 11 to flush the aystem (see page 10). : : w
L4 . L, -
Procedure. : ‘ . Intormatton _
1. Isolate the compressor, receiver-drier, and Connect hose between refrigerant source and the

expansion valve from system B component to be flushed (Fig. 79),

NOTE: It is not necessary to, remove components
from the machine in order to’ ;Iush thém: '

~ A

3

.

“ .
. »
A [P
L
x1184 T
) . . R
Fig. 79 — Connect Hose Between Rotrtoorant " - . .
And The Componont o '
2. Flush all 'cotnﬁonents individually. 1. Open valve on retflger'ant container and atlow
,. " Refrigerant-11 to flow through each cemponent ~
. for 65-10 seconds.
3. Flush compressor. ' ,‘ ' 1. Remove compressor inlet and discharge :port
' cover and drain-port piug.
- - 2. Add Refrigerant-11 through drain port.
p ‘ 3. Shake compressor and then drain. \
L . - ~ - .
. ) . o . 4. Add oil.
’ . ' ’ . 7 .
R " . . . \ N N (\/ . .
4. Purge components with Refrigerant-12 or dry 1. After purging with Refrigerant-12 connect atl
. nitrogen beforé oonnecting. See next.page. * components
' 2. Purge complete system with Refrigerant-12 or
. dry nitroger:
5 ' o ) )

e .0
. = a B = & 5 . . . ) .
. b . . ;: -'. -\ & - . o B . . 'e. . .
FOS e AR P Lttho in’ UBA ( Coe * ey, B 93 O N
:«EKC e S T S P At PR
: o Provided b ERIC “ . ""-’t‘ N \ "_‘4. l - . . . P N LN i . i -

. * ‘4 N . - T o
> - o e Tl o 1 ' N ]
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©
.-

o R .
PURGING THE SYSTEM ' .
Purging the system with Refrig vant- 12 or dry nitrogen torces out any Refrigerant- 1 | left in the comiponent after
lushing. This will leavé each component free of contamination. Purging also decroases the amount ot ‘air and .
moisture that could migrate into the system : '
Procedure . - Intormation
1. Connect hose between Refrigerant-12 (or dry 1. Open valve on rélfiger.ant contdiner and allow
nitrogen) container and each component (Fig. Relriqerant 12 éor dry anogen) to pass through
80). ' . component. v
| - NOTE: It is not nocossary to remove compo- .
nents from the maph#w fgr urgmg e
v . _ a&”% . -x" ,l’ e
Ca ' e
» “'\‘ g. v
¢ . a *
¢ : - g
' E Y4 e
. N :
Fig 80, — Connect Hose Between . . ' ) . , .
Retrigerant-12 And Component T ) : / )
2. Purge each comporent individually with 5-20 psi 1. Purge components (als;d replacement compon-
" (35-135 kPa) at point of gas entry. R ' ents) for 15-30 seconds.' .
2. ‘Connect each component after purging. °
- ) . ) _ 2
3. Purge the tota! system. N 1. Make connection at combressor high .sidg fimng.-
* . T . . :
' ~ ' . - 2. Purge through- complete system to low side
' ' _ titting: , _ , - » ) C TN
' - . -3. Evacuate system (8ee next.page). . ' '
- > A -
t
;" .
“ ‘ . v ) »
- "‘- : ’
£ " . *
, ) ‘ o A |
¢ . o
T S -
. . . ~ . o " :!; ) .:. . B
o . . S R 94 o . FO$ — 57 . Litho in U.S.A
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L3 . +

EVACUATING SYSTEM USING VACUUNEFUMP

- Evacuating the system removes all air.until a vacuum is created. This is necessary after the system has been-
discharged and gpened for service because air enters the openings befare they can be capped. This air
contains harmful moistute and must be temoved.before § contaminates the system components. -

»>

There are a number of vac{:um pumps suitabke tor removing air and megsture from the system. Reference will
be made here to 28-29': inches (95- 100 kPa) Hg. (mercury) as the specification for system pump-down. This
reading can be attained at or near s8a level elevation only. For each 1000 teet (300 meters) of altitude, the

readg'n;%.ml_l be 1 inch (3 kPa) Hg. less For example. at 5000 feet (1500 meters) elevation, only 23-24% inches o
) (7@-@3;“@‘"&)’ Hg. of vacuum ¢an be obtained. . ' ' , o
Proceduie o o - . . . ’f_’?'()fﬂ'\ﬂ“(}ﬁ . L= ¢ - —
. 1. Connect vécuum pump to gauge mah"old (Fig. 1. Gauges connected into system.

81). Compressor OFF in suation. .
_ ) mpressor dur'ugeva(*ua_hon 2. Remove cap from ™cuum pump hose

M conpector.

. 3. Install Yenter hose from gauge manifold to
- . ) vacuum pump .connector,

4. Mid-posni.on high and low side compress'or
service valves (if used).

5. Open high and low side gauge manifold hand
~ 7 valves and pump exhaust.

| . ¢
< Operate vacuum pump. _ , S 1. Operate a minimuM of 30 minutes for air and
' ) moisture removal. i ¢

* TO CONDENSER ) PRESSURE

4

2. Watch compound gaugé to see that system
pumps down into a vacuum. -

NOTE: System- wilt reach 28-29% inches (95-100

kPa) Hg. in not over 5 minutes. If system does not ,
‘oump down, check all connections and leak test if-
necegsary. If there is liquid Refrigerant-12 in the'
system, the vacuum pump will not pull maximum,
vacuum inb minutes. Also, the vacuum will decrease

when the pump is shut off. ‘

COMPRE SSOR - _ _J

FROM
—_—

\ " EVAPORATOR

\"\ VACUUM PUNP
. Fig 817 — Evacuating System

v
4

a \ 3. Close hand valves. oo t. Close gauge manifold hand valv‘s. :
X : 2. Shyt off vacuum. pump. ‘ ,
" ’ .l( ) ) ) . N '.
"4. Check ability of system to hold vacuum. - 1. Watch.compound gauge tJ see that gaugg does. .
A _ not rise at a faster rate than 1 inch (3 kPd) Hg. in
5 minutes. I .

2. It compound. gauge risesiat toe-gapid a rate, - A .
install partial charge and leak test per instruc- .
" tions on,page 83, then bleed system and repeat

- S : Ptocedure Steps!’2 and 3 above. e
. . - = B “OR v
) ' 3. i system holds vacuum within specifications,
) S ' continue with Step6. BT -

[ s Charge syétem with refrigerant, )

= 4 - ' :

v . . > . - ) . n

0 FOS:-§7 Litho in U.S.A. _ :
. . o . ) ;

1. Follow steps outlined on\ page 90 or 92,
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FVACUAT)NG SYSTEM USlNG C‘HARGING STATION/

A vacuum pump is built into thQ ohargmo station’ (Flo 82) and is constructed to wlthatand f\ard use without
damage. Complete moisture removal from the system is possible’only with a vaquum pump oonstruoted for this. -

- purpose. _ - ' —
Procadara . . _ ln?orm:inllpn
1. Operate vacuum purhp. ' - 1, Conhéct, hose/ to vacpum pump  system was

R LY 2 le———vaCuum PUKP ¥ nécessary.
,",', - ‘-&7. - o . o, - Cet l
, . .. 6. Operate punip at least 30 minutes for air and .
Fig. 82 -~ Portable Chargivg Station - ‘e moisture removal, .. . -
.2, _C_-)ldsqi\and valves. . \\_‘ . Close high . and low mde gauge valves on
: S N shegmgatan T T
' P , } 3 Open switsh to turn off vacuym pum - '
- w ’ - . r

purged through statidn

‘Open-high and low qide gauge valves on charglng
station.

Connect station into 1 10-volt ourrent.

.-*-.w’.w

Engage '‘Ot-On’'. switch to vacuum pump
according to directions of specitic station being

O INJECHOR LEAK DETECTOR : used.

Covuinst r

NOTE: System should pump down into a 28-29% inch
(95- 100 kPa) vacuum in not more than&ﬁ minutes. If
dysrerp fails to meet this speomcawon. repgur I8

AN W'mch c mpounq gauge to see that Qauge does

3. Ct‘\eck ability ot system to hold v"acuum..
) o ; “not rise at a rate faster than 1 mch (‘3 kPa) Hg

. : . . every 4 or 5 miutes._ . e
: oot . o o T Ca 20N rise rate of compound gauge ls ‘not wlthln
T . . - ) o . speqihca_t_iona, repair system as necessary.
' . OR: T ) ) ' K
RN e . . e ! - 3. Mrise (ate ts within spe;:{ﬁed Nme contlnue with
1. Tw v o S'Op 4. Lo SRS BN . ..'
_-cc8 Charge system with refrigerant.. 1. Follow stepg in “C arging System USmQ a,
: - o . C e Charging Station & pagk 92.'. - -
i ) .. . * . -~ - . - ,A*.
. “I ] i - . s [ ’ ’
. Ir. ) T ! v 13 ’ < '.c o Q M .
i.' . i T N\ ‘ 1y
‘. | ' \ : ' r J '; .. ‘ )
) ;..)“":-rk g A R ) J .‘r-. . o . N 1 < ’ . . { o
. t, e . ; N - .
! ..( : )
' . P S \ . * Y- ' ' .
N .; ' ‘- . - . o . ! - *
' .'.f‘_ Y &' Yo ) NP : ' “ 3 Yo
v ’ ALY @+ !
/// \ Y \| L] 96‘ N ] v
3 ¥ ‘|. - h : v ) ” . v
‘ Y : ' \ Litho in U.S.A
¢ ! PR 3. o r - m
. ) . "‘ * ¢ ; .
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* amount of air conditioning servicq work. They are handled in the same manner as the larger drums except care
must bé taken not to overheat the cans because they may e;p!ode. o . *

- Procedure _ _— Information ' - -

" 1. Install can dispensing V&e to container(s). NOTE: The dispensing valv

Rt i . . . . . - . . . L
o . 5] a ' . ' “ ,l"&
¢ - . - N . ? A
- .;\‘ . 4 . N . 2

90 Preparing System For Service

C Lo
CHARGING SYSTEM USING 15-OUNCE (425-GRAM) CONTAINERS

The system should be charged with refrigerant only t;ﬂer it has been leak tested and evacuated. It is important _,"(
to add only the specified quantity of refrigerant. ' ' :

é

The téndancy of many servicemen is to unknowingly overtill the system, To aid lh more aoccurate charging and B I
to prevent waste, refrigerant manufacturbrs have in recent years packaged the refrigerant in cans which
contain 18 ounces (425 g). The small containers are best for small service departments doing only a limited

NOTE: If only a small amount of refrigerant must be added t he system, see page 69, “‘Adding Refrigerant _
To System. " J - \ , o L,

A} 4

o

]

¢'%s available both far

, ‘ Y single cans and muitiple cans. Whichever.is used,
NOTE: Engine must be OFF. System mustbe holding . preliminary installation to the can(s) is the same.
vacuum as specified.in step 4 on page 88 or 89. - AR T

. . : 1. Install dispensing valve to single container

ii - | refrigerant. "
" 2. Close shut-off valve on dMgensing valve. |
3. Pierce”cah with mechanism which is par!?:-'-“:c')_l' -
valve. S

4 . S

*2. Install charging hose to disp.ensing valve NOTE: Before charging, the system will ha _.Qboen'_r -
(Fig. 83). ' : pumped down. o A .
.\ . ’ “ o - . ‘
w 1. Looo_en ‘charging' hose at centqr' cg)ﬁn_ector on
(‘ .pau);e manifold. . " o
. - _ 2. Crack open dispensiif shu {o_ff valve to purge air .
v & from ch_arging hosg*f - ) -

3. Tighten"‘charoino ‘hose/ connection on gauge
manifold and close shuf-off valve.

3. Partially charge system. 1. Open shut-_off valve gn dispensing valve.
. . 2 Open high side gayge mahifold hand vaive.

. . . Invert eontainer( ) to allow refrigerant to enter ¢
o high side of sysjem. {See Fig. 83). L
) . . ! .

4. Close shut-off

D ’ ~ .- ) , . . . /"\ 1} -
M . ¢ . N '

4. Complete charge of system. : . IMPORTANT: ffo not overfill system. Refer to -
i s technical magual for cepacity ot system being .
serviced. '

w

’

L]

Litho in U.S.A. o
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Procedure -

4 Coine!qia charge ot system (continued).

2 FRON
W EVAPORATOR
. ' : R - ( -n--COMPRESS.OR
A S (] : -
'..‘x; : o I ' W‘
’/-‘ ,, ' TO
A CONDENSER
e . O
A |
2 . . -LO\'I HIGH % PRESSURE

GAUGE SET

CHARGING
HOSE

F\g aa — Add Romqorm,“ Unm Gauges
- and Bubbles in St Gldaa Dihap ‘@ar

5. Check re!rlgemm charqe ih sy em.

brmalize

.

~ 6._Open shutoff valve on dispensing valve to allow

.. nolgy

u\-

[ X v
Preparing Sydtem For Service ‘*9_‘1-*. -
W,

Y : 1, -

Information . o
. RS S . .
. After high side pressure bscomes slow to ,
incrqaae open low-side manifold hand valve. '
’ J(-

2. ._Aner low sido pressufe bocomoo slow to
increase, close hlphfeldo manlfold valve.

3. Close shut-off vulve on diépehamg valve. | . '

4 Si\rt enging-and adiuot thromo to specmed rpm _
(1600-2000 rgm range). S A

5. Adjust arr condmonlng comrols for maximum,

~—-eoeling -
i

refrigerant to be drawn into system. . Adjust g
tow-side pregsure valvg so gauge reading does

‘not exceed 40 psi (276 kPa).

>

s
]

IMPORTANT: Refer to procodure tor -adgling
._romg ant to system, pago 69. ,

) -'.
NOQFE: If smgle contalnqrs are used lt will be
/vocessary to replace each as ‘(4 bepomes empty,

‘.

7. Watch sight glass - (Fic) 84) until bubbles
disappear. . .- . ’

8. ‘Add additiopal refrlgeram only if recommended
by manufacturer Seé technical manual

A
i

C!ose valve on. refngerant,comamer

10. Close low-sude gauge manlfold hand va!ve

~ . ’ N

1. Watch tor bubkles lp sight glass (if used in
sysjem) See Fig. 84.. .

- NOT ; Exc'essiye"'fwao‘ pressure with a normal low

side presébre indicates an overche‘rge of refrigerant
_or.agir in the system. Compressor may or may not be

>

3 List tr for hlaamg noise in expansion valve. Many
- systems have a hissing in the expansion valve
unhl the system\ls fully charged.

0o
e

1. Continuve testing.}\_systemb - _ ;
2. Adjust controls for maximum etficiency. N

M . - il
' )
R .

FOS — 67 ‘Litha in U.S.A.
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82 Prepanng Systam.For Service
CHARGING SYSTEM USING CHARGINC

Most stations (Rig. 85) contain a chsrglng cylinder

to which the exact amoum of refrigerant required by the

particular system being serviged may be placed while system pump-down is being pertormed The refrigerant

charglng cylinder contained in the station is heated t

o the correct thmperature to insure proper refrigerant flow *

to alt parts of the aystem as a gae during-the charging operation. If used correctly, the vacuum pump will so

etficiently pump ddWwn the system that opening the

correct valves will éompletely charge the system from the

high side, and the use of th% compressor in the chhrging operation will not be required.

Rrocedure » : .

1. Prepare charging cylinder for filling.

2. 'Fill charging cylinder. -

3

:

-

3. Charge system withrefrigerant.

we—— GAUGES

CHARGING CYLINDER

olIL Ir)JECTOR

TECTOR
“CYL INDER LEAK DETECT

«

.

o

e
4

Fig 86 - Portable Charging Station *

" 4. Per_fervnancs T'e\st system.

LithomU S A

VACUUM PUWP ..
)

.
-

Information

1

1. Open storage drum valve. Y
/ --2Closé all-valves-on-station -~ -~ - - —--

3. Read storage tank gauge pressure

4. Rotate dial shroud on charg&ng cylinder to
correlate with pressure on gauge.

- 5. Ppen cylinder fill valve.

. Determine system capaclty usrng technical

manual. o

- ‘Intermittently open and close pressure reh_ '
valve. :

. NOTE: When pressure relief valve operis ref&i ér
will enter cylinder and boil. Closing the . yalvé
increase pressure on refrigerant, chang" 9 it/to a
liquid to stabilize the refrigerant lr) thg ﬁl ht Glass.

J

3. FI" to specified level in srght “glass iy

S

Close pressure relief valve PR

. Gauges connected lnto system

s

Open refrigerant control valve/

Open High Pressure veﬁve

’ ‘

."“9’.""

Remove vacuum Hose ﬁ‘cm pump angd crack
(barely ppen) Low P!‘géggre valve.

Allow refrrgeran,t t,é eééape through vacuum hose
for approximatefy ¥'seconds.

Close Hugh and LOW"Pressure valves.

.

7. Close refrigera-nt control ‘valve.
-~ ' .l
NOTE: Chargmd ,éy/mder should’ empty in approxi-
mately Qp sec;'oo’ds for systems of 5-pound (2.3 kg)
capa’(:([y Small’ér 'sys!ems will require less time.

. 0,.., . ! ,’,’, g

I S
@onﬁng{e’ testing system

52 Adju?f t:ontrolne for maximum- eﬂiclency

‘

T . Ve
;
' t
P
’ Ry
_ .
:




Preparing System For Service 93

e

Y

ISOLATING COMPRESSOR anm SYSTEM © | SRS

v

L ) <

1
. On aystema having both a high aidpﬁnd low side servloe valve, the compressor may be isolated and retrlgerant
rétained ln the sygtem-while seg¥ige work Is being performed on the compressor or the machine engine. The

tgltowlng pracedure should be:tollowed at dny time compressor isolation is requlrod NOTE: In some systems e
the compressqgr cannot be i Iatod from. Ihe syarem In this case, the sysrem must be dlechargéd whenever 1
the compressor is removed o
Procedure “,y,"_ ' v Information e
- ‘-‘ . o -
14 Stabilize system ét;"%pecmed rpm (1500 2000 . Gauges connected into aystem. ‘
. rPM range 3 o
o TP ge). L 2. Air conditioning: camrols adju%ted for maximum

coollng s

3. Opergte syétem for 10 to 15 minutes
A e
~1. Slowly olose (front-seat) low side service valve
, umu low side gauge’ reads zero pressure (see
- paqe 38 for proper service valve position).

¢

' %L Q_MPRESSOR . v i "~ NOIE:Return engine to idle to prevent "dieseling."'

\

2. Turn off machine engine. ‘ ' -
3. Completely close low side service valve.

4. Close high side 'per\/ice valve. " - X
5 Bleed refrlgerant from compressor by cracking .
low side hand Manifold until both gauges read
zero pressure.
NOTE: Bleed refrigerant slowly to prevent pullmg orl
from compressor. -

P Y

.o f .J .'
, qu._ 86 ~~ Service Valve On Comptessor
S . , g . . ' 5

3. Continue service work. . Remove sbrvice gauges from service valves.

‘a

by

Remove service valves from cothpressor. -

‘
@ n

Perform gervice Work as required. y .

| 1 Install service valves to compressor .using new
. . *  gaskets or O-rings, whichever are f,_e'qulred. .

. 2. Purge aif from compressor by cradking low side =

: / service valve for 3 seconds with low side hose )

. _ . connector capped and high side hose connector
’ open. ' :

e

5. Continue Performance Te'st;‘- ' 1. Install gauges to service valve connectors and
. . - ' purge .air from hoses. . .
2. Mid- posmon service valves. .
. 3. Continue testing system. ,

4. ‘Adjust control. for maximum performance.

[ e ! . 14
/

.l' \ . . ] . . I ' N U N .. . |
J\ . ) | : . 1 Oﬂ ' ‘.- ' FOS -—~ 87 Litho in‘U.S..A. - .
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& 94. Rreparing. System For Service T, . . k P
4 _- . : T = . A . - “‘\
TEST-_--Y—OURSE—LF-'- T T T
- v . '] N
'oues*nons _ .

. What procedure must be portormod betoro_. 4. What four procedurea. should be carrled qut | - - - -
an operable system is disoonneotod tor ser ",»/ beforo oharolno a syatem with remlorant? ;" -
vico? SN ;

' _ 5. It the system has a sight glass, what does /| ‘
2. 'What happens it remgorant is bled from ° + bubbles or toamy refrigerant tell you? . N S
ayotom too fast? g _ L v
R 6. What option must the oomproasor have ititis '
3. Why must the eystom be eyacuated of all air to be isolated from the system while it is being
botoro placing it back into service? serviced?
(Answers on page 100.) , l ,
4 ' ) ;
Fy Y
- \ . , :
.\ - . |
- . X : .L
\ ," _t’
b} , !
»
' - . °
N\ ' \ _ ]
\‘ , W
o T
“
. . 1 " , .
— o Lo .
Y . Y
- ” ~ . ' [ ]
X . ’. \ -
\ S g . "
s 1 ‘ * ¥ . »
i J\
v ) '\ ! M ) ‘
o -."_os,-;-' 8? . Litho in U.S.A, ‘ ' '
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I A DEFlNlTlON$ OF TERMS AND svmeon.s

A N | | COMPRESSOR DISPLACEMENT — Figure

oy
ABSOLUTE ZERO — Complota alfonce of 0?'82";(’:5"31;"fr'yé"?mf::f;aﬁenfnivzﬁ o,
heat: believed to-be -,459.8°F (:2.73..3.00)_- > pres y y y 9 P

: ' usuaily average engine speed.
AIR CONDITIONING — Absolute control of
temperature and hymidity; air conditioning in

: to a-liqui 4
true sense.used only:in some laboratories and lq d -

. one pound of water (approximately ane pint)

manufacturing plants where temperature and " CONDENS!NG TEMPERATURE — Jemperature
humidity control are very critical. Ordinary ' at which compressedqasincond sér changes
bsage in homes, buildings, and vehicles means from gastoa iiquid Aftected direc iy by quantity
contrql of temperature and removal. of moisture ~ and temperature of ~ram_air_passing_through °
by cbndensaiiJ\more correct “designation is .~ condenser. 2

feffioefaﬁoﬂ CONDENSING PRESSURE _ Head pressure as

AMBIENT TEMPERATURE e Temperature of " read ‘from gauge at high side service valye;
surrounding air. In air conditioning, it refers to pressure from discharge side oi‘ compressbr
__ouisrde air temperature. o . into condenser '
ATMOSPHERIC PRESSURE — Woeight of airat * CONDUCTiQN OF HEAT — Ability oi sabstance
various' altitudes. Sea level pressure commonly to conduct heat (metal and glags conduct heat
called 14.7 PSI (1783 kPa) and decreasés with - more re@dily than msuiating material such as
higher altitude. Greatest concentration. of spun glass):

popuienon of United States lives at 900 feet. , . .

(275 meiere) altitude or less. Society of D - ' ' ' "

Automotive Enginears (SAE) uses 900 feet (275
meters) altitude as average for specification in

‘manufacturing of all products: it is the “mean" , sold. . .

or ayerage altitude. . . DESiCCANT - A drying agent used inside air
. \ oo conditioning systems to absorb and hold"
B ' : . - moisture. Silica-Gel and Molecular-Sieve are

: most wndely used.
BLEEDING — Releasing pressure in the systerh

slowly by draining oft some liquid or gas. This ~ .DRIER ~~ A device contaming a desiccant
must be.done beforg the sysiem 18 opened for . piaced'hin series, usually in the liquid line, to -
service. . \ absorb and hold excess moisture. Usually

) “called receivér-drier.
BOILING POINT — Temperature at which a o

liquid' changes to a vapor. Water changes to .

- steam at 212°F (100°C) at sea level (14.7 PS|

(1783 kPa) air pressure); Reiriqerant -12 . . EVAPORATION — Process of changing a liquid
changes from liquid to vapor at -21.7°F to a gas. :
~(-30°C) sea level and atmospheric pressure. E T
. t
8TuU — Abbrewatien tor British Thermal Unit. : - N

FAHRENHEIT — Thermometer using scale

Amount of heai required.to raise temperature of
based on 32° -as freezing point of water. In

oF All subatanpes are rated in relation to - * gommon usage, it is referred to as degrees F.
_ water as standard of meagurément. . FILTER — A device used with the drier or as a
y sepdraie unit to remove foreign [substances

C . < ) ' trom the refrigerant; insiaiied in_series in. liquid
line bn high side of system. | :

-CELSIUS — Yhermometer using scale based on
‘0° as freezing point of water. In common usage . G
At is referred to. as degrees C.

COLD — Absence of heat. '

199

CONDENSATION — Procesq oi changing a gas '

DENS’TY — Weight or mass of a gas, liquid, or .

[ .
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98 Definitions

SR VI ,.
HEAD PRESSURE — Pressure- of refrigerant

from discharge rped valve through lines and
condenser to expansion valve orifice.

HEAT INTENSITY — Measurement of heat -
ooncentratlon with a thermometer

HG, — AbbreViatton tor mercury. Inches
-(kllopaaoate) of meroyfy" is a measure ot
vuouum . . .0

HIGH SIDE — Same as head pressuge; side of

+————system-which-includes vapor-into condenssr -

and liquid to expansion valve (Also see Low
~ Side.)

HYDROLIZING ACTION — Corrosive action
within the air conditioning system induced by a
weak solution of hydrochloric acid formed by

« ekceasivé ‘moisture in the system reacting
chemically with the Refrigerant-12.

K .

-~ kPa — Abbreyiation for kilopascal (metric. -
measure of preee#re). .
L. ‘ -

* LATENT HEAT — Amount of heat (BTU's or
watts) required to cause a change of state of a
substance without changing its heat lntenerty

. (degrees F; degrees C).

' LATENT HEAT OF CONDENSATION — Quantity
of heat (BTU s or watts) given off while changing
a eubetance from a vapor to a liquid.

LATENT HEAT OF EVAPORATION — Quantity
of heat (BTU's or watts) required to change &
liquid into & vapor without raising temperature ot
vapor above that of original liquid.

UQUID — A solid column of liquid wlthout gas
+ ~ pockets la pure liqaid.

LIQUID LINE —'Pipe or -hose connecting
condenser to expansionwalve, -

LOW-SIDE — That portian of system from orifice

in expansion valve through ,evaporator line or .

lines through compressor service valve to

compressor ret d valve. Also called euctlon
~ side. T .

«

"‘P - ' | .
| PRESSURE DROP — Dttteranee in presairre .

between agy two poipts caused by riction,
reotrtctlon ‘otc.

’

‘Litho In U.S.A.

.

[

A8

[4 N
¢ .

\PSI - Ab\nevlatlor\ tor pourtda per square inch

above atmospheric pressure. ‘G’ added

designates gauge pressure.

' PURGING — Adding refrigerant to a comportent

or hose.to remove any contamination from that

part ok the system. Also decreases.the amount

- of air and. moleture that could mlgrete into the

system. .’ .

\
R
" RADIATION — Heat flow thrbugh space,

_traveling and acting much like light rays.-

RAM AIR — Air that is forced &round the
condenser coils as the vehicle travels in a
forward dlrectlon \

RECEI}/EFFDFNER — See "'Drier.”
A \ ~

-

S ' . .
SCHRADER VALVE, — Spring-loaded valve
gimilar to the tire valve located inside the
gauge hose fitting on service valves and certain
controls. Will hold refrigerant in the system hut
can be opened by installing a special adapter
with the gauge hoee

SENSIBLE HEAT — Heat which causes a
change in temperature of a substance but nota
chanoe in state,

SPECIFIC HEAT — Quantlty of heat required to

change one pound (0.46 kg) of & substance ene
. ‘'degree Fahrenheit (1°F) (1°C). ’

STA'NDAH'D*TON — Amount of heat released
while changing one.ton of 33°F (1°C) water to
32°F (0°C) ice in a period-of 24 hours (288,000
BTU'S (84 408 W) per 24 hours or 12, 000 BTU's
(35617 W) per hour).

SUBSTANCE — Any torm of matter that can be
weighed or measured; may be solid, liquid or
gas.

hl -

’ SUCTION StDE — Low side preseure (from

expansion valve ormce to intake reed valye in.

compreaeor)

- SUPERHEAT — Added_ heat intensity to a gas

gfter complete evaporation of a liquid; con-

rolled by inereasing pressure in air conditioning -




v .. . . : . ) 4 am
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Detinitiona

T
TAIL PIPE — Dutlet pipe from ev'aporati)r coil.

TOTAL HEAT LOAD — Human heat load plus .
heat antering through floor, glass,” roof, and ’ o ’
sides of vehicle. '

TORQUE -— Rotating bower required to properly
tighten a bolt or nut expressed in foot-pounds or

; inch-pounds (newton-metera).,' .
<, y , ' | _ -
—— ~-VAGUUM-— —-Referredto —as-—-lessthan—at-- - - ~S-mmom e s : -
' mospheric pressure and expressed as inches
N (kilopascals)  of mercury (in. or kPa Hg.). Man '
has not dbtained a true vacuum. \
. ' - \_‘ ! : R ]
w _ : _
WATT — Unit measure of electricity. . . . ,
y (}
N . [\
' v
.
| ) o
-~ Q \
v .
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ANSWERS TO PART 1 QUESTIONS

. 1. Absorba heat.

Vs

2. Raises the boiling point.

3. First blank — “hotter.”” Second blank —-
“golder." : ’

4, Thq amount of heat requifed to raise the

__temperature of a pound of water one degree . .

Fahrenheit (at sea level pressure).

5. See thé' combleté diagram in Fig. 10 of the .
text. M ‘

ANSWERS TO PART 2 QUESTIONS
. 1. False. It will boil.
Frostbite can occur.

It can explode,

A vacuum pump.

“~

2.
3.
4. It causes corrosion_ of the metal parts.
5.
6.

. )
False! Never use motor oiQ use only ap-
proved refrigeration oil.

-

"ANSWERS TO PART 3 QUESTIONS

1. See completed diagram in Fig..17 of the text , ’
for  correct labels for parts and colors for
refrigerant. ' !

| b -

2. The second job is circulating the refrigerant
in the system. °

3. Concentrates its héat content or heats it
up.

4. First blank — 'heat”; second blark —'
"gas"; third blank — “liquid.” . |

5. Ram alr is natural air flow from vehicle
movement; forced alr is pushed by an electric-
powered fan. .

8. The.outlet side shoulid be cold. - ) *

* . 7. First blank — 'liquid'’; second blank —
", "gas"; third blank — “‘abdufbed.”

8. At its Ioﬁ_o_ot speed to allow the greatest
absorption of heat from the air.

9. To.absorb ;‘noistu'r_o‘ from'ti\'o system. '

[}

c o ,

. ANSWERS TO PART 6 QUESTIONS

An_a_von‘ 99

[ - : l\i v
o 8 .
) . ; . ot ’ [
¥ANSWERS TO “TEST YOURSELF" QUESTIONS . =

ANSWERS TO PART 4 QUESTIONS

1. Gauge gnd manifold set, leak detector,
vacuum pump,

2. One for the high side, and gne for the law
side of the system. : ‘

3. The compressor. v

i

4, The electronic type.

. It gives off a poisonous gas.

O

6. A vacuum pump.

ANSWERS TO PART 5 QUESTIONS: .

1. Normal is 7 to 30 psi (560 to 210 kPa)-
- (depending upoff ambient temperature).

4. See chart on page 45 for correct answers.

3. 1-b; 2-c; 3-a

-
‘

1. The possible causes that\take the least

~ amount of time to inspect and repair.

2. See chart on page 54.

3. First blank — NORMAL or HIGH: second -
blank — HIGH. )

.
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ANSWERY TO PART 7 QUESTIONS

y 1. First blank
"‘evaporator.’’

— ‘'‘condenser.’’ Second blank
’ .

2. The high side will be warm to hot; the low
side will be sweating or frosting. - 7

”

3. True.

4. As a vapor.

-

5. Blinklno light or sQueaNng nolse mdlcates the__________ N

4

presence of refrigerant.

-

ANSWERS TO PART 8 QUEST[ONS

. The system must be discharged or bled to
release pressure.

2. Too rapid bleeding will draw out too much
oil with the refrigerant from the compressor and
system. , -

3. To remove moisture which contaminates
the system and corrodés its working parts.

4. 1) Leek test; 2) flush; 3) purge; 4)
evacuate. - ' '

5. That the refrlgerant is low. :
6. It muit have high and low side service
vaives.
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