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FOREWORD -

This manual was written for both the amateur who wants to
know how and the experienced automobile air conditioning
mechanic who wants to know more about the installation and
service of Frigiking auto air conditioners.

Explained, simply and clearly, are how a Frigiking auto air
conditioner works, how it should be installed, and how it should
be cared for in order to obtain the best performance. Many of
the technical questions that occur to you and your customers are
fully covered.

We sincerely hope that this manual will prove helpful in the
installation and servicing of Frigiking automobile air conditioners.
In the event you have a special installation or service problem
not covered in this manual, a call or letter to the Frigiking Com-

pany is always welcomed.
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C. .apter 1

BASIC PRINCIPLES OF AUTOMOTIVE AIR CONDITIONING

1. GENERAL:

FEefrigeration in the true sense of the word may be
the process of removing heat from a given
1= reducing the temperature of the space
of the surrounding environment. Mechan-
tion is defined as a mechanical system or
perstus s0 designed and constructed that, through
~tion, heat is absorbed or extracted.

wmditioning, as we know it today, uses a me-
refrigeration system to remove heat, moisture
g from the air.

2 DEFINITION OF COLD:

Lot all cieﬁmtmns of refrigeration or air condi-
= =5 as the process of absorbing or extract-
oy beat We pmbably have always thought of air
miwoming as being something cold, or even the
som of this cold. This is not true, the term “cold”
¢ s=istive thing. Such as “it is a cold day,” or “my
sufies = oo cold to drink.” What is cold for a cup of
sufi== may be hot when taking a bath. In either case,
describing how much or how little heat

DEFINITION OF HEAT:

tion of refrigeration or air conditioning
ce to heat because heat is a real thing
wwierred, measured and absorbed. Our
sve taught us that energy can be neither
ed. Heat is a form of energy. So we
wd with the absorbtion and transfer
eration and air conditioning. This is

THEORY OF HEAT:

Tee Emetic theory of heat is generally accepted,
t the molecules that compaose all sub-

stant motion. They are in motion as
tain energy. This energy is in the
. v. So long as any substance contains
= : the molecules that compose it are in
P mere = 2 point where all motion ceases, the
=== mo energy exists. That point is the com-

. f energy, or absolute zero. This

w =d on our Fahrenheit thermometer as
-.-- ee=es below zero. If heat energy creates the

1 motecules, it stands to reason that the more
- = heat a substance contains, the greater
ot 2= molecules. This is true — take the
T § wzter as we know it. It is a liquid, and
g =—an amount of heat. If you add heat to
0 ecumes steam and the molecules are much
T I su take heat away from water, it
s o= =i the molecules are less active.

=
912°- --|- |---BOILING POINT
OF WATER
320.- |- |-__FREEZING POINT
OF WATER
O i
4596 - |- - .ABSOLUTE ZERO
b ‘% COMPLETE ABSENCE OF HEAT

Fig. 1. Fahrenheit Temperature Scale
5. THE THREE STATES OF MATTER:

As you can see when using water as an example, it
can be in three forms depending upon the amount of
heat it contains: A solid, a liguid, or a gas. This is also
true with all other forms of matter. Try to think of
anything that is not either a solid, a liquid or a gas.
No matter how hard you try, you will see that these
are the only three forms of matter. You can also
understand now that the state of all matter depends
upon the amount of heat it contains.

Fig. 2. Addition of Heat Causes Change of State

=00 —



6. FLOW OF HEAT:

Heat always flows from a warmer spot to a cooler
spot. In other words, from hot to cold. When you step
outside on a cold day, the cold does not enter your
body and make you cold. It's the fact that the heat
leaves your body that makes you cold. The colder the
day, the faster this heat leaves your body and the
quicker you become cold. No matter how heavy the
coat is that you are wearing when you go outside on
a cold day, sooner or later, you will become chilled.
This is true because, though some insulations are
better than others and will retard this flow of heat
better, no insulation is perfect. Sooner or later the
heat will leak out and you will get cold. In other
words, heat always travels from hot to cold, and noth-
ing will stop this flow of heat,

7. THREE METHODS OF HEAT
TRANSFER:
Remember that heat is a real thing, a form of energy

that can neither be created or destroyed. Just as you
or I, it must have a means to get from one place to

CONDUCTION

RADIATION

Fig. 3. Three Methods of Heat Transfer

another. Heat travels from hot to cold by t

methods. It is conducted, as through a solid. If y&= = = =
hold a steel bar in a flame long enough, it wol &3
become too hot to hold. The heat energy would h . o

traveled through the steel bar to where your hand 3
it. This method is known as conduction — through S i
solid from molecule to molecule. Heat also travels Bess & mes
convection. This means it is conveyed by means of s =i
third agent, It hitches a ride. On a cold day, the hea —
in your car blows the warm air on you and warms yol® o= e
This means the heat is conveyed by the warm air froé s =
one place to another. The heat also was actually cofes ===
veyed from the warm motor block into the heater cof® ™= S
by the use of water or antifreeze, The third and lab® = &3
way that heat is transferred is by radiation. Radiati@ === i
is the transmission of heat through space without hes = =
ing the intervening space. A good example of radiatigessmmm——"—
would be when you are standing outside on a cold da#® == &

yet when the sun’s rays strike your body, you apme Jepe
warmed beyond the temperature of the surrounding nL —

8. MEASUREMENT OF HEAT: F su m

Unless you are already familiar with the theory s S &
heating and refrigeration, when we speak of measurinisss o =
heat you will probably think of using a thermometelise Sy
And you would be half right. A thermometer is uselsis st
to measure the intensity of heat. You can tell if somés =
thing is hot or cold. If you put a thermometer in Fws= o ==
pan of ice water it would read about 32 degrees, antme Sepwe
if you put your finger in the same pan it would fi m
cold. Now if you put the same thermometer in a pale === o
of beiling water, it would read 212 degrees. Your fingeless o =i
in the same water would probably produce a blistepsssss = &
and you would concede that it was hot. In both casefsmmemum
you are measuring the intensity of heat only. If yossis ==
put your thermometer in a one gallon pail of boil.;:f'—'-ﬂ =
water, it would read 212 degrees. If you put w v
thermometer in a five gallon pail of boiling water, i s
would also read 212 degrees. Obviously, there is morfise pmmm—

ety A

."-\
i
BOILING WATER .! ICE ELECTRIC ARC
212* F. 32* F. 260" F.
' 10 S=N
- T
= e
_— T .
Fig. 4. Intensity of Heat E—
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= 2 Sve gallon pail of boiling water than in a one

sail of boiling water. You cannot measure the
§ heat with your thermometer, but only the
v of the heat.

sther instrument or way must be used if you
¢ %o messure the quantity of heat. To do this, we

mested a unit of heat and called it a British
or BTU for short). We have defined it
tv of heat necessary to raise one pound
wer ome degree Fahrenheit. While we usually are
seermed with raising or lowering the temperature

by means of

= mecessary is that we think alike and use the
= =t all times. In other words, if someone said
= ssck 100 BTU's to cool the occupants of an
goie it's the same as saying the same amount
& on a cold da#® Besc & r=mowed) would cool 100 pounds of water

body, vou Seg== or one pound 100 degrees.
:_‘rmundingak .
SSECIFIC HEAT:

I: ¥ »om smderstand the definition of a BTU, you can
b the theory fer @ s=mount of heat necessary to raise one
k of misam ¢ of water one degree is one BTU. In other words,
& thermomets Sowcite Hest of water is 1 (one). Water is the
jometer is sutsssore we know which takes exactly one BTU

gn tell if som s ome pound one degree. Everything else takes
Fmometer in Bmess or == them one BTU to raise or lower one pound

2 degrees, a Sesm=e Az zn example, the alcohol that you might
» it would fefms = weer csr radistor requires only 6/10 of one BTU
meter in a p suse me pound one degree. Therefore, the specific
= Your finggess = siesbed = 0.600. The air that we breathe re-
duce a blistalmuess & i=e less than 1/4 of a BTU to raise the
In both cassesmesmcu= of one pound one degree. Or one BTU
it only. If ygessis =m=se &s t=mperature about four degrees. When
pail of boi peame mme w0 caleulste the amount of heat that must
vou put yo s f2omm = space or a product, they must know
pling water, st hest of the product before they can make
there is me e caleslstions. Usually they consult tables in

gieemes Socks for this information.
[ ]
(e

<>

a 1 s=

e - L

ETRIC ARC
S&0* F.

& 5. Specific Heat
S = HEAT:

s emrmed that a thermometer measures only
pury of Best By intensity, we mean heat that
. e or s==== We have also learned that the
iy of s=ms=ide heat can be measured by using

the BTU. It might come as a surprise to some of us
to learn that there are some forms of heat that cannot
be read on a thermometer or felt with our senses.

FIGURE A

Fig. 6. Sensible Heat

11. LATENT HEAT:

If you look up the word “latent” in the dictionary,
you will find that part of its definition would include
the word “hidden.” We are now going to discuss a
form of latent, or hidden heat. Heat that cannot be
felt as we feel sensible heat. We know that if we add
heat to water, it will come to a beil and turn into
steam. We also know that the more heat a substance
contains, the more energy it has and the faster its
molecules travel. If you have a pound of water in a
pan, put it on the stove and add heat, it will eventually
reach a temperature of 212 degrees. At this tempera-
ture, it should start to boil and pass off as steam into
the air. Whenever a substance changes from one state
to another, an extra amount of heat energy is given up
or absorbed. This takes place because it takes an extra
amount of energy in the case of water to break away
from being just water, and having the water molecules
fly off into the atmosphere in the form of steam. Just
as it would take you an extra amount of energy to get
out of your chair and walk across the room it takes

" -




the water molceules an extra amount of energy to
break away from the rest of the water molecules and
fly off as steam. This extra energy does not change

and we cannot feel the difference, yet it ig Present, this
additional heat ig called “latent,” or hidden heat, In
reverse, if a pound of steam were to tumn back into
water, it must give up this additiona) energy before g
change of state could take place. The following example

latent heat of fusion. The change of state from a solid
to a liquid is called the latent heat' of melting. For
the most part, we are concerned with the change of
state from a liquid to a gas, or the latent heat of evap-
orization, This change of state ig very important in air
conditioning becauge this is where a large amount of

- STEAM | 970 BTU LATENT . __
212° WATER HEAT
180 | BTU SENSIBLE
HEAT
1310 BTY-
TOTAL HEAT
320
144 BTU LATENT
32¢ HEAT
BTU - SENSIBLE
HEAT
i it o L3 RO

*

12. THE SIMPLE REFRIGERATION b = =
CYCLE:; . ]
The refrigeration cycle in an automobile air co . |

tioning system employs most of the foregoing fa
and uses a mechanical means to accomplish the
sorption and removal of heat from the space to
conditioned. The alcohol in your car radiator boils
around 170 degrees, As You can see, different liqui
have different beiling temperatures. In rerrigeration.m ——
liquid is selected that has an extremely low boili
temperature. The refrigerant that we most common
use boils at a temperature of minus 21 degrees belo

F ]
zero. Remember that “boiling” as we refer to it, doe |
not necessarily mean something hot, but rather =
change of state from a liquid to a gas. The refrigeran =
that we use changes state from a liquid to a gas at N -

21 degrees, and heat must be absorbed tg accompli

very air in the automobile as the source of heat, 1T SE—
thus cool the air, This is the basic principle of air COME
ditioning and refrigeration. We bojl a liquid refrigerar/h =
in a container in the Space we want to have air condigmy =
tioned, and thus absorb heat from the space. The liquidses S s
has now turned into a heat filled gas. This gas is re
moved from the ajr conditioned space, and the heat ig
then removed from the gas. When heat is removed from
4 gas, it turns back to a liquid. This liquid is then recir-
culated back to the air conditioned area, and the cycle

13, PRESSURE:

Just as everything, as we know it, contains some.
heat energy, everything also is at a pressure of some
kind. The air surrounding you exerts internal and
external pressure on your body. Because the pressure
inside your body is the same as the pressure on the \

[

outside, we often ignore its existence because it has
no effect. The actual weight of the air pressing down
on us is 14.7 pounds per Square inch at sea level. This
means that if you take g column of air one square inch
in area and extend the column upwards as far as air
exists, its weight would be 14.7 pounds. Most of our
pressure measurements in refrigeration are in units of =
pounds per square inch, or “psi” for short. When you ' Fig & ™%
drive your car into a filling station and ask the atten- [ S
dant to check the pressure in your tires, or tell him to e s -
put in 28 pounds, you mean 28 psi. Remember, the 'will il = =
actual air surrounding us is at o pressure of 14.7 psi. |
This pressure is wherever there is any air at all. Sg
if you had a flat tire while driving vour car, even the |
tire when flat would contain 14.7 psi. This means that S e o
when you told the filling station attendant to fill your Pt e aiien
tire with 28 pounds of air, you actually meant to put i S :“'
in 28 pounds more than the 14.7 pounds that it already
contained. This may all sound quite confusing, but the

— ]



< ~=member is that there are really two types
es=nre  messurements. The measurement that
p== e exmstence of the pressure of the air sur-
simg == =nd the measurement that takes into
serptiom the pressure of the air surrounding us.
$r=r pressure measurement is called “‘psig,” or
re inch gauge. (Such as the tire gauge
stion attendant’s pocket.) The second

« pounds per square inch absolute.

J:f-‘.h the
e space to
pdiator boils
Efferent liqui

refrigeration, B sume of gsuge is usually used only in scientific
#y low boili rsimres | 1he units of pressure measurement in
post commoniEs e stior service work are in psig, which means
degrees bel ¢ we sre concerned with only the pressures above
gfer to it, d sshow that which normally exist in the air sur-
but rather thiemiieg == B!:'LaLl-Sﬁ we ignore the air pressure sur-
[he refrigerankssesséios == and only read the pressures more or less

|a gas at min

== pressure, we call the pressure of the air “0”
to accompli t

5= gauge then measures only that above or

L e E
Inges state, w= o= poini. Any pressure that is above 0 psig is
g a refrigera sesur=C m additional pounds per square inch. When
/e can use t sr=ss=ure to be measured is less than 0 psig, we

e of heat, a s= ws= 2 measurement other than pounds. This
ple of air ¢ wsure==ment = inches of vacuum. A vacuum is defined
pid refrigera sy pressure less than atmospheric, or in our case,

=ve air condi sressure less than 0 psig. To understand why we

ice. The liqui “»= me=surement of inches instead of pounds, refer
[his gas is red

pd the heat is _"

removed from MERCURY

f is then recir=
and the cycle
ut it, you will

REMAINS AT 30"

—

#d in the pres
b this simple
& TUBE 1~ SQUARE
1 4 TwOIPYERE L
pntains SIS SRy

Eure of some.
internal and
the pressure
ssure on thel
bcause it has)
ressing down
ta level, This
e square inch
as far as air
Most of our
E in units of
£ When you ™ ¥z & This figure illustrates a barometer that meas-

Fig. 8. Simple Barometer

gk the atten- _h"-r berometric, or air pressure. The weight of normal
tell him to o ses level is 14.7 psia, and this amount of pressure

m r-mber. the ™l 2odd 2 column of mercury up in the barometer tube
of 14.7 psi. *2 mehes. What this means is that a column of mer-
ir at all. So = 222 inches in height weighs 14.7 pounds, the
=r, even the ™= == a column of air weighs 14.7 pounds. Any time

{ means that e ==ight of air is less than 14.7 psia or 0 psig, it will
| to fill vour ™= 5 sble to hold this column of mercury as high in
it ol put == =be The mercury will drop in the tube any time
already #= w=ight of air holding it up is less than 0 psig. The
ing, but the P—se=rstion gauge that we use is scaled in inches on

the vacuum range, and measures the distance the
column of mercury will drop in the tube when the air
pressure is reduced below 0 psig. The gauge is scaled
from zero to 30 inches. If you had a perfect vacuum
at sea level, the column of mercury would drop 29.92
inches in the tube. A refrigeration gauge constructed
to read only pressures above 0 psig is called a pressure
gauge. A gauge constructed to read both pressure and
vacuum is referred to as a compound gauge.

14, PRESSURE-TEMPERATURE
RELATIONSHIP:

If the pressure within the closed vessel is increased,
the temperature will also increase. If the pressure is
reduced, the temperature will reduce. Most of us are
familiar with an ordinary pressure cooker. Water in an
open pot boils at 212 degrees. A pressure cooker is
designed to cook food faster than can be done using
an open pot. The way to cook something faster is to
increase the cooking temperatures above 212 degrees.
When water is put in a pressure cooker, the lid sealed
and the cooker is placed on a burner, the water will
start to boil at 212 degrees and a portion of it will
turn into steam. This steam is not allowed to escape
from the pressure cooker, and thus the pressure it
creates presses back down on the remaining water.
Anytime a molecule of water wants to escape to become
steam, it must not only overcome the normal 0 psig
pressure, but also the additional pressure exerted by
the steam. To overcome this additional pressure re-
quires more energy, so the water molecule must absorb
additional energy to escape. Thus, its temperature rises
above the normal boiling temperature of 212 degrees,
and the food is cooked faster at this higher tempera-
ture. What this really means is that anytime wyou
increase the pressure on a liquid, you increase its
boiling temperature, The more the pressure on top of
a liquid is increased, the higher its boiling temperature
becomes.

The reverse of this is also true. If you decrease the
pressure exerted on a liquid, vyou decrease its boiling
temperature. The more you decrease the pressure, the
lower the boiling temperature will be.

As you can see by controlling pressures, you can
actually control operating temperatures. This is how a
refrigeration system works: The pressures throughout
the system are controlled and thus the temperatures
are also controlled.

. THE REFRIGERATION CYCLE:

Now that we understand the various relationships
between temperatures, pressures, and heat—an actual
refrigeration system can be explained in detail. First
a liquid is selected that has a low boiling point at 0
psig. This is necessary in order to use the air in the
automobile as the source of heat. Remember that heat
flows from hot to cold, so if a liquid (or refrigerant)
is selected that has a boiling temperature below the
temperature of air, the heat will flow from the air to
the liguid refrigerant. This will cause the air to become

e T -
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cool and the liquid refrigerant to absorb latent heat
and boil away to become a gas. This boiling action, or
absorbtion of latent heat, takes place in a closed cir-
cuit, and the refrigerant is piped from one location to
another within the system.

CONDITIONED SPACE

TF 37 xE XS - A

bt
W
AR F 00 OHARCAR AN &
PUMP )

HEAT

Fig. 9. Refrigeration Cycle

Once the liquid refrigerant has absorbed latent heat
and turned to a gas, it is necessary to remove this
latent heat from the gas to allow it to change state
back to a liquid so it can be used over again to cool
more air. A pump is used to suck this latent heat
laden gas from the conditioned area to an area where
the latent heat is given up and the gas returns to a
liquid state. Again, heat always travels from hot to
cold, and the gas sucked out of the conditioned area
is now pumped into a finned coil. This pumping action
results in increased pressure. When the pressure goes
up, the temperature also rises. The pump continues to
raise both the temperature and pressure of this heat
laden gas until its temperature is above that of the
surrounding outside air., Once this happens, the heat

e il

will flow from the hot gas to the cooler air and the gs = m
will change state back to a liquid again. This liquid i s e s
then recirculated to the conditioned space, and
cycle is repeated.

16. BASIC COMPONENTS OF A
REFRIGERATION SYSTEM:

An air conditioning system is composed of four basi
components. These components may be constructed
various ways and shapes, but they always perform th ol
same function in a refrigeration system and are alway E .
installed in the same relative position to each othe

We refer to a refrigeration cycle, or in other word:
a circle. This means the system is closed, and there
no actual starting or ending point. For convenienec
let’s begin the refrigeration cycle at the expansie
valve. The expansion valve is a device that meters an
controls the flow of liquid refrigerant through tk
system. It permits just the right amount of high pre
sure, high temperature liquid to enter the cooling co
or evaporator.

The evaporator is an arrangement of tubes and
that is located in the conditioned space. The hig
temperature, high pressure liquid moves past the e
pansion valve and absorbs heat from the air thro
the evaporator tubes and fins, as it turns into a lo
temperature, low pressure gas in the process.

Fig. 10. Evaporator Coil

This heat laden gas is then sucked from the ev
orator by the compressor. The compressor perfc
a dual action of pulling the suction gas from
evaporator, thus maintaining a low pressure in ©
evaporator, compressing this gas and pushing it e
under high temperature and pressure into the conde
ser coil.

The condenser coil is another arrangement of tuS
and fins similar in construction to the evaporator cs
Where the heat flow in an evaporator is from outss
to inside the coil, the heat flow in a condenser is fre
inside of the coil towards the outside. The conden
coil is located in an unconditioned area, and after &
compressor has compressed the gas to a high presss
and temperature, the condenser rejects this latent &
to the outside air so the refrigerant gas can turn &



gt = liguid. Bear in mind that the compressor must
and the gasemg e pressure, and thus the temperature of the
his liquid i .= = point where the gas is at a higher temperature

pe, and - rrounding air. The heat can then flow from
| S gas to the cooler air around the condenser.
§= == sutomobile air conditioning system, this heat
A gsmsfier i= helped along by the radiator fan forcing air
s e condenser coil.
pf four basi Cmes the gas has turned back to a high pressire,
nstructed ife®s s=mperature liquid in the condenser coil, it is
perform th@ge=s line and back through the expansion valve.
i are alway@he cycle is then repeated.
each other
other words
and there i§
convenience)
e expansion
t meters and
through the
bf high pres:
cooling coil

thes and fing
e. The high
past the exs
{ air through
g into a low

Fig. 11. Condenser Coil

17 R=EFRIGERATION ACCESSORIES:
==+ automobile air conditioning system must con-

fum e four major components in order to function.
Eiswewer, to function efficiently and be controlled prop-
g seweral other items are added to the system.
M= systems contain a receiver located after the
pemeiemser. This receiver is a tank of some kind that
s 2= a container for the excess refrigerant in the

W pesme= You might refer to it as a reservoir.
& Zrer is also usually put in the line connecting the
peeeiwer to the expansion valve. It also might be an

Sme=e—s! part of the receiver itself, in which case the
Jssemiciy would be referred to as a receiver-drier. A
$-wr = an assembly that performs a filtering action on
pm the evapdiee sefrigerant, and also contains a drying agent that
sor performghser=s harmful moisture particles from the refrigerant.
pas from the Sighs glasses or liquid indicators are small assemblies
secure in thelmseed in the line connecting the condenser to the
pshing it oufessession valve. They also might be a part of the
b the conden-gsessver drier assembly or the expansion valve. The
Jssem=ily has a window that allows the serviceman to
ment of tubeghesk =to the system and observe the flow of liquid
raporator coil #f=g=rant in the system. They are a valuable aid in

from outsidesEice work.

lenser is from A& wariety of other items are sometimes inserted in
"he condenserfse comnecting refrigerant lines that serve to control
and after thesr ==gulate the flow of refrigerant. Some of the various
high pressuressseoiling agents are called evaporator pressure regu-
1is latent heatls=mg valves, suction pressure valves, high pressure
ran turn back

cutouts, low pressure cutouts, and crankcase pressure
regulating valves. These valves are all explained later
in the manual,

In order to control and regulate the proper condi-
tioned space temperature, the electrical system of the
air conditioner contains switches, rheostats, blower
motors, electric clutches, dampers and many other use-
ful items.

An air conditioning installation will also have belts,
hoses, brackets, special mounts, fittings and other me-
chanical items to make a complete working system.

18. REFRIGERANT-12:

There are many different refrigerants available today
that can be used in refrigeration systems. The auto-
mobile air conditioning industry uses Refrigerant-12
without exception because it has the most desirable
characteristics for this application.

Refrigerant-12 is clean, dry and free from contami-
nation as received in factory containers. It is non-toxic,
non-corrosive, non-inflammable, non-explosive and od-
orless under ordinary usage.
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Refrigerant-12 has a low boiling point at atmospheric
or 0 psig. This boiling point is minus 21 degrees F.,
and enables us to have pressures above zero psig in
the evaporator section, and still have low boiling tem-
peratures to effect a good heat transfer or flow. It is
always easier to work in a pressure range than a
vacuum range.

This refrigerant also has a good latent heat of vapor-
ization value. In other words, if a pound of Refriger-
ant-12 is boiled off in the evaporator, it will absorb a
large quantity of heat from the air to do this. The
more heat that is absorbed by each pound of refrig-
erant, the less refrigerant you will have to circulate,
pump and condense. This can amount to a considerable
savings in weight, refrigerant and horsepower.

19. PRESSURE-TEMPERATURE CHART:

We have already learned that every liquid has a
different boiling temperature and that if you vary the
pressure exerted on a liquid, you will also vary this
boiling temperature. We are now concerned only with
the pressure-temperature relationship of Refrigerant-
12. When a serviceman observes the pressures of the
boiling refrigerant in the evaporator or the pressures
of the condensing gas in the condenser, he can then
refer to a chart (see Table 1) and determine the actual
temperatures in these different locations. By observing
pressures and temperatures in an air conditioning
system, the serviceman can often make service diag-
nosis.

In order for a temperature-pressure relationship to
exist (such as shown on the chart), there must always
be a mixture of liquid and gaseous refrigerant present.
This is referred to as a “saturated condition.” If no
liquid is present, then a rise in temperature cannot
boil off some of the liqguid and create an additional
rise in pressure. Think back to the example of the
pressure cooker, and you will see that pressure can
only be increased by boiling the water to steam. Thus,
if water is not present the pressure cannot increase.
Fortunately, for the most part, a saturated condition
does exist in the parts of the refrigeration system we
are most concerned with.

An example or two might enable you to better under-
stand the real wvalue of your pressure-temperature
chart. Let’s assume that an air conditioned car would
have the interior air temperature at a comfort level of
72 degrees. If this air is circulated over the evaporator
coil to be further cooled, then the evaporating tem-
perature must be less than 72 degrees before heat can
flow from the 72 degree air. The actual evaporating
temperature might be 35 degrees. Now the serviceman
knows that his evaporating temperature should be

TEMPERATURE - PRESSURE CHART

Table 1. Temperature-Pressure Chart

approximately 85 degrees, and by observing the pres-
sure on his service gauge he can refer to the pressure-
temperature chart and determine if the temperature is
correct. The same situation holds true on the condens-
ing side of the system. If the air passing over the
condensing coil on a hot day is 90 degrees, we know
that the temperature of the gas must be greater than 90
degrees if latent heat is to flow from the hot gas to the
air. When operating properly, this condensing pressure
might be somewhere around 190 to 200 psig. By refer-
ring to the pressure-temperature chart, you can see
that the actual condensing temperature would be be-
tween 130 and 140 degrees.
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EVAPORATORS

§ an evaporator in an auto air condi-
i= to absorb heat from the automobile

. wwsmorstor coil is of fin and tube construction,
yplete with inlet and outlet manifold-

mr = —oce

B¢ Poper manifolding results in equal distribution
= ¢ ~frigerant in the numerous passes and tubes.
P sio——um fins greatly increase heat transfer effi-
e

Sifememce is usually made to an evaporator assembly
e = —obile air conditioning system. This assem-
B w=uelly consists of the evaporator coil, blower fan
B mooor expansion valve, controls, and a finished
b sssembly with adjustable air-flow louvers.

Sy the evaporator coil is colder than the air pass-
e the coil will condense the moisture in the
= Thas condensed moisture will run down the evap-
Bewor o= and into a drip pan, which is usually an
Bl part of the evaporator case. From the drip
pum e collected condensate is routed through drain
B — sutside of the automobile.

e =re times when the boiling temperature of the
Bisuid ~=f-igerant in the evaporator coil gets low enough
e —— condensate into ice on the tubes and fins.
s == formation blocks air flow and prevents cool air
Bs—Fwton to the passenger area. The air condition-
S se—viceman may encounter this problem, and should
| S ts origin. Many manufacturers have in-
= safety devices into their systems to prevent
B - ., but under certain humidity and driving
Setiions, this coil icing can still occur.

The thermostat and fan switches are usually located
= e evaporator faceplate, which allows the driver to
s for temperature and air volume. Adjustable
Sess sllow the driver to adjust the direction of air
[

2 DASH MOUNTED EVAPORATOR

ASSEMBLIES:

s evaporator is located under the instrument

sl = the front compartment. Cooled air is dis-
sewrwed through adjustable louvers, and all controls
W= ceweniently located for driver adjustment.

The sssembly is usually designed especially to fit
“woms makes and models of automobiles. Therefore,
e different sizes, shapes and configurations may
e soeountered.

Sasentially, they all perform the same function and
S omlv in physical characteristics.

Fig. 13. Typical Dash Mounted Evaporator

3. TRUNK EVAPORATORS:

In some instances, the evaporator assembly may be
located in the automobile trunk, This may be for con-
venience, or because available space does not permit
installation under the instrument panel. Generally
speaking, a trunk installation is more expensive and is
considered to be a custom installation.

The evaporator case is not finished with a faceplate
or louvers, but includes an evaporator coil, expansion
valve, fan and blower assembly, and a duct arrange-
ment to convey the cooled air to and from the condi-
tioned auto area.

Two directional, adjustable louver assemblies are
usually provided with the installation. They are lo-
cated on the flat surface behind the back seat, and

Fig. 14. Trunk Evaporator Assembly
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blow cool air from rear to front throughout the pas-
senger area. A return air grille is also provided for
installation in the same area.

Additional lengths of hoses and wiring must be pro-
vided because of the distances separating the com-
ponents.

Thermostatic and blower switches are located on a
panel installed in a convenient driver location. The
system operates and functions the same as an under-
dash mounted assembly, with the exception of the
location of various components,

4. DUAL EVAPORATOR ASSEMBLIES:

The dual evaporator system is a special application
system that is used on ambulances, armored cars,
florist delivery wagons and limousines. Basically, it is
two evaporators connected in parallel and operating
from a single compressor, condenser and clutch. Each
evaporator has its own expansion valve, and control is
accomplished by the use of liquid line solenoid valves

installed in either or both lines leading to the indi-
vidual expansion valves. If two solenoid valves are
used, each evaporator is wholly independent of the
other, and both can be on or off at any one time
without regard to the operation of the other evaporator., L sTaow
The wiring would be such that each evaporator would

have its own thermostat control, with either thermostat B = 4
operating the clutch on or off in response to thermostat s =
action. = o am

The system may be installed with only one solenoid = T s
valve. Under this arrangement, one evaporator thermo- » =
stat would ‘operate the clutch and the other thermostat B s o
would open and close the solenoid valve to its evap- il e WY

orator when cooling is required. B cupe 3

Oversize condensers are usually required because ! === |

the condensing load has been doubled. The system |

also has to have a high capacity compressor, and at r —
low speeds it may not be possible to obtain maximum

cooling from both evaporators, . S |

The dual system has many and varied applications, i

and can be incorporated on any vehicle. ‘-:
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F CYAPOMAO | = TaNDARD CONDENSERS:
ir thermostat | 5y mwese sutomobile air conditioning systems, the
o thermostat - i= located in front of the radiator so that it
= e sream of air passing through the radiator.

one solenoid & surpose of a condenser in a refrigeration system
mtor thermo- & . st the latent heat in the entering hot dis-
fr thermostat ga= to the air flowing over the condenser coils
to its evap- fm= When a gas loses its latent heat, a change of
wik=s place and it becomes a liquid. This action
e t0 as “condensing,” and the pressure and
sure of the discharge gas is called “condens-
se=s=wr=" or “high side pressure,” and “condensing

fred because
The system
msor, and at
in maximum
= “a=t this condensing action takes place depends
& physical size of the condenser and the quan-
w= s=mperature of the air passing over the con-
fm= As an automobile engine speeds up and
sown. the radiator fan moves more or less air
e radiator and the condenser. As the seasons
o === of day changes, so will the temperature of
wr pms=ng over the radiator and the condenser.
<= s the quantity and temperature of the air
se= s will the condensing pressure and temperature
wz can expect to observe a higher condensing
w= on a hot day than on a cold day. You can
ssmect the condensing pressure to be higher when
= = wdling or in city traffic, rather than on high-

g =

applications,

-

e comdensing action is a continuous process as
¢ the air conditioner is in operation. The com-
or will force hot discharge gas into the condenser,
¢ the condensing pressure and temperature until
st = reached where as much gas is turning to
»¢ == the compressor is forcing into the condenser.
“== point of equilibrium is reached, the con-
=¢ pressure will remain constant as long as the
== temperature of the air across the condenser
= the same. If any factor that affects condenser
; =» changes, the condensing pressure will imme-
E- =«wease or decrease to adjust to this change.

Umies severe operating conditions the condensing
= ==y rise to such a point that the compressor

mmstie o overcome the pressure. When this occurs,
e Smmage to the compressor, or hose bursting,
SITC

mge and breakage will result.

%& e condensing pressure depends upon engine
« s the temperature of the entering air, it can-
= comirolled to any great degree. However, care
¢ == tzken to see that the condenser is properly
< =2 2 minimum distance of 1/2" from the radi-
S aned that the fins are not crimped, turned or bent
& == = manner that will restrict air flow. The fins

Chapter 3

CONDENSERS

must be kept free from bugs, dirt and other obstruc-
tions.

Fig. 15. Typical Two Row Condenser Construction

If too much refrigerant is charged into an auto air
conditioning system, this additional amount is apt to
fill up the receiver-drier and back up and collect in the
bottom rows of the condenser coil. Any portion of the
condenser coil that is filled with liquid cannot be used
to transfer heat from the gas to the air, and a higher
condensing pressure will be the result.

Condensers are constructed of copper tubes and
aluminum fins, and no service should be necessary
unless a leak develops or the part is physically dam-
aged. A leak may be repaired depending upon its loca-
tion, or the complete condenser replaced as a unit.

2. SPECIAL CONDENSERS:

The construction and design of certain makes and
models of automobiles will not permit a standard in-
stallation of the condenser in front of the radiator.

Examples of these special installations are the Volks-
wagen, where both a primary and secondary condenser
are used. One condenser is mounted in front center of
the car beneath the bumper, and the other is located
near the rear axle, The Corvair has its condenser
mounted in the luggage compartment.

e s




Fig. 16. Corvair Condenser Assembly

Both installations require a separate fan and motor
to pull air over the condenser. This condenser fan
motor is wired into the air conditioning electrical cir-
cuit, and runs only when the air conditioner is in
operation,

Some installations require that the condenser be
located on the roof of the vehicle. Such an installation
i8 quite common on taxicabs and ambulances, These
condensers also require their own fan and special
electrical circuit,

Fig. 17. Overhead Condenser Instaliation

The location of the special condenser is the only
deviation from a standard installation.
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GENERAL:

“wmenl of Dguid refrigerant entering the evaporator
wemmpisited by the use of a thermostatic expansion
. Thus walve controls the rate of liquid flow into
sssperstor. It meters refrigerant according to the
= mamisins maximum evaporator efficiency.
wgusd refrigerant is metered to maintain a
Zodon Lhmughout the complete evapora-
iding” action does not extend out of the
nto the suction line.
The sspemsion valve is one of the dividing points
n e hagh and low sides of the system. Refrig-
o sbsorbtion of heat begins at the outlet side
It is the coldest point in the system. High
sp=d enters the evaporator through a vari-
=== orifce in the expansion valve, and is reduced
sessar= =nd temperature. It then “boils” or picks
Lsems mest in the evaporator coil, and is turned to a
pe=s=ur= ga< in the process.
Tipe= forces combine to operate the thermostatic ex-
valve: (1) Spring force below the diaphragm,
Surtom pressure below the diaphragm, (3) Power
=t pressure above the diaphragm. See Fig. 18.
“wmes slement of bulb (A) and the connecting tube
~  w= cherged with either a liquid or gaseous refrig-
The bulb (A) is clamped securely to the evap-
mut=t_=nd responds to suction gas temperature.
mw—wsse or decrease of this suction gas tempera-
ise s=mperature and therefore the pressure of the
@t In the power element also increases or de-
= The power element pressure is exerted on the
# walve diaphragm (B), and an increase in pres-
=il t=nd to open the expansion valve. A decrease
ses=ur= will tend to close the valve.
e forces tending to keep the expansion valve in a
sesition are suction pressure, which is exerted
S smderside of diaphragm (B) and spring pres-
T . which also exerts a pressure on the under-
o @ diaphragm (B).

OUTLET

Fig. 18. Expansion Valve

Chapter 4

EXPANSION VALVES

It is apparent that the pressure in the power ele-
ment (A) must be greater than the total of the suction
pressure and the spring force if the expansion valve is
to allow liquid refrigerant to enter the evaporator.

Within the evaporator coil a saturated condition
exists, that is, some liquid and gas. By the time the
refrigerant has traveled to the evaporator outlet, all of
the liquid has “boiled” away and only a gas remains.
The pressure exerted on the underside of diaphragm
(B) is the boiling pressure of the refrigerant. This
pressure can be found on the pressure-temperature
chart for Refrigerant-12. The refrigerant boiling tem-
perature can be determined from the chart. (See Chap-
ter 17). Once all the liquid has boiled away in the
evaporator, the low side pressure cannot go higher.

The refrigerant gas that leaves the outlet of the
evaporator coil is at the same temperature and pres-
sure as the saturated condition within the coil. This
gas picks up sensible heat as it travels down the suc-
tion line toward the power element location, and the
power element will now sense a higher temperature
than the saturated temperature in the evaporator coil.
This temperature at the bulb location, when converted
to pressure within the bulb, will exert a force on top
of diaphragm (B) greater than the saturated pressure
beneath the diaphragm.

When the temperature at the bulb location becomes
great enough, the pressure on top of diaphragm (B)
will also be great enough to overcome both the satura-
tion pressure and spring pressure beneath diaphragm
(B) and the valve will open.

If the amount of refrigerant entering the evaporator
coil is increased, this liquid will require more surface
to “boil” away, and the point where all the liquid has
turned to gas will actually extend further down the
suction line,

The distance between the point where all the liquid
has turned to gas and the bulb location is now de-
creased, so less sensible heat can be picked up and
transmitted into bulb pressure. This decrease in pres-
sure on top of diaphragm (B) will cause the valve to
close slightly.

Fig. 19. Typical Expansion Valve
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As the heat load increases, the liquid entering the
evaporator coil will “boil” away quicker. This will
increase the length of line that the suction gas has
available to pick up additional heat that the power
element senses. Thus, the valve will open farther and
let in more liquid. A point of equilibrium is soon
reached where the thermostatic expansion valve lets in
just enough liquid refrigerant to keep the evaporator
coil full of boiling refrigerant.

When the compressor stops, the evaporator and bulb
temperature equalize, which cause the pressures above
and below diaphragm (B) to equalize and spring (D)
closes the valve.

The expansion valve setting in the power element
and the closing spring pressure are factory set. Under
normal circumstances, no attempt to change these set-
tings should be made.

Inlet filtering screens are provided in most thermo-
static expansion valves. They may be cleaned in the
event the valve becomes clogged with foreign matter.

2. REMOVAL

A. Discharge the refrigerant from the system.

B. Disassemble unit to the point where the expan-
sion valve and power element are accessible.

C. Remove the insulation surrounding the power
element. Loosen the power element from the
clamp. Be sure that a note is made of the exact
power element location.

D. Using the proper combination of wrenches, re-
move the expansion valve from the unit. Do not
twist or kink the connecting tube.

E. Cap both inlet and outlet lines to prevent the
entrance of moisture and foreign matter into the
system.

3. INSTALLATION:

A. Remove protecting caps and plugs from valve

and connecting lines.

B. Position the valve and tighten flare nuts finger

tight.

C. Tighten flare nuts using the proper combination
of wrenches. Do not twist or kink the connecting
tubes.

. Clamp the power element bulb securely in its
proper location.

. Replace power element bulb insulation.

. Install new drier.

. Evacuate and recharge the system. (See Chap-
ter 13.

cmmE O

4. TROUBLE SHOOTING:

When an automobile air conditioning system fails to
operate properly, the expansion valve is often thought
to be defective. As a matter of fact, failure of an expan-
sion valve is rare. Many failures are due to improper

installation and service procedures. The expansion
valve is one of the main components of a refrigeration
system, and many problems with other parts of the
system will show up as a malfunctioning expansion
valve. This fact makes the expansion valve a key check-
point in trouble shooting diagnosis. Following is a list
of symptoms to aid the serviceman in diagnosing ex-
pansion valve problems.

SYMPTOM

1. Hissing noise
at expansion
valve.

2. Partial frost-
ing and sweat-
ing of coil, or
poor cooling.

3. Failure to cool.

4. High gauge
reading on low
gide of system.

5. Low gauge
reading on low
side of system.

6. Intermittent
failure to cool.

PROBABLE
CAUSE

a. Shortage of
refrigerant.

b. Restriction
in line.

a. Expansion
valve stuck in
closed position.

b. Power element
bulb loose or in
wrong location.

c¢. Expansion
valve inlet
screen par-
tially clogged.

a. Expansion
valve stuck in
closed position.

b. Expansion
valve power
element has
lost its charge.

¢. Expansion
valve inlet
screen clogged.

d. Expansion
valve freeze-up

a. Over feeding
of expansion
valve due to
poor bulb
contact.

b. Expansion
valve stuck
open.

a. Expansion
valve stuck in
closed position.

b. Expansion
valve
freeze-up.

c. Expansion
valve screen
clogged.

a. Expansion
valve
freeze-up.

DIAGNOSIS
PROCEDURE

a. Locate and re-
pair leak; add
refrigerant.

b. Check re-
ceiver-drier
for partial
stoppage.
Check lines
and hoses for
kinks. Check
screen at ex-
pansion valve.

a. Replace ex-
pansion valve.

b. Reposition and
secure tightly
in place.

c. Clean screen.

a. Replace ex-
pansion valve,

b. Replace ex-
pansion valve,

c. Clean screen.

d. Replace drier,
evacuate and
recharge
system.

a. Secure bulb
tightly in
proper
location.

b. Replace ex-
pansion valve.

a. Replace ex-
pansion valve.

b. Replace drier;
evacuate, and
recharge
system.

¢. Clean screen.

a. Replace drier;
evacuate, and
recharge
system.
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SENERAL:
The smempreessor is the driving force of the automo-
wr somcitioning system. It acts as a pump in the
snc sucks and pushes the refrigerant gas
g~ e system. One of the dividing points between
wg~ ==d low pressures in the system is the valve

AGNOSIS
DCEDURE

Locate and re- # e compressor. Cool low pressure suction gas
mfu-_lenk;tadd wle® =20 the compressor, is compressed and dis-
efrigerant. e L 3 g
B < ___;.Eh temperature, high pressure gas into
eiver-drier ——— 1

or partial The cumpressor is attached to the engine crankshaft
foppage. mes mm electric clutch, drive pulley and belt ar-
sheck lines et and any speed change in the engine reflects
ind hoses for £ i

Bnks. Check speed change in the compressor.

creen at ex- T e requisites of a good automobile air con-
jansion valve. mumg system is rapid pull-down to a comfortable
Replace ex- soom= when the driver enters a hot automobile.
mnsion valve. sie= %o accomplish this end at low engine speeds,
ssmpeessor must have the ability to pump large
o refrigerant. However, once the system is
< Sown to normal temperature or the car is driven
Sagowey speeds, the compressor has a greater ca-
+ ©=an normally required. These operating condi-
= ==tomotive air conditioning indicate that for
mos= part, the compressor has a much greater
=ty than required, and an unbalanced system is a
el condition.
¥ = estmated that the average car owner living in
w== which has a nine month air conditioning sea-
e= driving 12,000 miles per year at an average
< o 35 mph would accumulate no more than 150
== of actual compressor operation in one season.
mpr=ssor manufacturers normally test their com-
r curability on the basis of 1,000 hours. This

teposition and
ecure tightly
n place.

Hean screen.

teplace ex-
mnsion valve.

teplace ex-
mnsion valve.

Aean screen.

teplace drier,

vacuate and “=t, if properly installed and serviced, an auto-

K}t‘ﬂfﬂe we wir conditioning compressor should ocutlast the

e s== of several automobiles,

lecure bulb . g

ightly in W hem designing a compressor, coOmpressor manu-

roper weess major considerations are size, weight, serv-

scation. wiw¥, capacity, cost, and the ability to operate
=m=imum service and withstand clutch shock

leplace ex-

smd vibration,

The compressor in widespread use today is a two
teplace ex- ¥ imder reciprocating type with a basic design similar
ansion valve. W == =ir compressor, with the exception of certain

Sewls which must be considered on refrigeration cir-
leplace drier; ==

ansion valve.

vacuate, and 1 A % -
scharge . =i suction gas is pulled through the suction reeds
ystem. W =meck valves in the valve plate assembly, and com-

lean screen.

Pﬂn:-: and discharged through the discharge reeds or
#wcx walves on the piston upstroke. This continuous
se=em of checking and compressing moves the refrig-

teplace drier; S. srough the system and maintains high and low

vacuate, and 2 s
scharge peessure differences across the compressor and in the
ystem. ==

Chapter 5

COMPRESSORS

Service of the compressor in the field is usually
limited to checking the oil and replacing the valve
plate assembly, shaft seal and gaskets.

2. YORK COMPRESSORS:
a. General:

These compressors are constructed of light weight
die-cast aluminum, and can be installed and operated
in any position from horizontal left to horizontal right.

Four bosses on the seal end of the crankcase provide
for mounting the standard clutch independent of the
shaft seal plate. Smaller diameter clutches may be
mounted on the seal plate surface.

All components are readily accessible and remove-
able with standard tools.

OIL FILL
PLUGS
(Twa)

CLUTCH
MOUNTING
BOSSES
(FOUR)

Fig. 20. York Compressor — Standard Service Valves

b. Identification:

The metal nameplate located at the top front of the
compressor serves as a means of identification. The
location permits viewing the nameplate with the clutch
installed.

Data inscribed on the nameplate includes the serial
number, combination model and part number, and
designates the manufacturing period.

1. The serial number of Series 66 compressors has

a “G” prefix.

2. Four clutch mounting bosses on crankshaft end.

3. Two oil fill plugs, one centered on each of the two

horizontal mounting surfaces.

Models 206, 209 and 210 differ in the stroke and
therefore in displacement. The various models may be
identified by the difference in machining of the ends of
the shaft. Refer to Fig. 21, Detail A.
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SERIES 63

— Rotalock Valves
- Die Cast
———— Aluminum
o~ Two Cylinders
~——— Nominal Displacement
- W ] 2 10 cu. in. / rev.
st ess the “R™ prefix indicates flanged valves,

SERIES 64, 65, 66

— Die Cast
= Aluminum
Two Cylinders
__—— Nominal Displacement
3 - 2 % 09 10 cu in. / rev.

W Teesiors Valves are available, but the prefix “R"
wil mot sopear in the model number,

= Dmession and Physical Data:
See Fig. 21

2 O Charpe:
M ssmpe=ssor oil level should be checked at the
# mssleser and again after the system has been
sweped wni refrigerant, and system has been
s tmismeed out to the desired automobile

e
W cmpeessmes. 2w factory charged with 5/8 pint
s of “Samiso™ No. 5 or “Texaco” Capella
g S wsesssty oil. Only these or equivalent
= e when adding or changing oil.

S mumsl ol check after the compressor is
= Se meusting bracket, and before initial

= il 8 plug with its “0” ring, either

» wemesl meunt installation, the upper plug
e w===es] =mount installations.

= e Se details of an oil dip stick which

st sexills, =md which is suitable for use on

mmpeessors = any mounting position. The

= e Sormed from 1/8" dia. x 8-5/16" long

ety som Serrous material which is not sub-

s, Motched ends are helpful in visibly

fiee m o

THIS END FOR
VERTICAL MOUNT

Tg IZ Oa Dip Stick

The oil level should be checked with the keyway in
the shaft positioned to face the head of the compressor.
This places the throws of the crankshaft into most
favorable position for passage of the dip stick.

If the position of the keyway cannot be determined
with the clutch mounted, the crank position can be
determined by feel and the dip stick inserted so that
the oil level is measured from the lowest point in the
crankcase.

Note from Fig. 22 that the long leg of the dip stick
is used for checking oil level in horizontal mounts,
and the short leg for vertical mounts.

Table 2. Oil Charge vs Dip Stick Length

01l Charge, Ounces 6 8 10
Horizontal Mount 134" 1~ 134"
Vertical Mount Th" * 14"

Table 2 shows the crankease oil charge in ounces at
various dip stick measurements for both horizontal and
vertical mounts. The oil charge should be maintained
between six ounces minimum and 10 ounces maximum
for best results,

It is important to check the compressor oil level
after the system has been in operation, and the desired
inside auto body temperature is obtained, because an
amount of oil will be absorbed by the refrigerant and
entrained in the system. To check the oil level at this
time, the system should be in operation and the com-
pressor crankcase warm. With the service gauges con-
nected to the compressor service valve ports, the
suction service valve is slowly closed until the suction
pressure gauge reads 0 psi or a little below. Stop the
engine at this point and quickly close the suction
service valve the rest of the way when the suction

ROTALOCK
VALVE

HEX _—
COUPLING
ROTALOCK

> _HEAD VALVE
GASKET=—"" " " ‘goas

Fig. 23. York Compressor — Rotalock Service Valves

gauge reads a little above 0 psi. Close the discharge
service valve. It is important that the suction service
valve be closed slowly when pumping the system down,
because an abnormal amount of oil may leave the
compressor due to the sudden pressure reduction on
the refrigerant saturated oil in the compressor crank-
case. After both service valves are closed, the suction

—_25 —
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SIS Bueslock Valves are available, but the prefix “R”
sl =ot appear in the model number.

= Demension and Physical Data:
See Fig. 21

= Oi Charge:
The smmpressor oil level should be checked at the
# m=s==llstion and again after the system has been
0 =erp=d with refrigerant, and system has been
< == balanced out to the desired automobile
ey EmseTaiure.
4! ssmpressors are factory charged with 5/8 pint
semees) of “Suniso” No. 5 or “Texaco” Capella
gwde 500 viscosity oil. Only these or equivalent
gsowi? be used when adding or changing oil.
W= e mitial oil check after the compressor is
< om the mounting bracket, and before initial
=l
Bemewe one oil fill plug with its “O0” ring, either
m= = wertical mount installation, the upper plug
i Snam vertical mount installations.
T 2 shows the details of an oil dip stick which
w made locally, and which is suitable for use on
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sk c=m be formed from 1/8" dia. x 8-5/16" long
se=fersbly non ferrous material which is not sub-
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Fig. 22. Oil Dip Stick

The oil level should be checked with the keyway in
the shaft positioned to face the head of the compressor.
This places the throws of the crankshaft into most
favorable position for passage of the dip stick.

If the position of the keyway cannot be determined
with the clutch mounted, the crank position can be
determined by feel and the dip stick inserted so that
the oil level is measured from the lowest point in the
crankcase,

Note from Fig. 22 that the long leg of the dip stick
is used for checking oil level in horizontal mounts,
and the short leg for vertical mounts.

Table 2. Oil Charge vs Dip Stick Length

0il Charge, Ounces 6 8 10
Horizontal Mount 136" il 1%¢"
Vertical Mount T i 14"

Table 2 shows the crankcase oil charge in ounces at
various dip stick measurements for both horizontal and
vertical mounts. The oil charge should be maintained
between six ounces minimum and 10 cunces maximum
for best results.

It is important to check the compressor oil level
after the system has been in operation, and the desired
inside auto body temperature is obtained, because an
amount of oil will be absorbed by the refrigerant and
entrained in the system. To check the oil level at this
time, the system should be in operation and the com-
pressor crankcase warm. With the service gauges con-
nected to the compressor service valve ports, the
suction service valve is slowly closed until the suction
pressure gauge reads 0 psi or a little below. Stop the
engine at this point and quickly close the suction
service valve the rest of the way when the suction

ROTALOCK
VALYE -

PLING

e ROTALOCK
&> _-HEAD VALVE

CABKET T T e e

Fig. 23. York Compressor — Rotalock Service Valves

gauge reads a little above O psi. Close the discharge
service valve, It is important that the suction service
valve be closed slowly when pumping the system down,
because an abnormal amount of oil may leave the
compressor due to the sudden pressure reduction on
the refrigerant saturated oil in the compressor crank-
case. After both service valves are closed, the suction

— 25— .
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pressure will slowly rise to about 5 lbs. gauge pressure.
The remaining pressure in the compressor is then re-
leased by unscrewing the oil check plug five full turns
and bleeding the pressure off until the gauge reads 0 psi.
Next, completely remove the oil check plug and “0”
ring and determine the oil level as outlined in the
preceding paragraph. The oil depth obtained on the
dip stick should be approximately the required depth
for the compressor mounting position shown on the
0il Charge Chart, Table 2.

The compressor oil level should never be permitted
to go below the minimum oil level shown on the Oil
Charge Chart for the mounting position used. If oil
must be added, the oil level should not exceed the
initial charge depth, because an excessive amount of oil
is detrimental to the proper functioning of the entire
system, The oil level should be checked prior to putting
the system into operation at the beginning of each
season.

When inserting the oil fill plug, the sealing “0"” ring
is slipped over the oil fill plug threads in such a man-
ner that the “O" ring is not twisted. Insert the oil plug
in the oil fill opening and tighten the plug. If the plug
leaks, do not attempt to stop the leak by over-tighten-
ing the oil check plug. A leak may be caused by dirt
under the “O” ring or on the seat, a fractured “0”
ring, or a damaged seat on the oil fill plug or oil fill
opening. To stop léaks at the oil fill plug, correct the
mechanical damages and insert a new “0” ring.

It must be remembered that the 206, 209 and 210
Models are high speed compressors and satisfactory
operation depends on proper lubrication.

e. Shaft Seal Assembly:

The shaft seal assembly of the York Automotive
Compressor is easily and quickly replaced. Seals are
machined to 2 helium light bands of flatness. The
carbon is lapped to the steel, and the fit becomes even
better as the seal assembly is “run in” during opera-
tion.

The tendency to condemn a seal assembly because
of very slight leakage is an error that is often com-
mitted. Few, if any, mechanical seal assemblies are
1009 tight. The rubbing surfaces of the seal are sep-
arated by a very fine film of oil. Qil carries refrigerant
and minute quantities which seep to the outside may
be detected with modern ultra sensitive leak detectors.

Do not be too prone to condemn and replace a seal
assembly until the seal has been given an opportunity
to “run in” and until there is definite proof that re-
placement is really necessary.

f. Shaft Seal Assembly Servicing:

When servicing the shaft seal, extreme care must be
taken when removing or installing the parts to prevent
damage to the lapped surfaces and other seal parts.
The portion of the shaft on which the seal assembly
fits must be free of scratches, burrs, and dirt and the
entire seal housing cavity must be clean. Use a piece
of lint free cloth as a wiper.

—f e

1.

2,

Replacement shaft seals are furnished only as com
plete assemblies, and should be installed as such
NEVER MATE A COMBINATION OF NEW ANL
USED PARTS.

—

g. Seal Assembly — Removal: D -
Remove the pulley and clutch, and the key fro

the compressor shaft.

Remove the seal plate capscrews and gently p
the seal plate loose, being careful not to mar
scratch the flat sealing surfaces or the polis
shaft surface. When removing the seal plate,
hand should be held under the seal housing
catch the carbon ring if it is free.

. Do not pry or force the carbon ring with a
sharp object in such a manner as to damage
carbon ring. In some cases, it may be bonded
the retainer.

. Remove the seal assembly from the shaft by p
ing behind the drive ring, which is that portic
of the seal assembly farthest back on the sha
When prying the seal assembly from the sha
do not scratch or burr the crankshaft or the se
housing face on the crankease.

P i

Fig. 24. York Compressor — Cut-Away View

h. Seal Assembly — Installation:

1. Check the face of the crankshaft front bearin
journal in the seal housing to make certain tha
there are no nicks or burrs. Check shaft surfac
to be sure it is not cut or scratched. Check a
parts of seal assembly to be installed for transi
or handling damage.

. Wash all portions of the seal assembly in cles
refrigeration oil,

. The seal assembly on the Series 66 compres
uses a quad ring inserted into a groove in the s
housing. The new replacement seal assembly sui

B
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— BT 1/4- 20UNC 12PT. 13-16 FT, LBS.
SEasmw COVER PLATE 1/4- 20UNC FLAT 9.17 FT, LBS,
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= _aTE 1/4- 20UNC HEX 7-13 FT. LBS,
BCE Ta_vE 5/16-18UNC HEX 8-13 FT. LBS,
[ T _sN= 5/16- 1BUNC HEX 8-13 FT, LBS,
- 1-14 NS ROUND 7-10 FT, LBS,
2l VE 1- 14 NS HEX 30-35 FT, LBS,
o I S"ETW 3/8-16UNC USERS CHOICE 14-17 FT, LBS.
B LI 3/8- 14UNF HEX 2-6 FT. LBS,

Fig. 25. York Compressor — Torque Sequence Chart

R - Jy -




able for all Series 63, 64, 65 and 66 compressors
will be packaged with two gaskets and a quad
ring. When replacing a seal assembly, use the
gasket or quad ring which matches that which
was removed. Use only one gasket or the quad
ring, discard the others. Never use both a gasket
and quad ring since such a combination would
result in improper seal tension.

4. Push the seal assembly, less the carbon ring if
it is free, over the end of the shaft with the carbon
ring retainer facing out. Place the carbon ring in
the ring retainer so the polished surface is facing
outward. The indentations in the outside edge of
the carbon ring must engage the driving lugs and
be firmly seated in the retainer. Use the seal
cover plate as a pusher to move the seal assembly
into position on the shaft.

5. Insert the capscrews. Turn in the capscrews
evenly making sure there is even clearance be-
tween the shaft and the shaft hole in the face
plate. If clearance is not the same all around the
shaft, gently tap the seal face plate into a position
where there is equal clearance. After equal clear-
ance is obtained, tighten all the capscrews by
tightening capscrews evenly to the required 7 to
13 ft. lbs. torque, Refer to torque sequence chart.

i. Valve Plate Servicing:

Prior to servicing the head and valve plate, both
service valves should be opened to free any gas pres-
sure which may be in the compressor. The cylinder
head is made of aluminum and care should be taken
when removing it not to damage the sealing surfaces.

j. Head and Valve Plate — Removal:

1. Remove the cap screws from flanged type service
valves. Note that these four cap screws are longer
than the remaining head cap screws.

If the valves are of the Rotalock type, remove by
loosening the hex nuts which are a part of the Rotalock
valve assembly.

2. Remove the remaining capscrews and washers in
the head and remove the valve plate and head
from the cylinder by prying or tapping under the
ears, which extend from the valve plate. If the
head and valve plate adhere, hold the head and
tap the valve plate ears away from the head with
a soft hammer. Do not hit or tap the head to
separate the head and valve plate because damage
to the head may result.

3. If it is necessary to replace the discharge tube,
or the suction screen assembly, remove the old
discharge tube or suction screen from the service
valve ports in the head by forcing them the entire
length up through the head and out the top, which
is the larger end of the tapered ports.

4. All gasket material adhering to the head, valve
plate, or cylinder should be carefully removed in
such a manner that the machined sealing surfaces
are not scratched or nicked.

k. Head and Valve Plate — Installation:

Valves and valve plates are furnished only as a com-
plete assembly.

1.

P e

Apply a thin film of clean refrigeration oil on the
area of the crankcase to be covered by the cylin-
der gasket. Place the cylinder gasket in position
on the cylinder so the dowel pins in the crankcase
go through the dowel pin holes in the cylinder
gasket.

. Apply a thin clean film of refrigeration oil to the

top and bottom valve plate areas to be covered
by gaskets. Place the valve plate in position on
the cylinder gasket so the discharge valve assem-
blies (i.e. the smaller diameter assemblies with
the restrainer over the valve reed) are facing up
and the locating dowel pins go through the dowel
pin holes in the valve plate.

. Place the head gasket in position on the valve

plate so the dowel pins go through the dowel pin
holes in the gasket.

. Apply a light film of clean refrigeration oil on

the machined surface of the cylinder head which
matches the head gasket. Place the head on the
cylinder head gasket so the dowel pins go into
the dowel pin holes in the head.

. Insert the plain discharge tube in the service

valve port marked with a “D” and “DISCH,”
and the suction screen in the service valve port
marked with an “S” and “SUCTION.” (If being
replaced.) Tap lightly into place until flush.

. Apply a thin film of clean refrigeration oil to the

service valve flanges and the flanges of flange
type service valves. Place a service valve gasket
in position on the cylinder head service valve
flanges. Place the service valves in position on
the proper service valve ports (suction or dis-
charge) and insert the four longer cap screws
through the service valve mounting pads, the
head, the valve plate, and into the crankecase.
Insert the remaining head cap screws with their
washers and run in all cap screws until the heads
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make contact. Tighten the head and service valve
cap screws (using torque wrench) to 15 to 23 ft.
Ibs. Tighten the service valve cap screws first,
then tighten the remaining cap screws in a se-
quence as shown on torque sequence chart.

. Gasket Treatment:

Before assembly to the compressor, all gaskets
should be dipped in clean refrigeration oil of the type
used in the crankcase. Service valve flange gaskets
should always be replaced whenever the valve is loos-
ened or relocated from its former position. The service
valve flanges tend to warp or bend very slightly after
use, and it is recommended that the flange gaskets be
soaked in clean refrigeration oil for 15 to 30 minutes
prior to use. This will soften the gasket to permit the
valve to seat properly and the gasket to seal without
excessive torque on the cap screws.

3. TECUMSEH COMPRESSORS:
a. General:

These compressors are constructed of combinations
of iron and aluminum. They can be installed and
operated in either a horizontal or vertical position, or
any position midway between with crankshaft in a
horizontal position. On older models, a change in loca-
tion of some parts is necessary if mounted in a hori-
zontal position 90 degrees to the right. Instructions for
making such a change are secured to the compressor.

Newer model compressors can be operated in a clock-
wise or counterclockwise direction of rotation. Older
models normally rotate in a clockwise direction, but
can be modified for counterclockwise rotation if neces-
sary.

Fig. 27. Tecumseh HG Compressor

On later models bosses are provided on the seal end
of the crankcase for clutch mounting, and smaller
diameter clutches may be mounted on the plate sur-
face. Older model compressors have only provision for
mounting clutches on the seal plate surface.

All components are accessible for service and re-
moval with standard tools.

b. Identification:

Most of the Tecumseh compressors mow in service
are either HA or HG models. The HA model is a cast
aluminum compressor, and the HG model is of iron
construction. HA compressors have no bosses on the
crankcase for outboard clutch mounting; HG compres-
sors have provision for mounting either inboard or
outboard clutches.

These compressors may be further identified in that
the later model HG compressor has a large snap ring
which holds the back and bottom covers in place. See
Fig. 30.

c. Dimensions and Physical Data:

(See Fig. 28 & 29)

d. Qil Charge:

All compressor models are factory oil charged with
“3G Dual-inhibited” oil, manufactured by Sun Oil Co.,
or “Capella B Inhibited” oil, manufactured by Texaco
0il Co., with the quantity indicated in Tables No. 3
and 4. Oil is charged into the compressor by removing
oil filler plug in rear of compressor. The values shown
in Tables No. 3 and 4 refer to measurements with
compressor stopped. Satisfactory operation of any com-
pressor depends upon proper lubrication. Loss of il
from loss of refrigerant or any other reason can result
in failure of compressor.

0il level should be checked frequently for a period
immediately after putting a new compressor in opera-
tion, changing or repairing a compressor, or adding
refrigerant to a system.

Table 3. HA Compressor Qil Charge

Compressor 0il
Position Height Remarks

Vertical 13" Factory Charge of 10 oz.
Horizontal Left 144" Factory Charge of 10-;32._. e
F::;iz-::ntal Right 1144 Factory Charge of 10 oz.
Vertical 34 T Max.'Re'eomm-eﬁded Height*
Vertical 14" Max. Recommended Height*
Horizontal Left 3" Max. Recommended Height*

Horizontal Left 134"
Horizontal Right L
Horizontal Right 114"

Min. Recommended Height*
Min. Recommended Height*
Min. Recommended Height*

* After connected to system and run.

NOTE: Horizontal position refers to compressor posi-
tion as rotated 90° to right or left of vertical as viewed
from shaft end of compressor.

e
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Fig. 28. Tecumseh HA Compressor — Dimensions and Specifications
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Fig. 29. Tecumseh HG Compressor — Dimensions and Specifications
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Table 4. HG Compressor Oil Charge 6. Remove new shaft seal washer from bellows seal
assembly. Coat the exposed surface of crankshaft

(. Loy T with clean refrigeration oil. Dip new bellows seal
assembly and shaft seal washer in clean refrigera-
Vertical 15" Factory charge of 11 fluid oz. tion oil. Place bellows seal assembly over shaft
“Hoateosital 196" Factory charge of 11 fluid oz. with end for holding shaft seal washer going on
— last. Push bellows seal assemnbly by hand on shaft
Vertical %~ Min. recommended height* to a position beyond taper of shaft.
WVertical 135" Max. recommended height*

= Table 5. Tecumseh Compressor —

*Horizontal %" Min. recommended height* " Bolt Torque Requirements
*Horizontal 154" Max. recommended height* R 'Y
*After connected to system and run. Location Torque
*NOTE: Horizontal position refers to compressor po- Cylinder Head ... : 20-24 ft. 1bs.
sition as rotated 90° to right or left of vertical as Service Valve — Hex Head . 20-24 ft. lbs
viewed from shaft end of compressor. Service Valve — 12 point Socket Head 20-24 ft. lbs.
Service Valve — Socket Head ; 20-24 ft. 1bs.
Oil level can be checked by removing plug in oil fill Crankshaft End ... 1520ft Ibs
hole in rear of compressor, and inserting a dip stick Seal Plate . ... .. = 6-10 ft. Ibs.
through it to bottom of crankcase and measuring the Rear Bearing Housing Cover Plate 10-14 ft. Ibs.
vertical height of stick wetted with oil. When checking Bottom Plate " oo 20-24 f1. Tbs.
the oil level, do it after compressor has been in opera- Mounting . 14-17 ft. lbs.
tion for a sufficient time to warm compressor so as to Front Bearing Lock Bolts . ... E - Bt B,
reduce the amount of refrigerant dissolved in the oil. C?"“'?Ctmg Rod ... ' . = 71t Ibs,
Preparatory to checking oil level, install suction gauge __01]_11‘_:_H¢:-_Plug_ e R e 5 e
and with compressor running at reduced speed, close
suction valve. When a suction pressure of 2 lbs. is 7. Assemble shaft seal washer in bellows seal as-
. reached, stop compressor and immediately close dis- sembly, checking before doing so to see that
( charge service valve. Under this condition, oil plug bellows seal assembly and shaft are free from dirt
can be removed with a minimum loss of refrigerant and foreign material. Assemble seal washer so
and still not introduce air or moisture in system. that raised rim is away from bellows seal assem-
bly, and that the notches in washer line up with
e. Shaft Seal Assembly: the nibs in bellows seal assembly. Cover exposed
This assembly includes front seal plate, seal nose s}xrfaoga of shaft seal washer with clean refrigera-
and spring assembly, and 0" ring for front seal plate. tion oil.
¥ 1. Reduce pressure in compressor. 8. Insert new rectangular-section “0” ring in crank-
case mating surface for seal plate.
2. Wash or clean seal plate and adjoining surfaces
of all dirt and foreign material. 9. Place new front seal plate over shaft. Properly
line up mounting holes. With hand on each side of
3. Remove seal plate nose assembly by removing the front seal plate, push plate up against crankcase. i
six bolts in plate and gently pry plate loose, being Insert the six cap screws in circular sequence to |
careful not to scratch, mar or nick crankcase mat- torque specified on Table 5. |

ing surface or edges. . |
10. Rotate shaft by hand 15 to 20 revolutions to seat

4. Remove carbon nose and spring assembly from seal.
shaft by prying behind the drive ring, which is
that portion of seal assembly farthest back on the f. Valve Plate Servicing:
shaft. When prying the seal assembly from shaft, 3 .
o 1ok sich: caankilutt. It rabiee sesl arsind Parts Required: Specified Valve Plate Kit
shaft does not come out with carbon nose and This assembly includes the valve plate, discharge
spring assembly, remove same with long nose valve, suction valves, valve retainer parts and valve
pliers pulling on edge of grommet. plate and cylinder head gaskets.
. 5. Remove all dirt and foreign material from crank- In most compressor installations, these assemblies
( case mating surface to seal plate, exposed crank- can be replaced without removing the compressor. To
shaft and adjacent surfaces. make this replacement, procedure is as follows:
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1. Connect pressure gauge on suction gauge port
and check pressures. If gauge shows a pressure
above zero gauge pressure and compressor can
be operated. Close suction return control valve
and operate compressor until compressor suction

. Remove all bolts from cylinder head.

5. Remove valve plate and cylinder head assembly

from crankease by lightly tapping upward with
fiber hammer overhanging edge of valve plate.

pressure is reduced to two pounds, psig. 6. Remove valve plate from cylinder head by hold-
Taa T Y ing valve plate and tapping sidewise against
If pressure gauge reading indicates zero or a cyslin dit he:d o oo
vacuum, refrigerant should be added to have i
positive gauge pressure to prevent air or moisture 7. Remove all particles of gasket, dirt and foreign j
from entering system when system is opened. To material from surface of cylinder head and cyl-
pressurize system, connect refrigerant supply inder face, being sure not to scratch or nick
line to compressor suction gauge port and charge mating surfaces or any edge.
system to 50-60 lbs. gauge i oesre. Check sys- 8. a. Take the new valve plate gasket and keeping g
tem f_""' any leaks 9’“‘.1 repair any found, other dry, properly locate over crankcase cylinder |
than in compressor being removed. face. 1
2. With compressor stopped and a positive suction b. Place the new valve plate assembly over valve '
pressure of 2 pounds in compressor, close the plate gasket so that the letter “S" stamped |
discharge control valve. Check to see that suc- on valve plate is visible and on the same side !
tion control valve is closed. as the word “Suction” on front of crankcase; [
3. Remove suction and discharge control valves and so that its mounting holes properly line
from compressor. up with those of the valve plate gasket and
cylinder face.
c. After checking to see that the suction inlet
e screen is clean, insert it into counter bored
forao TR swct Yave hole in valve plate.
s ey, d. The new cylinder head gasket is kept dry and
e
located over valve plate so that the largest
circular hole in gasket is over top of screen
ety and the other circular holes line up with the
holes in valve plate.
R S e. After checking to see that cylinder head is
o clean and free from nicks or scratches on its
Tt 7 Ao mating surfaces to cylinder head gasket, lo-
BOTOIOCE JHEWICE YARYE ..‘-;"',. _(; £ ORIKET—LeeviCE vALVE
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Fig. 30. Tecumseh HA Compressor — Exploded View Fig. 31. Tecumseh HG Compressor — Exploded View

S




I

o

cate it over cylinder head gasket so that side
of head which has the word “Suction” is up
and on the same side as the word “Suction”
on front of crankcase, and that its holes line
up with those in gaskets, valve plate and
cylinder.

f. Insert bolts (12 with Rotalock valve and 8
with pad-type) for mounting cylinder head
and valve plate into cylinder head and valve
plate holes and tighten in a sequence so that
bolts diagonally opposite each other are
evenly drawn to the torque limits.

9. a. Rotalock Type Service Valve:
Inspect top of ports to see that they are free
from nicks or imperfections and that fiber
washer is not damaged and is properly posi-
tioned. Connect service valves to correct ports
and tighten to a torque of 65 to T0 ft. lbs.

b. Pad-base Mounted Valve:
Insert bolts through mounting holes. Take
new service valve gaskets and insert valve
mounting bolts through them and properly
locate valve over service valve ports. Tighten
bolts to torque specified.

10. After a period of two hours from time of as-
sembly of the valve plate, retorque the cylinder
head (and service valve of pad-type) to torque
limit specified.

4., GENERAL MOTORS COMPRESSORS:

a. General:

The GM 6-cylinder compressor is used only on GM
factory installations. The swash plate, or “wobble”
plate on these compressors drives three double-headed
pistons back and forth in the housing to compress the
refrigerant vapor. See Fig. 32.

Fig. 32. Cross Section — GM Six-Cylinder Compressor

b. Identification:

There are five basic models used on GM products.
The 1955 model has a large bolt flange at rear of case,
a schrader valve oil check and a splined shaft. The
56-57 model also has a large bolt flange at rear of case,
but has a 7/16" cap screw check plug and a smooth
press fit shaft.

The 1958 model has a small ridge around the front
of the coil housing, and the shaft has three stages.
The first stage has a woodrufl keyway, the second
stage is smooth and 3/4” long, and the third stage is
threaded for a nut.

Fig. 33. GM Compressors

The 59-60-61 models have no ridge around the front
of the coil housing, but does have a three stage shaft.
The second stage is one inch long. The 59-60-61 com-
pressor can replace the 58 model by using a 1/4”
spacer between the clutch and the shaft nut.

The 62 through 66 compressor is identified by four
bolts welded to the rear of the case and used to bolt
the rear head in place. While this compressor is often
used to replace 58 through 61 models, the change re-
quires a new clutch.

c. Oil Charge:

Compressors are originally charged with 10 oz. of
Special Frigidaire 525 viscosity refrigeration oil. De-
sign and configuration of the six cylinder compressor
require a radical departure from the oil checking pro-
cedure used on conventional compressors.

In the GM compressor it is not recommended that
the oil be checked as a matter of course. Generally,
compressor oil level should be checked only when there
is evidence of a major loas of system oil.

To check the compressor oil charge, it is necessary
to remove the compressor from the vehicle, then drain
and measure the oil. Construction of a funnel with a
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threaded connection to fit the oil fitting on the com- 5. Engage the tabs on the seal assembly with the
pressor will greatly simplify servicing of a compressor lﬂckmsltﬂlngﬂ on Tool 07-20014 by pressing down
with oil. and twisting the tool, then lift the seal out. ’

d. Shaft Seal Assembly:

Removal:

1. After first purging the system of refrigerant, re-
move the clutch hub and drive plate, and the
shaft key.

Fig. 37. Seal Assembly Remover and Installer — 07-20014

Inspection:
Check the face of the seal for nicks, gouges or serra-
tions. If damage of any kind is evident, replace the
seal. Be extremely careful that the face of the seal
which is to be installed is not scratched or damaged in
any way.
Installation: ]
1. Engage seal onto the locking tangs of Tool 07- !
20014 and carefully insert the seal and tool over
the end of the shaft. Turn seal to engage the flat
on the shaft, then remove the tool.
2, Coat a new “O” ring and the interior of the seal
cavity, shaft and seal with clean refrigeration oil,
and install it in its groove just above the seal.
. Using Tool 07-20018, grasp the seal seat and set
in place on top of the seal.
. Using Tool 07-20021, replace the retaining ring. [
. Reinstall the clutch hub and drive plate.
. Replace the compressor on the vehicle, if it was
*

(<]
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previously removed, and evacuate and charge the
system.

Fig. 34. Removing Seal Seat Retaining Snap Ring

2. Remove the seal seat retaining ring using snap :
ring pliers.

3. Using Tool 07-20018, grasp the flange on the seal
seat and lift out the seal seat.

- il
Fig. 35. Seal Seat Remover and Installer — 07-20018

4. Remove the seal seat “0” ring from the housing

bore using Tool 07-20019. 0 NG FRATINE = ST

o
T

Fig. 36. “0" Ring Remover — 07-20019 Fig. 39. Snap Ring Installer — 07-20021




Part No. Tool Name
07-20012 GM Clutch Clutch
Pulley Puller

07-20013 GM Bearing Remover E
And Installer

07-20014 GM Seal Remover
And Installer

07-20015 GM Clutch Plate

Remover

07-20016 GM Clutch Plate And
Pulley Installer

07-20017 GM Seal Protector

07-20018 Tongs (GM Seat
Remover & Installer)

07-20019 O Ring Remover
07-20020 O Ring Installer
07-20021 Snap Ring Installer

07-20014

07-20017

|

o
07-20012 07-20013
r—— RS,
07-20015 07-20016
07-20018 07-20019 07-20020 07-20021

Fig. 40. Frigiking GM Compressor Tool Set — 07-90018

5. CHRYSLER:
a. General:

The compressor used in Chrysler factory installation
is a “V" type, two cylinder east iron compressor.

Fig. 41. Chrysler Compressor

b. Identification:
Four models have been used since 1957. They are
all of the same basic design with small modifications.
The 1957-58 model has a slanted cast iron oil sump
and a rounded shaft seal plate outer surface.
The 1959-60 and 1961 through 1965 models all have
a rounded steel oil sump with an oil plug.

1959 models have a shaft seal plate of the design as
the 1957-58 models, but with the steel oil sump.

On 1960 and 1961 through 66 models, the shaft seal
plate surface is machined and has three tappings to
mount the clutch field assembly.

The 1961-66 models are identified from the 1960
models in that a service valve is located on the crank-
case on the crankshaft side.

c. Specifications:
Table 6. Chrysler Compressor Specifications

Type 2 Cylinder “V” Type
Bore 2% inch
Stroke 144 inch
Displacement 9.45 cubic inches
Type Valve Reed T'ype

Speed (depends on axle

ratio and tire size) Approximately 1250 rpm at 25 mph

Qil Capacity

(Refrigerant Qil) 11 ounces

Clutch Stationary Coil
Mufflers In Compressor Discharge Line

In Compressor and Suction Line

d. Shaft Seal:

1. Remove crankshaft housing seal bolts.

2. Remove bearing housing from case, using two
screwdrivers inserted in slots provided to pry
housing from case. Fig. 42.

3. Remove the crankshaft bearing housing seal face
plate from the bearing housing. This is part of
the seal replacement package, and must be re-
placed when the seal assembly is replaced.

4. Remove the seal from the crankshaft.

T




Fig. 42. Crankshaft Bearing Housing Removal

Installation:
The crankshaft seal replacement package consists
of the crankshaft seal assembly and the crankshaft
bearing housing seal face plate. Two types of crank-
shaft seals are supplied for service, as shown in Fig. 43.
If the replacement package contains the cartridge-type
seal, follow the entire installation procedure given
below. If the replacement package contains the unit-
ized-type seal, steps 1, 2 and 4 will not apply.
CARBON SEAL

COIL SPRING

WAVE SPRING

CARTRIDGE TYPE UNITIZED TYPE
Fig. 43. Compressor Seal Identification

1. Before installing cartridge-type seal assembly,
check assembly to make sure that tangs index in
slots of mating part. This will insure proper spring
action. The carbon seal must be assembled, as
shown in Fig, 43.

2. Hold the seal firmly on the outside edge to pre-
vent it from rotating out of the index slots.

3. Lubricate the crankshaft with refrigerant oil. Slide
the seal on the crankshaft with the smooth (car-
bon seal) surface up, or toward front of the
compressor.

4. When the seal bottoms against the crankshaft
bearing, check indexing of tangs again by pressing
down with thumbs to see if it has the proper
spring action.

Fig. 44. Checking Indexing of Tangs

5. Lubricate and install the crankshaft bearing hous-
ing seal face plate with the smooth (micro-finish )
side up. Use a sleeve with the minimum inside
diameter of 1-3/8 inches to avoid damaging the
micro-finish sealing surface of the face plate. Tap
sleeve lightly until the seal face plate is fully
seated in housing.

6. Install bearing housing oil seal, using plenty of
refrigerant oil.

7. Install housing, making sure that it is in proper
alignment with screw holes, The seal assembly
may be damaged if the bearing housing is rotated
after the housing seal contacts the carbon seal.

8. Install bolts and tighten 10 to 13 foot-pounds.

Table 7. Chrysler Compressor Torque Requirements

Foot- Inch

Pounds Pounds
Compressor Bearing Housing Bolt 10-13 ==,
Compressor to Bracket Bolt 50 -
Compressor Connecting Rod Screw 52-56

Compressor Cylinder Head Cover Bolt = 23.27 —
Compressor Cylinder Head Cover

Nameplate Bolt A . 20-24 —
Compressor Discharge Adapter Bolt . 14-18 —_
Compressor to Engine Bolt . 30 -
Compressor 0il Pump Cover Bolt wate: 1O-13 _
Compressor Oil Sump : : 15-19 -
Compressor to Strut Bolt 30 —_—
Compressor Suction Adapter Bolt 10-14 —
Magnetic Clutch to Compressor Bolt 20 ==

e. Valve Plate:

1. Remove the cylinder head bolts and the head and
valve plate assembly. If the plate does not sepa-
rate from the head, tap the removing lip on the




valve plate lightly with a plastic hammer. Do not
pry apart.

. Inspection:

After removal of head, plate and gaskets, examine
valves. If valves are broken and damage extends to
cylinder bores, examine bores to see if they can be
repaired by removing light scoring, scuffing or scratches

. with erocus cloth. After conditioning cylinder bores,
clean the surfaces of the cylinder block, valve plate
and head thoroughly with mineral spirits. Use care to
remove all shreds of old gasket from plate, block and
head surfaces. Clean attaching stud holes in block. If
valve plate or eylinder head is damaged, replace, using a
complete compressor valve plate replacement package.

REED VALVE ASSEMBLY
\

VALVE PLATE

Fig. 45. Valve Plate — Installed Position
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1. The valve plate and cylinder head must be as-
sembled with the reed valve assembly positioned,
as shown in Fig. 45.

2. Dip gaskets in clean refrigerant oil. Using pilot
studs as a guide, install valve plate gasket, valve
plate, cylinder head gasket and cylinder head, as
shown in Fig. 46.

3. Install attaching bolts. Tighten each bolt alfer-
nately and evenly 23-27 foot-pounds.

VALVE PLATE GASKET

VALVE PLATE ASSEMBLY

CYLINDER HEAD
GASKET

CYLINDER
HEAD

Fig. 46. Installing Valve Plate and Cylinder Head
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Fig. 47. Chrysler Compressor — Exploded View

—




Chapter 6

CLUTCHES

1. GENERAL:

Automotive air conditioning systems use electro-
magnetic clutches to drive the compressor. The clutch
pulley free wheels when the air conditioner is not being
used, so the compressor is not being operated need-
lessly. This feature eliminates the necessity of remov-
ing the belts during the winter months. Having a clutch
also eliminates using a compressor by pass or unload-
ing solenoid valve.

Fig. 48. Typical Clutch Assembly

Clutches used on automotive air conditioning sys-
tems are of two general types. These are called the
rotating coil type and stationary coil type. Both types
of clutches are in use today.

The stationary coil type has the magnetic coil bolted
to the compressor crankcase. The rotating coil type
has the coil installed inside the rotating pulley, and
the electrical current is carried to the coil by a brush
assembly bolted to the compressor crankcase. The
brushes make electrical contact to a slip ring on the
pulley.

Fig. 49. Clutch Brush Assembly

All electrical clutches operate on the same principle.
They have a coil wound within a metal cup core, which
acts as a horseshoe magnet when the coil is electrically
energized. See Fig. 50.

The pulley rotates on a bearing mounted on the
clutch hub, The clutch hub is keyed to the compressor
shaft. There is a dise attached to the hub with several
springs. The springs hold the disc away from the
pulley when the clutch is not energized, leaving the
pulley free to rotate on the hub. When the field coil is
energized, a magnetic field is created. The lines of
magnetic force bridge the air gap between the field
coil cup and rotating pulley as indicated by arrows.
The continuing arrows show the magnetic path which,
because of air barriers, crosses back and forth between
the pulley and disc. These cross-over lines of force
strongly attract the disc against the pulley, creating a
frictional driving force. This brings the disc and the
hub through the springs into rotation with the pulley
to drive the compressor.

When the coil is de-energized, there is no longer a
magnetic field. The springs pull the disc away from
the pulley, allowing the compressor to stop while the
pulley continues to rotate.

Fig. 50. Magnetic Clutch Operation

The electrical power to the coil is controlled by three
switches, They are the automobile ignition switch, the
air conditioning unit on-off switch, and the thermo-
static switch. All three of these switches must be on to
electrically energize the clutch. The air conditioning

g




system will be in operation any time the clutch is
engaged, driving the compressor.

When a clutch is suspected of coil failure, before
replacing the clutch, connect a jumper wire directly to
the clutch from the battery. If the clutch engages, the
problem is not in the clutch but in the wiring to the
clutch.

There are so many individual variations of clutches
used on automotive air conditioners that it is not
practical to cover each in detail.

2. CLUTCH REMOVAL.:

Never use a hammer to remove a clutch from a com-
pressor shaft, or damage to the clutch and compressor
will usually result.

The first step to remove the compressor clutch from
a York, Tecumseh or Chrysler compressor is to loosen
and remove the drive belt from the pulley. After the
belt is removed, the cap screw or bolt and washer which
secures the clutch to the compressor shaft may be
removed. Most clutches are removed by threading a
5/8" NC (course thread) cap screw into the clutch
hub. When the cap screw is screwed against the com-
pressor shaft, the clutch assembly will be forced free.
After disconnecting the electrical wire, the clutch coil
(or brush assembly), depending on the clutch manu-
facturer, may now be removed from the compressor.

Fig. 51. Typical Outboard Mounted Clutch Field Coil
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Fig. 53. Clutch Operation

General Motors compressors require special tools
for removal. These tools, with instructions for their
use, are sold in a kit by Frigiking. The tool kit part
number is 07-90118. See Chapter 5 on General Motors
compressors, and Chapter 15 on service tools.

3. CLUTCH INSTALLATION:

Be sure the replacement clutch voltage (as labeled)
is correct for the electrical system. Attach the coil or
brush assembly to the compressor. On units which
mount with the compressor shaft seal cover bolts, be
careful to evenly torque the bolis to prevent the seal
from leaking.

Before installing the pulley assembly on the com-
pressor shaft, be sure the shaft and clutch hub are
clean. Check the Woodruff key installation. It must be
fully seated into the shaft key slot, and the top of the
key must be parallel to the shaft taper.

Fig. 52. Typical Inboard Mounted Clutch Field Coil

Slide the pulley assembly onto the shaft, making
sure the hub keyway is aligned with the key in the
shaft. Secure the assembly to the shaft using the cap-
screw and washer supplied with the new clutch. Turn
the assembly by hand to be sure there is no binding
due to improper seating of the hub on the shaft.

WARNING: Do not use a hammer to install the
clutch, as there is danger of damage to the clutch and
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compressor. Warranty will be void by all companies if
there is evidence of prying or hammering on the clutch
Or cOmpressor.

The installation of the General Motors compressor,
like its removal, requires special tools found in kit part
number 07-90118. See Chapters 5 and 15.

4, TROUBLE-SHOOTING:

If the clutch does not engage, check the system as
follows: Check the electrical system for broken wires
or loose connections. Carefully check the lead wire
from the clutch for wear against some moving, sharp
or hot part in the engine compartment. Check the fuse
or circuit breaker, the automobile accessory switch, the
fan control switch, and the thermostatic switch to be
sure they are closed to complete the circuit to the
clutch.

Check the condition of the brushes used with Eaton
clutches. If these brushes are dirty and worn, there is

a chance that they are not making good electrical con-
tact. These brushes must be kept clean and free in the
brush holder to make proper contact.

If the clutch is slipping, check to be sure the clutch
is clean and free from grease and oil. Be sure the com-
pressor turns freely by hand. Also, be sure there are no
loose electrical connections.

Several things will cause a noisy clutch. Check to
make sure the pulley turns freely without binding with
the clutch not engaged. Check the belts for tightness,
as a slipping belt can cause noise.

The pulley bearing may be worn out and making
noise. Replacing the bearing is not recommended. A
complete new rotor assembly should be installed.

It is normal for a new clutch to emit a short squeal
when initially engaged. This noise should disappear
after the clutch is engaged a few times, allowing the
mating surfaces to wear in,
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Chapter 7

RECEIVER TANKS AND DRIERS

1. RECEIVER TANKS:

The receiver tank is usually a welded cylinder in-
stalled in the liquid line after the condenser. Its pur-
pose is to provide an extra reservoir of refrigerant to
be used during periods of high demand. This surplus
refrigerant, which is stored in the receiver tank, will
also compensate for slight leaks that may be in the
system and thereby prolong the time before recharging
of refrigerant is required.

The total quantity of Refrigerant-12 in a fully
charged system is approximately 2% pounds. When
the charge falls too far below this quantity, the effi-
ciency of the air conditioner will drop; if the system
has too much refrigerant it will result in too high a
head pressure and a lower efficiency. A receiver will
compensate for slight errors in the amount of refriger-
ant charge—however, the more accurately a system is
originally charged the more efficient a system will be.

Fig. 54. Receiver-Drier with Push-On Fittings

A receiver is constructed with a dip tube extending
to near the bottom of the tank on the outlet connec-
tion. This feature permits liguid refrigerant from the
bottam of the receiver tank to be picked up and carried
to the expansion valve. As long as the refrigerant liquid
level in the receiver tank extends above the bottom of
the dip tube, no refrigerant gas will enter the liquid
line. If the refrigrant charge falls too low in the system,
this liquid seal is broken and gas enters the liquid line
and bubbles will appear in the sight glass. Bubbles in a
sight glass are an indication of refrigerant shortage in
the system.

Because of the dip tube feature at the receiver outlet,
it is essential that the receiver tank be installed with
the inlet towards the condenser and the outlet towards
the expansion valve.

Receiver tanks may be either horizontal or vertical
construction, and must be installed according to manu-
facturers’ recommendations. A full understanding of
the principles of receiver tanks construction will enable

the serviceman to inspect the tank and install it prop-
erly in respect to direction of refrigerant flow and
mounting position.

Some receiver tanks are furnished with a shut-off
valve on the outlet side. This feature allows the service-
man to “pump down” the system and save the refriger-
ant when it is necessary to open the system and per-
form service. (See System Pump Down, Chapter 9.)

Fig. 55. Receiver-Drier with Flare Fittings

A receiver tank is not serviceable. If a leak should
develop or the tank or valve becomes damaged, it must
be replaced as an assembly. Receiver tanks which in-
corporate an integral drier are no longer serviceable if
the system is opened to the atmosphere (see driers
below) .

2. DRIERS:

The purpose of a drier in a refrigeration system is
to absorb moisture. A drier may be a welded or formed
metal cylinder; it may be designed and built as an
integral part of the receiver tank; and it may or may
not have a sight glass as a part of the assembly.

Moisture is one of the worst enemies of a refrigera-
tion system, and can cause the expansion valve to mal-
function and premature compressor failure. Moisture is
usually introduced into a refrigeration system through
improper installation and service procedures. There is
always moisture in the air that surrounds us, in and
on the walls of tubing and hoses used in the installa-
tion; and possibly in the refrigerant and oils used to
service the air conditioner.

If all the moisture remaining in a refrigeration sys-
tem totals even as much as one drop, it can collect
and freeze on the expansion valve seat and cause re-
striction of refrigerant flow and loss of air conditioning.

Moisture also forms acids within the system and
attacks the compressor parts, and over a prolonged
period of time will cause compressor failure.
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Driers are installed in the liquid line and all of the
refrigerant passes through the desiccant contained in
the drier. This desiccant has the property of absorbing
the moisture from the refrigerant as it passes through
the drier. Each drier has the ability to absorb just so
much moisture depending upon the quantity and type
of desiccant and the location of the drier in the system.

It is possible that the drier can become expanded or
used up if too much moisture is contained in a refriger-
ation system, and it will have to be replaced.

As a general rule, a drier should be replaced each
time the refrigeration system is opened and exposed to
the atmosphere, Care must be taken when installing
a drier that is new and the end seals are intact. The
desiccant in a drier will absorb moisture from the air
as well as from refrigerant, and could become ex-
pended before installation if careless methods are
employed.

Fig. 56. Typical Ford Factory Installed Receiver-Drier

3. COMBINATION RECEIVER-DRIERS:

Automobile air conditioning systems usually use a
receiver-drier that is assembled as one unit. Each por-
tion of the assembly still performs its own function as
described above.

The same care must be taken when installing this
assembly that would be taken with a drier.

4. SIGHT GLASS

A sight glass may be found on the receiver outlet or
drier outlet. It may also be found as a separate unit
in the liquid line or as an integral part of the expansion
valve. It is actually a window that allows the service-
man to observe the flow of liquid refrigerant within the
system.

The sight glass should be clear with liquid refriger-
ant and reveal no bubbles. Bubbles in the flow of
refrigerant indicates an undercharge or shortage of
refrigerant. The sight glass is used as one of the first
references when diagnosing troubles on an auto air
conditioner.

A sight glass will tell you if the system is short of
refrigerant, but will not tell you if you have too much
refrigerant.

5. REMOVAL:

a. Discharge the refrigerant from the system.

b. Using the proper combination of wrenches, re-
move the component from the unit. Do not twist
or kink the connecting tubing.

¢. Cap both inlet and outlet lines to prevent the en-
trance of moisture into the system.

6. INSTALLATION:
a. Remove the protecting caps and plugs from com-
ponent and connecting lines.
b. Tighten flare nuts finger tight.
c. Using the proper combination of wrenches, tighten
flare nuts. Do not twist or kink the connecting
tubing,

Fig. 57. Typical GM Factory Installed Receiver-Drier

7. TROUBLE-SHOOTING:

Receiver tanks and driers are not ordinarily the
causes of failure in an auto air conditioning system.
Although it is possible to experience a cracked or dam-
aged component, in which case the component should
be replaced.

Driers and receiver-driers become clogged with for-
eign matter, or the drying agent become expended
through use. Both of these examples only show the
component is doing the job it was designed for, and
should be replaced.

Any time a drier or receiver becomes plugged with
foreign material, it will cause a reduced flow or com-
plete stoppage of refrigerant circulation. This will be
evidenced by a low suction pressure, improper cooling,
and lack of refrigerant flow at the sight glass.

If a drier or receiver-drier becomes expended through
use, and moisture is still present in the system, this
moisture might freeze out at the expansion valve seat
and cause a stoppage of refrigerant circulation. This
condition is evidenced by a low suction pressure and
improper cooling.

Moisture can be present in the system and still not
freeze out at the expansion valve orifice. This moisture
will eventually combine with the refrigerant and form
acids that attack the refrigerant oil and internal metal
parts of the system. For this reason, it is important to
replace the drier each time the system is opened and
to follow recommended installation, charging, and
evacuation procedures.
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Chapter 8

VALVES

1. SERVICE VALVES:

The discharge and suction service valves are three-
position valves and are mounted on each side of the
COmPressor.

The suction side of the compressor is identified by
the letter “S” or word “Suction” cast in the cylinder
head. The discharge side is identified by the letter “D"
or word “Discharge.”

SWIVEL VALVES

l*rw CAp — —_—
D\( i GAGE CONNECTION \(—4
LS

% YIS
1O} O MOUNTING FLANGE 3] Qj
ot P -~
- —
TOP VIEW
ROTALOCK VALVES
—
| TEM CAP |
=1 =
| ] iy GAGE COMMECTION _::H
fjﬁ f THREADED HEX c;upumc—-‘:‘
hE:r———rmRr. COMNECTION =
. —
TOP WIEW

Fig. 58. Swivel and Rotalock Service Valves

The purpose of a three position valve is to allow a
gauge connection to be made and used while the system
is in operation. This can be used for service checks,
bleeding, evacuating and charging. Also, the compres-
sor may be removed from its bracket to enable engine
work to be performed on the car by closing the service
valves and removing them intact with the lines at-
tached, from the compressor.

When the stem is turned in, the valve is “front
seated.” When the stem is turned out, the valve is
“hack seated.” When the stem is turned to the half-
way position, the valve is commonly known as being
“cracked.”

Fig. 59. Schrader Type Valve Core Remover and Replacer

The “front seated” position allows the compressor to
be removed from the system and serviced. The *“back
seated” position is the normal valve position when the
refrigeration system is in service. The “cracked” posi-
tion allows the refrigeration system to operate nor-
mally, and gauge readings to be observed at the same
time.

Packing gland nuts should be kept snug to prevent
loss of refrigerant. Care should be taken that valve
caps and gauge port caps are intact when service work
is ended.
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SERVICE VALVE POSITIONS

COMPRESSOR VALVE
Schroder Charging

Fig. 60. Service Valve Positions
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Compressors may also be equipped with Schrader
type valves in place of the three-position valves. These
Schrader valves work on the same principle as a tire
valve, and your charging line must be equipped with a
valve core depressor in order to obtain gauge readings
or service the system, or a special Schrader type tool
used. On units which are equipped with Schrader
valves, the refrigerant charge must be released when
the system is to be opened for service.

Fig. 61. Installation and Use of 07-90119
Schrader Type Valve Tool

2. SUCTION THROTTLING VALVES
(STV):

1. General:

The suction throttling valve determines the tempera-
ture of the evaporator coil by limiting the minimum
evaporator pressure. In this manner, the valve also
protects the coil against freeze-up which would result
in a partial or complete loss of cooling capacity. While
the system is in operation, the evaporator will be held
to a minimum pressure of 28 psi, and will provide
maximum cooling at all times. The evaporator pressure
will hold at this level so long as maximum cooling is
desired. Should the cold air output begin to become
uncomfortable, the Temp lever may be moved to mix
heated air with the maximum cooled air, and thus
temper the outlet air to a desired temperature. This

action, indicating that maximum cooling is no longer
needed, acts through the Temp control cable and link-
age to close a vacuum valve through which 44" of
vacuum has been applied to the vacuum head on the
STV. Loss of this vacuum increases the internal spring
pressure exerted upon the STV piston and effectively
increases the minimum evaporator pressure approxi-
mately three pounds to 31 psi. This results in less
evaporator cooling capacity. The primary reason for
this feature is to guard against evaporator freeze-up
when operating at higher elevations.

2. Removal:

a. Purge the system of refrigerant.
b. Remove right front fender skirt of automobile.
¢. Remove the STV and cap or plug all connections.

3. Installation:

a. Install the suction throttling inlet to the evapora-
tor outlet connector. Make sure a new “0” ring
is used.

b. Install the STV on mounting bracket.

c. Using new “O” rings, install the STV outlet line,
expansion valve equalizer line, and oil bleed line
to the valve.

d. Install the vacuum line on the STV.

e. Install new drier and evacuate and charge the
system.

f. With the low pressure gauge line installed on the
STV gauge fitting, adjust the valve (by turning
the vacuum head as required) until, with the sys-
tem in operation, the evaporator holds at 28 psi.

g. Pull the vacuum line off the vacuum can. The
evaporator pressure should rise about 3 psi. Re-
place the vacuum hose.

h. Replace the fender.
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Fig. 62. Suction Throttling Valve — Sectional View

4. Trouble Shooting:

To check for proper operation of the STV, proceed
as follows:

a. Attach the suction pressure gauge to the suction
throttling valve gauge connection.
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b. With the air conditioning system in operation,
check the gauge readings. The gauge should read
about 28 psi; depress the Temp lever about 12";
the gauge reading should rise about 3 psi to 31 psi.

¢. If no change in gauge reading occurs, or if an
initial reading of 28 psi cannot be obtained, check
the following items:

1. Check vacuum head assmbly for damage.

2. The vacuum hose may be pinched off, broken
or unplugged from vacuum head assembly.

3. Linkage may be out of adjustment.

d. If no visible evidence of malfunction can be
found, the following checks become necessary:

1. A vacuum reading on the low pressure service
gauge is an indication that the STV diaphragm
is defective, and the refrigerant has leaked out
through the vacuum manifold. Check the sight
glass for shortage of refrigerant. Add refriger-
ant, and leak test the vacuumn connection of the
STV.

2. Failure to cool, poor eooling, and partial frost-
ing and sweating of the evaporator coil are
indications that the STV is malfunctioning and
defective. Repair or replace if necessary.

3. EVAPORATOR PRESSURE
REGULATORS (EPR):

1. General:

Evaporator pressure regulating valves are used to
limit the minimum evaporator pressure. This, in turn,
protects the evaporator coil from freezing under certain
operating conditions.

The valve is preset to the manufacturers’ own speci-
fications for a specific application, but usually has an
external means of adjustment for field needs.

Construction features of these valves will vary, but
its operation and function is similar to the STV. The
STV is adjustable and may be regulated through link-
ages by the operator. The EPR valve is usually set,
and any adjustment would be by a serviceman.

Fig. 63. Typical EPR Valve

The valve is installed between the evaporator and
the compressor in the suction line. No external means
of attaching manifold gauges is usually provided. For
this reason, it is not possible for the serviceman to
observe the evaporator suction pressures, but only suc-
tion pressures at the compressor suction service valve
inlet port. This lack of operating pressure and temper-
ature information often hampers the serviceman in
making proper diagnosis. It is often difficult to pinpoint
the problem between the thermostatic expansion valve
and EPR valve. Trial and error is the most used
method—replacing one part and if that does not work,
replace the other until the unit works satisfactorily
again.

Removal, installation and trouble shooting proce-
dures are essentially the same as for the STV, with the
additional problem of being unable to observe all oper-
ating pressures.
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Chapter 9

ELECTRICAL EQUIPMENT

1. GENERAL:

There are four basic functional parts of the auto-
motive electrical system. They are the fan or blower,
switch or control, the thermostatic switch, the fan or
blower motor, and the clutch field.

There are also the wires connecting these compon-
ents together, and the fuse or circuit breaker which
protects the system.

2. MOTORS:

Automotive air conditioners use two basic motors.
They are the single speed and multiple speed motors.
These motors are used to circulate the air within the
automobile across the evaporator coil where the heat
is removed from the air.

The motors drive fan blades or blower wheels. Most
of the modern air conditioners utilize the blower rather
than the fans. Generally, there are two configurations
of blowers. There is the single shaft blower, which
utilizes a single blower wheel. The other is the double
shaft motor driving a blower wheel at each end of the
motor.

Fig. 64. Blower Assembly

Almost all automotive air conditioners have a
method of air volume control. The speed of the motor
controls the volume of air passing across the coil. A
rheostat or resistor switch is used with the single speed
motor to control its speed. The rheostat is a continu-
ously variable resistor connected in series with the
motor. The resistor controls the current flow to the
motor, which controls the motor speed. Most of these
rheostats have an off position where no contact is
made with the resistor.
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Fig. 65. Rheostat Switch Motor Speed
Control Electrical Circuits

The resistor switch works the same way as the rheo-
stat, except the speed is not continuously variable.
Most resistor switches give a choice of three speeds
using two resistors.

Another method of speed control used is the multiple
speed motor. These motors have special internal wind-
ings for each speed required. Wire leads for each of
the speeds is connected to a speed selector switch to
enable the operator to connect battery voltage to the
particular wirllﬁling for the speed desired.
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Fig. 66. Resistor Switch Motor Speed
Control Electrical Circuits

When changing motors, attention must be paid not
only to the type of replacement motor needed, single or
multiple speed, but also to the voltage required. Six or
12 volt motors are available. Six volt motors must be
used on 6 volt automobiles, and 12 volt motors on 12
volt systems.

It is not economical to repair defective or worn out
automotive air conditioning motors. They should be
replaced with a new motor.

Some special installations such as Taxicabs, Chev-
rolet Corvairs and Volkswagens use electric motors to
drive fans to circulate cooling air through the con-
denser. These fans are driven by single speed motors.
Most of these fans are controlled by a pressure switch
connected to the condenser. The fan will run when
needed, depending upon head pressure. It will be
noted on these systems that the head pressure will be
excessive when the vehicle is at rest if the fan motor
or pressure switch is defective.
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a. Motor Maintenance:

No periodic maintenance is required on the fans or
blowers. Customer complaints usually fall into two
categories. No air, which indicates the motor is defec-
tive and must be changed, or no electrical power is
getting to the motor, which requires the repair of wir-
ing or changing of controls. The other complaint is
noise. Fan or blower noises come from several sources,
The motor brushes can cause noise. About the only
way this can be fixed is to change the motor, The motor
bearings can be the cause of noise, which again means
changing the motor.
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Fig. 67. Circuit Breaker

Noise can also be caused by bent and unbalanced fan
blades or blower wheels. This noise can be stopped by
changing the blade or wheel.

Misalignment of the blade or wheel on the shaft can
cause noise due to striking the scroll or housing. Mis-
alignment or deterioration of the motor shock mounts
can cause noises. With a blower, it is important to have
the blower wheel centered in the scroll air inlets. In
some cases, alignment can be accomplished by repo-
sitioning wheels on the shafts or the motor in the
mount. Motor mount holes can sometimes be elongated
to help an alignment problem:.

3. SWITCHES:

a. General:

Switches are used in the electrical circuits to con-
trol the varicus operating components. Several types
of switches are used in automotive air conditioners.
These types are common switches that are usually
either rotary or push button. There is the bi-metallic
and the fluid charged pressure type thermostatic
switch. Some of these thermostatic switches incorpo-
rate a manual off position. Some special automotive air
conditioners also have a pressure switch to control the
condenser fan when it is driven by an electric motor.

b. Common Rotary or Push-Button
Switch:

This switch is used to turn the unit on and off, and
also to control the evaporator fan motor speed. Two
types of failures are common with this switch — they
can short or open circuit. If the switch shorts, the unit
will not stop running when the switch is moved to the
off position. This is caused by a short between con-
tacts. A switch short can also cause blowing of the
fuse or tripping of the circuit breaker. This is caused
by a short from one of the contacts to ground.

Fig. 68. Switch with Resistor

An open circuit of the switch will cause the clutch
or fan to be inoperative when in that position. The
switch is not repairable, and must be replaced if it fails.

Some of the switches will include built in resistors
to control fan speed. If a resistor fails, the switch must
be replaced.

c. Pressure Switches: :
Pressure switches are used on special units where

an electric fan is used to force air through the conden-
ser coils. These fans are automatically turned on and
off with the pressure switch. The pressure switch pres-
sure line is connected to the high side of the system,
and operates on and off depending upon the high side
pressure. This switch will have the short circuit and
open circuit failures common to the other switches in
this section.

It will be noted that the pressure switch used in the
system is adjustable. It is possible that the only prob-
lem with the switch is that it is out of calibration. If
this is true, the switch may be adjusted if the system
operating pressure is known.

4. RHEOSTATS:

Some units will have a separate rheostat to control
the evaporator fan motor speed. The rheostat is a
variable resistor used to control fan motor speed. The
rheostat is subject to two types of failures: an open or
short circuit.
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Fig. 69. Rheostat
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A short circuit will cause the fan motor to run at
one speed at all rheostat positions, or cause the fuse
or circuit breaker to open the circuit.

An open circuit will cause the motor to stop running
at certain positions of the rheostat knob. The rheostat
is not repairable and must be replaced if it fails.

5. THERMOSTATS:

Thermostats are used to control the electric clutch
on the compressor. Two types of thermostats are found
in automotive air conditioners. They are the bi-metallic
and fluid charged thermostat. The thermostat makes
and breaks the clutch circuit depending upon the tem-
perature of the evaporator coil or air leaving the coil.

The sensing element of the bi-metallic thermostat is
made up of dissimilar metals banded together, which
have different coefficients of expansion. Any change in
temperature of the element initiates a bending or
straightening motion, depending on the direction of the
temperature change caused by the difference of stresses
in the two metals. This movement is used to open and
close the contacts at the desired temperature setting.

The bi-metallic element is located in the air stream
and senses changes in the air leaving the coil. The fluid
charged thermostat has a small diameter tubing for the
sensing element. The sensing element is inserted into
the coil fins to sense coil temperature. This tube is
closed at one end and the other end is connected to a
small closed bellows. The tube and bellows are charged
with a fluid very similar to Refrigerant 12. Changes in
temperature effect the charge pressure. When the
charge pressure changes the bellows will change in
length. This change in length of the bellows is used to
actuate the contacts which control power to the com-
pressor electric clutch.

Fig. 70. Thermostat

This thermostat is subject to shorts and open circuits
like the other switches in this section. The charge can
be lost if a leak occurs in the bellows or capillary tube.
Once the charge is lost, the thermostat must be re-
placed because it cannot be recharged.

Both the bi-metallic and fluid charged thermostats
can go out of calibration. It is easier to replace the
thermostat than try to recalibrate it. Most manufac-
turers do not publish calibration temperatures for their
thermostats.
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Chapter 10

HOSES, MOUNTS, PULLEYS AND BELTS

1. HOSES:

For ease of installation, automotive air conditioning
systerns use hoses for all refrigerant lines, These hoses
are especially designed for refrigerant use and if in-
stalled correctly, should last the life of the unit.

Some hoses have crimped non-replaceable fittings,
others have replaceable screw ends and still others are
of the push-on fitting and clamp type. In each case,
follow the manufacturer’s specific installation instruc-
tions.

Most hose failures are due to improper installation,
and extreme care should be taken when installing re-
placements. Use only a hose that is designed for
refrigerant use.

Hose installations should have as large a radius
bends as possible to avoid kinks or pinches or restric-
tion of refrigerant flow.

Make sure that the hose is routed to clear hot engine
manifold, sharp metal edges, battery, and radiator fan
blade.

Use plenty of hose clamps so hose won’t vibrate and
to avoid abrasive action. Do not install hose clamps too
close to compressor so as to restrict movement of the
compressor with the engine.

Refrigerant oil should be used on all hose fittings
and connections, and grommets should be installed to
protect hose routing through the firewall or other par-
titions.

Caps and plugs should not be removed from hose
ends until hoses are ready for installation. Two or more
wrenches should always be used to prevent twisting or
distorting the hose.

2. MOUNTS:

It is important that the compressor mount assembly
be installed exactly according to the manufacturer’s
recommendations. Do not omit any studs, washers,
bolts or braces, as all are necessary for proper align-
ment and strength.

Mounting bolts or studs should all be started and
then tightened evenly. Unless this procedure is fol-
lowed, you might warp the mount and you will be
unable to obtain proper alignment.

On aluminum engine blocks “anti-seize” compound
must be used on all studs or bolts.

3. PULLEYS:

When installing drive or idler pulleys, care should
be taken that seating surfaces are free of all dirt and
grit before installation.

Check keyway and key for fit and alignment. Make
sure pulleys and drives line up perfectly by placing
a good metal straight edge flat against the machined
forward edges of drive pulley.

All pulleys and drives must run true and be free of
wobble.

Fig. 71. Idler Pulley

4. BELTS:

Proper belt tension, alignment and installation are
essential for long belt life, quiet operation and top
system performance.

Belts should never be forced on drives with a screw-
driver or similar tool, as you are likely to fracture the
cords and decrease belt life.

If belts are over tightened, premature failure of
clutch and compressor bearing will occur.

A belt of proper tension will depress about 14" in
the middle of its longest span. Another good tension
guide is to twist belt at midpoint of longest span, and
you should be able to turn the belt 14" to 14" with
some effort.

A belt should not slip when engine is idling, and the
head pressure is approximately 250 psi. If a belt ten-
sion gauge is used, a new belt should be tensioned to
100-125 lbs., and a used belt to 80-100 Ibs.

After 24 to 36 hours of operation, a new belt will
stretch and another tension check should be made. Do
not over-tension newly installed belts to compensate
for this initial stretch.




Chapter 11
. AUTOMOBILE COOLING SYSTEMS

The addition of an air conditioning cooling system
to an autemobile imposes an extra load on the engine
and cooling system. For good performance of the air
conditioning system, the engine and cooling system
must be in good condition and operate properly.

Many times an untuned engine or a rusty cooling
system will cause malfunction of the air conditioning
system. Often improper air conditioning is the first
indication of any problem to the automobile owner,
and he will naturally bring his automobile to an auto
air conditioning service shop.

The auto air conditioning serviceman must thor-
oughly understand the automotive cooling system to
be able to make a proper diagnosis.

When the air conditioner clutch is engaged, an addi-
tional work load is imposed on the engine. The engine
will run hotter and the cooling system will work harder.
Under normal conditions this is no problem, but if any
part of the cooling system is not up to par the engine
will overheat and may cause trouble.

The same factors affect the capacity of an automo-
bile radiator as an air conditioner condenser. Namely,
physical size, temperature of coolant inside and air
outside, an amount of air passing through the radiator.

Since the engine cooling system is already loaded to
capacity, care must be taken that it be in top condi-
tion. If bugs, dirt, leaves or other debris are allowed
to collect on the face of the radiator, they will restrict
the flow of air over both the radiator and condenser.
Any restriction of air flow will result in a higher
engine temperature and a higher condensing tempera-
ture. Both of these factors work against each other
because when a higher condensing temperature is
present, it is the very time that more engine capacity
is required to overcome this higher pressure in the
refrigeration system. Yet, this is the time when the
engine is already in a loaded condition. It is vitally
important that air flow over both the radiator and
condenser is never restricted.

Restricted air flow can be caused in other ways.
Radiator or condenser fins can be bent during installa-
tion, or by accident when performing service work.
These fins should always be inspected and straightened
with the proper size fin comb if necessary. If grease or
oil is spilled on the tubes and fins, they will collect
dirt, and not only will air flow be restricted but the
heat transfer efficiency of the tubes and fins will be
greatly reduced. Often steam cleaning is the only
answer if too much oil, grease and dirt has collected
on these surfaces.

Automobile air conditioner manufacturers recognize

that improper air flow will cause malfunction of the
system, and in some cases will furnish a larger fan
blade in the installation kit to overcome this problem.
Of course, there is no way to determine if this larger
blade was omitted from the original installation, but
care should be taken to use such a fan blade on a new
installation if furnished in the kit. Larger fan blades
and fans with more blades are available on the replace-
ment market if you feel they are necessary.

On older installations it is possible that the coolant
is dirty, or that the radiator or engine block require
flushing and cleaning. The engine coolant thermostat
should also be checked for performance. A pressure
cap tester should be used to see if the radiator pressure
cap holds the automobile manufacturer’s recommended
pressure.

If the engine requires a tune up, it will always run
hotter than normal. This condition can reflect back to
inadequate performance of the air conditioning system.

Unless the car engine and cooling system are in good
condition, the serviceman cannot always satisfy cus-
tomer complaints. However, he should be aware of the
problems and be prepared to explain to the customer
where the real problem is.

During recent years some automobile manufacturers
have offered optional sizes of factory installed radi-
ators. A smaller radiator being installed on cars not
factory equipped with air conditioners, and a larger
size radiator for cars that are ordered with factory
equipped air conditioning systems, This poses a prob-
lem for the serviceman who installs and services inde-
pendent automobile air conditioning systems.

Unless an automobile is ordered with the larger
radiator as a factory option, it becomes quite expensive
to order and install the larger radiator at a later date.
There is no real answer to this problem, however, the
serviceman should be aware of the problem and be
prepared to explain to his customer what is involved.
Often, an explanation and a word of caution on the use
of his air conditioning system will suffice. The customer
should be prepared to avoid running his air condition-
ing system at idle speed for long periods of time, and
should take every precaution that his car be tuned and
the cooling system well taken care of. For the small
difference in original cost, a new automobile should
always be ordered with the larger optional radiator
even if factory installed air conditioning is not ordered.

It should be clear that both the serviceman and the
car owner should take proper care of the automobile
and cooling system in order to obtain optimum per-
formance from the air conditioning system.




Chapter 12

INSTALLATION OF THE UNIT IN THE AUTOMOBILE

1. GENERAL:

A complete automobile air conditioning installation

kit usually contains four basic component kits.

a. Evaporator Assembly Kit — contains the evap-
orator assembly, mounting brackets, drain hose
and necessary hardware.

b. Condenser Assembly Kit—contains the condenser
coil with mounting brackets and hardware.

Fig. 71. Typical Evaporator Assembly Kit

c. Adapter Kit — is sometimes referred to as the
mount and drive kit, and contains the crankshaft
pulley, idler pulley, compressor mount assembly,
bolts and hardware,
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Fig. 72. Typical Condenser Assembly Kit

d. General Kit—contains the compressor, clutch, re-

frigerant hoses and hardware.

Basic component packaging might vary from one
manufacturer to another, but all components are essen-
tial for a complete installation.

Prior to the installation, all the basic kits should be
gathered together and inspected. Most manufacturers
include a packing list of parts included in each kit, and
this list should be carefully checked before the job is
started.

Read the instructions before starting the installation.
Even though similar installations have been made, the
manufacturer may have included modifications or addi-
tional parts or instructions. This simple procedure can
be a real time saver in the long run.

Be sure to use fender covers and upholstery pads
when working on the automobile. Don't leave smudges
or prints on the chrome parts. A clean, neat installation
will enhance your reputation and increase your future
business.

Fig. 73. Typical Auto Air Conditioner Installation

Following are general instructions to be followed
when installing air conditioners on any make or model
automobile. Detailed instructions applying to specific
makes and models are packaged with each unit.

2. INSTALLING THE DRIVE PULLEY:

a. Disconnect the battery.
b. Drain and remove radiator where necessary for
access to installation of erankshaft pulley.
1. Save coolant if anti-freeze has been added to
the radiator.
9 Use caution when removing the radiator to
avoid damaging the fins and core.
. Cap the transmission fluid lines if so equipped.
. While the radiator is out of the automobile, it
should be checked for cleanliness. If the car
has been in service for some time, the radiator
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. Where key is used, make sure the key length
is correct and that key is installed properly.
3. Tighten the pulley retaining bolt or bolts se-
curely.
4. If there is any doubt about the accuracy of the
pulley mounting, remove the ignition high ten-
sion lead and have someone bump the starter
several times while you check the pulley for
wobble using a straightedge.

Fig. 74. Original Crankshaft Pulley

might require cleaning and the engine block
might have to be back-flushed. Usually the cus-
tomer will stand this additional expense if the
necessity is properly presented and explained
to him.

. Inspect all water hoses and replace if necessary.

. Use a pressure cap tester to see if the radiator

pressure cap holds the automobile manufac-
turer’s recommended pressure. Replace if nec
essary.

c. Remove original crankshaft pulley attaching bolts
and install compressor drive pulley on front of
original pulley using bolt or bolts supplied in kit,
or remove original pulley and replace with pulley
supplied.

oy &n

Fig. 76. Tightening Crankshaft Pulley

3. INSTALLING THE COMPRESSOR
AND CLUTCH:

a. Remove the compressor from its carton, and if
there is any evidence of oil leakage such as an
oily carton or traces of oil around the oil seal or
gaskets, the oil level should be checked. Refer to
section on oil charges for details.
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Fig. 75. Replacement Crankshaft Pulley
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1. Wipe all dirt and grit from seating and center- - .
ing surfaces on crankshaft pulley and original

pulley hub. Fig. 77. Compressor and Clutch Assembly
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b. Place the compressor on a bench and install the
clutch assembly. Refer to section on clutch instal-
lation for details. Specific instructions are also
packed with each clutch.

¢. Install the compressor on the mount assembly.
Make sure all bolts are drawn up evenly and se-
curely.

Fig. 78. Clutch Field Coil Installed on Compressor

d. Clutch power wire will be connected later.

4. INSTALLING COMPRESSOR MOUNT
AND IDLER PULLEY:

a. Install the compressor and mount assembly on

the engine using the bolts or studs supplied.
1. On aluminum block engines use an “anti-seize”
compound on all bolts.
2. To insure alignment with drive pulley, use a
metal straightedge against machined forward

Fig. 79. Checking Fit of Compressor Mount
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edges of crankshaft drive pulley and the clutch
assembly.

3. Once alignment is correct, tighten all bplts
evenly to prevent warpage of the mount as-
sembly.

4, It is possible that some engines may have some
holes drilled out of line. If so, it will be neces-
sary to fit the mount as required. This is not
the auto air conditioner manufacturer’s fault,
but rather the result of the engine manufac-
turer’s deviation from standard.

Fig. 80. Compressor Mount, Brace and
Idler Pulley Installation

b. Install idler eccentric and idler pulley as indi-
cated in specific instructions.
1. Align idler puiley with straightedge, but do not
tighten.

Fig. 81. Checking Drive Pulley and Crankshaft Pulley
Alignment with Straightedge




5. INSTALLING THE DRIVE BELT:

a. Install drive belt around the air conditioning sys-
tem pulleys as indicated in specific instructions,

b. Tighten idler pulley.

c. Belt should not slip when engine is idling and
head pressure is approximately 250 psig. Do not
over-tighten,

d. A properly adjusted belt will depress 14" in the
middle of the longest span. If belt tension gauge
is used: New belt should be tensioned to 100-125
lbs. and used belts to 80-100 lbs.

Fig. 8B2. Compressor, Clutch, Mount, Drive and
Belt Instaliation

e. Refer to belt section of this manual for additional
information.

f. If at all possible, have customer return car after a
week to check belts for proper tension.

6. INSTALLING CONDENSERS:
a, Place the condenser in mounting position to de-
termine proper mounting.
b. Install mounting brackets to condenser coil.
c. Install the condenser.
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Fig. 83. Installing Condenser Assembly

1. Rework of some automobile parts may be nec-
essary before installing the condenser.

ra

. With the radiator and condenser coil installed,
there should be 14" or more clearance between
the condenser and radiator fins.

3. Be sure to check clearance of the hood latches,
grille supports or any accessory in the area
which could damage the condenser or restrict
air flow.

4. It is sometimes advisable to attach condenser
refrigerant hoses before mounting the conden-
ser. Refer to hose section for instructions.

d. Check specific instructions. It may be necessary
to cut hese routing holes for condenser prior to
actual condenser installation.

e. Install radiator.
1. Connect all engine coolant lines and hoses.
2. Replace coolant.

Fig. 84. Drilling Condenser Mounting Bracket Holes

f. Reinstall original fan or replacement furnished in
kit.
1. Be sure and check clearance between fan and
radiator before running the engine.
2. All units should have at least 34" fan to radi-
ator clearance.
3. When engine fan has been refitted, rotate it

several times by hand to be sure it runs free
and true,

7. LOCATING THE EVAPORATOR
CASE ASSEMBLY:

a. Properly position the evaporator case in the auto-
mobile by placing blocks under the drain pan.

1. Mount the evaporator so it is parallel with the
automobile dash, and as exact center as pos-
sible but will also clear any accessories,

2. Removal and relocation of switches or other
obstructions may be necessary.

By




Fig. 85. Locating Evaporator Case Assembly

b. Loosely attach the mounting brackets and push
up against the dash, then mark mounting hole
locations.

c. At this time, also mark drain hose locations on
carpet or floormat and refrigerant hose hole loca-
tions on firewall with chalk.

d. Remove evaporator from the automobile.
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Fig. 86. Evaporator Drain Hose Installation

e. Locate holes for drain hoses in floorboard behind
evaporator case assembly location.

1. Check drain hole location to be sure hoses will
not be obstructed on underside of floorboard
when installed,

2. On cars with a carpet instead of rubber mat,
cut carpet with knife in an “x” pattern. Lift
rug at cut to provide clearance for hole saw so
that rug will not snag on saw and unravel.

3. Be careful that you do not drill hole in trans-
mission cover.

4. Cut drain holes in floor with hole saw.

f. Locate holes for refrigerant hoses on firewall.

1. Be sure that hole locations are above engine

block, cylinder heads, distributor, etc.
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Fig. 87. Hose Routing Holes Drilled in Firewall

2. Be careful not to drill holes in radio, heater,

and duct work.

3. Cut holes in firewall with hole saw.

g. Drill holes under dash panel for evaporator
mounting brackets.

h. Attach mounting brackets to dash panel.
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Fig. 88. Installed Evaporator Assembly

INSTALLATION OF HOSES:

a. General:

1. Use refrigerant oil on all hose fittings and con-
nections.

2. Caps and plugs should not be removed until
refrigerant hoses are ready to be connected.

3. Avoid sharp bends when installing hose.

4, Do not clamp hoses too close to the compres-
sor so as to restrict movement of the compres-
sor with the engine.

5. Always slide necessary grommets and clamps
on hoses before installing.
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Cut the hose with a knife, Place drier in vice or similar device
Do not use hack saw or to hold firmly while attaching
similar tools to cut. push-on fitting.
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Qil the inside of the hose Push the hose with a rotating motion
and on the nipple. Use until it bottoms against the stop bead.

only Refrigerant Oil.

Clamp must be placed so that ¢lip
is over end of hose and flush with
end. This must be done in order
s that clamp and fitting make proper
= contact. Tighten the clamp to
= a 40 ¥ 3 inch/pound torque.

Hose must be against the
Stop Bead ®
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Fig. 89. Push on Fitting Installation Instructions

6. Leave enough slack in hose routing so spring 7. Do not use pipe dope or sealants on flare or .
action of automobile will not pull hose loose hose connections.
and break connections. 8. Always use enough wrenches when tightening
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hose connections to prevent twisting or pull-
ing the connection loose.

9. Do not route hoses across battery or hot en-
gine manifold or moving engine parts.

10. When using push-on hose fittings, carefully
follow illustrated instructions.

b. Install hose from compressor discharge to conden-
denser inlet (upper fitting on condenser.)

Fig. 90. Applying Refrigerant Oil to Hose Fittings

c. Install hose from evaporator outlet through fire-
wall to compressor suction.

1. Seal gaps where hose passes through firewall
with a sealing compound.

d. Insert hose through firewall and connect to evap-
orator expansion valve.

1. Seal gaps where hose passes through firewall
with a sealing compound.

e. Locate suitable position for receiver-drier on fen-
der wall of automobile, and secure.

1. Connect proper hose to condenser outlet and
route to receiver-drier location.

2. Remove plugs or caps from receiver-drier and
attach hose from expansion valve to outlet and
hose from condenser to inlet.

3. Make sure all hoses are protected with grom-
mets.

4. Secure all hoses with clamps.

9. INSTALLING EVAPORATOR
CASE ASSEMBLY:
a. Install evaporator drain hoses.

b. Mount evaporator to brackets under dash panel.
1. Route drain hoses through holes in floorboard.

10. INSTALLING ELECTRICAL WIRING:
a. Connect wiring according to instructions fur-
nished with installation kit.
1. Make sure wiring is properly protected and
insulated from moving parts or hot engine
manifold.

2. Tape clutch wire to suction hose,

b. Connect automobile battery.

Fig. 91. Taping Clutch Wire to Suction Hose

11. EVACUATING THE SYSTEM:
a. Refer to section in manual for proper procedure.

12. CHARGING THE SYSTEM:

a. Refer to section in manual for proper procedure.

Fig. 2. Sealing Hose at Firewall

13. CHECK-OUT AFTER CHARGING:

a. Allow engine to run at fast idle and check evap-
orator outlet temperature. With the car doors
open, it should be approximately half of the out-
side air temperature.

b. Test for leaks.

¢. Check fan speed control switch for proper opera-
tion.
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Fig. 93. Typical Receiver-Drier Installation

d. Check thermostat to be sure unit cycles on and
off. This should be done with doors and windows
closed. With the car interior cool, the compressor
clutch should be made to engage and disengage
by moving the thermostat lever,
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Fig. 94. Typical Beit and Pulley Arrangement

Check clearances between belt, hoses, fan, fan

hub, etc.
Road test the car. Be sure and check for engine
overheating and noises which may be caused by

the installation.

. Recheck the belt tension.
. Deliver the unit to the customer.

SUCTION HOT
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Fig. 95. Refrigerant Cycle Diagram
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Chapter 13

SERVICE INFORMATION

1. TEST MANIFOLD AND GAUGES:

The gauge manifold set is a multi-purpose tool and
can be used in servicing and trouble shooting of the
system.

A compound gauge that reads from 0 to 250 psig and
from 0 to 30" of vacuum is on the left hand side of the
manifold. This gauge is used to read pressures on the
low side of the systemn, and to read in the vacuum
range when used for evacuation. The compound pres-
sure gauge should never be connected to the high pres-
sure side (discharge) service valve.

The high pressure gauge is on the right hand side
of the manifold. It is graduated from 0 to 500 psig and
is used to check pressure on the high pressure side of
the system only.

Fig. 96. Test Manifold and Gauge Set

The test manifold has three connections. The one on
the left and beneath the compound gauge is connected
to the suction service valve. The one on the right and
beneath the high pressure gauge is connected to the
discharge service valve. The center connection is for
the purpese of attaching a line for evacuating, adding
and discharging refrigerant. This center connection is
common to the other two connections and hand valves
on either side of the manifold control flow from the
center connection to either or both the suction and
discharge service valves.

These hand valves do not close off pressure to the
gauges. They only control the openings to the center
connection.

2. USE OF GAUGE MANIFOLD SET:
To use the manifold gauge set in diagnosis of pres-
sures in the system, hook up in the following manner:
a, Close both hand valves on gauge manifold set.

b. Attach a gauge line to the high pressure connec-
tion on the manifold.

¢. Make sure the discharge service valve is back-
seated. Remove the cap from the gauge port and
attach the gauge line.

d. Attach a gauge line to the low pressure connec-
tion on the manifold.

e. Make sure the suction service valve is backseated.
Remove the cap from the gauge port and attach
the gauge line.

f. Crack both service valves and observe the pres-
sures on the manifold gauges.

Some late model compressors are equipped with
service valves using the “Schrader” or “Dill” type
gauge port fittings, or with this type of valve in place
of the complete service valve. It is necessary that the
gauge lines be equipped with the “Depressor” type
fitting which depresses the valve in the gauge port,
which in turn opens the system pressure to the gauge
manifold. To remove pressure, simply remove gauge
lines from the gauge port.

3. DISCHARGING THE SYSTEM:

Install gauge manifold set and observe pressures in
the system. Attach a line to the center manifold con-
nection and place end of line in open can or wrap in
waste rags. Slowly open manifold valve and allow sys-
tem pressure to escape through high side. Rapid re-
lease of the pressure in a system will cause oil to foam
up out of the compressor. This should be avoided.

Fig. 87. Manifold and Gauge Set

It is advisable to release the refrigerant charge in
an open area, other than where a leak check will later
be made. This would prevent contaminating the area
with refrigerant gas and causing false leak detection.
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The same operation may be performed on the suc-
tion service valve to assure complete release of the
charge in the system.

4. EVACUATING THE SYSTEM:

Evacuating the system is performed after all com-
ponents have been installed and all hose connections
completed. It should also be performed every time the
system has been opened for a service operation such as
a replacement of part or line. It is also advisable to
evacuate whenever a charge has been lost due to a
leak, or prior to charging if the svstem has been stand-
ing for a period of time without a charge.

Evacuation should only be performed with an ap-
proved refrigerant vacuum pump designed for this
purpose.

Evacuation of an air conditioning system depends
upon the ambient temperature surrounding the system
and the vacuum pump capacity. Moisture is removed
from the system by reducing the internal system pres-
sure to a point where the moisture vaporizes and the
moisture vapor is then pulled out to the atmosphere
by the vacuum pump. Assuming a vacuum pump of
constant capacity, the higher the ambient temperature
the more effective your evacuation will be for a given
length of time. As an example, moisture in an air con-
ditioning system at an ambient temperature of 60 de-
grees requires a vacuum of 29.40” of mercury in order
to vaporize the moisture. If the ambient is 90 degrees,
the moisture will only require the vacuum pump to
pull down to 28.50" of mercury for vaporization to
occur. The higher the ambient temperatures, the more
effective your evacuation will be, and at lower ambients
it will be necessary to run the vacuum pump for longer
periods to accomplish the same level of moisture re-
moval.

Fig. 98. Evacuating the System

Generally speaking, evacuation of thirty minutes di-
vided into two fifteen minute periods is satisfactory for
ambients above 90 degrees. One hour is the minimum

total evacuation time considered safe for ambients be-
low 90 degrees, especially under high humidity condi-
tions.

Evacuation Procedure:

a. Install manifold gauge set and connect center
manifold gauge line to vacuum pump inlet con-
nection.

b. Place both compressor service valves in the
cracked position. (Position that allows you to
read gauge pressures,)

¢. Start vacuum pump and slowly open both suction
and discharge sides of manifold set. (Open slowly
to prevent oil from being drawn out of the com-
pressor crankcase. )

d. Operate the vacuum pump for 30 minutes. The
low side gauge should read between 27 and 29
inches of mercury, and will go no lower. Close the
manifold gauge valves and shut off the vacuum
pump.

e. If, in fifteen minutes, the low side gauge pressure
rises excessively, the system has a leak. A small
rise in pressure might be noted due to the release
of trapped refrigerant in the compressor refriger-
ant oil. It may be necessary to repeat above steps
for a short period of time to remove this refriger-
ant and the resulting pressure,

f. If the system will not pull down to the proper
vacuum, Or an excessive pressure rise is noted
when the vacuum pump is shut off, a leak is
present and must be located and repaired and all
steps repeated.

g. If the system is properly evacuated it is ready for
charging.

5, ADDING REFRIGERANT —
COMPLETE CHARGE:

A complete charge of refrigeration is added to a
system after the system has been properly evacuated
and it has been determined that there are no leaks.
Charging Procedure:

a. Install manifold gauge set.

b. Connect manifold center port to refrigerant can

or drum.

¢. Loosen charging line connection at manifold and
open refrigerant can or drum slightly until some
refrigerant escapes past the loose connection. This
operation will purge any air from the charging
line. Tighten charging line connection at the
manifold set.

d. Loosen the manifold hose econnection at the suc-
tion service valve and open the suction side mani-
fold valve slightly. This operation will purge any
air from the manifold suction service valve line.
Tighten manifold hose connection at the suction
service valve.

e. Place the can or drum in an upright position and
open the can or drum, the suction side manifold
valve and the suction service valve. The refriger-
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ant gas will now flow into the closed refrigeration
system. The first pound of refrigerant will be
pulled into the system if a good vacuum has been
held on the system.

Fig. 99. Charging the System

f. Start the car engine, set on fast idle, and on hot
days place a large fan in front of the radiator
blowing directly on condenser coil and radiator.

g. Connect the second can of refrigerant to charg-
ing hose and continue to charge the system. Check
the sight glass, and when all the bubbles and foam
disappear from the sight glass the unit is fully
charged. The system should take between 214 and
215 pounds in a fully charged condition.

h. Low side pressure should read 20 to 40 psig, and
high side pressure should read about 180 to 200
psig.

i. Backseat both suction and discharge service
valves. Remove hoses and replace service valve
port caps and service valve caps.

6. ADDING REFRIGERANT —
PARTIAL CHARGE:

Charging Procedure:

a. Install manifold gauge set.

b. Connect manifold center port to refrigerant can
or drum.

¢. Purge charging line and manifold line to suction
service valve.

d. Operate the engine and compressor at a slow idle,
slowly open refrigerant can valve and allow the
compressor to draw the vapor into the system,

€. Observe the sight glass until a solid liquid column
appears. Then add approximately 14 pound more
refrigerant,

f. Close the refrigerant can or drum valve.

g. Observe gauges, sight glass and engine system for
approximately 10 to 15 minutes with engine run-
ning at fast idle.

h. After the unit operates satisfactorily, stop the
engine, backseat the service valves, disconnect
lines and cap the fittings.

7. LEAK DETECTION:

Refrigerant 12 leaks are detected and located with
the help of a device called a Halide Torch. It is much
like a gasoline torch, to which has been added an ex-
ploring tube through which air is drawn by injector
action from points where leaks are suspected.

Fig. 100. Halide Leak Detector

Near the place where air is drawn into the flame is a
copper reaction ring heated to red hot by the flame. If
the slightest trace of Refrigerant-12 comes through the
exploring tube, the normally blue flame changes to
green, thus indicating that the free end of the explor-
ing tube is being held near a leak.

Electronic leak detectors are also available for use
in performing leak checking procedures. Manufactur-
ers’ recommendations should be followed.

Always test your leak detector before making a leak
check. The system must contain some refrigerant to
make the test. If necessary, add a charge so both the
compound and pressure gauge reach at least 5 psig.
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Go over the system carefully, holding the free end
of the exploring tube close to every joint and passing
it slowly all around the joint. It takes some time for
any escaping refrigerant gas to be drawn through the
exploring tube into the torch flame, so this part of the
work must not be hurried.

The worse the leak, the greater the concentration of
refrigerant carried into the torch, the darker will be
the green on the torch flame. Large leaks may turn the
flame to a bright purple or even extinguish the flame
by keeping air and oxygen from it.

Fig. 101 Leak Testing the Installation

With very large leaks, the surrounding air may be
saturated with so much refrigerant that the torch flame
remains green all the time. This could easily happen
when there is poor ventilation.

Do not run the air conditioner or the engine while
performing a leak test. Any circulation of air around
the system joints could wipe the refrigerant traces
away before being detected.

Once the leak has been detected, it must be repaired
and the system evacuated and recharged.

8. PURGING AIR FROM THE SYSTEM:

Air consisting of gasses that cannot be condensed in
the refrigeration system causes excessively high pres-
sures in the high side of the system and reduces oper-
ating efficiency.

The presence of air is always indicated by high head
pressures. No matter where or how air enters a system,
it will always end up in the condenser. Air mixes with
the refrigerant vapors in the condenser and takes up
valuable condensing space.

Air in a system causes high head pressure and an
excess of refrigerant will also cause high head pres-
sures. It is possible to confuse the two causes because
the symptoms are alike. However, if air is present
when the system is shut down, the high head pressure
as indicated on the manifold gauge will fall rapidly;
if there is too much refrigerant in the system the pres-
sure will fall quite slowly.

Purging Procedure:

Allow the system to remain idle for 1/2 hour after
the compressor has been operating. The air can then be
released through the discharge service valve, or any
other convenient high point in the system where high
pressure gas would normally be present.

Cover the gauge port with a cloth when purging to
prevent refrigerant or cil from contacting persons or
the car. Purge slowly for only several seconds at a
time to prevent drawing too much oil out of the system.

After you feel that the air has bled off to the at-
mosphere, close the system and operate the engine and
the air conditioner. Observe the gauges and check to
see if the system is operating satisfactorily.

If the system pressures are now normal, you have
been successful. If not, repeat the procedure.

Sometimes it is not possible or practical to bleed the
system or air, in which case you must discharge the
refrigerant, pull a vacuum and recharge.

9. PURGING EXCESSIVE REFRIGERANT
FROM THE SYSTEM:

Install the gauge set and operate to determine pres-
sures. An excessive amount of refrigerant will be indi-
cated by high head pressure, although the cooling
effect is adequate.

Bleed the extra refrigerant through the discharge
service valve and manifold charging line. Bleed slowly
to prevent the oil in the system from foaming and
being pulled out of the system. When bleeding off
refrigerant, a cloth placed over the charging line outlet
will prevent refrigerant or cil from splattering on the
car or persons,

After bleeding what you feel is the correct amount,
operate the system and observe the sight glass and
operating pressures,

It may be necessary to purge additional amounts or
to recharge to the correct point.

10. CHECKING AND ADDING OIL:

During normal operations, a small amount of oil is
always circulating throughout the refrigeration system.
The oil level is determined by stopping the compressor
and closing the suction and discharge service valves to
the lines. This isolates the compressor from the rest of
the system, and leaves the system sealed from the
atmosphere.

Loosen the gauge port cap on the discharge service
valve slightly, and let the gas in the compressor purge
the air slowly until the pressure is relieved. Relieve the
crankcase pressure by loosening the oil filler plug
slowly and remove.

Add oil to bring to the recommended level if neces-
sary, To avoid adding too much oil, add slowly and
check with dip rod.

Replace the oil filler plug. Crack the suction service
valve slightly until a hissing sound is heard from the
valve to allow the system to purge air from the com-
pressor through the discharge service port.
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Tighten the discharge service valve port cap, back-
geat both service valves and put systemn in operation.

In the event the compressor is equipped with
“Schrader” type valves, you must discharge the com-
plete refrigerant charge to the atmosphere and recharge
after adding oil.

11. NEW SYSTEM CHECK OUT:

After the air conditioning unit has been installed,
make a final check for proper installation. Check all
refrigeration hoses for proper hook-up and routing.
Make sure all connections, bolts, screws and clamps
are secure.

If condenser coil fins are bent, comb out with fin
comb.

Start engine and run unit, check sight glass for
bubbles and foam. While unit is running, move thermo-
stat switch to cold position to see that clutch is engag-
ing and disengaging properly.

Check and align belts and pulleys if necessary. Make
sure that hoses and electrical wires are properly pro-
tected from sharp edges or hot engine manifold, and
will clear any moving engine parts. Check radiator
coolant level.




Chapter 14

TROUBLE SHOOTING

1. GENERAL:

When the owner of an automobile air conditioner
drives his car into your service center for vour help,
his complaint will usually be of a general nature.
Usually his complaint will be that he has no cooling,
not enough cooling, intermittent cooling or that the
system is noisy. From this point, the serviceman must
make use of his specialized knowledge to isolate the
cause and take the necessary steps to put the air con-
ditioner back in operation.

The serviceman can only read his pressure gauges,
look, listen and feel the unit. With the information he
obtaing in this manner, he must add his specialized
knowledge and come up with the proper answers.

A thorough knowledge of the basic principles of air
conditioning and the actual mechanical know-how are
both necessary to make a service diagnosis. Often a
malfunction in one part of the system will only show
up as a symptom elsewhere. A serviceman must have
a nimble, open mind to penetrate right to the heart of
the problem quickly, thoroughly and efficiently.

For any one complaint, there are usually at least a
dozen possible causes. Each possible cause must be
eliminated. Many possible reasons for failure can be
eliminated by just a feel or glance, and to save time
the serviceman should always work from the fastest
and most obvious reasons for failure down to the most
time consuming and intricate tests.

Only experience will give the serviceman the confi-
dence and ability to service the air conditioning system
in this manner, Each mistake or wrong diagnosis serves
its purpose in that the same error won't be committed
a second time.

Following is a list of possible causes of failure, with
a discussion of each. As you will see, all the parts and
causes are inter-related and the serviceman must al-
ways bear this in mind when working on a system.
Don't get on a one-thought track and not be able to
see other possibilities when performing service work.

2. BELT TROUBLES:

A visual inspection will enable you to determine if
the belt is missing, broken or slipping. Sometimes the
failure of a belt is merely due to being worn out over
a period of time. A loose belt most often is because of
age and fatigue. When a belt is retightened, you should
check the mounting brackets to see if they have shifted,
and also the pulley grooves to see if they are worn.
Replacement of the belt may be necessary and pos-
sibly the crankshaft pulley and clutch, due to exces-
sive wear. Misalignment of pulleys can cause belt
failure and pulley groove wear. A belt may have been
forced onto the pulley upon installation, which could
cause broken cords. Or perhaps the engine has thrown
oil on the belt or pulley and caused slipping or pre-

mature failure, The correct belt tension is very impor-
tant, as overtightening can cause compressor and clutch
bearing failure and compressor seal failure.

Many times a broken or slipping belt is only a symp-
tom and not the real cause of insufficient cooling. If
the system contains too much refrigerant, the condens-
ing head pressure will be too high, which in turn makes
the compressor try to pump against this excessive head
pressure and slipping belts may result. In fact, exces-
sive head pressure from any source can cause slipping
and wearing on belts and pulleys. The serviceman
should always investigate the possibilities of dirty con-
densers, air in the system and refrigerant overcharge
if belt problems are encountered.

3. VIBRATION OF COMPRESSOR
AND MOUNT:

Most vibration problems are due to loose or broken
bolts, mounts or braces. A careful visual inspection will
usually pinpoint the problem. Sometimes the problem
is solved at this time, and sometimes it is necessary to
make a further check to determine if the failure of a
bolt, brace or mount is due to other malfunctions in
the system. High condensing pressure can put an extra
load on the compressor, with this pressure in turn
transmitting the load through the power train to pul-
leys, belts, mounts, bolts and braces. This high head
pressure can also cause failure of bearings and mis-
alignment of pulleys and clutches.

A compressor will become noisy if it is low on re-
frigerant oil. Periodic maintenanece will usually prevent
this problem.

4. NOISY CLUTCH:

Clutches that operate but are noisy probably have
loose mounts, bolts, or worn or defective bearings.
There are instances where noise is due to the clutch
engaging and disengaging too often. This could be
caused by the thermostatic switch losing its calibration
and pulling the clutch coil in and out of the circuit too
often.

Defective or worn clutch bearings could be due to
normal wear, or it could be caused by misalignment of
the pulley or mounts, shifting or failure of braces.

5. NOISE COMPLAINTS:

Many of the noise complaints can be traced to mount
and drive and other related component problems. Nor-
mally, if the unit is noisy at one speed and this noise
clears up at another, it is not usually due to the com-
pressor. Each vehicle has its critical frequencies where
all vibrations get into the correct harmony to generate
sound or noise. The speed at which these critical points
are found will vary with each vehicle and each mount
and drive arrangement. Many times noise generated
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due to this condition can be eliminated or greatly
reduced by changing the belt adjustment to a different
torque. A torque of 100 ft. lbs. is considered the normal
belt tension. Excessive belt torques tend to destroy
bearing, belts and idlers, so refrain from over-torquing
of belt. Replacement of 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 chang-
ing belt adjustment and/or length are more successful
in removing or reducing this type of noise level, Chang-
ing discharge hose length is often effective in “tuning”
or reducing sound level.

Certain body styles and models of cars seem more
difficult to quiet than others. Many things can cause
this to be true. In many cases, the frequencies caused
by the compressor operation excite and amplify the
normal frequencies of related components. Some people
describe this type of sound as “motor boat noise” or
“moan” type of noise. They normally appear and dis-
appear at different motor car speeds or frequencies,
These problems are difficult to eliminate completely,
but they may be greatly reduced by the changing of
any of the following: (1) mount and drive components,
(2) changing of length and routing of discharge line,
(3) isolating the condenser from the radiator yoke, (4)
or adding a discharge line muffler as close to the com-
pressor as possible to dampen the frequencies generated
by the compressor operation.

Noise emanating from the clutch is difficult to recog-
nize because of the close connecting feature with the
compressor. A loose bolt holding the clutch to the shaft
will result in extremely noisy operation. Extreme care
must be exercised to prevent the removal of the wrong
component.

The differential between the suction pressure and
the 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 pres-
sure. Likewise, high head pressures tend to make com-
pressors noisy because of the additional loading on
bearings. Things which should be taken into considera-
tion are whether the system is properly charged,
whether the expansion valve is feeding properly to use
the evaporator efficiently and whether sufficient air is
being maintained over the evaporator coil. On the high
side, we should check for non-condensibles in the sys-
tem as well as cleanliness of condenser, amount of air
that can flow through it, and overcharge of refrigerant.

Since a compressor has many moving parts, it is
normal for it to generate some noise just as a motor
generates some noise as it is operated. The refrigerant
gases, as they are moved by the compressor pistons,
also produce noises and vibrations as a normal situ-
ation.

The level of permissible noises varies with the cus-
tomer, and generally an explanation how the compres-

sor functions and what it does serves to satisfy a
customer, that since the compressor is doing work it is
natural for it to make some sound.

6. HIGH ENGINE TEMPERATURE:

High engine temperature is a symptom and not a
cause in an auto air conditioning system. It is always
caused by something else. Most of the time these prob-
lems are not directly attributable to the air condition-
ing system, but the tendency of the owner is to think
so and bring his automobile to you for service. Common
causes of high engine temperature are loose fan belt,
dirty radiator, erimped or defective radiator hose, dirty
cooling system, bad engine timing, too small fan, too
small radiator or defective radiator pressure cap.

On factory installations of automobile air condition-
ing systems, some car manufacturers furnish heavy
duty radiators to prevent engine overheating. This
same radiator is available as an option for aftermarket
installations. If this option is not taken advantage of
when installing a field unit, overheating may result and
the only method of correction would be with an over-
size radiator.

Some field installations also require an oversize fan
blade in order to prevent engine overheating.

7. CLUTCH DOES NOT OPERATE:

Any time an electrical part on the system does not
function, the serviceman should always check the cir-
cuit fuse first. Again, a blown fuse is only a symptom
and not a cause, therefore further investigation is nec-
essary. Before any electrical circuit can be traced for
troubles, every precaution should be taken that a cir-
cuit is possible and not be due to blown fuses, broken
wires or loose connections. A lot of needless time and
expense will result unless these simple inspections are
made first.

If a clutch does not operate and the trouble does not
lie in blown fuses or broken circuits due to loose or
broken wires, the clutch itself should be checked for
grounds, shorts and opens, worn brushes or defective
retracting springs.

Perhaps the thermostatic switch that makes and
breaks the clutch circuit is stuck in an open position,
or the power element has lost its charge. Under normal
circumstances it is fairly simple to determine if an
electrical circuit exists, or if not — where the open is
located.

8. BLOWER DOES NOT OPERATE:

Again, fuses and broken circuits due to loose or
broken wires should be checked first. If the circuit is
still not complete, the motor itself, the blower switch or
perhaps the resistor on the blower switch should be
checked.

The blower motor should also be checked physically
to see that the fan blade or blower wheel is not out of
line and stuck against the shroud or scroll.
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9. BLOWER RUNS TOO SLOW:

This problem could be due to loose wires, shorts in
the motor windings, binding shafts or wheels, or bad
motor bearings.

10. NO COOLING:

This is a common and universal complaint. A cus-
tomer brings his automobile to you and says the air
conditioning system is not working. A logical step by
step procedure is necessary in order to save time and
expense and get to the heart of the problem at once.

A quick visual inspection is the first step. By just
looking closely at the system, you can see if you have
a blown fuse, loose or broken wire, bad belt, broken or
defective refrigerant hose, or leaking compressor seal.
Perhaps after this visual inspection you have located
the trouble. If not, you should see if the system will
operate and not cool. If the system will not operate, a
further check of electrical continuity should be made,
and perhaps a bad switch, resistor, clutch or motor
will be found.

If the system runs but does not cool, the manifold
gauges should be installed and pressure within the
system observed. By observing operation pressures,
defects within the refrigeration system can be singled
out. Gauge readings will indicate such things as a leak,
inefficient compressors, defective expansion valves, and
clogged screens. Refer to the section on abnormal
gauge readings for further information.

11. NOT ENOUGH COOLING:

When a customer drives in and says that he does not
have enough cooling, at least you know that he has
some cooling and that the electrical circuits are in
working order. Again, a visual check should be made
for slipping belts, broken hoses, clogged condenser, or
leaking compressor seal.

If this check does not reveal the trouble, a more
intensive check of a slipping clutch, binding blower
motor, restricted condenser or evaporator coil must be
made.

Perhaps the only trouble with the air conditioning
system is under-capacity due to driving with vents or
windows open. Be sure to question the owner on this
point.

If the problem has not been located as yet, the mani-
fold gauges must be installed and further check made
as to the proper operation of compressor, expansion
valve, or other refrigeration controlling devices. The
gauges may indicate a shortage of refrigerant, a freeze-
up at the expansion valve, or a restricted line or drier.
Refer to the section on abnormal gauge readings for
further information,

It is also possible that the thermostat is out of cali-
bration and shuts the system off before the proper
temperatures are reached.

12. INTERMITTENT COOLING:

This complaint tells you that the system either is
operating inefficiently or intermittently. Build up of
ice on the evaporator coil is the usual cause of this
problem. This build up can be caused by the right
combination of humidity conditions, in which case the
proper advice in operating procedures is the only
answer. Sometimes icing can be caused by defective
regulating devices in the refrigeration circuit or a
thermostatic switch out of calibration.

Other causes in the electrical circuit can be defective
circuit breaker, blower switch, a partial open ground
or loose connection in clutch, blower motor or switch.
Or the clutch could be disengaging prematurely or be
slipping due to belt or misalignment problems.

In some cases, the refrigeration system will have to
be investigated for freeze-up or improper adjustment
of the expansion valve.

13. HIGH CONDENSING PRESSURE:

A high head pressure reading is a symptom and not
a cause of trouble. When this is observed, you must
locate the real trouble and fix it before additional dam-
age is done to the system.

When the condensing pressure is too high, it may
be caused by something external that a visual inspec-
tion will detect — such as a blocked or dirty condenser
surface. Or you may have to determine if you have
air in the system, an overcharge of refrigerant, a kinked
discharge hose, or too much oil in the compressor.

14. LOW SUCTION PRESSURE:

If there is a shortage of refrigerant in the system it
will cause a low suction pressure. This can be deter-
mined by checking the sight glass. If there is a shortage
of refrigeration, again it is only a symptom and not a
cause and the system must be checked further for
damaged hoses, compressor gasket or seal leaks and
loose fitting connections.

When the charge is sufficient, it is a possibility that
there could be a restriction to refrigeration flow in the
drier or other strainer in the system.

The compressor itself might have leaking suction
valve reeds, and thus not be able to pump the refriger-
ant around in the system. The expansion valve may
be stuck in an open position, or the bulb might be
loose or incorrectly located.

If there is a build up of ice on the evaporator coil,
the air flow will be restricted and a low suction pres-
sure will be the result.

The thermostatic switch may be out of calibration,
or there might be moisture in the system causing a
freeze-up at the expansion valve.
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Chapter 15

. SERVICE TOOLS
1. GENERAL: 2. SPECIAL AUTOMOBILE AIR
Most of the tools necessary to install and service the CONDITIONING TOOL LIST:

automobile air conditioning system are already to be Frigiking Part No. Description

found in the automobile mechanic’s tool box. There 49-00015 Vacuum pump

are certain tools that are specialized and peculiar to 07-20022 Halide gas leak detector kit

the refrigeration and air conditioning business only. *49-00031 G.E. electronic leak detector
07-90018 G.M. compressor tool set
*55-00162 “Dial-A-Charge” charging

cylinder
61-21035 R-12 Can adapter valve
07-20042 Charging and testing gauge and
manifold set

07-20040 36" charging lines
07-20025 Tubing cutter
*07-20119 Schrader type valve tool
07-20035 Mighty tork pulley wrench
07-20024 Flaring tool
91-00806 Serviceman thermometer
07-20036 14" Reversible ratchet
*Optional

. Fig. 102, R-12 Can Adapter Valve

Fig. 104. 14" Reversible Rachet Wrench

It is essential that these tools are obtained and the
accompanying instructions understood before use.

Fig. 103. G.E. H-10 Electronic Leak Detector

A, T




Chapter 16
E 3 PERIODIC MAINTENANCE GUIDE

1. OWNER MAINTENANCE:

In order to obtain maximum performance from his
air conditioner, you should instruct the owner to
periodically check the condenser and car radiator for
bugs, dirt and leaves, The space between the condenser
and the radiator should also be checked for obstruc-
tions. Usually a thorough hosing down when the auto-
mobile is being washed will keep these finned surfaces
in a clean condition.

The owner can also check for proper belt tension or
failure if he so desires. He can also visually check
connecting hoses for damage or obstructions.

Care should be taken that the owner is instructed
to operate his automobile air conditioner for five or
ten minutes monthly during winter months. This is
necessary in order to keep the compressor oil seal
lubricated and to prevent premature seal failure and
loss of refrigerant.

2. SERVICE CENTER MAINTENANCE:

A service center check of the automobile air condi-
tioning system should be performed each spring and
fall or every 10,000 miles on high mileage cars. This
check should be made with preventive maintenance in
mind, and most checks are of a visual nature unless
such a check turns up additional problems.

A check should be made for clean condensers and
radiators, belt condition and tension, refrigerant hose
and connections, compressor oil level and refrigerant
charge.

While the automobile is in your shop you should
also make a quick check to determine if there is proper
air flow across the evaporator, and if cool air is being
delivered in the proper quantity.

S




Chapter 17
. SAFETY PRECAUTIONS AND PRESSURE TEMPERATURE CHART

L

1. PRECAUTIONS WHEN HANDLING
REFRIGERANT:

1. The skin and eyes should be protected from con-

3. PRECAUTIONS WHEN INSTALLING
AN AUTO AIR CONDITIONER:

1. Wear goggles when using a hole saw or portable

tact with refrigerant liquid or vapor. A small
bottle of mineral oil and of boric acid should be
located near the service stall. Should refrigerant
contact the eyves, wash immediately with a few
drops of mineral oil followed by a thorough
cleansing with a weak solution of boric acid. See
a physician if irritation continues. Should liquid
refrigerant come in contact with the skin, the
injury should be treated the same as though the
skin has been frost-bitten or frozen.

. In the presence of an open flame, Refrigerant-12
produces Phosgene gas. This is very poisonous —
never breathe it.

. The charging drum should never be subjected to
excessive temperature when charging a system.
The drum can be heated by placing in 125°F
water if necessary. Do not heat above 125°F or
use a blow torch or other open flame to heat the
drum.

. Always replace the drum cap immediately after
use to protect valve and fusible plug from damage.

. Never over-fill a refrigerant charging cylinder.
Leave room for liquid expansion, or pressures can
be built up that will cause the drum to burst.

2. PRECAUTIONS WHEN USING

SERVICE TOOLS:

1. Be sure gauge manifold hoses are in good condi-
tion. Never let them come in contact with engine
fan or exhaust manifold.

. When disconnecting any fitting in the refrigera-
tion system, proceed very cautiously regardless of
gauge readings. If pressure is noticed when fitting
is loosened, allow it to bleed off slowly.

. Always use two wrenches when tightening or
loosening refrigerant line fittings. The opposing
fitting should always be held with a wrench to
prevent distortion of lines or components.

. Tools should be kept clean and dry. This includes
the gauge set and replacement parts. Keep gauge
lines plugged when not in use.
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jig saw,

. Use caution when drilling holes in the automobile.

Holes drilled into electrical wiring or into the gas
tank can cause fire or explosion.

. Be sure all cap screws are tight and of the correct

length. Pulleys coming off at high speeds can
cause damage to the automobile or injury to the
occupants.

. Make sure refrigerant hoses are clamped so they

cannot come in contact with any sharp metal, or
with the engine fan or manifold.

4. PRECAUTIONS WHEN SERVICING

AN AUTO AIR CONDITIONER:

1. Keep hands clear of the automobile engine fan

and belts when the engine is running. This should
be considered when opening or closing the com-
pressor service valves,

. Use caution when working around exposed evap-

orator or condenser coil fins. Painful lacerations
can be inflicted by the fins.

. Keep hands away from moving fans and blower

wheels. High speed motors have enough power
to cause injury.

. Never close the compressor discharge service

valve when the unit is in operation.

5. PRECAUTIONS TO KEEP SYSTEM

(CLEAN AND DRY):

1. Cap all open lines, ports and connections imme-

diately. This prevents the collection of moisture
and dirt or foreign matter from entering the
system.

. Make sure the oil container is sealed and capped

when not in use.

. Do not allow the system to remain open any

longer than necessary.

. Never use a receiver-drier which has been left

uncapped or open to the atmosphere.




All temperatures in °F.

*Evaporator Evaporator **Condenser Hich P
Temperature vs Pressure or Ambient kS IEGE‘:::SU.TE
AIR -
-25° (2.3) Temperature Reading
-21° 0 (Atmospheric Pressure) 20° 45
-20° 0.6 30° 55
0 = 40° 72
-10° 4.5
_ 50° 86
-5° 6.8
60" 105
o o 126
70°
5° 11.8 2
10° 147 75 140
15° 19.1 80 160
22° 22.5 95° 195
24° 23.9 100° 220
26° 254 105° 240
28° 26.9 110° 260
30° 28.5 116° 275
40° 37.0 120° 290
el 46.7 125° 305
R
5 e 325
e "t **NOTE:
90° x
- All Temperatures in °F.
100° 116.9 i .
110° 136.0 All pressures in Lbs/sq. in. gauge (PSIG)
120° 157.1 All values determined with following con-
ditions:
130° 180.2
(a) Compressor Speed = 1750 RPM
*NOTE:

(b) Condenser Air Volume = 1565 CFM
Evaporator total heat load = 18,442 BTU/

All pressures in Lbs/sq. in. gauge (PSIG) hr.
Figures shown in () are in inches of Mercury (c) Conditions equivalent to 30 MPH or Fast
Vacuum idle with auxiliary Fan to simulate ram air.

Table 8. Pressure Temperature Chart
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