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Theory of Operation - Basic Refrigeration Cycle

Properties of Materials

In reality “cold will never be produced”, but heat will be removed from an area.

In order to remove surplus warmth in the area to be air-conditioned, we need thus a material
with alower temperature than those, which prevailsin the area.

Heat exchange takes place. The area becomes cool and the medium warmer. If the medium
achieves atoo high temperature, a heat exchange will no longer be possible. Utilise the latent
heat in order to take up warmth without serious rise of the temperature.

The use of the melting heat is one of the oldest methods for the cooling of a medium ( use of
theice for cooling purposes).

Since the heat of vaporization is generally larger than the melting heat, it would still be more
suitable to use this change in status. In the case however water can be only used in rare cases as

cooling medium, since the evaporation temperature is only 100 °C.

A piece of ice was placed on the top and near the food was stored. “Heat” was carried by
convection from the stored food to the ice. Air motion is caused by differencesin the
temperatures of air, the ice, the food, and the refrigerators walls. The ice melted and the run-off
water carried the heat to a pan underneath.

The fact remained that to carry heat away from the food and the ice box walls, the ice had melt.
In doing so, latent heat of fusion was absorbed by theice.

o 1 Food: eatables
=t

A

=g @ | | Cool medium, exampleice

Ambient conditions; atmospheric heat

%
b
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Melted water



Training Documents

A1\

General Thermodynamic Principles Eberspacher

Other materials evaporate however aready at lower temperatures.

Melting Heat of . Heat of
. . Boiling temper ature* o
Material |temperature* | melting* (kJ/ (°C) vaporization*
(°C) kg) (kd/ kg)
Water 0 334 100 2257
Ambient air - - -191,4 196,8
R 12 -158,3 34,3 -29,8 166
R 134a -108 45,8 -26,2 215

*at atmospheric pressure; 1.013 mbar ( 15,5 psi )

Pressure - Temperature Relationship

Varying the pressure on aliquid affects the temperature at which the liquid will boil.
Increasing the pressure on aliquid raises the boiling point ( = temperature at which the liquid

becomes a gas ), and decreasing the pressure lowers the boiling point.

A liguid cannot exist at atemperature higher that it is boiling point or saturation temperature.
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Schematic Refrigerant System
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Refrigerant Properties

A refrigerant isafluid that is used inside the refrigeration system to transfer heat.

These materials were developed particularly for the cooling and climatic industry and are
usually called refrigerants.

Since refrigerants are quite expensive (compared with water for example) are them after

evaporation again to be used to be able. In addition they would have to be liquefied.

A liquid boils and condenses - the changes between the liquid and gaseous states - at a
temperature which depends on its pressure. When boiling, it must obtain the latent heat of

evaporation. When it condenses, the latent heat must be given up again.

Thebasic refrigeration cycle makes use of the boiling and condensing of aworking fluid at

different temperatures and, therefore, at different pressures.

Inthe evaporator, heat is added to the fluid at lower temperatures and pressure and provides

the latent heat to make the fluid boil and change to a vapour.
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This vapour isthen mechanically compressed to a higher pressure and a corresponding higher
saturation temperature. At this higher temperature, the latent heat can be removed from the
refrigerant in the condenser, so that it changes back to aliquid.

Thetotal cooling effect will be the heat transferred to the working fluid during the evaporating

process.

The system requires a connection between the condenser and the inlet to the evaporator to
complete the circuit. Since these are at different pressure, this connection will require a
pressure-reducing and metering valve.

The pressure reduction in this valve causes a corresponding drop in temperature, so that some
of the fluid will flash off into vapour to remove the energy for cooling. Therefore the volume
of the working fluid increases at the valve by this amount of flash gas. That is the reason why

thevalveiscaled the" expansion valve".
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Operation high and low side pressure and temperature

ORIENTATIVE PRESSURE AT DIFFERENT OUTSIDE AND INSIDE TEMPERATURES

Outside Condensation High side pressure High side pressure High side pressure
temperature temperature R-12 systems R-22 systems R-134a systems
°C °F °C °F bar psig bar psig bar psig
gauge gauge gauge gauge gauge gauge
25 77 45-55 113-131 | 9,8-12,7 | 142,7-183,6 | 16,3-20,7 | 236,1-300,7 | 10,6-13,9 | 153,7-201,7
30 86 50-60 122-140 | 11,2-14,3 | 162,3-206,8 | 18,4-23,3 | 267,0-337,3 [ 12,2-15,8 | 176,6-229,2
35 95 55-65 131-149 | 12,7-16,0 | 183,6-231,8 | 20,7-26 | 300,7-376,9 | 13,9-17,9 | 201,7-259,4
40 104 60-70 140-158 | 14,3-17,9 | 206,8-258,9 | 23,3-28 | 337,3-419,8 | 15,8-20,2 | 229,2-292,3
45 113 65-75 149-167 | 16,0-19,9 | 231,8-288,2 | 26-32,1 | 376,9-466,3 | 17,9-22,6 | 259,4-328,1
Interior Evaporating Low side pressure | Low side pressure | Low side pressure
temperature temperature R-12 systems R-22 systems R-134a systems
°C °F °C °F bar psig bar psig bar psig
gauge gauge gauge gauge gauge gauge
20 68 -10-0 14-32 1,2-2,1 17,3-30,2 2,5-4,0 36,7-57,5 1,0-1,9 14,6-28,0
25 77 -5-+5 23-41 1,6-2,6 23,3-38,1 3,2-4,8 46,4-70,0 1,4-2,5 20,8-36,2
30 86 0-+10 32-50 2,1-3,2 30,2-46,9 4,0-5,8 57,5-84,0 1,931 28,0-45,6
35 95 +5-+15 41-59 2,6-3,9 38,1-56,7 4,8-6,9 70-99,8 2,5-3,9 36,2-56,3

NOTE: At thelimits of the normal operating conditions, unusual pressures and

temperatures may occur.

For example:

Engaging the system at high and hot outside temperature, at high interior

temperature and compressor high speed:

leads to high refrigerant pressure in evaporator;

high refrigerant pressure and very high temperature after compression;

compressor magnetic clutch may cycle afew of times (high pressure

switch cuts out the clutch) until interior temperature lowers.
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Main Components

Compr essor

Basics
The function of a compressor is to increase the pressure of the gaseous refrigerant.
Make sure that the applied refrigerant is appropriate for the compressor.

Definition

Open compr essor :
motor in separate housing as compressor

shaft seal required to control refrigerant leakage
typically transportation and large commercial or industrial application

Her metic compressor :
motor in same housing as compressor, cooled by refrigerant

no rotating shaft seals required

two basic types:
wel ded-hermetic compressor(not serviceable)

a
& semi-hermetic compressor
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Condenser

The function of the condenser section isto remove heat ( which has been absorbed by the
evaporator section from the coach interior air and the compressor) and expel it to the ambient

(outside) air.

Processes inside the condenser

Desuper heat

First the superheated refrigerant is desuperheated. This means that the temperature decreases

until the dew point is reached.

Condensation

Condensation sets in as soon as the condensation temperature is reached. At a constant ambient
temperature the refrigerant gives off heat. This temperature remains constant until the change
is completely finished.

Under cooling

To decrease the pressure of the refrigerant when it leaves the condenser, it has to run through a
throttling device which - asits name already indicates - throttles the flow of the refrigerant.
Inside this throttling device, the refrigerant has to pass a narrow spot.

In case gaseous refrigerant should flow through this narrow spot, it would "choke" the throt-
tling device due to its higher volume and thereby considerably reduce the amount of liquid
refrigerant that passes through this device. As a result, the capacity of the air-conditioning unit
would be decreased.

To make sure that only liquid refrigerant flows through the throttling device, the refrigerant has
to be undercooled after its complete condensation. During this process the temperature de-
Ccreases at constant pressure.

The optimum undercooling takes place at 3 K. This means that the temperature of the refrig-

erant at the condenser outlet should be 3 degrees lower than the condensation temperature.
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Desuperheat
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Undercooling

A

Temperature

N

Heat



Training Documents

A1\

Main Components Eberspéicher

Temperature

Heat
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Expansion valve

The expansion valve is an orifice, through which the liquid refrigerant is forced by the pressure

difference between the condensing and evaporating conditions.

Purpose

The expansion valve controls the flow of refrigerant to the evaporator in order to:

- maintain the maximum cooling capacity of the evaporator, regardless of change in heat |oad
- avoid liquid refrigerant returning to the compressor
- separate high and low pressure sides of the system

Air conditionersin the bus world, are using thermostatic expansion valves (TEV) asfollow:

TEV without equalizer line
TEV with equalizer line

-11 -
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First version: TEV without equalizer line

y

i

|
G

P1=Po +P3

P1 = Pressure from filled sensor bulb
Po = Pressure evaporator inlet
P3 = Pressure equivalent regulating spring

b=

Too small superheat reduces system protection, where too much superheat reduces system
efficiency. The superheat is controlled by the sensor bulb charge and is adjusted with the
regulated spindle of the fix point from 4 Kelvin superheat.

Never change/ turn the position of that requlated spindlein all TEV s, if can be damage

serious the compressor !
Sometimesit is possible to change the adjustment point of the superheat, but only with an

agr eement from Eber spadcher Siitrak.

-12 -
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Second: Standard TEV version with equalizer line

Operation Thermostatic Expansion Valve

Equalizer line

Pressure
outlet
Pb evaporator
Pe P (Pe)
[ ==

)
)
D)
D)
D)
D)
D)
)

Ps

NLET%

OUTLET %

U YUYUUUYUY
Bvaporator
Turning spindle
controls spring
pressure
Pb=Pe+Ps

Pb=pressure in sensor bulb
Pe=pressure evaporator outlet
Ps=pressure equivalent regulating spring

The degree of opening isinfluenced by three pressures acting on the valve diaphragm.

1. Thepressurein the equalizer line ( Pe), which corresponds to the pressure, where the gas
leaves the evapor ator.

Asthe suction pressure ( Pe) decreases, the pressure under the diaphragm decreases, the

needle valve moves away from the seat and allows more refrigerant to enter the evaporator. As

the suction pressure increases, the pressure under the diaphragm increases, the needle valve

moves towards the valve seat and allows less refrigerant to enter the evaporator.

-13-
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2. Thepressurein the sensor bulb ( Pb ), which depends on the temperature of the suction
gas, leaving the evaporator.
The sensor bulb senses the temperature of the low pressure gas leaving the evaporator. Asthe
temperature of the outlet line increases, the gas pressure in the sensor bulb ( Pb) increases and
forces the valve to open. As the temperature of the outlet line decreases, the gas pressure in the
sensor bulb decreases and forces the valve needle towards the val ve seat.
During normal operation, evaporation will cease part way through the evaporator. The,
saturated gas appears which becomes superheated on its way through the last part of the
evaporator. The temperature rise of the saturated gasis called "superheat”. The bulb tem-
perature will thus be evaporating temperature plus superheat, e.g. at 0°C (32°F) evaporating
temperature the bulb temperature could be 6°C (43°F).
If the evaporator receives too little refrigerant the vapor will be further superheated and the
temperature at the outlet pipe will rise. The bulb temperature will then also rise and with it, the
vapor pressure in the bulb element, since more of the charge will evaporate. Because of the rise
in pressure, the diaphragm is forced down, the valve opens and more liquid is supplied to the

evaporator. Correspondingly, the valve will close more if the bulb temperature becomes lower.

3. The pressure equivalent ( Ps) of the regulating spring.

The spring is factory set ( Ps), and compensates between sensor bulb pressure and evaporator
pressure to operate with a superheat of 4 to 7°C (9 to 13°F).

The thermostatic expansion valve must insure the state of the refrigerant, leaving the evapo-
rator is a"superheated gas'. This ensures optimal capacity (al refrigerant evaporated) and
compressor protection (no liquid return).

The thermostatic expansion valve is substantially an undamped proportional control and hunts
continuously. The compressor runs at variable speed and sometimes partially unloaded.
Pressures may suddenly change, so that valves may be seen to fully close and fully open

at times. The continual hunting of the thermostatic expansion valve means that the

evaporator surface has an irregular refrigerant feed, resulting into a slight loss of heat transfer

efficiency.

-14 -
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Evapor ator

The function of the evaporator isto remove heat from the bus interior air and transfer it
(through the medium of R 1344, etc.) to the condenser section for expulsion, and remove
excess humidity which condenses on the outside of the coil then runsinto adrain pan and is

finally carried away through drain lines.

Processes inside the evapor ator

Evaporation

Immediately after the refrigerant has passed the expansion valve nozzle, it is partly in aliquid
and partly in a vapor state. This so-called wet steam enters the evaporator. While the portion of
vapor increases, the portion of liquid becomes smaller.

Evaporation is completed when there is no more liquid refrigerant.

Super heat

On principle, only gases may be compressed. Asliquid entering the compressor may lead to a
breakdown of the compressor, the refrigerant entering the compressor must be gaseous. To
make sure that only gaseous refrigerant enters the compressor, it has to be superheated after its

complete vaporization. During this process the temperature increases at constant pressure.

Calculate superheat at evaporator outlet with the average of recorded values.
Superheat should be 5t0 9°C ( 5t0 9K or 9 to 13°F).
This means, the optimal of the refrigerant temperature from the evaporator outlet should be 7

Kelvin warmer, than the measured suction evaporation temperature.

- 15 -



Training Documents

N\

=1

Main Components Eberspéicher

Evaporation

Superheat

Temperature

7

Heat
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Filter-drier

Evenif the air conditioning system is mounted properly, the refrigerant cycle cannot be kept
free from humidity.

To avoid damages the excessive humidity has to be absorbed (excessive humidity may lead to
corrosion damage, acidification, sediment, and freezing of the expansion valve).

Thus the function of the filter-drier isto store up this humidity.

It also serves as afilter for all kinds of soiling (dirt, foreign substances ...) and acids.

Thefilter-drier is mounted in the liquid line - behind the refrigerant receiver - to prevent ail

from clogging the filter (in aliquid state refrigerant and oil are bound).

Thefilter-drier hasto be changed annually. Some models allow change of filter cartridge only

(casing remains).

If you mount a new filter-drier, look for the flow direction of the refrigerant (marked on the
filter housing).
If afull filter-drier causes a cooling on the housing or feeling cool by simply touching, whether

the drier isfull may be determined.

Thefilter-drier isconstructed asfollows:

Aluminiumoxyd

Moleculare filter Housing spring

Metal filter / Filter mat Silicagel

-17 -
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Pressostats/ Pressur e switches

The function of pressostats isto monitor the pressure relations in the refrigerant cycle. For this
purpose they are mounted on the high and low pressure side. The pressostats serve to switch
off the compressor at excessive pressure (through the electro-magnetic clutch), to avoid

damages.

L ow-pressur e pressostat

The low-pressure pressostat switches off the air conditioning unit as soon it records a pressure
below 0,35 bar (depending on the product). The cut-in pressureisat 1,75 bar above the cut-out
pressure, so that the system only starts again at a pressure of at least 2,1 bar.

High-pressur e pressostat

The high-pressure pressostat switches off the air conditioning unit as soon it records a pressure
higher than 23,5 bar (depending on the product). The cut-in pressure is at about 6,9 bar below

the cut-out pressure, so that the system only starts again at a pressure of maximum 16,6 bar.

b - -

Some systems are equipped with adjustable pressostats.

-18 -
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Electr o-magnetic clutch

Principle of operation

If the air conditioning system is not engaged, the pulley runs free. When the system is switched
on the magnetic cail clutch is energized, a magnetic field is created which presses the
diaphragm to the pulley. Now the compressor operates, as the diaphragm is located directly on
the crankshaft of the compressor.

A Clutch not engaged B Clutch engaged
1. Solenoid 4. Diaphragm
2. Pulley 5. Drive shaft
3. Hub

The most common reason for clutch failure is excessive heat.

Excessive heat can be generated by frequent cycling of the clutch due to abnormal system
pressures, tipping elements, poor contact in electric wiring etc.

Excessive heat can aso be generated by leaving the coil energized, while the engine is not

running or no drive belts to the compressor.

-19-
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Other Components

Refrigerant cycle of aroof top AC-unit
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Refrigerant cycle of aroof top AC-unit
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Refrigerants

All new Eberspécher Siitrak air conditioning units run with refrigerant R 134a.

Until 1992 all air conditioning units were filled with refrigerant R-12. Due to its high ozone
depletion potential, this refrigerant is forbidden nowadays and must not be refilled in existing
systems.

The now used refrigerant R 134ais chlorine atom free and therefore does no contribute to the
destruction of the ozone layer.
However, this substance still has a considerable potential to intensify the greenhouse effect.

For thisreason it is strictly forbidden to evacuate R 134ainto the atmosphere.

R 134a belongs to the substances which are not combustible, non-flammable and not toxic.
However, if it getsinto contact with skin, it may cause frostbite and severe burns. Contact with
the eyes may lead to loss of sight. Therefore, works at air conditioning systems should not be

carried out without eye protectors and safety gloves.

Comparison R-12/ R 134a

Systems filled with R 134a almost reach the same cooling capacity as those filled with R-12.
If the system runs with R 134a, the temperature of the gas at the compressor outlet is about 5 K
lower than with R-12, and thus more uncritical.

The filling quantity of R 134ais approximately 90% of that of R-12.
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First aid in case of accidentswith refrigerants

Inhaled:
Remove subject from the contaminated area. Use oxygen or cardiopulmonary resuscitation if
necessary. Consult with aphysician in case of respiratory and nervous symptoms.

Frostbite
Warm the frostbite part of the skin up with lukewarm running water to body temperature.

Eyes
If refrigerant getsin contact with the eyes, immediately flush eyes with running water for

several minutes, while keeping the eyelids wide open.

Consult with a ophthalmologist or doctor in case of persistent pain.

Removal of refrigerants

Observe the legal rules for removal of refrigerants. In Germany, use orange recycling bottles.

CAUTION: Refrigerant bottles must not be overcharged. A raise in temperature increases

the pressure and may cause the bottle to explode.
The bottle can be filled with max. 75 % of the bottle filling volume, thereis

written on the bottle.
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Refrigerant Oils

R 134a does not dissolve in conventional refrigerator oils (mineral oil, alkylbenzene). A pro-
tected ail circulation istherefore not ensured in cycles of standard dimensions. Thisiswhy
compressor, refrigerant and oil industry developed specia diester oils, which show sufficient
solubility at good lubricating properties. In spite of the generally favourable properties of such
oils, their water absorbing capacity is higher than that of common lubricants that have been
used so far. Thisiswhy these oils should only be exposed to air for a short period of time when

filling the system.
7] Do not mix additives with refrigerant or refrigerant oil in the system for leak testing !

The usage of additives ( also usage of contrast substances for leak search)

to refrigerant oil and/ or refrigerant leads to rejection of warranty claims.

/] The following oils are alowed for the refrigerant R 134a:

DEA Triton SE 55
FUCHS Reniso E 68
ICI Emkarate RL68 S

MOBIL Arctic EAL 68

('Vvalid only for air conditioner without flexible pipes: )

CASTROL Icematic SW 68

Refrigerator oil is often referred to as a necessary evil, because it is"vital" for the compressor,
but rather causes problems in the other parts of the system (clogging, deposit ...). 5 to 10% of

the oil circulated in the refrigerant cycle. The oil may cause the following problems:
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Humidity enters the system. The diester ail is very hygroscopic, i.e. it absorbs much water.

Result: Acidification; metal components may corrode.

Remedy: Do not store refrigerant unsealed, as it would absorb much humidity.

Accumulation of refrigerant in the compressor crankcase when system is not engaged.
When the system is not in service, more refrigerant dissolvesin the oil, because the

pressure is higher when the system is running than when it is switched off.

Result: When starting, foam is formed in the crankcase

(the refrigerant is given off the oil) The oil lubrication in the compressor is

not working very well.

Remedy: Install oil sump heaters.

Qil recirculation is not ensured. The oil circulated by the oil gection of the compressor is
deposited somewhere in the circuit.

Result: - Not enough oil in the compressor

- Thedeposited oil is being entrained in one jolt and causes damages to the
compressor
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Remedy: The dimensions of the lines have to be correctly dimensioned

to ensure a minimum flow rate.

- suctionline: approx. 6,0 m/s
- pressureline:  approx. 5,0 m/s

- liquidline: approx. 0,5 m/s

In view of the little space that is provided in a coach such line sizes would be too large.
Therefore smaller ones are mounted, which raises the flow rate (this influences the recir-
culation positively). However, at the same time pressure in the lines decreases dramatically,

so that a compromise must be made between line size and pressure decrease.

Because in our case the compressor islocated lower than the condenser, thereisarisk that
the oil in the pressure line returns to the compressor when the system is out of operation.

When starting the system, compressor valves may be damaged.

Remedy: Stationary refrigeration uses siphonsin the pressure line. This solution is not
applicable for coaches due to the use of flexible tubes. If the above described
problem occurs, areturn valve ( one way valve )in the pressure line will solve

the problem.

IMPORTANT NOTE:
- Never use used refrigerant oil for units.

- The mineral oil (usein R 12 systems) are separate oil waste disposal.

- The diester oil will never mix with other oil waste disposal, too.
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Capacity Control

General

If an air conditioning system is not provided with a capacity control, there are only two

possible working conditions:

~

0% capacity a  the systemis switched off
100% capacity &  thesystemisrunning

Such asystem isonly conceivable if the space, which isto be cooled iswell insulated and if

heat does not permanently enter the space (e.g. refrigerator).

Unfortunately buses do not provide such conditions. Insolation and body heat permanently
increase the temperature inside the passenger compartment. If the air conditioning unit of the
coach were not adjustable, it would switch off as soon as the required inside temperature is
reached and re-start some minutes later when heat has again entered the passenger com-
partment. Again afew minutes later the system would cut in again, because the set temperature

would be reached again.

In this case the running time would be very short and quickly lead to material fatigue (electro-
magnetic clutch, belts). Fuel consumption would also be increased as the forces, which have to

be overcome during starting are very high.

There are various possibilities to avoid short running times.

Reheat-Prinziples

The mostly simple way to control capacity isin fact to destroy it. Shortly before the required
inside temperature is reached, counter-heating is activated. Thereby the temperature may be
finely adjusted and the running time of the system isincreased.
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Compressor capacity control unloader

Purpose
The capacity control unloader(s) is (are) installed to adapt the compressor output with respect

to the requirements.

Theory of operation:

The seria capacity regulator with 6-cylinder-piston compressors will be operate as follow,
according to the principle of cutting off the suction gas. A solenoid valve in the cylinder cover
shuts off the suction inlets of apair of cylinders. At the same time the pistons run amost idle
and the compressor now works under partial |oad. Because a certain amount of gas leakageis
admitted through the closed valve, the pistons, now free of load, are sufficiently lubricated and
cooled so that the application limit of the compressor working under partial load does not need
to be restricted.

Capacity-regulated operation creates a new balance in the refrigeration cycle. The evaporating
temperature rises and the condensation temperature drops, because of the reduction in suction

volume.

UNLOADER
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Capacity Control Eberspécher
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The solenoid is connected with the control of the air conditioning unit and actuates at the
temperature specified by the customer. Another frequent solution isto connect the defrost
pressostat with the cutting off of the cylinders. In this case the capacity control starts on at

10°C (to re-increase pressure), and cut off at 0°C, so that the system provides full capacity
again.
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The described regulation is a step-by-step capacity control. With a 6-cylinder piston compres-

sor that provides the possibility to cut off the cylinders bank at each case.

The system may run at:
/] 100% of its compressor capacity,
when all unloaders are not in operation and no 24V = connect at the electric solenoid.
7] Approx. 66% of its compressor capacity,
when only one unloader isin partial load operation and 24V = connect at the electric
solenoid.
(0] Approx 33% of its compressor capacity,
when two unloaders are in partial |oad operation and 24V = connect at the electric
solenoids.

Capacity control through control of evaporator blowers

The speed of the evaporator blowersis directly connected with the cooling capacity. When the
speed isreduced, less air passes the evaporator. As aresult, that this air is cooled more, but the

reduction of the volume flow leads to a reduction of the cooling capacity.

Thiskind of control is mostly infinitely variable and may be effected with the help of a potenti-
ometer (speed: 2.200 r.p.m. to 1.400 r.p.m.).
It isalso possible to control the blowers according to the interior temperature. In this case eve-

rything is controlled by the system climate control.
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GENERAL GOOD PRACTICE

The protective sealing plugs must remain in position on all replacement components and
hoses until immediately before assembly

Itisessential that a second backing spanner is always used when tightening all joints. This
minimises distortion and strain on components or connecting pipes.

Components must not be lifted by connecting pipes, hoses or capillary tubes.

Care must be taken not to damage fins on condenser or evaporator coils. Any damage
must be rectified by the use of fin combs.

Before assembly of tube and hose joints, use a small amount of clean new refrigerant oil
on the sealing seat.

Refrigerant oil for any purpose must be kept very clean and capped at all times. Thiswill
prevent the oil absorbing moisture.

Before assembly the condition of joints and flares must be examined. Dirt and even minor
damage can cause leaks at the high pressures encountered in the system.

Dirty end fittings can only be cleaned using a clean cloth wetted with alcohol.

All components must be allowed to reach room temperature before sealing plugs are
removed. This prevents condensation should the component be cold initialy.

-32 -



Training Documents

111\

-

General — Good Practice ————

Before finally tightening hose connections ensure that the hose lies in the correct position,
is not kinked or twisted, because later corrections are mostly not possible.

Check hose is correctly fitted in clips or strapped to body and chassis.

Components or hoses removed must be sealed immediately after removal, to avoid that
dirt or moisture can enter.

After a system has been opened for alonger time or after repairs, the drier must be
renewed.
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Commission an Air Conditioning Unit

Asamost al failures of an air conditioning unit are caused by impurities inside the system, it
Is essential to ensure absolute cleanliness during installation or repair. Due to the fact that the
refrigerant cycle is a closed cycle, impurities remain inside the system until they cause fail-
ures or even serious damages which often lead to expensive repairs.

The perfect starting and permanent functioning of an air conditioning system requires accu-
rate and professional work right from the beginning:

adequate storing and keeping all components closed until they are used

professional mounting and repairs

through leak tests, evacuation, cleaning, filling and starting of the air conditioning or
refrigeration system.

Moreover, the workmanlike and careful handling of refrigeration tools, vacuum pump, gauge

manifold etc. will ensure reliable and professional work for along time.
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ThelLeak Test

Every air conditioning or refrigeration unit has to be checked for leaks after first installation
or repair. Leaks not only result in reduced cooling capacity due to loss of refrigerant, they also
enable humidity to enter the system which may cause failures.

Before installing new units or carrying out extensive repairs a pressure test has to be made.
The test has to be performed with dried nitrogen 4.6 or 5.0 ( on bottles written as OFN ) with
max. 25 bar. The advantage of this measure is that bigger leaks or |oose screw connections
may be recognized without losing refrigerant. The fact that the pressure does not decrease in a
closed system indicates that there are no leaks. Another advantage of using nitrogen 4.6 is that
the unit is already rinsed and pre-dried during the pressure test.

(%] Do not mix additives with oil or refrigerant in the system for leak testing !

Caution

Using only nitrogen to carry out the leak test takes along time (8-12 hours) if you want to
detect also small leaks. If there are leaks, nitrogen cannot be detected by leak detectors. The
only way to find leaksis then to carry out a soap bubble test. If aleaks that has been
determined by decreasing pressure cannot be localized by means of a soap solution, it hasto
be detected with the help of R134aand an electronic leak detector.

Make sure that the used leak detector is appropriate for R134a.

If subsequent work or repairs have to be carried out due to leakage, another leak test has to be
performed after having finished these works.
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Evacuation

The purpose of evacuating air conditioning and refrigeration unitsisto:

- removeair
- remove humidity

- remove foreign gases

For the evacuation of a unit, you need a vacuum pump that has the capacity to reach alevel of
1 mbar. Only a high vacuum level ensures that air and foreign gases are permanently sucked
off the system. Besides, the lowering of pressure down to 1 mbar (1000 micron) has the effect
that the temperature of ebullition of the water is reduced to approx. 0°C, which causes humid-
ity inside the system to evaporate. The steam will also be sucked off together with the air and

foreign gases.

Why isit necessary to remove humidity?

- Because refrigerants can only absorb small amounts of humidity and larger amounts of
humidity may cause failures.

- Toavoid that refrigerant, oil and sealing material decompose.

Why isit necessary to remove air and foreign gases?

Because larger amounts of air and foreign gases inside the refrigerant cycle may cause
failures.
Air and foreign gases do not condense and thus will not combine with the refrigerant. This

may cause the following failures:

- Increased condensation pressure
- Oxidation and corrosion
- Oxidation of the oil

- Overheating of compressor
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Evacuation procedure

1. Connect pressure gauge manifold.
2. Check vacuum pump (oil level, function).

3. Install yellow working hose between gauge manifold and vacuum pump. Make sure that
connections are tight.

4. Start vacuum pump.
5. Open working valves at gauge manifold completely.

6. Observe the pressure and evacuate for at least 6 - 8 hours after having reached a vacuum

level of 1 mbar.

7. After 6 - 8 hours close both working valves at gauge manifold.

8. Observe the pressure. If the pressure does not increase again, switch off the vacuum
pump.
If the pressure rises again, humidity is still evaporating. In this case evacuation shall be
continued or the system has to be rinsed with refrigerant. Anyway, step 5 — 8 have to be
repeated.

9. Detach yellow working hose from vacuum pump. The unit is now ready for charging.
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Charging the unit with refrigerant

The following procedure may only be carried out if the unit has been checked for leaks and

evacuated.

There are two possibilities to determine the required amount of refrigerant:

If the exact filling amount is known, the unit has to be charged according to the weight
indicated on the type plate.

If the filling amount is not known, the unit has to be charged with the help of the sight
glass. In this case, make sure that the ambient temperature is approx. 30°C and the

temperature inside the passenger compartment is at least 25 °C.

Charging procedurefor an evacuated system

=

Install yellow working hose between gauge manifold and refrigerant cylinder.

2. Open shut-off valve of refrigerant cylinder completely (gaseous).

Remove air from yellow working hose by shortly loosening the connection of yellow

working hose.

Set refrigerant cylinder to “liquid”:

- If refrigerant cylinder is big and has a dip tube: Close “vapor” valve and open “liquid”
valve.

- If refrigerant cylinder is small and has no dip tube: Put cylinder upside-down.

Pre-charging the unit with liquid refrigerant (pressure side). Charge the unit with liquid

refrigerant by opening the red, high pressure side working valve at gauge manifold - at

switched-off compressor - until pressure compensation is reached at both high and low

pressure gauge of gauge manifold.
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Caution: - Do not charge liquid refrigerant while compressor is running.

- Small air conditioning or refrigeration units and big refrigerant cylinders should
be charged slowly as otherwise the unit would already be overcharged at pre-
charging.

- If therequired amount of refrigerant is known, place the refrigerant cylinder on

a scale and observe the charged amount.

6. Closeworking valve at high pressure side of gauge manifold.

7. Start up compressor. Fix engine speed at 1.000 to 1.500 RPM/ standard maximum speed
of semi hermetic screw compressor.

Caution:  To make surethat thereis no liquid refrigerant in the compressor, race the
compressor 1 or 2 times manually before starting it.

8. Check if the sight glass still shows bubbles.
Observe high and low pressure level in the unit.

9. Prepare refrigerant cylinder for supply of vaporous refrigerant.
10.1f sight glass still shows bubbles, open blue working valve (suction side) at gauge

manifold and let vaporous refrigerant in to unit.

11.Close blue working valve (suction side) at gauge manifold as soon as sight glassis free of
bubbles.

12.Continue to observe sight glass. If it shows no bubbles, charging is completed. If it still
shows bubbles, repeat step 10 and 11.

13.Check working pressures and high and low pressure.
14.Check oil level of compressor.
15.Check functioning of high and low pressure switch.

16.If al above mentioned steps have been carried out properly, the unit is now completely
charged and may be put into operation.

17.Disconnect gauge manifold.
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Checking the Pressure Switches

Checking the high pressure switch

1. Connect pressure gauge manifold to the compressor.
Close shut-off valve with the help of aratchet spanner by 1-% clockwise turn.

2. Start air conditioning unit.

3. Interrupt condenser fans or cover condenser coil to prevent air from flowing through the
condenser.
The pressure rises up. At apprx.23,5 bar magnetic clutch must cut off, high pressure
switch is correctly adjusted.
The pressure falls down.
The magnetic clutch/ air conditioning must be starts again of a pressure at apprx.16,6 bar.

4. 1If high pressure switch does not react at the prescribed pressures, high pressure switch is

defective and has to be replaced.

Caution: If high pressure switch does not work, cut off the unit and compressor resp.

at apprx.24,5 bar, immediate access to stop it manually.
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Checking the low pressure switch

1. Connect pressure gauge manifold to the compressor.
Close shut-off valve with the help of aratchet spanner by 1-% clockwise turn.

2. Start air conditioning unit.

3. Slowly close service valve clockwise with the help of aratchet spanner until intake
pressure decreases.
At apprx.0,35 bar the magnetic clutch must be disengaged. Stop closing the service valve
as soon as the magnetic clutch is disengaged.
Pressure builds up again.

The magnetic clutch/ air conditioning must be starts again automatically at apprx.2,1 bar.

4. 1f low pressure switch does not react at the prescribed pressures, low pressure switch is

defective and has to be replaced.

Caution:  If low pressure switch does not work, stop unit and compressors resp.

at apprx.0,25 bar, immediate access to stop it manually.
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The FK 50 — Series

Type Code

Example: FK X 50/660 K
A

Series (compressor) —T ‘

Index for diester oil filling

Size

Code (geom. working volumeincmd)  ———

Type of valve plate
N = Standard / Refrigeration
K = Klima/ Air condition

Sectional Drawing of Compr essor

Shut-off valves (suction / discharge)

Difference-
pressure valve

Suction-

L inlet filter
Floating ring seal

Oil pump

Oil pressure
valve

Oil screen

-42 -



Training Documents

111

~-

Working on the Compressor Eperspacher

Construction

CoOoNOUMWNE

Compressor housing

Valve plate

Cylinder cover

Base plate

Shaft end

Axial face seal

Floating ring seal/ integrated |eakage oil collector
Seat for magnetic clutch

Oil pump

Qil sight glasses

Suction shut-off valve

Discharge shut-off valve

Oil drain plug/ oil screen

Qil filler plug

Connection for heat protection thermostat
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Shut-off Valves

Compressors are equipped with a service valve both on the high and low pressure side. These

valves can be connected to the gauge manifold.

The service valve has 3 positions. needle inside, needle outside, needle half inside

Needle in inside position (closed - turn clockwise)

%

When the needle is in closed position, the refrigerant cycle is interrupted. Now the compres-
sor may be replaced; evacuation may be carried out through the service connection UNF
7/16”, which isin contact with the compressor.
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Needle in outside position (open —turn counter -clockwise)

SN

Thisisthe normal working position. When the needle isin open position, the refrigerant cycle

IS not interrupted. There is no connection to the gauge manifold.

Needlein half inside position:

This position may be considered the service position. In this case there is a connection

between gauge manifold and refrigerant cycle.
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Oil Inside the Compr essor

The compressor oil level may be checked with the help of an oil sight glass, which can be
found at the bottom side of the compressor housing. Normally the refrigerant cycle does not
consume oil. The only reasonsto recharge ail is, when a big leak has been detected, or when a
considerable amount of oil was lost during replacement of alarge component (condenser, eva-
porator).

Only use oil that is appropriate for the used refrigerant.
Never charge used ail.
Do not overcharge the refrigerant cycle with oil. An excessive proportion of oil may cause

serious damages and has a negative effect on the cooling capacity.

Detecting oil leaks

First of al you should check visually whether oil can be found on the fittings, the flexible
hoses or the crank shaft.

If this should be the case, clean the relevant spots to detect the leak.
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Controlling theamount of oil inside the compr essor

During operation, the oil-sight glass should be half-filled with oil.

The following conditions must be given when checking the oil-level:

- Compressor should be running for at least 20 minutes

- Vehicle engine should run at 2/3 of its maximum speed

- Inside temperature should be between 22 and 30°C

- Outside temperature should be between 20 and 40°C

- Itispossible, the compressor should be in horizontal position

The ail level shown in the oil-sight glassis only meaningful, if the above conditions are

given.

When the oil level istoo low, check the amount of refrigerant inside the cycle.. A leak in the
refrigerant cycle may lead to alow oil-level. If the amount of refrigerant proves to be too low,
recharge and check the oil-level again.

If the oil-level is till low, the reason may be that the oil is dislocated.

Never deposit too much oil in ahigh position, as this may cause severe damages (the
deposited oil is being entrained in one jolt and causes damages to the compressor).

- 47 -



Training Documents

A1\

Working on the Compressor Eberspacher

Normal oil-level

Oil-level too high.
Drain oil.

Oil-level too low.
Rechargeoil.

Different positions
of ail sight glasses
oN COMpr essor s.

Alt/oldivieux.  Neu/new/nouveau

=~
L8 y N
o \
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Draining Oil

1. Close service valves of suction and pressure side (turn clockwise) with the help of a
refrigeration ratchet.

2. Install the suction station and suck off the remaining refrigerant within the compressor.

3. Slightly release waste oil screw. THERE ISNO NEED TO REMOVE THE SCREW. Drain

as much oil asis necessary.

4. Re-tighten waste oil screw.

5. Start evacuation of compressor.

6. Open service valves of suction and pressure side (turn counter-clockwise) with the help of

arefrigeration ratchet.

7. Start the air conditioning unit and check it again in accordance with the above described

conditions.

Note: If itisnot possible to drain the oil properly (lack of space), the compressor must be

removed. In this case the regulations for changing a compressor will apply.
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Charging Oil

1. Close service valves of suction and pressure side (turn clockwise) with the help of a
refrigeration ratchet.

2. Install the suction station and suck off the remaining refrigerant within the compressor.

3. Connect a hose with one end to the service connection of the compressor oail filler plug,
and dip the other end into the oil receptacle. Connect another hose or manifold gauge with
pipes to the suction side near the shut-off valve, and a vacum pump. Know succ oil with
the vacum pump into thefiller plug to the compressor.

4. Connect the vacuum pump to the service connection of the pressure side. Start evacuation

to draw oil into the compressor.

5. Open service valves of suction and pressure side (turn counter-clockwise) with the help of
arefrigeration ratchet, as soon as there is enough oil in the compressor.
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Oil Change

The compressor has to be removed to change the oil. Thisisthe only way to make sure that
the oil inside the compressor is completely removed.

1. Close service valves of suction and pressure side (turn clockwise) with the help of a
refrigeration ratchet.

2. Install the suction station and suck off the remaining refrigerant within the compressor.
3. Remove the compressor and change oil.

4. Re-install compressor.

5. Start evacuation of compressor.

6. Open service valves of suction and pressure side (turn counter-clockwise) with the help of
arefrigeration ratchet.

7. Start the air conditioning unit and check it again.

-51 -



Eberspdcher

\\\

Documents

ining

Tra
Working on the Magnetic Clutch

"3SIMXD0 |2 11Ue MBS Bulutelis asea . pue Bull dipa10 Jebsas aealign| ‘BuljquiessesIp UBYM
'afe]|oA eUIIOU JO 940T -/+ 86110 A Palinbal 10U S1 UoIeZIe|0d 8((ed 3y} 198uuo)
"(¥) 8-¥£6 N1 8N SINu yiim usiybn pue (g) spnis ay) ojuo As|ind aplis

‘BuL dipao jebeas 1esu| (WN G8=, A Youaim anb.ol)
MBS Bulues UeyB 1l pue 1ssuU| jyfew j041U0d SRRSO “Ajenuew paAjoAs. Bu g usym jeufiew ay) 4yonol 10U 1SN 010l 3y "AJ1991100 10 1010 3y Sl JBysem
PaAIND Tyl ains axe A “1eys 10ssa1duiod ay) 0Juo Ajquiasse 1010 a1 apls pue A|quissse 1010J ) Wiod) maias Bulureas ayl pue Bull dijoiin o6as ay) anowiey

"0,50T = "1 'sied 10y Yyono} Jou SB0p 11 ey} Aemee Ul 8|00 syl abuelly abue|s Buliesd 8yl 01 «(G) 8IN SMB.0s pesy ued 1 8y) Yiim eubiew sy usise

i S10SS2.1dW0d 10 SUONINJISUT UOIR|[RISUI DAJSSHO ‘SMa.os abue |} BuLieaq ay1 BununowsIp UsYpA :uonned
‘abue | Bulreaq woly «(G) 8N sma.Uos peay ued {7 Junowsiq

C

T

'92 |72 1 0 / OF X - S10553.40W02 10J 9T W/ SILISS JO SAU0IN [ D liouBeL-01130 e JO

dInd

¥86 NIA 9€3I[1
fBULT dT)2I15 133335

WwN 68 = B
M3I0S Bulens

(€) 0TX8N

WN €T =8N
() 856 NIQ SIA SINU UOSEXSH ¢ l

aajueIens
AQ Pa3I12A02 J0U 218 FUIjqUIssse
-S1p Suo1m 0 anp saImfie} Yy
oo 2y afew pImp

-ep Aew (Surewiweyano Suissaid)
FUIQUISSSESIP JO PO JAYI0 AUy .

Tuonne)) -e[[eJSul Yo0g OS|E 338) WN $§ = B\ \\

+(C) I SMAIDS peay Ued

pIous[0S
HOmmOHQEOQ

8'8-CL6 NI STXYIN <=mm=mmmmmms 0¥

*
8'8-2716 NI 0€X8N <-— (bTD) 9T

92 /¥2/0G /0% X34 J10J 9] Y] SUOINISU] uoneyeisuy

SUooNJISU| UoITe|[esu|

-52-



Training Documents

A1\

Working on the Expansions Valve Eberspacher

| nstalling the Thermal Expansion Valve

Checking the components of the TEV

Check whether the nozzle still operates.
Check whether capillaries are undamaged.

When installing the valve, make sure that the pipes are properly connected, as screwed

connections tend to be leaky.

Sensor bulb

The sensor bulb isfixed after evaporator pipe outlet and equalizer line connection.

Fix the sensor bulb with a sensor clamp to the side of the horizontal suction line.

Do not install the sensor bulb at the tube leading vertically up or down.
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{b’z—%in.
12—=18mm

{37’4— 7/gin. @
18—722mm

1—13/8inN.
L {25=-35mm

Clean the surface of the pipe to which the sensor bulb is fixed suction line 3 22 mm A&

(preferably use emery paper).

It isabsolutely necessary to insulate the sensor bulb. A sensor bulb without insulation
will cause sever e damages.

Never tie capillaries up to warm parts or close to blowers (influence of air flow).
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Installing Flexible Hoses

Cut the hose sguare without scratching it.
Use asharp saw (DO NOT USE EMERY PAPER).
Remove cuttings thoroughly. To blow out the particles after cutting of hoses,

use dry nitrogen and never compressed air.

Draw alinewith chalk or with a
marker closeto the end of the locking
ring (see below). Thissmple and
efficient trick allowsyou to see
whether the hoseislikely to be pulled
out while you put the hose together.

Insert the hoseinto the locking ring
by rotating counter-clockwise, until it
fitsclosely. Then releaseit by a
rotation through 90°.

If the hoseisvery long, rather rotate
thelocking ring counter -clockwise
onto the hose.
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Lubricatethethread and the cone
with the oil that isused by the unit.

Insert the cone into the hose,
forceit dightly further with
your finger and start rotating
the locking ring clockwise.

Take a suitable wrench and
continuerotating until the nut
will not approach the locking
ring, do not slightly touches. It
isgood to leave a gap of 1- 2
mm for further corrections of
thejoint position.

Do not tighten too much!
Rotation should be even and
without interruption.
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Maintenance and Service Eberspécher

M aintenance and Service

The efficient performance of the air conditioning unit is dependent upon a proper maintenance
and function-tests. A through visual inspection and function test by the driver, before any
performance, will avoid expensive repairs. Little faults are often responsible for big repairs.
Working reliability of the air-conditioning unit depend upon aregular maintenance chart.

To keep the air conditioning units functional even in periods when it is not used, visual

ingpection and function tests have to be performed.

(%] If the air conditioning units are operated in extreme dusty ar eas, maintenance

intervals have to be adjusted to the needs.

1] If theair conditioning unitsare used for long term, for examplein the
wintertime, the air conditioning units must be oper ated at least once a month,
for a minimum of 30 minutes. This operating prevents gaskets and bearing at the
compressor todry out. Only while the A/C unitsarein operation, the compr essor

will be lubricated by it’sown oil pump.

Note

To operate compressor and the unit in the wintertime, the inside temperature has to be higher
than 24 °C. (Therefore the passenger compartment has to be heated up if necessary.)

Once ayear before the season start, a service inspection by a specialist, is recommended for a
reliable operation during the whole season.

The air conditioning system is a closed circuit, that’s why total cleanliness must be the aim of
service engineer. Once a contaminant enters the system it will remain there, only intervention
by a service engineer can removeiit.

Contaminants usually react low. A system may start up initially and run perfectly: afew
months later it will be found to be badly damaged, perhaps beyond repairs.
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M aintenance Chart

M aintenance:
Weekly or every 50 working hours

a)

b)
C)

Clean air filter mats at return air intake and at evaporators. Take out filter mats, flush in
hand-warm water under use of fine detergent and shake. Replace damaged filter mats.

Check function of evaporator blowers and condenser fans (main rotating direction).

Check v-Belt tension at compressor drive. Adjust if necessary. Renew damaged v-belts,
use matched sets.

M aintenance:
Monthly or every 200 working hours

a)

b)

Check condenser, clean if necessary. Straighten bend fins, reducing the air flow reduces
the heat transfer. To clean dusty condenser use compressed air against the usual air flow
direction. To remove dirt and foreign objects, steam cleaning and pressure washing are the
standard methods for cleaning. Strong caustic soaps and acid methods should be avoid.

Check evaporator drain tubes for dirt or restrictions.

Check hoses refrigerant lines and wires for leaks, lose connections and wear because of
touching sharp edges. Avoid contract with hot parts. Protect electric connections from
corrosion.

Check all fixing screws, mountings and brackets for tightness and cracks. Tighten loose
bolts, replace worn parts and lubricate v-belts tension pulleys and shafts.

Check refrigerant filling at sight glass. There for the unit hasto run for approx. 10 — 15
minutes at a minimum of 1500 rpm. The sight glass has to appear clear and free of
bubbles.
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| nspection chart:
Onceayear or every 1000 working hours

This inspection must be done by a refrigeration specialist.

Works to be executed:

a) Check refrigeration system for leaks.

b) Check refrigeration lines and connections for tightness, leaks and mountings.
C) Renew contaminated refrigerant and refrigeration oil.

d) Renew filter drier.

€) Check the expansion valve.

f) Check function of high- and low pressure switch.

g) Check compressor for leaks capacity and mounting.

h) Check oil level.

1) Check function of capacity/ cylinder head unloader.

]) Check function and bearing of electro-magnetic-clutch.

K) Check condition of air conditioning housing, seals and locks.
|) Check principle of heating, ventilation, cooling.

M) Check function and condition of electric system.

n) Check function of thermostat and operating control.

0) Check fresh air- and return air-flaps.

P) Check v-belt pulleys, bearings and shaft lubricate.
Check v-belts for adjustment and wear.

) Check liquid receiver for corrosion.
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