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The purpose of this lecture is to give comprehensive information on the

faults which may possibly occur in hermetic refrigerating systems, no

matter whether these are caused by faulty application or by defects of

different nature.

To derive the expected benefit from the material it is necessary to have

some experience in the use of hermetic compressors.

A thorough exposition of the subject, in the way this is described in the

compendium, will take 3 - 3 1/2 hours, but depending on the qualifications

of the audience it will often be expedient to leave out parts of the lec-

ture.

The list of contents is at the back of this booklet; page 71-72

Reproduction - whole or part - subject to our consent.
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Operational Defects in Hermetic Compressors and Refrigerating Systems.

In the course of this lecture, a number of operational defects will be 

dealt with which may be encountered in hermetic compressors and refriger-

ating systems.

The subject mainly relates to compressors with single-phase motors and to 

refrigerating systems using capillary tube as metering device.

We shall first consider the electric components and their functions. Then, 

defects in the electric system will be dealt with, and finally, defects 

originating from the refrigerating system will be described.

It is reasonable to arrange the subject in this order, since a very large 

proportion of the defects in hermetic compressors originate from the elec-

tric system.

Multiple system defects are indicated by the electric components (e.g.by 

tripping of the motor protector).

l. The Electric Circuit.

The electric circuit of a hermetic compressor with a single-phase motor is 

shown in Fig.1.

The components of the circuit 

are:

	 Motor 

	 Starting relay

	 Motor protector

	 Thermostat

and, if required,

	 Starting capacitor and 

	 Transformer.

From the diagram it can be 

seen that there are two par-

allel circuits. One of these 

runs through the coil of the 

starting relay, the main 

winding of the motor, and 

thence through the motor pro-

tector 									           and the thermostat.

The other circuit is used when the starting relay is actuated, and runs 

through the auxiliary winding (also called the starting winding).

The connection between the motor and the electric auxiliary components is 

through a hermetically sealed terminal which is welded to the compressor 

housing.
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The pins  of this terminal are insulated by glass from the surrounding ma-

terial.

The way in which the motor is connected to the terminal should be noted. 

On the PEEWEE compressor, the orientation is M C S°). On the PANCAKE com-

pressors, which are not longer manufactured, the orientation was S M C. 

As will be seen, this is another arrangement but the same order read from 

left to right and one line at a time.

If you cannot remember the order of the motor connections, it is always 

possible to measure the resistance with an ohmmeter between the three 

pins, one by one. The resistance in the main winding is measured between M 

and C. The resistance in the starting winding is measured between S and C. 

The resistance in the starting winding is always the larger of these two 

resistances.

Since the resistance between M and S is the sum of the resistances in the main 

and starting windings, the order of connection can be deduced. (See Fig.2).

The motor is a single-phase asyn-

chronous motor with resistance (or 

capacitor)starting.

The motor has two sets of windings; 

the main (run) winding and the aux-

iliary (starting) winding.

The starting winding, which is of 

thinner wire and has a higher re-

sistance than the main winding, 

normally only functions at the mo-

ment of starting and while the mo-

tor is gaining speed.

The relatively high resistance of 

the starting winding results in a 

high rate of temperature increase - 

often as much as 10°C~l8°F per sec-

ond. Since it is not desirable

that the starting winding tempera-

ture should exceed 150-160°C~300-

320°F at any time(depending on the 

type of insulant), it is obvious that the winding should be subjected to 

starting current for only a very short time. In fact during normal start-

ing, the start winding is active for a fraction of a second only. If cor-

rect starting is delayed, the motor protector must quickly take over.

°) In other technical literature we have used the following symbols:

U instead of M (run), Z instead of S (start) and V instead of C (common).
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Some important motor characteristics are:

			   Starting torque

			   Starting current

			   Breakdown torque

			   Number of revolutions

The starting torque is a measure of the rotational resistance which the 

motor can overcome.

Distinction is made between motors with high starting torques and motors 

with low starting torques.

Motors with high starting torques, denoted HST, can be used in systems 

with an expansion valve. HST compressors are equipped with a start capaci-

tor.

Motors with low starting torques, denoted LST, can only be used in systems

with pressure equalizing between the condenser and evaporator during 

standstill periods. Hence, LST compressors are only used in systems with 

capillary tube injection.

The starting current, 

which is also termed the 

short-circuit current, is 

a measure of the amount of 

current consumed by the mo-

tor at the moment of start-

ing. When fuses are blown 

in the supply mains, this 

is generally due to the 

fact that the fuse rating 

does not match the starting 

current of the motor, per-

haps because the group is 

subjected to another load 

at the same time.

The breakdown torque is an indication of the maximum load to which a motor 

can be subjected during operation.

If a motor in operation is loaded with a torque exceeding the breakdown 

torque, it will slow down and stop. On a hermetic compressor, the starting 

relay and motor protector will, however, react before this point and cut 

off the current supply.

The motors of PEEWEE compressors are 2-pole, i.e. the synchronous speed

is 3000 RPM at 50 c/s, and 3600 RPM at 60 c/s.
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The PANCAKE compressors, which went out of production some years ago, had

4-pole motors, i.e. the synchronous speed was 1500 RPM at 50 c/s and 1800 

RPM at 60 c/s.

Fig.4 shows acceleration curves for a PEEWEE compressor motor during un-

dervoltage and overvoltage supply. The curves illustrate the fact that 

currents and torques increase with the voltage. Under certain conditions, 

this can be utilized. There may be times when it is difficult to start the 

compressor, even though nothing is actually wrong with it. Thus, it may 

be necessary to start compressors from a very cold condition, when this is 

difficult due to the increased oil viscosity. By using a variotransformer, 

starting may be tried by supplying overvoltage, so that adequate starting 

and breakdown torques are available.

Other situations may occur. Thus, for example, it may often be difficult to 

carry out the initial start-up of a compressor which has been stored for 

a lengthy period, whereas as soon as the compressor is running and thor-

oughly lubricated, there are no problems. In this instance overvoltage can 

also be used. Motor failure can be ascertained most easily by checking the 

resistance in the windings. If an ohmmeter is connected to the common  and 

run  terminals, the resistance of the main winding can be determined. 

The resistance in the start winding is determined by measuring across the 

common  and start  terminals.

If the resistance is infinite , the circuit is interrupted. If the resist-

ance deviates considerably from the value applicable to the motor
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type, short-circuiting is involved.

Starting relay: A 

current-depend-

ent electromagnetic 

starting relay is 

used for cutting in 

and out the motor 

starting winding in 

PEEWEE compressors.

The currents re-

quired to cut in and 

out the switch are 

characteristic data 

for relays of this 

type. 

When the relay coil 

and the main wind-

ing of the motor 

are subjected to a sufficiently high current, e.g. the starting current, 

the relay armature is picked up and the switch makes circuit to the start-

ing winding. During the acceleration of the motor, the current through 

the main winding and the relay coil fal1s. When the current has fallen to 

a value corresponding to the 

cut-out current (drop-out 

current) of the relay, the 

relay armature drops and the 

current through the starting 

winding is interrupted. (See 

Fig.6).

Of course it is not unimpor-

tant at which speed of ro-

tation the start winding is 

disconnected.

Optimum motor utilization re-

sults when the relay is cut 

out by a current equating to 

the maximum torque of the mo-

tor (breakdown torque)

Hence this is the criterion 

for relay selection, regard 

being paid at the same time 

to the fact that proper func-

tioning must occur at 
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reasonable over- and undervoltages. Since the relay is entirely responsi-

ble for correct motor utilization, it goes without saying that the relay 

designed for the motor size in question cannot be casually replaced by an-

other which happens to be at hand.

Imagine a situation where the serviceman must replace the starting relay 

of a compressor. He does not have a relay of the proper size, only perhaps 

one for a larger or smaller compressor.

What will be the result of such an irregular replacement?

If the compressor in question is subjected to rated voltage and especially 

if the load is small, irregularities will scarcely be noted. But the mo-

ment voltage variations and increased load occur, trouble is experienced.

If the serviceman uses a relay from a larger motor,this Will occur at un-

dervoltage.

Fig.7 shows such an example. The wrong relay has an excessive drop-out 

current. This means that the starting winding is cut out at fewer revolu-

tions than desired. The more pronounced the undervoltage, the sooner the 

relay drops out. If the motor load at the moment of drop-out is higher 

than the torque without the start winding cut in, the motor will slow down 

and stop.

In practice, the relay will cut in, cut out, and cut in again a few times 

until the motor protector breaks circuit.

Fig.8 shows an example in which a relay is used with too low a drop-out 

current. Trouble will in this case be experienced at overvoltage.

The illustration shows that the motor will never run at so little current 

input that the relay can drop out. The motor protector will therefore soon 

begin to operate.
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The purpose of the examples shown is, of course, to stress the importance 

of the use of only the correct relay for the motor in question.

The design and operating principle of the starting relay result in prop-

er functioning only being achieved when the relay is fitted in the correct 

vertical position. Thus, if during service the electrical equipment or re-

lay is left lying  beside the compressor, proper functioning will not be 

achieved. It will be doubtful whether the relay cuts in, but if it does, 

drop-out cannot take place.

The motor protector is not calculated for this condition, and proper func-

tion cannot always be expected.

A burnt-out start winding may be the re-

sult.

Possible defects in the starting relay 

are:

Burnt contacts, breaks in the relay cur-

rent coil, and mechanical defects(e.g. 

foreign matter) which prevent the cut-in 

and drop-out of the relay.

A starting relay can be tested for cor-

rect functioning by rechecking the spec-

ifications, i.e. pick-up current  and 

drop-out current .
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Fig.l0 shows an arrangement suitable for the purpose.

The object of the motor pro-

tector is to protect the mo-

tor against overloading during 

starting and operation.

On Danfoss PEEWEE compres-

sors,motor protectors of the 

socalled Klixon  type are 

used. The motor protector de-

sign will be seen from 

Fig.ll. 

The motor protector con-

sists of an electric heater, 

a dished bimetal disc, and a 

switch, all built into a ba-

kelite housing. The bimetal 

disc is actuated partly by the 

temperature of the ambient air 

(heat radiation from the com-

pressor housing), and partly by 

heat radiation from the electric 

heater.

In the electric circuit of the 

compressor, the motor protector 

is incorporated in such a way 

that the total power consumption 

of the motor passes through it 

continuously.

The factors which decide whether 

the motor protector is actuated 

are, in part the transformation 

of energy in the electric heater, 

and in part the heat radiation 

from the compressor housing. The 

current consumed by the motor and 

the temperature of the compressor 

housing are, therefore, the factors which control the occurrence of the 

so-called Klixon trips.

Fundamentally, effective protection of both the starting and main windings 

of the motor is required.

Maximum power consumption takes place at the moment of starting. If the 

rotation of the rotor is impeded, this current consumption may be of long 

duration,
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so that the start winding is rapidly heated up, often at a rate of up to 

l0°C~l8°F per second. It is, however, not advisable to permit starting 

winding temperatures of much more than 150°C~302°F. (This limit is, howev-

er, dependent to some extent on the quality of the wire insulation used).

Under these conditions, 

which are termed locked 

rotor , a rapidly reacting

motor protector is obvi-

ously required. The 

Klixon  -type motor pro-

tector gives excellent 

protection.

It is easy to understand 

that the reaction rate 

of the motor protector is 

absolutely critical for 

suitable protection. The 

short-circuit current of the motor is, therefore, an important criterion 

for selecting the motor protector for a given compressor.

For the same reason, it is very important that only the type of motor pro-

tector which is recommended by the compressor manufacturer should be used. 

If a motor protector for a compressor motor is replaced by a motor pro-

tector designed for a higher current (a larger motor), this will very soon 

result in burning-out of the starting winding.

The motor protector also reacts if the starting winding is cut-in dur-

ing operation. Such a situation may occur, for example, when the motor is 

overloaded so that the relay is cut-in during operation (motor stalling), 

or when the relay does not cut-out the starting winding soon enough after 

the start. This may be due to defects in the relay or abnormal load condi-

tions during acceleration.

As earlier mentioned, the Klixon  -type motor protector affords excellent 

protection against overloading of the starting winding.

It is somewhat more difficult to establish perfect protection of the main 

winding. Overloading of the main winding occurs when the motor is subject-

ed, for a long period, to temperatures above the temperature limit appli-

cable to the wire insulation.

The lifetime of any insulating material is determined by the interplay of 

temperature and time. If a given insulation is used at a high temperature, 

its lifetime will be shorter than when the same insulation is used at a 

lower temperature.

The temperature limit applying to the insulating material can be exceeded 

when a compressor is subjected to poor cooling conditions, abnormal 
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overvoltage,undervoltage, very high condensing pressure, or when the 

gas-cooling of the compressor motor is deficient due to the suction side 

pressure being abnormally low, e.g. because of loss of charge.

However, not all these factors result in increased current consumption. 

Loss of charge may even give rise to reduced current consumption.

The compressor housing temperature is not directly proportional to the mo-

tor temperature. For example, the temperature differential between motor 

and housing will increase at minimum evaporating temperatures, because the 

gas density is reduced at lower pressures. This results in a reduction in 

the heat transmission between the motor and the compressor housing.

Since the Klixon  motor protector is actuated by the combined influence of 

current consumption and heat radiation from the compressor housing, con-

ditions may occur where the motor protector gives fair protection of the 

main winding, just as conditions may occur where the motor protector gives 

overprotection .

Hence, external motor protectors are something of a compromise, when it 

comes to protecting the main winding. Experience shows, however, that 

burnt-out main windings very seldom occur with the compressor sizes used 

in domestic refrigerators. This 

is an indication that the protec-

tion principle used works satis-

factorily in practice.

In Fig. 13 the relation between 

the load (evaporating tempera-

ture), current consumption, wind-

ing temperature, and housing tem-

perature is shown.

Under the conditions shown here, 

the proper protection of the main 

winding can only be obtained if 

the motor protector can sense . 

directly on the motor windings. 

Protective devices of this na-

ture, the so-called winding

protectors, are already in use on

large hermetic compressors, e.g.

in air—conditioning plants. With-

in the range of PEEWEE compres-

sors, the winding protector is 

used only in model PWllX25.
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Fig. 14 shows diagrammatically the

location of the winding protector 

in the electric-circuit.

The function of the motor protector

is to protect the compressor 

against overloading. Therefore, 

preliminary cut-out of the motor 

protector need not necessarily be 

an indication of defects in the 

compressor or refrigerating system. 

If, on the other hand, cut-outs 

occur at short intervals so that 

proper refrigeration does not take 

place, precautions must be taken.

(Circumstances will be described 

later which causes the motor protector to trip).

Under normal conditions of use, the motor protector has a very long life. 

When eventually replacement is necessary, this is generally due to the 

electric heater being burnt out.

Since the motor protec-

tor is directly connect-

ed between mains and mo-

tor, defects in it will 

result in the com-

pressor being switched 

off.

As mentioned earlier, it 

is important when re-

placing a motor protec-

tor to use only an ap-

proved type.

T.-H.N.2.4.l. and 2.4.3.

indicate which motor 

protectors can be used for the different Danfoss compressors.

The motor protectors are characterized by three different numbers: the 

Danfoss No., the subsupplier‘s No., and the so-called basic type No.

The latter two Nos. are engraved or stamped on the bakelite housing of the

motor protector.

Motor protectors with the same basic type No. need not have the same Dan-

foss No. or the same subsupplier‘s No., as these two numbers, besides re-

ferring the thermal and electrical properties, also provide clear identifi-

cation of the connections (wires, clips, terminals).
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Most servicemen prefer to carry a limited number of motor protectors on 

their rounds. The number of different motor protectors can be limited by 

using an assortment, merely according to Basic Type No. On the other hand, 

it may then be necessary to adapt the connecting wires to the actual job 

on site.

Always remember that the Basic type No. for a Klixon-type motor protector

gives a clear definition of its thermal and electrical functions.

A motor protector can be tested for proper functioning in two different 

ways.

a) Its thermal performance can be tested by checking the temperature which 

is necessary to make the bimetal disc cut out and in again.

The test is performed by immersing 

the motor protector in an oil bath 

which is slowly heated at 

0.5°C~0.9°F/min.

The cut—out is checked by means of a

pilot lamp (50 mA) connected in se-

ries with the motor protector, in a 

circuit with a 4.5V dry cell. When 

the motor protector is cut-out, the 

oil bath is slowly cooled until the 

motor protector cuts-in again (rate 

of cooling 0.5°C~0.9°F/min). The data 

determined in this way are compared 

with the data specified for the motor 

protector on data sheets for compres-

sors or on T.-H.N.2.4.3.

See also Fig.l6.

b) The reaction time of the motor 

protector at a given current input 

can be tested by supplying a definite 

current to the motor protector and 

fixing the cut-out time.

Prior to testing, the tempera-

ture of the motor protector must be 

25°C~77°F. To be carried out as pre-

scribed, the test requires a special arrangement. However, a simple ar-

rangement as shown diagrammatically in Fig.17 can also be used.

It will often be enough to check that the motor protector can cut-out. 

This can be arranged, either by using the thermal test described under a), 

or by supplying the motor protector with current equal to the starting 

current of the compressor motor.

The purpose of the starting capacitor is to increase the ratio of starting 

torque/starting current. In other words: the starting capacitor is used to
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increase the starting torque of a 

motor, without increasing the start-

ing current at the same time. In 

other cases, the starting capacitor 

is used to reduce the starting cur-

rent while maintaining the starting 

torque.

Fig.l8 shows acceleration curves 

for an LST motor without and with 

a starting capacitor, respective-

ly. The effect of the capacitor on 

the starting torque and the current 

should be noted.

In the present range of Danfoss com-

pressors, starting capacitors are 

used on HST—versions only. (Previ-

ously, there was an LST model denot-

ed l/3HP LST/LBP. This model, which 

was equipped with a 20 F starting 

capacitor for reducing the starting 

current, was deleted from our 		

							        programme in 1963).

A starting capacitor may be helpful under certain conditions during ser-

vice on LST compressors.

If the combination of undervoltage-weak supply mains is experienced, 

starting difficulties may often occur, which will be the more pronounced, 

the higher the starting

current supplied to the motor.

As a starting capacitor 

can be used partly to in-

crease the motor starting 

torque, and partly to re-

duce the starting current 

surge, it may often over-

come the difficulties.

Similarly, a refrigerat-

ing system can be dimen-

sioned in such a way that 	

during the
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standstill periods, determined by the thermostat, sufficient pressure 

equalizing does not occur. Especially if the system operates at undervolt-

age, unsuccesful starting attempts may easily occur, with resultant trip 

of motor protector.

The cause of the failure may be in the system, the thermostat differen-

tial, the thermostat bulb position, or a combination of all these factors. 

In the long run, the situation will be precarious, since there will be a 

very great risk of burning-out the motor protector, and perhaps also the 

starting winding. At the same time, the cooling function may be unsatis-

factory.

As a starting capacitor can increase the motor starting torque, it will 

often provide the most suitable solution to the problem.

But if so, which starting capacitor should be used?

Fig.l9 shows a 220V 

motor tested with 

different starting

capacitors. It ap-

pears that a capaci-

tor with a capacity 

of 60 - 80 F gives 

the optimum result. 

This applies to our 

smallest compressors 

(motors K6 to K11 - 

l/l2hp to 1/6 hp). 

For 110/ll5V motors 

the capacity will be 

four times as large - 

240-320 F. The same 

solution will in many 

instances also be applicable to our largest compressors, i.e. motors K14 

to K22. Since 40 F (220V) and 160 F (ll5V) starting capacitors are imme-

diately available (these capacities being already used on the HST models), 

this solution is often more convenient.

In many cases it Will, furthermore, be possible to use the complete elec-

trical equipment from an X-motor on a K-motor of same size and identical 

voltage. The problem of mounting is thus overcome.

Something which should not be overlooked, is the fact that a starting ca-

pacitor alters current conditions in the start winding, and this could in-

fluence the winding protection under locked rotor  condition.

This might be critical Where a K-compressor, fitted with X-equipment, is 

fan-cooled. This would lead to faster cooling of the protector and influ-

ence its action. We therefore keep to the rule that complete X-equipment 

is only to be used on K—motors with natural convection.

Note, that fitting a starting capacitor may affect the relay function. 
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In that case, relay drop-

out at overvoltage is crit-

ical. However, it is gener-

ally

the case that starting ca-
pacitors are not required 
at overvoltage as the 
starting torque will have 
been increased in advance. 
Be careful all the same, 
and check that the sys-
tem operates properly at 
the maximum mains voltage 
which may be expected.
When dealing with a mo-
tor designed for capacitor 
starting, failure to start 
may be due to a defective 
start capacitor. Failure 
is most commonly due to 
short circuits or a down 
to earth  condition; 
it is very important 
therefore, that the compo-
nent be checked for these 

faults as a first step in diagnosis before any tests with mains voltages 
are considered. The diagnosis can be safely and quickly made with for 
instance a Megger  or one of the special capacitor checking instru-
ments now available at very reasonable cost. It should also be remem-
bered that an electrolytic starting capacitor of these type used on HST 
Motors is designed by the manufacturer for intermittent use, normal-
ly l.7%, which is understood to mean 3 seconds on line every 3 minutes 
which gives the normally accepted 20 starts per hour of the compressor. 
If then a capacitor of this type is allowed to remain across the mains 
voltage rapid overheating will occur, resulting inevitably in failure 
and possible bur sting of the container.

Having made these preliminary tests, a rough check can be made by con-
necting the capacitor to the main voltage and charging for no longer 
than 3 seconds, after which on discharge a heavy spark should be ob-
served when the leads are shorted together.

If the capacity of the capacitor is unknown it can be determined by 
means of the arrangement shown in Fig 20

IMPORTANT A charged capacitor should always be handled with care since 
it could be fatal to touch the terminals!
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The Transformer.

If a compressor is to be used on a supply mains with a voltage which var-

ies markedly from the motor rating, a pre-transformer is mounted.

Such a transformer must ensure satisfactory motor operation, at the oc-

curring voltage variations on the primary side, during starting as well 

as running. As the starting current may give rise to substantial voltage 

drops, the starting sequence may be become critical, especially if rela-

tive undervoltages already prevail on the primary side.

Therefore, the transformer has to be sufficiently rigid  , i.e. it must be 

dimensioned adequately with a view to starting conditions. It will, nor-

mally, be a poor solution if the conversion ratio of the transformer is 

altered to improve the starting sequence. In this way, the start voltage 

may actually be increased, but at the same time undesirable overvoltage 

will result during running. At this time the current consumption is actu-

ally very low. If the primary side is at the same time subjected to rel-

ative overvoltage, the altered conversion ratio will result in the sec-

ondary voltage becoming critically high. The result will be high winding 

temperature and frequent protector tripping.

These conditions must be considered in each single case.

Normally is it not very difficult to obtain a transformer for a given pur-

pose. However, it is imperative that the supplier is given correct and ad-

equate information, as in the example below:

Example:

A 220V PW7.5Kl4 is to be used in a supply mains of 240V rated voltage. A 

conversion ratio for the transformer is selected as follows:

Primary/Secondary 240/220.

In view of the starting conditions, the compressor short-circuit current 

is specified, which according to the data sheets is 14.3 A at 220V.

Normal operation is estimated to take place at -25°C~13°F evaporating tem-

perature and 55°C~l3l°F condensing temperature.

According to the data sheets, the compressor will consume 1.4 A under 

these conditions. A safety factor of 1.25 is selected.

The transformer must then be dimensioned for continuous operation at a 

load of 220.l.4.1.25 VA = 0.4 kVA.
It is now the task of the transformer supplier to ensure that the trans-

former can withstand the current surge mentioned above and at the same 

time to ensure that the compressor always receives a starting voltage 

which cannot be lower than the minimum starting voltage, also at the mini-

mum primary voltage.

See also Fig.21.

In some countries, there are districts which frequently are subjected to 

abnormal undervoltage. Equally frequently, the same districts are probably 

subjected to normal voltage or even overvoltage. For example, abnormal un-

dervoltage may be experienced in the daytime, and normal voltage or over-

voltage at night. 
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If the undervoltage is so low that 

the compressor cannot Work without 

a transformer, the dimensioning of 

the transformer may provide a dilem-

ma. In such a case an autotransform-

er with automatic tap changeover can 

be used. However, this solution is 

rather expensive.

The firm of Voltam  (139, Avenue 

Henri Barbusse, Colombes (Seine) 

France)

makes a transformer of this type.

The principle is that with under-

voltage on the primary side a defi-

nite conversion ratio of e.g. 1:1.2 

is achieved. The secondary voltage 

is thus about 20% higher than the 

primary voltage.

If, however, the primary voltage 

increases above a definite level, the tap-changing device (which is con-

trolled by a Thyristor) begins to operate. Increased voltages then pass 

the transformer without being altered.

Fig. 22 shows some data for a transformer of this type. The transformer in

question, which is called model ACE600/l500/220, was found usable for com-

pressors with a motor size of up to K14 - 220V.

From Fig.22 it appears that the conversion is such that a primary no-load 

voltage of 160V — 240V results in a secondary voltage of about 200V - 240V.

The actual secondary voltages at 180V primary voltage and different loads 

also appear from Fig.22
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Wrongly dimensioned transformers will give rise to the following troubles:

At the moment of starting: 	 Symptoms as with weak supply mains or 

	 extreme undervoltage, i.e. starting trouble.

During operation: 	 Symptoms as with extreme overvoltage, i.e. a 	

	 hot motor and protector tripping.

2. Electrical Failures. The Motor Protector Trips.

In this section we shall consider a number of faults, mainly in the elec-

trical system, which affect the starting and running of the compressor.

In several cases the motor protector hinders starting or running, even 

though the electric circuit is intact. We shall also consider some faults 

of this type originating from the system.

The section is divided into the following subsections:

	 2.1 Breaks in the electric circuit - The test lamp.

	 2.2 Breaks in the starting circuit.

	 2.3 Locked rotor

	 2.4 Undervoltage.

	 2.5 Tripping of the motor protector during operation.

2.1. Breaks in the Electric Circuit. Test Lamp.

When a hermetic compressor is connected to the supply mains but does not 

start, there may be multiple causes. But if there is no current consump-

tion, and if the motor protector“ does not react, the cause can only be a 

break in the electric curcuit. Let us have another look at a simple cir-

cuit diagram (Fig. 23).

It is evident from the di-

agram that there is a main 

circuit from the supply 

mains across motor protec-

tor, main winding, start-

ing relay and back to the 

mains. Any interruption of 

this circuit results in 

nothing happening.

In such a situation it is 

natural first to check that 

the mains supply is live. 

The simplest method of do-

ing so is by a polarity 

indicator. You may also connect an ordinary filament lamp to the plug sock-

et and see whether it lights up. The best method is to use a voltmeter, to 

check if the voltage is correct (Fig.24). If the mains supply is dead, it 

goes without saying that, first of all, the fuses of the installation should 

be inspected.

Faults outside the fixed installation may be in the main components, or in 

the connections between these, i.e. the compressor (the main winding), 
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the motor protector the starting relay, the thermostat, and -perhaps- the 

transformer, if there is one.

To begin with, check that the thermostat is closed .

Fault location then commences with a visual check on all connections to 

see whether they are intact.

The next inspection stage may be renewal of the compressor‘s electrical 

equipment, but often all components and wiring will be systematically ex-

amined. This form of fault location can be carried out by using a voltme-

ter or a test lamp. If a 

voltmeter is used, the 

electric circuit must be 

connected to the mains 

and should be system-

atically examined un-

til the current break is 

located. It is, however, 

generally preferable to 

use a test lamp of the 

design shown in Fig.25. 

The procedure is to 

chort-circuit the mains 

plug of the refrigera-

tor. The test lamp is connected to the mains, and a check is made that the 

lamp lights up (by short-circuiting the electrodes). The circuit is then 

systematically tested for breaks. 

The test lamp will not only 

be useful when testing a 

circuit as simple as the 

one shown in

Fig.23. In more complicated 

refrigerators, fault finding 

is quite a different pro-

cess, and the test lamp may 

be of use to locate a whole 

series of defects which 

need not necessarily affect 

the starting and running of 

the compressor.

As an example, Fig.26 shows a wiring diagram for an American dual tempera-

ture refrigerator which, as can be seen, offers considerably greater risks 

of circuit breaks than in the case on Fig.23.

The procedure for fault location in the electric circuit, of course, also 

includes the examination of the compressor itself. Connect one electrode 

of the test lamp to the terminal pin for Common  connection. The other 

electrode is connected alternately to the run  and starting  connections 

respectively. If the lamp does not light up during these tests, there can 

be no doubt that the cause is an internal break.
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If the lamp flashes, as for example when the compressor is shaken, this is 

due to a bad connection. If, on the other hand the light comes on and is 

constant, the connection may be 

assumed to be in order but this 

does not imply that the motor is 

entirely intact. If, for example, 

short-circuiting occurs in the mo-

tor (burning—out), the test lamp 

will not directly indicate this. 

Faults of this nature can only be 

determined by the use of an ohmme-

ter (see Fig.2 and 5).

When testing the compressor, the

luminous intensity of the lamp 

will, of course, vary proportion-

ately with the resistance in the 

motor windings. Hence, the light 

is weaker when the starting wind-

ing is being tested than when the 

run winding is tested. When a com-

pressor is tested for electrical 

faults, the test also includes 

leakage testing to earth. This is 

specially the case if it has been 

found during the first stage of 

fault finding that the mains fuse 

has blown or the refrigerator has 

proved to be live , e.g. when tested with a polarity indicator. The test 

lamp can also be used in such cases for a preliminary rough check. Howev-

er, it will then be necessary to determine with a polarity indicator which 

electrode is phase  and which is neutral  If such an indicator is not 

available, the electrode in direct connection with the lamp can be brought 

in contact with earth, e.g. via a water pipe. If the lamp lights up, the 

test equipment is correctly connected in the plug socket. If the lamp does 

not light up, turn the plug in the socket.

The compressor can 

now be tested for 

leakage to earth, 

with the electrode 

connected to the 

lamp and phase

connected to the 

terminal pin for

Common  connection

The other elec-

trode which is 

connected to
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neutral  in the plug socket, is at the same time placed in non-insulat-

ed contact on the compressor housing, e. g. on the earth terminal. If the 

lamp now lights up, this shows leakage to earth.

By connecting the phase  through the test lamp with one of the three ter-

minals, the test will not be affected by a possible earthing of the com-

pressor. The test lamp can, of course, also be used to check the complete 

refrigerator for leakage to earth. The procedure is then that the elec-

trode which is connected to the lamp and phase  is connected in turn to 

the plug pins. The other electrode is connected to a non-insulated point 

on the refrigerator.(earth connection) 

In general, there is a certainty of leakage to earth when any electric ob-

ject does not pass the test described, provided testing is correctly done. 

However, there is no certainty that an object which seems to pass the test 

is actually in order.

The test voltage is too low to in-

dicate this. If it is desirable to 

be completely certain that there 

is no leakage to earth, it will 

be necessary to use a high—tension 

testing device. (e.g. l500V) or a 

megohm—meter, if available.

We may now summarize the faults 

occurring when the compressor does 

not start and does not consume cur-

rent. See Fig.28.

2.2. Breaks in the Starting Circuit.

If the compressor main circuit is intact, but breaks occur in the starting 

circuit, the compressor will not start. In this case, the compressor will 

not consume full starting current, but only the portion for the main wind-

ing. For compressors without a starting capacitor (LST), the current will 

be 45-65% of the total starting current. For compressors with a starting 

capacitor (HST), the broken starting winding will - on the other hand - 

only reduce the current consumed to 90-95% of the total starting current.

If the starting circuits is interrupted, the motor protector will, of 

course, function, but the reaction time will increase proportionately to 

the current reduction.

The faults in the present case are:

				    Breaks in the starting winding 

				    Defective (or incorrect) starting relay

				    Broken wires in the starting circuit 

The actual source of error can easily be determined, checking first that 

the circuit is intact. This is done by means of the test lamp. Turn the 

starting relay upside down so that the contacts can close. If the fault is 

not located in this way, the starting winding resistance is measured with 

an ohmmeter, and the starting relay and the starting capacitor, if any, 

are replaced in turns.
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With faults of this na-

ture, it may often be 

of advantage to deter-

mine beforehand whether 

the compressor motor is 

in working order. This

is, of course, possible 

by testing the winding 

resistances.

But if an ohmmeter is 

not available, it is 

relatively simple to

construct the device as 

shown in Fig.30.

This device is composed 

of a plug, wires (if necessary, a starting capacitor for compressors which 

have capacitor starting), and three alligator clips.

Alternatively, a wire plug as included in Danfoss electrical equipment 

Type 419 can be used instead of alligator clips. A push-button switch is 

then used to cut in and out the starting winding.

This device for manual starting  is very useful 

to the skilled serviceman, but in the hands of an 

unskilled person it may do more harm than good, 

because incorrect use offers ample opportunity of 

burning out the motor.

The device should be used in the following way: The 

wire plug is connected to the compressor terminal, 

and a check is made to confirm that the electrical 

connection is a good one.

The plug is connected to the electric mains, a 

check being made in advance that the mains supply 

is energized, and that there is no serious under-

voltage.

At the precise moment that the plug is connected to 

the mains, the run winding of the compressor is energized, and rapid ac-

tion is therefore necessary.

The push-button switch in the starting circuit is closed at once, and is 

kept closed for a maximum of 5 seconds. If this period is exceeded, the 

starting winding may burn out. If starting does not take place, the volt-

age supply across the run winding will have to be cut off no longer than 

l0 seconds after circuit has been made.

If the above procedure results in the compressor starting, it can be taken 

for granted that it itself is in working order. The fault will then have 

to be sought in the other electrical installations of the refrigerator - 

e.g. in the starting relay or starting capacitor.

If starting does not take place, the compressor is probably defective. 

There may be exceptions, however. Compressors with motors for capacitor 

starting cannot be expected to start correctly without a starting capaci-
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In such cases, a capacitor of the capacity described should be inserted in 

the starting circuit. (See Fig.24).

2.3. Locked Rotor.

When the starting torque of a compressor motor is insufficient to overcome 

the resistance to starting, the condition is denoted locked rotor .

Strictly speaking, the expression locked rotor  refers to defects in the 

compressor which hinder its free rotation. In this summary we shall, how-

ever, also include other conditions such as, for example, when pressure 

conditions in the refrigerating system do not allow starting.

The locked rotor  condition is characterized by the compressor consuming 

the total starting current.

The starting relay keeps the starting winding cut in, but the rotor does 

not rotate. Under these conditions, rapid temperature increase may occur 

in the starting winding, but the motor protector is dimensioned to com-

pensate for such an increase. The motor protector will therefore trip very 

rapidly (within a few seconds). After the tripping of the protector, some 

minutes will elapse while the protector bimetal cools down. *)

Then the protector will cut in again, and the starting attempt is repeat-

ed. The state of locked rotor  can be mistaken for other faults, since it 

often will be difficult to see whether the rotor is stationary or is rotat-

ing slowly. The best way to ascertain locked rotor  is to insert an am-

meter with a sufficiently wide range in one lead of the compressor. If the 

compressor consumes the total motor starting current, a locked rotor  can 

be diagnosed.

If the system is also equipped with pressure gauges, it can be noted that 

pressure fluctations do not occur. This in itself, however, is no indica-

tion of locked rotor , as the same result will 

occur when unsuccessful starting is due to breaks 

in the starting circuit.

The causes of locked rotor  can be grouped under

three main headings, viz.:

	 a) Mechanical locking

	 b) Conditions prevailing in the system

	 c) Undervoltage

a) As previously mentioned, locked rotor  may 

be due to the fact that the rotor is literal-

ly locked. If a compressor or a refrigerator is 

subjected to severe transport conditions (being 

dropped, knocked, etc.), the stator or the cylin-

der may - in the worst case - be actually knocked 

out of position, so that the rotor or piston is 

locked.

b) The most frequent cause of locked rotor  is 	incomplete pressure equal-

izing in LST refrigerating systems.

*) Concerning built—in motor protectors, the cut-in time is considerably 

longer.
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As previously mentioned, compressors with a low starting torque are most 

frequently used in capillary-tube refrigerating systems. A condition for 

LST compressors being used is that the compressor starts only when the 

pressure on the high side and suction side has been completely, or almost, 

equalized. This means that the compressor control has to be adapted so 

that there is always a standstill period long enough for pressure equal-

izing to occur. In most refrigerators, this equalizing period is about 5 

minutes. In freezers, the equalizing period is somewhat longer (generally 

8 - 12 minutes).

Tripping of the motor protector due to incomplete pressure equalizing in 

a refrigerating system may be quite harmless. Tripping may be caused, for 

example, by I cutting out the compressor, and restarting it immediate-

ly afterwards. If a period of 5 minutes is allowed to elapse for pressure 

equalizing to occur, starting will take place correctly.

On the other hand, there is reason to take note of instances of frequent 

or regular protector tripping, as for example whenever the thermostat is 

cut in, because sooner or later this will destroy the protector and per-

haps also the starting winding. In cases of conflict between the thermostat 

off  -time and the system equalizing time, this may be due to faulty de-

sign. The following errors may occur:

1)	Too small a thermostat differential has been selected. For normally di-

mensioned refrigerating systems, generally thermostat differentials of 

8-10°C~14°-18°F for refrigerators and 6°-8°C~ll°-14°F for freezers will 

prevent difficulties.	

2)	The system may be incorrectly dimensioned, so that evaporation has to 

take place in liquid pockets  before equalizing can occur. Typical ex-

amples of this are incorrect piping in the condenser or incorrect loca-

tion of the liquid line drier. Other important factors are the capillary 

tube dimensions, or complete or partial blocking of this tube.

	 We shall further examine these faults in the section of system faults.

3)	The thermostat bulb may be fitted so badly that the standstill period be-

comes unexpectedly short. Errors of this type are frequent. In the sec-

tion of system faults we shall give details of the correct bulb position.

c) Locked rotor  may also be due to extremely low starting voltage. 

This factor will be further dealt with in the subsequent section.

In general, the locked rotor  condition can be remedied by eliminating the 

direct cause. But this may be troublesome, and in many cases it is easi-

er to increase the compressor starting torque. For LST compressors this is 

possible by means of a starting capacitor as described in section l.

Page 28	   CF.70.01.02



2.4. Undervoltage.

Electric motors are of course dimensioned for use over a definite voltage 

interval. If this voltage interval is too small, the motor cannot be ex-

pected to operate efficiently.

Undervoltage problems are encountered in all parts of the world. The sim-

plest form of undervoltage may be the result of the consumer living far 

from the nearest transformer. More annoying forms may be due to greatly 

underdimensioned power stations, distribution mains and house installa-

tions.

The latter examples occur particularly in countries which are technically 

underdeveloped. In such areas, fluctuating voltages and large voltage drops 

during starting are not uncommon. Supply mains will often be character-

ized by current consumption which is so low during certain periods (e.g. 

at night) that consumption points are subjected to high overvoltage. Of 

course, this does not make matters any better.

As previously mentioned, the torques supplied by a motor depend on the 

terminal voltages available. This means that the starting torque, the 

breakdown torque, and other torques will be reduced when the voltage 

drops.

Motor torques vary according to the following formula:

		

    						    
Thus, at 85% of the rated voltage the torques will amount to approx. 73% 

of their values for the rated voltage.

Graphically, the relation between voltages can be expressed as shown in 

Fig.32.

It is obvious that a 

hermetic compressor 

cannot operate at a 

given undervoltage 

if the torque re-

quirements exceed 

the torques availa-

ble.

It may be mentioned, 

incidentally, that 

not only the voltage 

but also the mains 

frequency affects 

the torques pro-

duced. This effect 

cannot be simply evaluated. As an approximation it will vary between the 

inverse proportion of the frequencies and the square of this ratio: 
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Provided the voltage is stable, an increase of mains frequency will result 

in a reduction of the motor starting and breakdown torques. This should be 

borne in mind when refrigerators designed for 50 Hz (c/s) are exported to 

countries using 60 Hz (c/s).

Very often the effect of frequency variability on the starting and oper-

ating conditions of refrigerators is smaller than specified above. This is 

because the rated voltages of 50 Hz and 60 Hz mains are seldom identical.

For example, the alternative voltage for 220V 50 Hz is often 230V 6OHz 

(ll0V 50 Hz - 115 V 60 Hz).

The above weakening  of the motor - no matter whether it is caused by un-

dervoltage or increased mains frequency - will, of course, be primarily 

experienced when the torque requirements from the system are at a maximum. 

Such conditions may occur at the moment of starting, immediately after 

starting, and also - in certain circumstances - during operation.

In what follows the most important factors will be dealt with in the same 

order.

2. 41 Effects on the Starting Torque Requirement.

It is generally true to say that the size of the starting torque is impor-

tant only during compressor starting, to overcome the resistance to ro-

tation. In systems with a capillary tube and sufficient time for pressure 

equalizing the starting torque itself is, therefore, very seldom critical.

But if the situation arises where attempt are made to start an LST com-

pressor with a pressure difference between the suction and delivery sides, 

conditions may very well become critical, and the troubles will increase in 

proportion to the suction side pressure. Fig. 33 shows an example of pres-

sure condition effects on the starting properties of a PEEWEE compressor.

It also applies incidentally to HST compressors that their starting prop-

erties may be impaired, not only by an increased pressure differential, 

but also by the absolute size of the suction side pressure.

In systems with capillary tube 

injection, the same pressure will 

often exist on the suction and 

delivery sides at the moment of 

starting. This pressure is then 

termed equalizing pressure  and 

is at a maximum when both the 

evaporator and compressor are 

hot . This is seldom the case in 

practice, but one example is the 

starting process after forced de-

frosting of the evaporator.

If defrosting is done by electric 

heaters, for example, the com-

pressor will start when it is relatively hot and the equalizing pressure 

approximates to the pressure of the saturated vapours at the evaporator 

surface temperature.
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In other systems with capillary tube injection but without forced defrost-

ing, the highest equalizing pressure will occur in practice when the en-

tire system has been temperature-equalized to the maximum ambient tempera-

ture. In systems with a relatively large refrigerant charge, substantially 

higher equalizing pressures may occur under these conditions than after 

the defrosting conditions mentioned above. The maximum permissible equal-

izing pressure depends to some extent on the compressor type, but in par-

ticular on the desired size of the undervoltage range. A guiding rule 

is, however, that the equalizing pressure at maximum ambient temperature 

should never exceed 5 atm. g~7l psig when the compressor is of the LBP 

or LBP/MBP type. For the sake of completeness it should be added that it 

is much more important to observe this limit on account of the breakdown 

torque than on account of the starting torque. (See 2.42). That the start-

ing sequence of the compressor can be critical at undervoltage is largely 

due to the starting voltage being always lower than the operating volt-

age, and the starting torque being correspondingly smaller. Fig.34 shows a 

schematic representation of the start-

up sequence. Before the compressor is 

started, the mains voltage is U1 (un-

loaded mains voltage). At the moment of 

starting the motor consumes the starting 

current, also called the locked rotor

current. A considerable voltage drop 

then takes place, and the real starting 

voltage is therefore U2 only.

The voltage drop at the moment of start-

ing depends largely on the actual mains 

installation, i.e. the voltage drop will 

be especially large in the case of so-

called weak mains .

As the motor accelerates, the current 

consumption drops. When the start wind-

ing is then cut out, the voltage will 

be somewhat higher. This voltage, U3 in 

Fig.34, is called the operating voltage .

It should be mentioned in this context that when starting problems are en-

countered with compressors and refrigerators, it is the concept of minimum 

starting voltage which is of interest, i.e. the voltage (U2) at the moment 

of starting.

It is of little use therefore to deal with the unloaded mains voltage  U1 

or with the operating voltage U3. On the other hand, the terminal voltage 

U2 is decisive for the compressor at the moment of starting.

When starting is correct the terminal voltage at the moment of starting 

cannot be recorded on a normal voltmeter. This is possible, however, with 

unsuccessful starting, i.e. when the motor consumes locked rotor  cur-

rent for some time. Starting troubles originating from undervoltage can be 

eliminated by increasing the torques given off in the motor. This can be 

done by reducing the voltage drop
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during the starting sequence or by a general increase of the starting and 

accelerating torques.

For these reasons, the starting capacitor provides a convenient possibil-

ity for remedying starting troubles. This is partly due to the fact that 

it can limit the starting current and, hence, the reduction of the start-

ing torque originating from the voltage drop during starting, and partly 

to the fact that a starting capacitor can directly increase the starting 

torque at a given voltage.

(For the application, where necessary, of starting capacitors on PEEWEE 

compressors with LST motors, see section 1: Starting Capacitor).

Another way to avoid starting troubles is, of course, to use a pretrans-

former. In very weak mains the situation can, however, easily be such that 

the ratio of conversion has to be chosen so high that there is a risk of 

abnormal overloading during operation when relative overvoltage prevails 

on the primary side of the transformer.

Conditions determining the selection of a pretransformer have also previ-

ously been described: See section 1; Transformer. In the case of HST com-

pressors, which are already equipped with a starting capacitor, the only 

means of remedying undervoltage problems will be by the use of a pretrans-

former.

2.42 Peak Load immediately after Start.

In refrigerating systems with a capillary tube, the load will increase im-

mediately after starting from the temperature-equalized condition.

This peak load, which, if the worst comes to the worst, may result in mo-

tor stalling, varies directly with the equalizing pressure in the system 

before starting. Since the equalizing pressure depends on the charge, this 

phenomenon is most likely to give rise to troubles in systems with a rel-

atively large refrigerant charge. To avoid this, the guiding rule in this 

case also is that the system must be designed so that the maximum equal-

izing pressure does not exceed 5 atm.g~71 psig. But this rule will, of 

course, become more stringent in relation to the undervoltage range de-

sired.

The refrigerant charge, and 

hence the equalizing pressure, 

in systems with capillary tube 

control can be reduced by keep-

ing the internal evaporator vol-

ume as low as possible.

Consequently, it will not be of

particular advantage to use large 

pipe dimensions in a freezer. 

Motor stalling immediately af-

ter start may occur as suggested 

in Fig.35. The motor accelerates 

and in some instances
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the start winding is not cut out. In other cases it is cut out, but short-

ly after the current is increased, the starting relay cuts in again, and 

the motor protector begins to operate.

The above undesirable effect on a given system can be put right in one 

way only by increasing the breakdown torque available. On a given compres-

sor this is only possible by increasing the voltage, i. e. by installing a 

pretransformer.

2.43 Motor Stalling during Operation.

As the load on a compressor is increased proportionately to the evaporat-

ing temperature, circumstances may be foreseen where the breakdown torque 

available at undervoltage will also be insufficient during operation.

Such large loads may occur when the ingress of heat is very large. In re-

frigerators and freezers it is the conditions of cooling, freezing, and 

ice freezing which must be considered, since under these conditions rela-

tively high evaporating temperatures — and also high condensing pressures 

may be experienced. Motor stalling in these circumstances will be shown by 

an increasing current consumption until the start winding is cut in again, 

and the motor protector comes into operation.

As the load condition may prevail over a lengthy period, and as prior 

to loading the motor may be warm due to operating (e.g. freezing or ice 

freezing), this overload will also result in a relatively high temperature 

on the motor windings. If the system conditions cannot be altered, and 

this is seldom possible in practice, motor stalling during operation  can 

only be avoided by increasing the breakdown torque, i.e. by using a pre-

transformer.

2.44 Starting Problems at Low Ambient Temperatures.

When hermetic compressors and hermetic refrigerating systems are exposed 

to very low ambient temperatures, different problems of a special nature 

may arise. These special problems can be referred to the fact that during 

the abnormal cooling of a compressor, conditions are created for which the 

motor is not dimensioned.

Since the motor - as already mentioned - is weakest at undervoltage, the 

problems suggested will, of course, identify themselves in practice under 

conditions of low voltage.

In what follows, the types of problem which may arise are described.

The viscosity of an oil depends on the temperature - the warmer the oil, 

the thinner will it be.

The relationship between temperature and viscosity is expressed by the so-

called viscosity index.

As in many other applications, it is desirable that hermetic compressors 

should use an oil, the viscosity of which varies as little as possible 

with temperature. On the other hand, the alternatives available are lim-

ited if it is desired to avoid the use of additives in order to preserve 

chemical stability.
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Fig.36 shows the relationship between temperature and viscosity for some 

compressor oils.

When used in a refrigerating system, the compressor oil will not be pure 

but more or less mixed 

with the refrigerant.

The larger the amount of

refrigerant which is 

mixed with a given vol-

ume of oil, the lower 

will the viscosity of the 

mixture be. On the other 

hand, the ability of the 

oil to absorb refrigerant 

depends very largely on 

temperature and pressure.

Fig.37 shows the relation 

between temperature and 

viscosity for a refrig-

erating machine oil mixed 

with different amounts of 

R12.

When choosing an oil for

a compressor type, var-

ious methods of testing 

are applied, and differ-

ent sets of conditions 

considered.

As regards lubrication, it is obvious 

that the oil must be chosen so that 

effective lubrication is ensured under 

the widely different operating condi-

tions to which the compressor may be 

exposed. In this respect, the operat-

ing conditions resulting in a large 

load are most critical, since the in-

ternal temperature of the compressor 

then increases sharply. In these cir-

cumstances, the oil temperature will 

be high and the viscosity will be low.

It is logical for the correct com-

pressor oil to be chosen so that even 

under the most rigid operating condi-

tions an oil film is ensured between 

the piston and the
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cylinder and in the bearings, this oil film having adequate supporting ca-

pacity. Such conditions can be ensured only by allowing a relatively high 

viscosity to prevail at low temperatures. Under certain circumstances this 

may be disadvantage, but it need not present major problems, especially if 

the increased viscosity effects on the compressor are known in advance.

The disadvantages due to compressor oil viscosity will occur during start-

ing and be caused by the friction in the compressor bearings, which in-

creases proportionately to the viscosity. Since PEEWEE compressors are all 

constructed according to the same principle, the friction in the bearings 

is therefore almost identical for all sizes of these compressors, provided 

the oil viscosity is the same.

There is, however, a great difference between the torques of the differ-

ent motor sizes, and it is therefore natural that the compressors with 

the smallest motor sizes should be in a worse relative position than those 

with larger motors. The result is that, in practice, the compressor oil 

viscosity only affects the starting properties of our smallest compressors.

When a compressor is started in the normal way, and at normal ambient tem-

perature, the oil pump starts operating very rapidly, and the oil in the 

bearings will soon be replaced by oil from the compressor oil sump. This 

oil will contain refrigerant. The ratio of mixture is determined by the 

prevalent temperatures and the refrigerant pressure on the oil surface. 

(See Fig.38).

The presence of refrigerant in the oil 

naturally causes the viscosity to de-

crease. While the compressor is operating, 

its temperature will increase together 

with the temperature in the bearings and 

oil. As the temperature of the oil flowing 

through the bearings gradually increases 

the ability of the oil to hold refriger-

ant is reduced. The oil remaining in the 

bearings at the moment a hot compressor is 

stopped, will therefore be relatively poor 

in refrigerant content.

As there is no close relationship between 

the refrigerant in the system and the oil 

film in the bearings, it is to be expect-

ed that the oil film will still be poor in 

refrigerant the next time the compressor 

is started. Should it then happen that the 

ambient temperature of the refrigerator is 

substantially reduced, the oil temperature 

will also fall, provided the compressor is not operating. In this way, the 

viscosity of the oil which is poor in refrigerant in the bearings is in-

creased, and the potential friction increases proportionately.
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When the compressor is restarted under these conditions, a correct start-

ing sequence will depend on the starting torque of the motor. If the con-

dition is critical, the compressor will either not start at all, or the 

rotor will only rotate slowly until the overload protector trips.

The protector has therefore stopped the motor before the compressor oil 

pump has started pumping, and the oil which is poor in refrigerant in the 

bearings has not been replaced by oil of a lower viscosity which is mixed 

with refrigerant.

The unsuccessful start causes heat to accumulate in the motor and compres-

sor. In borderline cases, this accumulation of heat may be sufficient for 

the starting sequence to be correct when the protector cuts in again. In 

more serious cases, the protector may trip several times before correct 

starting occurs. Since,however, the protector is dimensioned to prevent 

critical temperatures in the motor windings, the starting sequence de-

scribed need not give rise to any fear of permanent damage.

The conditions above relate to cases where refrigerator is out of opera-

tion for some time, while the ambient temperature is low. The problems may 

occur on PW3K6 at about 12°C~54°F, and lower temperatures. In the case of 

larger motors the problems arise only at lower temperatures.

When the compressor of a refrigerating system is stopped, absorption of 

refrigerant in the compressor oil takes place during the subsequent pres-

sure equalizing. If the temperature of the compressor is low, and if at 

the same time the total refrigerant charge is relatively large, oil may be 

expected to mix with relatively large amounts of refrigerant so that the 

oil level is raised. The result is that during compressor restarting the 

refrigerant will prime strongly due to the rapid pressure drop in the com-

pressor housing, so that oil hammer may occur and the compressor housing 

will be more or less filled with oil-refrigerant foam. The oil/refriger-

ant mixture may reach the rotor and enter the motor air slot so that ac-

celeration is impeded. This may cause the current and watt consumption to 

fluctuate for a while, but this fluctuation will only be noticed with our 

smallest compressors. On the whole this condition gives rise to no disad-

vantages, and generally it is not even noticed.

It follows, on the other hand, that these conditions are noticed on all 

small compressors with the motor suspended upside down, irrespective of 

make. Starting troubles which originate from the influence of the viscosi-

ty on the bearing friction may also occur when a cold compressor is start-

ed without the presence of refrigerant. For example, a compressor may 

be transferred directly from a cold store -perhaps an outdoor store- to 

the point of application. The problem may then occur in conjunction with 

starting-up the compressor during the filling-in of refrigerant. In the 

latter case it is a rule general that the compressor should not be

Page 36	   CF.70.01.02



started until the vacuum created during the evacuation has been equalized 

by refrigerant gas. However, it is not to be expected that the oil film in 

the bearings will be mixed with refrigerant. The bearing friction will, 

therefore, in this case also be determined by the viscosity of the oil film 

which is present in the bearings from the previous operating period, which 

is normally the trial run by the compressor manufacturer.

Correspondingly -as described for compressors started in systems with a 

refrigerant charge- it applies also to compressors only that the models 

having the smallest motors may give rise to problems. Any difficulties can, 

of course, be avoided by storing the compressors at normal room temper-

ature for some time before they are put into service. Another much used 

procedure is to do the initial starting at an overvoltage of e.g. 10%. We 

already have noted that the torques evolved by the motor increase with the 

voltage, and the lowest voltages will therefore be the most critical.

If all precautions are omitted, the result is merely a number of protector 

trips provided the compressor is correctly fitted with electrical equip-

ment, and starting will then proceed correctly. On the other hand it may 

be dangerous to try to start up the compressor without a protector, since 

in that case there is no protection against critical temperatures on the 

motor windings, and the result may be burning out of the motor.

2.5 The Overload Protector trips during Operation.

This category of troubles includes the cases where the compressor is un-

duly cut out by the overload protector during continuous operation. On the 

other hand, starting is assumed to take place without difficulty.

Even though a protector trip is assumed to be an expression of abnormal 

operating conditions, it should be realized that many refrigerating units 

are regularly subjected to peak loads. In a refrigerator this may happen, 

for example, during cooling or freezing of ice. Single trips under these 

conditions do not necessarily imply any fault. On the other hand,there is 

every reason to interfere when tripping is recurrent and frequent, so that 

the cooling function is unsatisfactory.

As previously mentioned, an external overload protector is made to trip by 

a combined current and thermal effect. It can therefore be understood that 

operating conditions which are related to a large current absorption and a 

high compressor temperature are especially liable to result in tripping of 

the overload protector.

Fig.39 shows the influence of different external effects on winding temper-

ature and current absorption.
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From Fig.39 the important elements can be summarized as follows:

2.51)	 Very high voltage

2.52)	 High condensing 	

	 pressure, high 	

	 ambient tempera-	

	 ture, bad ventila-	

	 tion.

2.53)	 Abnormal evapora-	

	 ting temperature.

2.54)	 Other conditions.

2.51 Very High Voltage.

It will have been seen from Fig.39 that high voltage raises both the motor 

temperature and current consumption.

It is therefore obvious that a high overvoltage may result in protector 

trips. This trouble can be remedied most effectively by fitting a pretrans-

former. Furthermore, it will often be advantageous where extreme over-

voltage may be expected to take precautions beforehand by improving the 

temperature conditions of the compressor by the use of oil cooling or fan 

cooling, if required. The warmer the working climate of the compressor, 

the more necessary will these precautions become.

2.52 High Ambient Temperature, Bad Ventilation, High Condensing Pressure.

The higher the ambient temperature in which a compressor has to operate, 

the greater the risk of protector trips. Not only is the ambient tempera-

ture of the refrigerator decisive, but also to an equally high degree the 

ventilating conditions determining the ambient temperature of the compres-

sor. If ventilating conditions are thought to be bad, it will always be 

wise to measure the ambient air temperature at the compressor and condens-

er proper.

The above conditions will generally be critical only at extreme ambient 

temperatures. If it is not a question of a directly incorrect position of 

the refrigerator, such troubles can be eliminated only through alterations 

of the design, i.e. by changing the possibilities of ventilation in the 

machine compartment of the refrigerator, by mounting a fan or by using a 

compressor with an oil cooling device.

A high ambient temperature will normally also have a bad effect on the 

condensing pressure. Hence, the possibility of protector trips will fur-

ther increase since the increased condensing pressure leads not only to 

increased compressor temperature but also to higher current consumption.

A high condensing pressure need not always be exclusively a design problem.
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It may also be due to other factors. For example, a classical example is 

contamination of the condenser, resulting in reduction of the heat trans-

fer coefficient. This condition especially occurs in the case of fan-cooled 

finned condensers. There are other possibilities: a defective fan, over-

charging of the system, and the presence of large amounts of non-condensa-

ble gases (atmospheric air, nitrogen, etc.).

A high ambient temperature may also affect the operating conditions of the 

compressor by increasing the evaporating temperature because of the in-

creased heat transfer from the ambient air, so that the load and, as a re-

sult, the current consumption are increased.

2.53 The Influence of the Evaporating Temperature.

Under operating conditions with low evaporating temperatures, the current 

consumption is also low. Such conditions therefore seldom cause protector 

trips. At a high evaporating temperature the compressor load and, hence, 

the current consumption are increased. On the other hand, the cooling of 

the motor is improved because of the increased gas density, at any rate at 

normal voltage and at higher evaporating temperatures.

If the evaporating temperature tends to increase the frequency of protec-

tor trips, this will mainly occur in cases where a compressor is used out-

side its recommended range, e.g. when an LBP compressor is used in the HBP 

range. The frequency of protector trips will then increase when the volt-

age drops.

2.54 Other Conditions.

Protector trips can, of course, also be caused by a number of qualitative 

faults, of which a few are mentioned below.

If by mistake the compressor has been equipped with a protector with a 

lower trip current than prescribed, difficulties may easily arise. If pro-

tector difficulties do occur, a check should always be made that the pro-

tector used corresponds to the type prescribed by the compressor manufac-

turer.

If a starting relay with an incorrect pick-up current is used, there is a 

risk when the load increases that the relay will cut in during operation, 

resulting in protector tripping. In practice, such a fault will generally 

have already shown up during starting. In addition, it is of course also 

true to say that any compressor defect increasing the current consumption 

may help to make the protector trip.
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3. Refrigerating System.

In this section we shall deal with operating conditions and typical trou-

bles in refrigerating systems. The section deals mainly with refrigerating 

systems in which capillary tubing is used as metering device.

3.1 Circuit.

Hermetic refrigerating systems consist of the same main components as oth-

er refrigerating systems, i.e. compressor, condenser, evaporator, meter-

ing device, and drier. However, if capillary tubing is used for metering, 

there is then a fundamental difference, since such systems never have a 

receiver. The refrigerant undergoes the same changes of state as in oth-

er compressor refrigerating plants. In an ln p-enthalpy diagram the cyclic 

process will therefore be as shown in Fig. 40.

The capillary tube is generally soldered to the suction line, so that a 

heat exchanger is formed. There may, therefore, be a change in the en-

thalpy during the pressure reduction in the capillary tube, as indicated 

by the dotted line in Fig. 40.

The advantage accruing to the refrigerating plant by this arrangement is 

somewhat doubtful. On the other hand, it does serve a number of practical 

purposes.

Refrigerating systems using capillary tubing as a metering device can only 

be balanced for optimum utilization within relatively narrow operating 

conditions. This is partly due to the way the capillary tube operates, and 

partly to the fact that the refrigerant charge is critical, depending on 

operating conditions, among other factors.
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The interrelation between the components is shown diagrammatically in Fig. 

41. It will be seen that the quantity of flow through the capillary tube 

is affected by the conditions at the inlet and outlet, i.e. the condens-

ing pressure and evaporating pressure, among others. Conversely, the re-

sistance in the capillary tube affects the evaporator and condenser condi-

tions.

The conditions in the evaporator are also affected by the compressor ca-

pacity and the total charge of the system.

In the same way, the condensing pressure is affected by the compressor ca-

pacity, capillary tube resistance, amount of charge, and ambient temper-

ature. As regards the compressor, the refrigerating capacity will adjust 

itself depending on the conditions at the evaporator and condenser.

It is therefore evident that a balanced system is involved which can very 

easily become unbalanced when the characteristics of the individual com-

ponents are altered. Irregularities in the refrigerating circuit are ev-

idenced, first and fore-

most, by pressure and 

temperature variations in 

the evaporator and con-

denser.

Diagnoses of system 

faults are therefore most 

reliably made on the ba-

sis of pressures and tem-

peratures in evaporator 

and condenser.

The most important auxiliary equipment for the serviceman during fault 

location consequently comprises pressure gauges and instruments, which if 

required can measure the surface temperature.

The pressure gauge is a classic auxiliary device for fault location in re-

frigerating plants. For it to be used on a hermetic refrigerating system, 

it is, however, necessary for the system to be opened, and the so—called 

service valves  are used for this purpose.

If the serviceman is suitably equipped, pressure gauging may often be re-

placed by temperature measurements, so that interference with the system 

is avoided.
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In a correctly balanced refrigerating system, refrigerant conditions occur 

as shown in Fig. 43. The compressor draws in gas at suction side pressure; 

this gas will generally be superheated to the ambient temperature.

At the condenser inlet, the gas temperature is rather high. In the central 

section of the condenser condensation takes place, and the temperature is 

always constant at this point.

There is generally liquid present in the lowest tube of the compressor. At 

the capillary tube inlet, the refrigerant will be slightly sub-cooled.

If the system is correctly charged, most of the evaporator will have tem-

peratures corresponding to the evaporating pressure. For practical rea-

sons, optimum utilization of the evaporator is often dispensed with. In 

that case, a slight superheat will occur at the evaporator discharge.

3.2 The Capillary Tube.

In hermetic refrigerating systems, the capillary tube assumes the function 

of the expansion valve in other refrigerating plants.

The capillary tube is selected according to the amount of refrigerant to 

be circulated. This means that it is determined mainly by the compressor 

capacity at the evaporating temperature at which the system is to operate.

There are a number of empirical rules which make it relatively simple to 

select a capillary tube which will ensure reasonable utilization of the 

refrigerating system involved.

However, if optimum utilization of the system is desired, it becomes nec-

essary to select the capillary tube by experiments.
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The liquid flow through the capillary tube is determined by the internal 

resistance, which is itself controlled by the length and internal diame-

ter. There is, therefore, often the choice between a tube with relatively 

small internal diameter and short length and tubes with a larger internal 

diameter and greater length. It will be an advantage to select - within 

reasonable limits - the capillary tube which has the largest internal di-

ameter, since such a tube is less liable to be obstructed.

A good rule to bear in mind is that the internal diameter of the capillary 

tube should never be less than 0.6 mm.

As mentioned previously, the equilibrium in the refrigerating system is 

upset when the flow resistance in the capillary tube is altered.

If the capillary tube is partially obstructed, e.g. by a dirt parti-

cle, the capillary tube resistance is increased and the flow is reduced. 

Put simply, the result is that refrigerant has to be transferred from 

the evaporator to the condenser until a new equilibrium is achieved. This 

means that the system operates at an increased condensing pressure, and a 

greater proportion of the condenser is filled with liquid. The evaporator 

will be short of refrigerant, and this will be evidenced by reduced utili-

zation, since superheat will now occur over an increased proportion of the 

surface. If the obstruction of the capillary tube is very pronounced, the

suction side pressure will also fall.

The practical result of partial obstruction will always be a reduction in 

the refrigerating capacity, which again means that the normal temperatures 

cannot be obtained in the refrigerating unit. As a superficial judgment, it 

may be decided that the trouble is due to loss of charge . If, however, 

the condensing pressure is watched, especially in connection with the re-

filling, if necessary, of the system, the true explanation will soon emerge.

In obstructed systems, the refrigerant will, to a great extent, be trans-

mitted to the condenser, where it will remain as sub-cooled liquid in the 

lowermost tubes. If the appropriate instruments are available, it will 

therefore be possible to determine the nature of the trouble by measuring 

the surface temperatures.

Since an increase in the condensing pressure affects the power consump-

tion, it might be expected that measurement of the current and wattage 

consumptions would give an indication of the cause of the trouble. This 

cannot be entirely relied upon since, as already mentioned, clogging-up 

may result in a drop in the suction side pressure, and it is therefore not 

certain that the current and wattage consumptions will increase.

In the example given above, we have considered a case where the resist-

ance in the capillary tube is increased by the presence of foreign matter. 

In principle, the result will be the same if the increased resistance is 

caused by using an incorrectly dimensioned capillary tube, as when the in-

ternal diameter is too small.
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Increased resistance in capillary tubes may be due to many factors in-

cluding particles from insufficiently cleaned system components, or dust 

particles from low quality driers. But the capillary tube can also be 

maltreated during the mounting process, thus creating the basis of subse-

quent complete or partial obstruction. This may be the case when the inlet 

cross-section is altered by crimping or squeezing the tube. This makes it 

more probably that small particles will be retained, resulting in obstruc-

tion of the capillary.

Partial obstruction, as well as other conditions increasing the condensing 

pressure, has a self-propagating effect, due to the fact that the compres-

sor will have to operate under very unfavourable conditions when the cir-

culating amount of refrigerant is reduced, so that the motor gas-cooling 

is also reduced. Consequently, the winding temperatures rise and, at the 

same time, the increased pressure conditions result in increased discharge 

gas temperatures. 
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In practice, a condition is very easily arrived at where the compressor 

operates with a very hot motor and very hot valves. This may result in 

complete clogging-up of the capillary tube as a result of the deposition 

of decomposition products from the oil and perhaps also from the insulat-

ing materials. In the worst case, the discharge valve becomes coked up, 

the motor is burned out, and the system become contaminated.

The resistance in a capillary tube can be unintentionally altered, e.g. 

by contact with the warm compressor. This may cause vapour to form in the 

capillary tube, some variety of vapour seal  then reducing the passage of 

refrigerant liquid.

The effect of this seal  will normally not be very considerable, but may 

be sufficient for the disturbed equilibrium of the system to give an im-

pression of refrigerant shortage.

It has previously been mentioned that 

systems with capillary tubing can be best 

used under limited operating conditions 

only. This also applies to the ambi-

ent temperature. In general, the varia-

tions in the ambient temperature to which 

a refrigerating system is subjected are 

limited, and are ascertainable. In coun-

tries with very low winter temperatures, 

a curious phenomenon may occur, however, 

originating from the capillary tube oper-

ating method.

When the ambient temperature falls, the

condensing pressure is reduced. In ex-

treme cases, this may result in a consid-

erable reduction in the refrigerant flow 

through the capillary tube. The system 

tries to compensate for this reduction by 

the accumulation  of refrigerant in the 

condenser. The effect may to some degree 

resemble that resulting from partially 

clogged capillary tubing. On the face of 

it, the impression may be given that the 

system has lost its charge.

The worst thing to do in such a case is to refill the system. If this is 

done, trouble will occur when the ambient temperature increases again, due 

to the fact that the evaporator is then overfilled, so that the condensing 

pressure may become critical. The foundation may very well have been laid 

for a subsequent service call.

The trouble described above will generally occur in refrigerators with a 

fan-cooled condensing unit or a skin-type condenser. This can be artifi-

cially remedied by trying to increase the condensing pressure for a while.
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This can be done by reducing the condenser efficiency, i.e. partially cov-

ering it or by switching off the fan.

There is, however, a risk of forgetting these primitive measures whenever 

the ambient temperature is normal again.

Under climatic conditions in which this trouble may occur, it is therefore 

necessary to instruct the users so that refrigerators are always installed 

in the correct surroundings. Alternatively, a permanent solution may be 

found by arranging that the fan is cut out by a thermostat, for example, 

when the ambient temperature drops below a certain level.

The problem in question should always be borne in mind during servicing of 

refrigerators working at ambient temperatures below 0°C~32°F. But the ac-

tual limit to correct operation may vary from system to system.

In refrigerating systems contaminated with moisture, capillary tube ob-

struction may be caused by precipiated ice.

The effect will be like that of any other form of obstruction of the cap-

illary tube. However, there is this difference - the clogging-up effect 

ceases when heat is supplied to the point of obstruction. This can be done 

by stopping the compressor for a short period so the ice is allowed to 

melt. It will generally be necessary to expect repeated obstruction soon 

after the compressor has been restarted.

Refrigerant R12 may contain very small quantities of water. The lower the 

refrigerant temperature, the lower will be its water content. If the tem-

perature falls below the limit for a given water content, the water is 

precipitated, and if this process takes place at temperatures below 

0°C~32°F this will be in the form of ice crystals.
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The precipitation of water will obviously take place in the metering de-

vice, because a marked pressure and temperature reduction occurs at this 

point. The ice will gradually form on the inside of the capillary tube, 

and after a very short time the passage may be obstructed.

If obstruction caused by 

ice is experienced, the 

system must be opened. 

In less serious cases it 

will suffice if the dri-

er and the refrigerant 

charge are replaced. In 

more serious cases it 

may be necessary to re-

place the compressor.

(The procedure is de-

scribed in T.-H.N.5.2.1. 

and MK-A/F5).

On the other hand, it is

quite inadvisable to try 

to remove the trouble by 

using a so-called 
antifreeze agent . By 

using such agents the 

moisture problem is ob-

scured, but the case is not removed. Antifreeze agents are very deleteri-

ous to the slot insulation of the compressor motor, which can be complete-

ly destroyed, while at the same time corrosion and copperplating in the 

refrigerating system are encouraged.

Many compressor factories, Danfoss included, make therefore reservations 

in their guarantees-against the use of anti freeze agents .

The narrow cross-sectional area of the capillary tube requires very spe-

cial care during fitting and repairs.

Fig.49A shows the correct position of the capillary tube in the drier.

However, positioning as shown in Fig.49B may bring about various prob-

lems. During soldering, the solder material may easily clog the capillary 

tube inlet. During operation, small circulating particles will be guided 

directly towards the capillary tube, and the probability of obstruction 

is thus increased. This risk is reduced if the tube is fitted as shown in 

Fig.49A. In this case, there will be a good chance of the particles being 

precipitated in the cavity round the capillary tube inlet. This will be 

so, whether the drier is fitted in the vertical or horizontal position.
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Fig. 49C shows the other extreme. In this instance, the capillary tube 

inlet is not unrestricted, and the resistance is increased. Complete ob-

struction may take place very rapidly in this 

case. An important factor to be considered 

in conjunction with capillary tubing used as 

a metering device, is the so-called pressure 

equalizing time, which may be decisive for the 

correct function to be achieved during thermo-

statically controlled operation.

This complex of problems will be dealt with in 

a subsequent chapter.

3. 3 Evaporator - Refrigerant Charge.

The objective of the evaporator is to transfer 

heat from the cold store to the circulating 

refrigerant.

The evaporator capacity is determined by the

formula:		

		  Q = K.F. t [kcal/h]

where K is the transfer coefficient in kcal/h.m².°C, F is the active evap-
orator surface in m² and At is the mean temperature differential between 

the refrigerant and the ambient air.

From this formula, it is possible to determine the irregularities which 

may occur in and around the evaporator.

The transfer coefficient K is changed in the case of increased insulation

of the refrigerant relative to the medium (air) around the evaporator. 

Simple examples are abnormal oil deposits inside the evaporator channels 

or external ice and frosting-up.

The formation of ice and frost may also influence the area of the active 

evaporator surface.

In freezers, it is normal to use evaporators of the tube-on-sheet  type. 

It is extremely important for the evaporators that the tubes are in close 

contact with the plate material. This is ensured by using straightened  

tubes, by properly fastening them, and by careful application of the con-

tact mass. In far too many instances, these rules are not observed, re-

sulting in capacity loss .

It often happens that the transfer coefficient in polyurethane foam freez-

ers is impaired because the insulating material has penetrated between 

the evaporator tubes and the plate material. Faults of this nature can be 

avoided, by separating the tubes and the insulation by foil, tape or simi-

lar materials.

The temperature differential t can be determined as the difference be-

tween the refrigerant mean temperature and the mean temperature of the me-

dium (air) surrounding the active evaporator surface.
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By depositing warm

goods in a refrig-

erator or freezer, 

the temperatures on 

the evaporator sur-

face are affected, 

and the ingress of 

heat may be said to 

be increased. This 

fact influences the 

evaporating pres-

sure, which will 

increase depend-

ing on the amount 

of heat ingress 

and the compressor 

superiority. In-

creased heat ingress therefore results in improved evaporator utilization 

which is made possible by improvement of the mean temperature differential 

t and the transfer coefficient K. This is counteracted by an increase of 

the evaporating pressure, so that the compressor is utilized at a higher 

capacity.

Temperature apportionment in conventional type refrigerators is generally

arranged by limiting the air circulation. Drip trays and other coverings 

are used for this purpose.

If it is desired to maintain a low temperature in the evaporator section, 

for example, an efficient cover should be fitted round it.

The evaporator is therefore utilized at a relatively poor transfer coeffi-

cient and a relatively low evaporating temperature (low compressor capac-

ity). It is therefore necessary to accept the fact that stringent demands 

on temperature conditions in the evaporator section result in increased 

evaporator and compressor costs.

If the covering round the evaporator in a refrigerator is diminished, the 

temperatures in the evaporator section increase, while the temperature in 

the refrigerating section decrease. Using the same compressor, the heat 

will therefore be transferred at a higher evaporating temperature (im-

proved compressor capacity) and at a better transfer coefficient and a bet-

ter mean temperature differential on the evaporator.

In cases where the temperatures which can be obtained in a refrigerator 

must be estimated, it is therefore extremely important that the air cir-

culation takes place as arranged by the designer. Above all, the original 

drip tray should be used and must be placed in the correct position.
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The evaporator surface: Under utilization conditions which are otherwise 

identical, a larger active evaporator surface will always result in the 

removal of more heat. If economies are made on the evaporator surface, the 

result is that the compressor has to operate at a lower evaporating temper-

ature for a given refrigerating requirement to be satisfied. Hence it be-

comes necessary to use a compressor with a larger rated capacity (a greater 

number of cm³/rev).

The proper evaporator is, of course, not only determined by its exter-

nal physical dimensions — neither from an economical nor from a technical 

point of View - but just as much by the optimum utilization of its sur-

face. A prerequisite is, of course, that the charge of the refrigerating 

system is correctly adapted, and that the surface is adequately covered by 

tubes or channels distributed correctly. Especially in the case of freez-

ers equipped with tube-on-sheet  evaporators, the tube lengths are often 

the subject of unjustifiable economies. At best, savings  achieved have to 

be compensated by expenditure on the compressor.

Fig.51 shows examples illustrating the effectiveness of a freezer in re-

lation to the evaporator quality. The results shown in Fig.51A originate 

from a freezer with badly located tubes, while Fig.5lB shows the same 

freezer with an improved evaporator.

The difference between evaporating temperatures should be noted.

In the first case, the heat transfer possibilities from the freezer goods 

to the evaporator were poor, resulting in impaired freezing capacity. The 

freezing time should be noted.

The evaporator surface will only be effectively utilized if ample quanti-

ties of refrigerant are supplied through the metering device. In refriger-

ating systems with a thermostatic expansion valve, the evaporator surface 

is uniformly utilized under  all operating conditions because a definite 

superheat, e.g. 7°C~13°F is 

ensured at the bulb.

On the other hand, the flow

through a capillary tube 

varies with the pressure 

and temperature conditions 

on either side of the tube. 

In general, the capillary 

tube is selected so that the 

evaporator has optimum, or 

nearly optimum, utilization, 

when the system functions in
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the stabilized cooled—down Condition. This means that under other condi-

tions where the load is heavy, e.g. pull-down, it is necessary to accept 

insufficient  refrigerant influx.

Fig.52 illustrates this fact.

One diagram shows the re-

frigerating cycle of a liquid 

cooler equipped with a thermo-

static expansion valve. During 

almost the whole refrigerat-

ing cycle, there is a nearly 

constant superheat across the 

evaporator.

In systems with capillary tub-

ing, conditions are different, 

in particular because there is 

no receiver and, as a result, 

no refrigerant reserve. The 

maximum charge volume is lim-

ited by the criteria on which 

it is based, e.g. frost on the 

suction line, condenser utilization, etc. Operating conditions may, there-

fore, occur where the correct  charge is insufficient.

Fig.52 also shows a diagram of the freezing test to which a freezer is 

subjected. Note how the evaporator is insufficiently utilized during the 

first 30 - 40 hours of the refrigerating cycle because the charge is inad-

equate  as long as the ingress of heat is substantial.

This phenomenon may be more or less pronounced, depending on the design of 

the system, but in general it will have to be accepted. 

A typical complaint about a refrigerator may be related to insufficient 

cooling . If the complaint is supported by facts, the serviceman will 

quickly concentrate on the evaporator on the assumption that the sys-

tem may have lost some of its charge. It is, however, important that any 

evaluation of the temperature conditions on the evaporator surface should 

be based on the actual operating conditions. In the case of a deep-freez-

er which has just been filled with goods, the basis of evaluation is, by 

and large, of no use. It is, of course, possible to wait until a suitable 

freezing period has elapsed, and then to evaluate the temperatures achieved 

in the freezer. If there is reason to believe that the system has lost some 

of its charge, it will often be necessary to remove the goods so that the 

surface temperatures can be measured without being affected by the cold ac-

cumulated in the goods.

The adequacy of the charge must be evaluated with the compressor operating

continuously and after the temperatures in the refrigerator have stabilized. 
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If the coldest  thermostat position does not result in lO0°7¢ operating 

time, the thermostat must be short-circuited.

The evaporator will have optimum utilization if the temperature is con-

stant from inlet to outlet, i.e. when no superheat occurs. It is, howev-

er, very seldom that such utilization is permitted because, among other 

reasons, it may result in the formation of frost on the suction line and, 

hence, the risk of moisture being transmitted to the insulation. Most re-

frigerator manufacturers fix the charge so that in fact the evaporator is 

slightly undercharged ; a small temperature increase being allowed across 

the latter part of the surface.

Fig.53 is a diagrammatic representation of the conditions in an evaporator 

in the undercharged, the normally charged, and the overcharged states, re

spectively. Overcharging of a system will manifest itself, first and fore-

most, by frosting-up of the suction line. It should be remembered, howev-

er, that the suction line may temporarily frost up immediately after the 

start of a cooled-down system, even though the charge is correct.

This is due to priming  of the refrigerant in the evaporator at the moment 

of starting.

If a system is considerably overcharged, typical indications will be: 

large wattage consumption and increased evaporating and condensing pres-

sures. A detailed examination may show incidentally that the condenser 

contains an increased liquid volume. Overcharging  may also result in de-

preciation of the lowest starting voltage  from the temperature-equalized 

state (see 2.42).

Undercharging  will, as previously mentioned, result in the evaporator not 

being fully utilized. The result is a prolonged operating period and, pos-

sibly, that the desired temperatures are not obtained in the refrigerator. 

If a bulb temperature is not reached which makes the thermostat trip, the 

compressor will, of course, continue to operate.

In extreme cases an abnormally low evaporating pressure may be found, and 

this also applies to the wattage consumption. At the same time, there may
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be a tendency for the compressor to operate 

at high housing and winding temperatures 

because of the low gas density.

Fig.54 shows the criterion upon which Dan-

foss bases its determination of correct 

charging, i.e. 4-7°C~7-13°F superheat 

across the evaporator.

When dealing with cases where the charge 

may be the cause of the trouble, it is very 

important also to be alert to other trou-

bles with corresponding fault indications, 

i.e. primarily capillary tube restrictions 

(see 3.2). In addition, it must be remem-

bered that capillary tubing and charge can 

only be adjusted to optimum operation at a 

specific ambient temperature. As described 

in 3.2, this can mean that, for example, 

low ambient temperatures may cause an ac-

cumulation of refrigerant in the condenser because of too low a condensing 

pressure. The result is insufficient refrigerant supply to the evaporator. 

In cases where a refrigerator has lost some of its charge, it is necessary 

to assume that the trouble originates from a leak. It is therefore impor-

tant not only to remedy the trouble temporarily by recharging , but also 

to locate the leak and to repair it, so that repeated service calls are 

avoided.

Oil return: Small quantities of oil circulate in any refrigerating system. 

They are harmless as long as the oil is not retained in the system.

Under adverse circumstances, the oil can be deposited in the evaporator, 

resulting in incomplete return. If the worst comes to the worst, this can 

mean a dangerous reduction of the oil quantity which is available for the 

lubrication and cooling of the compressor. The diagram in Fig.55 shows how 

a small reduction of the quantity of oil has an insignificant effect on the 

operating conditions of the compressor. lf, however, the quantity of oil 

is substantially reduced, the heat transfer to the compressor housing is 

reduced, and the winding temperature increases. At some time, the quantity 

of oil may have become so small that no further lubrication takes place. 

The current consumption will, therefore, increase, and the moving parts of 

the compressor will soon seize up.

Correct oil return need not be a problem. In general, it is simply a ques-

tion of keeping the gas velocities above a definite minimum limit. In near-

ly all domestic refrigerating systems, R12 gas velocities of between 3 and 

5 m/second are used in the evaporators.*)

*)Pohlmann in: Taschenbuch für Kältetechniker  specifies R12 gas velocities 

of 4 - 9 m/second on the suction side of small refrigerating plants.
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In this way, effective oil return is ensured without any substantial pres-

sure loss across the evaporator. Incidentally, if troubles are experienced 

in a tube-on-plate  evaporator, it is always possible to alter the tube 

dimension on the way .

While a well-dimensioned series circuit will never cause trouble as re-

gards oil transport, conditions are more problematic in parallel circuits, 

such as are often used in small roll-bonded  refrigerator evaporators. 

However, the possibilities of oil accumulation are also remote in these 

systems. On the other hand, a parallel circuit, as shown in Fig.55, must 

be considered as very dubious. The risk of the gas velocities being dif-

ferent in the two parallel halves is real, and hence the risk of oil accu-

mulation is also real. It is consequently advisable to treat parallel cir-

cuits with caution.

In principle the evaporator circuit may be designed for injection either 

at top  or at bottom .

Considering oil return, there is probably an advantage in using evapora-

tors with injection at top .

For relevant pressures and temperatures, R12 is completely miscible with 

recommended refrigerating machine oils. However, this is not the case with 

all refrigerants. Hence, conditions are quite different for e.g.R22, R115, 

and the azeotrope R502, (R502 consists of 48.8% R22 and 51.2% R115).
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For example, at low evaporating temperatures, very little oil can be dis-

solved in R22. If the quantity of oil is increased, separation of oil and 

refrigerant occurs. It has, therefore, often been the practice to mix R22 

with 5 - 10% of R12 so as to ensure oil return.

R22 is gradually being displaced by R502 for LBP purposes, but the oil 

return problems are the same. Experience shows, however, that by exerting 

adequate care during the dimensioning and running of tubes, it is possible 

to avoid troubles. In the case of R502, Du Pont has set up the following 

rules of thumb:

a) The velocity in vertical tubes must not be less than 3.7 m/sec.~

750 ft./min. In vertical riser pipes, velocities of 7.4m/sec.~

1500 ft./min. or more are recommended.

b) Evaporator tubes and return lines should be laid out with a slight

downward gradient, but an oil trap should be fitted ahead of vertical

riser pipes.

Fig.56 shows the miscibility of R502 and an approved type of compressor oil. 

Various defects: Evaporators, espe-

cially in refrigerators, may suffer 

from other faults and defects. They 

are often subjected to mechanical in-

jury by knives or sharp tools being 

used to loosen ice cube trays and fro-

zen goods. This procedure may result 

in damage to the surface finish or, in 

the worst cases, in actual punctures. 

Especially with roll—bonded  alumini-

mum evaporators, very serious galvanic 

corrosion may occur when the surface 

finish is damaged. If the unprotected 

aluminium surface comes into contact 

with copper ions, corrosion starts at 

once. Copper ions may be contained 

in melt water from overlying copper 

tubes, and in countries where domestic 

copper vessels are used, corrosion may 

occur if such a vessel is temporarily placed on a damaged evaporator sur-

face. More common are the instances of galvanic corrosion occuring at the 

copperaluminimum connecting pipe joints, originating from poor protection 

of the joint against moisture and food acids. Even if minor corrosion dam-

age can be repaired (see MK-A/F5, section 8), it is generally necessary to 

face the fact that most evaporators which have been subjected to galvanic 

corrosion must be scrapped.
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3 . 4 The Condenser.

The compression heat from the compressor is removed in the condenser, to-

gether with the heat transferred to the refrigerant in the evaporator.

During normal operation, superheated vapour occurs at the condenser in-

let, while slightly sub-cooled liquid occurs at the condenser outlet. The 

latter phenomenon varies, however, with the temperature conditions under 

which the refrigerating system is used. At low ambient temperatures, there 

will thus be a tendency for the lower tubes of the condenser to be filled 

with liquid to a higher degree.

The condenser may give rise to two different kinds of operational fault:

	 During operation, the heat emission effect may be insufficient, i.e.

	 the condensing pressure becomes too high.

	 During standstill periods, the condenser design may be such that liquid 

remains in pockets, evaporating slowly and thus increasing the so-called 

equalizing period.

When the condensing pressure increases, the compressor capacity decreases. 

At the same time, the work of compression is increased, i.e. the current 

and power consumption of the compressor increase, and the discharge gas 

temperature also increases. This may result in coking-up of the discharge 

valve.

Abnormally high condensing pressure is detrimental, primarily because it 

may cause overloading of the compressor. 

The overloading may be such as to result in tripping of the overload pro-

tector. The fact that a high condensing pressure does not always result 

in tripping of the protector may be dangerous. The compressor may be over-

loaded for a prolonged period, but the overloading is not observed until 

the compressor motor is burnt out.

In a statically cooled R12 refrigerating system, the condensing pressure 

during pull-down and freezing of ice should not exceed saturation pressure 

corresponding to 68-70°C~l54-l58°F while in the stationary condition it 

should not exceed 60°C~l40°F. In a fan-cooled system, the condensing pres-

sure will generally be lower.

A high condensing pressure may be due to one of the following factors:

a)	The condenser may have been selected too small, i.e. it is of

	 faulty construction.

b)	The condenser cooling conditions may be bad, either on account of

	 incorrect building-in or the inexpedient positioning of the refrigerator.

c)	The condenser may have been badly maintained, e. g. dust which has

	 accumulated in the course of time has not been removed. This may be

	 especially the case with finned condensers. (Fig.57).
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d) ln addition, the fan of a 

fan-cooled system may be de-

fective.

The condenser design must not 

influence the equalizing period 

of the refrigerating system. 

The design should therefore be 

such as to allow natural accu-

mulation of the condensed re-

frigerant at the base in front 

of the capillary tube.

If the condenser has not been 

designed in this way, there 

will be a risk of the equaliz-

ing period of the system becoming too long, with resultant tripping of the 

motor-protector when the thermostat cuts in (as described in 2.3). Various 

factors which influence the equalizing period w ll be dealt with in a sub-

sequent section.

3.5 Mechanical Compressor Troubles.

Proper operation of the refrigerator depends on the compressor being in 

good order, i.e. the compressor must circulate refrigerant, and in ample 

quantities. In the preceding sections, we have dealt with many types of 

trouble which result in the compressor failing to start and operate. But 

even if the compressor motor appears to work satisfactorily, other faults 

may occur to reduce or completely to impede refrigerant circulation. 

Troubles of this nature can be referred to the mechanical part of the com-

pressor, and are due either to faulty valve operation or leaks between the 

high- and low-pressure sides of the compressor.

Such faults may be more or less serious. They may vary in their effects 

from reduced capacity  to abso-

lutely no capacity .

If the compressor does not circu-

culate any refrigerant at all in 

the system, the result is, of 

course, that no pressure varia-

tions can be recorded. The evapo-

rator will, therefore, be warm

and the condenser will be cold .

Since no compression work is 

done, the power consumption will 
also be reduced.
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In the case of a small defect, the compressor will still circulate refrig-

erant, and the effect on the conditions in the system will be the same as 

if the compressor had been selected too small.

The practical result of this will be an increase in evaporating pressure 

and, hence, in the surface temperatures on the evaporator. At the same 

time, there will be a tendency for reduced condensing pressure. On the 

other hand, the effect on the power consumption will be less and depend 

on the nature and order of the defect. The best way to determine incorrect 

compressor capacities is by measuring the pressure in the system.

Nevertheless, mistakes can be made, especially by inexperienced service-

men. When a compressor is scrapped, it should always be further tested 

after removal from the system, and in any case before being returned for 

repair. This can be done as shown in Fig.59, since for specified conditions 

(compressor temperature, suction side pressure, and top pressure) the 

pumping capacity is measured by means of a flowmeter.

The test can be supplemented by testing the discharge valve and the tight-

ness of the delivery side, the compressor being stopped at the same time 

as the line is shut off at the flowmeter. Any pressure drop will then indi-

cate leaks in the compressor.

Danfoss has developed a preliminary test equipment (see T.-H.N.5.2.2. 

Fig.5), which to some extent can replace the arrangement in Fig.59. By us-

ing this equipment it is possible to test whether the compressor can pump 

up to a predetermined top pressure e.g. 9 atm.g.~128 psig. In addition, 

leak-back testing can be carried out.

This is done by stopping the compressor, since the built-in back-pres-

sure valve then closes at a small pressure drop. The test equipment gives 

a rough impression only of the compressor pumping capacity, since the air 

volume is not measured. Experience shows, however, that if the compressor 

stands the test, there is comparatively little likelihood of a capacita-

tive defect.
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Complaints are occasionally received concerning refrigerator noise level, 

and the compressor is generally considered to be the source of the noise.

Such complaints may be correct, but quite often they are not. By and 

large, it is possible to distinguish between two categories of compressor 

noise, i.e. noise caused by actual mechanical defects and a more subjec-

tively determined noise.

As regards mechanical defects, the cause of complaint can be irritating 

metallic noise during operation which can be referred to the interior of 

the compressor. Such troubles, which may originate, for example, from dam-

age in transit, are generally so self-evident that they need not be dis-

cussed further here.

It is a different matter with more subjective complaints, because the 

noise level which is satisfactory to the average consumer may not be sat-

isfactory to more critical ears. In the same way, it is obvious that a 

refrigerator may be unacceptable in one room, but acceptable if moved to 

another.

When a complaint is considered justifiable, it will certainly not always be 

the compressor which is the source of the noise.

The noise level is largely dependent on the way in which the compressor is 

built into and fixed to the refrigerator.

Fig. 61 shows different fitting and construction faults which may be the 

case of the noise complaints.

The noise emitted by a compressor can be divided into the categories of 
air-borne  noise, vibrations, and gas pulsations.

The latter two types of noise  may cause the construction elements to vi-

brate when certain external conditions prevail.
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The rattling of tubes is a

wide spread type of noise

originating from metallic

contact between vibrating

tubes and plates, or be-

tween individual tubes. 

Care is therefore necessary 

when

fitting the suction line and

capillary tube coils. For

example, behind a back con-

denser  it may be necessary 

to fix the tubes in a vibra-

tion-damping material.

Many vibrations can be 

damped-out by equipping the 

delivery line and, if nec-

essary, the suction line

also with a tube winding.

Sometimes, up to 25cm~10in.

of process tube is left on 

the compressor. This length 

of tube may vibrate and may 

make contact with other 	

tubes and plates.

The condenser may also be fixed with greater or less rigidity. The best way 

of fixing it is, of course, by using a method which does not result in di-

rect metallic contact with the cabinet.

The compressor is generally fixed by means of special rubber bases. The 

purpose of such bases is to isolate the compressor from the crossbar of 

the refrigerator. The rubber bases must, therefore, not be compressed to 

any considerable degree as otherwise the distance piece will transmit vi-

brations.

The crossbars - or any baseplate in the machine room - may be badly con-

structed the thinner the material, the more the probability of complaints.

The same remark applies to the cabinet construction proper.

It will pay to be cognizant of the possible multiple causes of noise com-

plaints.
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3. 6 Pressure Equalizing and Standstill Periods.

In refrigerating systems where capillary tubing is used, pressure equal-

izing takes place between the discharge and suction sides during the com-

pressor standstill period.

Provided that this period is always long enough for pressure equalizing to 

take place before the compressor starts again, heavy demands are not made 

on the motor starting torque.

For this reason, LST compressors are normally used in systems with capil-

lary tubing, i.e. compressors with a low starting torque.

In far too many cases, however, the prerequisites for using LST compres-

sors are not fulfilled, since the standstill period is shorter than the 

pressure equalizing period. There is then a- great risk of compressor 

failure during restarting, manifested by the motor being unable to over-

come the starting resistance. The locked rotor  condition previously men-

tioned will then occur, causing the motor protector to cut in very rapid-

ly.

Faults of this nature have to some extent been described in section 2.3. 

In what follows, these conditions will be further described, but with spe-

cial weight attached to the influence of system components and thermostats 

on the pressure equalizing and standstill periods. Fig.62 shows the pres-

sure and temperature variations possible in a system during thermostati-

cally controlled operating and standstill periods.

It should be noted that pres-

sure equalizing is complet-

ed before the thermostat bulb 

attains the cut-in tempera-

ture of the thermostat.

In this instance, there-

fore, the standstill period 

is longer than the pressure 

equalizing period. Hence, the 

starting properties of the 

LST compressor must be con-

sidered.

It is obvious that a conflict 

may easily occur between the 

pressure equalizing peri-

od and the standstill peri-

od. The foundation of such faults may already have been established at the 

design stage. In other instances, conditions in the system or around the 

thermostat may change during the refrigerator life and give rise to com-

plaints
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- perhaps after several years of operation. In what follows, conditions 

affecting the pressure equalizing period are first dealt with, and then 

conditions affecting the standstill period are considered.

Pressure Equalizing Period.

Since pressure equalizing takes place through the capillary tube, the flow 

resistance in this tube is of decisive importance to the equalizing rate. 

The resistance may increase in the course of time, e.g. because of incipi-

ent clogging-up.

For this reason, among others, it is expedient to follow the dimension-

ing rule mentioned previously, which states that a capillary tube of large 

inside diameter and greater length is to be preferred to a capillary tube 

of small inside diameter and lesser length. It is also important that the 

refrigerant from the condenser should have direct access to the capillary 

tube inlet.

Refrigerant liquid is generally present in the lowest part of the condens-

er. Since, as is well known, liquid has a much smaller specific volume than 

vapour, direct liquid supply to the capillary tube during pressure equal-

izing will be advantageous, rather than a preceding variation of state. 

Allowance for this can be made by the method of condenser construction and 

the correct positioning of the capillary tube.

Fig.63 shows a two-row condenser 

designed for fan cooling. If tub-

ing is used as shown in the example 

marked Wrong , liquid may already 

be present in the first tube row at 

small loads. This means that the 

liquid must evaporate before it can 

pass the capillary tube.

Hence, the equalizing period may 

become unreasonably long. On the 

other hand, the example denoted 
Right  shows the effect of natural liquid collection at the condenser bot-

tom with easy discharge to the capillary tube.

The example in Fig.64 shows three different ways in which the drier and 

capillary tube inlet may be arranged. It is clear that the conditions in 

the examples B  and A  to the right offer a much better chance of rapid 

pressure equalizing than the example to the left.

The extent of the pressure equalizing period also depends on the total re-

frigerant volume in the condenser.

The tube dimension used in the condenser should therefore not be larger 

than necessary.
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In simple refrigerating systems, for example conventional refrigerators, 

it is possible to have equalizing periods of 3 - 5 minutes. In freezers it 

is generally necessary to reckon on about 8 minutes.

Standstill Period.

The standstill period of a refrigerator is partly determined by the ther-

mostat differential and partly by the rate at which the bulb tempera-

ture increases. By choosing thermostat differentials of not less than 

8°C~l4,4°F for refrigerators and of not less than 6°C~l0,8°F for freezers, 

the standstill period is assumed to make suitable allowance for the equal-

izing period. But it is, of course, necessary for the thermostat bulb not 

to be subjected to rapid temperature increases.

The way the bulb is placed on the evaporator is, consequently, of some 

importance. The examples below are taken from a freezer with a tube on 

sheet  evaporator.

In principle, the bulb 

can be placed in one of 

the five positions shown

in Fig.65. We shall con-

sider the advantages and 

disadvantages of these 

different positions

If the bulb is fitted

at 1 , the result is

rapid temperature

variations at the bulb
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- especially at low ambient temperatures. There is then a risk of the cut-

out temperature of the thermostat being reached before the temperature 

drop on the evaporator has been sensed. Since the running period becomes 

very short, the standstill period will also be short. This is because the 

brief running period has not permitted any substantial accumulation of 

cold on the evaporator coil and in the box Hence, the temperature at the 

bulb increases rapidly.

A position as shown at 1  will, therefore, increase the risk of excessive 
running and too many protector trips.

If the bulb is fitted 

at 2 , there are the

following risks:

A) Since refrigerant

liquid always col-

lects in the bottom of 

the evaporator dur-

ing a standstill peri-

od, priming will take 

place during restart-

ing.

This may affect the 

bulb, resulting in 

a rapid temperature 

drop, so that the cut-

out temperature of the thermostat will soon be reached.

B)	Since no accumulation of cold has taken place during the brief operating 

period, the bulb temperature will rapidly increase.

C)	During the short period elapsing before the thermostat cuts in again,

	 pressure equalizing cannot be achieved. The compressor will, therefore,

	 probably fail during the subsequent starting attempt, and the protector 

will come into action.

	 Soon after the motor protector cuts in again, and if pressure equalizing 

has been completed, the compressor restarts.

D)	The refrigerant remaining in the bottom of the evaporator will now boil 

away, resulting in a small temperature drop at the bulb. This drop may, 

however, be succeeded by a transient temperature increase, because it 

may be some time yet before the refrigerant from the evaporator inlet 

reaches the bulb. Not until then will there be a correct temperature 

drop and, hence, an actual running and standstill period.

Position 3  is also unfortunate, because the bulb is actuated much too 

easily by variations of charge in the system.
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It is possible for 

mass production manu-

facture to result in 

an unfortunate com-

bination of absolute 

charge, total evap-

orator volume, and 

compressor capacity, 

causing the system 

to be insufficiently 

filled.

During operation 

with the consumer, it is also possible for the system to lose some of its 

charge. Such a deviation from the optimum charge volume may not prevent 

the freezer being used as planned, but since it increases the superheating 

zone at the evaporator end, it can prevent a sufficient temperature drop at 

the bulb, so that the thermostat does not cut out.

Position 3  may, as is evident, result in increased running time or even 
100% running time. On the other hand, there will be no trouble with pres-

sure equalizing and protector tripping.

To remedy the fault, it is necessary to readjust the charge in the system 

or to adjust the thermostats individually.

If the bulb is fit-

ted as shown in 

example 4, the fol-

lowing conditions 

must be noted:

A) As the bulb is

fitted directly on 

the inner box, it 

can be affected 

by the actual load 

conditions.

If, for example, a

number of parcels 

of frozen goods are

placed near the 

bulb, the cold ac-

cumulated in these parcels may extend the standstill period.

B) As compared with examples where the bulb is placed on evaporator coils

or channels, position 4  requires a smaller thermostat differential.

CF.70.01.02	 Page 65

Fig.68

Fig.67



C)	According to A, there may be a substantial difference between the tem-

perature sequences which occur at the bulb, depending on whether the box 

is operating with or without load. This bulb position therefore requires 

a special allowance to be made for this fact during the laboratory tests 

on which the selection of the thermostat is based.

D)	As is well known, the thermostat reacts to the lowest temperature in the 

assembly of bulb, capillary tube, and bellows element. Position 4  has 

the effect that the thermostat control is based on a surface tempera-

ture which is higher than the lowest temperature which occurs, i.e. the 

temperature at the evaporator coils. This bulb position is, therefore, 

especially sensitive to instances where the thermostat capillary tube 

may make contact with the evaporator coils or channels. In such cases, 

the running and standstill periods are shortened, and there is a risk of 

protector tripping during restarting.

E)	Position 4  will also be affected by any failure of contact between the 

evaporator coil and the inner box.			     

	 In the case of poor contact, the temperature difference between the bulb 

and evaporator coil is increased.			      			 

	 Position 4  is, therefore, more suitable for roll-bonded evaporators, 

because these are more likely to give good heat conduction.

Position 5  does not 

result in the disad-

vantages described 

for the other bulb 

positions. It is 

therefore recommend-

ed that this position 

should be used, espe-

cially in the case of 

freezer evaporators 

of the tube on sheet

									             design.

In order that the thermostat should act as intended, not only is correct 

positioning of the thermostat bulb necessary, but the bulb pocket must 

also be of proper design, and good contact must be ensured between the 

bulb and bulb pocket, as well as between the bulb pocket and evaporator.

Fig. 70 shows some of the mistakes which can be made.

Here, the bulb pocket is of incorrect design, since there may be some 

doubt as to the actual bulb position. 
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If the bulb pocket 

had not been bent 

and if it had been 

closed at the

end, the bulb could 

have been placed as 

required with great-

er ease and securi-

ty.

The bulb pocket 

shown is also wrong 

because it crosses 

the evaporator coil, 

thus increasing the 

risk of second-

ary contact with the 

evaporator. Another fault is that the bulb pocket - due to its projection 

into the machine room - permits heat transmission between the machine room 

and the evaporator. Hence, the bulb may be adversely actuated so that the 

standstill period is shortened, and the risk of protector tripping dur-

ing restarting is increased. Another disadvantage is that the bulb pock-

et shown may cause ice to form on the projecting portion, with subsequent 

transmission of melt water to the machine room during standstill periods. 

An old rule-of-thumb is that the thermostat bulb should preferably be fit-

ted in the last third of the evaporator circuit. Fig.71 shows that this 

rule also applies to refrigerator evaporators, and that the conditions de-

scribed above in regard to the positioning of thermostat bulbs on freezers 

also apply to some extent to refrigerator evaporators. 

The inlet of the 

evaporator shown 

is at point A. 

B is a measuring 

point situated 

a quarter of the 

distance along of 

the series circuit 

from the end. 	
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The bulb was originally fitted at point C .

The upper temperature diagram shows that this bulb position results in a 

relatively short running period, since the bulb is soon actuated by the 

evaporating refrigerant. On the following section of the evaporator cir-

cuit, the temperature reduction is reduced and delayed. At the cut—out 

temperature chosen for the thermostat, the result is a considerably lim-

ited cold accuinulation in the evaporator. The standstill period is there-

fore short, and there is thus a risk of conflict with the equalizing period.

In the lower temperature diagram, the advantageous effect of moving the 

bulb to a point further on in the series circuit (point D ) is seen. The 

result is a prolonged running period, since the thermostat bulb is influ-

enced later by the circulating refrigerant. Hence, also the cold accumula-

tion in the evaporator and the standstill period are increased. Because of 

the alteration shown, the percentage running time has been increased from 

approx. 52% to about 59% only.

The bulb position chosen (D) is the best solution in the present case.

However, wherever practically possible, it is preferable to avoid placing 

the bulb on the bottom horizontal face of the evaporator, since in this 

position it may be affected by frozen goods and ice trays.

Incidentally, there is a risk of the cold accumulation in such cases in-

creasing the standstill period to an unreasonably high degree. The result 

may be incipient defrosting at the evaporator top which is undesirable.

4. Refrigerator Insulation.

Insulation - Cold Bridges .

If a refrigerator or freezer does not meet the temperature demands made 

on it, the fault need not necessarily be in the refrigerating system. The 

cause of unsatisfactory operation may be due to bad design as well as 

faulty refrigerator manufacture.

It is obvious that the insulation of the refrigerator must be in good or-

der. Inparticular, with foam-insulated refrigerators, the insulation must 

be of the specific gravity specified, and above all must be uniform and 

without cavities.

Fig.72 shows a very unfortunate example of the poor foam-insulation of a

freezer. Similary, the insulation of glass wool and rock wool insulated 

cabinets must not collapse. The rated thickness of the insulation plates 

must be selected in compliance with the insulation cavity chosen and in 

such a way that the plates are not compressed to any considerable degree.

Inadequate cabinet temperatures may also be due to so-called cold bridges , 

i.e. sections of the construction where heat transmission from the outer to
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the inner cabinet may occur because of

conduction or convection. Such faults

will be most frequent around frarne and

door seal sections.

Fig.73, section A, shows a very poor

assembly of inner and outer cabinets.

In. this case, a polyurethane-insulated

refrigerator was involved, and the inner

cabinet was made of enamelled steel pla-

te. The moulding used provides quite

inadequate insulation, and it was actu-

ally found that the K.F-value of the

cabinet could be reduced to 80% of the

original value by reducing the heat con-

duction.

Fig.73, section B, shows a more modern 

frame design for a polyurethane-insula-

ted cabinet.

Fig. 74 shows two clo-

sely related designs of 

frame pieces and door 

seals in glass wool in-

sulated cabinets. 

In the example, secti-

on A, the length of the 

inward-bent fin of the 

outher cabinet can be 

criticized, since it may 

have an unfavourable 

effect in freezers. The 

example in Fig.74, sec-

tion B. is ideal.
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Fig. 75 shows another type of cold bridge. In the example shown, the in-

ner cabinet has been centered relative to the outer cabinet by means of 

a few welded-on distance pieces. In this 

way, direct contact is created between 

the inner and outer cabinets. The freezer 

in question was equipped with an anti-dew 

coil, presumably because the cold bridge

made it necessary.

With the anti-dew coil out of operation, 

it was ascertained that the surface tem-

perature around the cold bridges was 

5-7°C~ 9-13°F lower than the ambient tem-

perature.

Removing the cold bridge resulted in a 

reduction of the cabinet temperature by 

2-3°C~ 3.6 - 5.4°F
Cold bridges  must be avoided not only 

because of the capacity loss they cause, 

but also because they may bring about con-

densation on the outer cabinet. This may 

result in unnecessary expenditure on in-

stalling anti-dew coils or electric heat-

ers.

Fig.76 shows the surface temperature 

which result in condensation of dew at 

different ambient temperatures and rela-

tive humidities.

In combined refrigerator-freezers with

two doors it is sometimes a problem to

avoid condensation of dew between the 	

doors.

Fig. 77 shows two versions of the same

appliance. The original design (section A) 

required an anti-dew arrangement, but this 

could be avoided by introducing a modi-

fication, seen in section B. The modified 

construction of the insulation not only 

results in increased insulation thickness 

but also reduces the convection between 

the interior of the freezer section and 

the metallic centre frame.
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In some cabinet

designs it may be 

inexpedient to in-

crease the insula-

tion so that con-

densation of dew is 

avoided. In such 

cases it is nec-

essary to use an-

ti-dew arrangements 

and disregard the 

resultant capacity 

losses.

Fig.78 shows two ex-

amples of frame ar-

rangements in two-

door refrigerator/freezer cabinets.

In one case, condensation is avoided by the use of an electric heater in 

the other case, heating is provided by utilizing the pressure side gas of 

the refrigerating system.

5. Thermostat.

The object of the thermostat is to control the temperatures in the refrig-

erator, and this component must be the first to be considered when abnormal 

temperature conditions prevail.

The thermostat may have an abnormal  effect on refrigerator operation, for 

the following reasons:

The range and/or the differential may be wrong.
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If the cut-out temperature is too low, the temperature in the refrigerator 

will also be too low. The running period is increased, and the power con-

sumption over a given period will also be increased.

If the cut-out temperature is too high, the temperature required cannot be 

reached in the refrigerator.

If the thermostat has lost its charge, cut-in will not occur.

If the differential chosen is to small, the compressor standstill period 

will become too brief, and the motor protector may trip because of insuffi-

cient pressure equalizing when the thermostat cuts in.

The choice of a too large differential, coinciding with too high temper-

ature range may, during stand-still periods, raise the temperature of re-

frigerator evaporators,enough for these to defrost.
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