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SINGLE PHASE MOTORS
There are four basic types of single phase motors used 
in hermetic and semi-hermetic compressors:
 • Split Phase or Resistance start - Induction Run 

(RSIR) 
 • Capacitor Start - Induction Run (CSIR)
 • Capacitor Start - Capacitor Run (CSCR)
 • Permanent Split Capacitor (PSC)
 •  Schematic diagrams of each type are shown in 

Figures 1,2,3 and 6
 

Figure 1
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START RELAYS
Current and potential relays are used to actuate com-
ponents that provide the torque to start single phase 
motors.

 
Figure 2
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The Current Relay
Current relays are used on small fractional horsepower 
compressor motors. The current relay contacts are 
normally open when de-energized. Its coil is wound with 
heavy wire and is placed in series with the incoming 
power line (Figure 1). The connections to the current 
relay are L, M, and S. Alternate connections are 1,5, and 
2. When the compressor is energized inrush currents 
pass through the current relay coil, and its contacts close 
and connect the start winding to the motor circuit. The 
start winding is wound with a higher resistance than the 
run winding. This changes its phase current with respect 
to the run winding and produces the torque required for 
motor starting. The relay’s contacts open when current 
drops as the compressor comes up to speed, and the 
start winding is disconnected from the motor circuit. 

The Potential Relay
The potential (voltage sensing) relay places the start 
capacitor in series with the start winding. It does so by 
sensing voltage across the start winding, rather than line 
current as does the current relay.

The contacts of the potential relay are normally closed 
(Figures 2, and 3), and the start capacitor is connected 
to the start winding as soon as power is applied to the 
compressor motor. The relay’s coil senses the voltage 
developed across the start winding. It is designed to pick 
up, open its contacts, and disconnect the start capacitor 
from the start winding, when suffi cient voltage is gener-
ated. Since the voltage or back-EMF generated by the 
start winding is proportional to motor speed, the relay will 
open only when the motor has started and is approach-
ing normal running speed.
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Figure 3

START CAPACITORS
Start capacitors are used on compressors where system 
designs require high starting torque. Start capacitors are 
designed for intermittent service only and have a high 
microfarad (MFD) rating. Their construction is of the 
electrolytic type in order to obtain high capacitance. 
 
All standard Copeland® start capacitors are supplied with 
bleed-resistors securely attached and soldered to their 
terminals as shown in Figure 4.
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Figure 4 

The use of capacitors without these resistors will result 
in sticking relay contacts and/or erratic relay operation 
especially where short cycling is likely to occur. This is 
due to the start capacitor discharging through the relay 
contacts as they close, following a very short running 
cycle. The resistor permits the capacitor charge to bleed 
down at a much faster rate, preventing arcing and over-
heating of the relay contacts.

The use of capacitors supplied by Emerson Climate 
Technologies, Inc. is recommended. If a substitute 
capacitor is used, it must meet EIA Standard 463 (Type 
1, heavy duty). In case of an emergency exchange, a 
15,000-18,000 ohm, two watt resistor should be soldered 
across the terminals of each start capacitor. Care should 
be taken to prevent their shorting to the case or other 
nearby metallic objects.

If sticking contacts are encountered on any start relay, 
the fi rst item to check is the start capacitor resistor. If 
damaged, or not provided, install a new resistor, and 
clean the relay contacts or replace the relay. Suitable 
resistors can be obtained from any electronic parts 
wholesaler or retailer.
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RUN CAPACITORS
Run capacitors are used on compressors to improve ef-
fi ciency, raise the motor’s power factor, and lower noise.
Run capacitors are continuously in the operating circuit 
and are normally of the metallized fi lm type. They are 
manufactured in oval (Figure 5) or round cans. The use 
of capacitors supplied by Emerson Climate Technologies 
is recommended. If a substitute run capacitor is used, it 
must meet EIA Standard 456 or IEC 60252-1.

 
Figure 5

THE PTC START ASSIST
The PTC (Positive Temperature Coeffi cient) resistor is 
used for applications where high starting torque is not re-
quired. The PTC resistor is connected in parallel with the 
run capacitor, placing it in series with the start winding 
(Figure 6). The PTC has a low resistance when it is cold. 
When the motor starts, the low resistance causes a large 
current to fl ow through the resistor. The current drawn by 
the resistor is out of phase with the current drawn by the 
motor windings, and this provides the torque to start. As 
soon as the resistor draws current, it begins to heat, and 
the positive temperature effect of the resistor causes it 
to rapidly increase its resistance. By the time the motor 
reaches full speed, very little current is drawn by the re-



A8

sistor. Although it remains connected to the motor circuit, 
it has no signifi cance in the operation of the compressor.

 
Figure 6

 
Capacitor Voltage
The voltage rating of a capacitor indicates the high-
est nominal voltage at which it is designed to operate. 
Use of a capacitor at voltages below its rating will do no 
harm. Run capacitors must not be subject to voltages 
exceeding 10 percent of the nominal rating, and start 
capacitors must not be subjected to voltages exceeding 
30 percent of the nominal rating.
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The voltage to which a capacitor is subjected is not line 
voltage, but is a much higher potential (often called back 
electromotive force or back EMF) which is generated in 
the start winding. On a typical 230 volt motor, the gener-
ated voltage may be as high as 400 volts and is deter-
mined by the start winding characteristics, the compres-
sor speed, and the applied voltage.

PARALLEL AND SERIES CAPACITORS
Capacitors, either start or run, can be connected in 
series or parallel to provide the desired characteristics if 
the voltage and MFD are properly selected. When two 
capacitors having the same MFD rating are connected 
in series, the resulting total capacitance will be one half 
the rated capacitance of a single capacitor. The formula 
for determining capacitance (MFD) when capacitors are 
connected in a series is as follows:

  1   1   1____ = _____+ ____
MFDt MFD1 MFD2
 
 For example, if a 20 MFD and a 30 MFD capacitor are 
connected in series, the resultant capacitance will be:

   1   1   1____= _____+ ____
MFDt    20    30
 
   1   3   2   1____= _____+ ____= ____
MFDt    60    60  12

MFDt = 12MFD
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The voltage rating of similar capacitors connected in 
series is equal to the sum of the voltage of the two 
capacitors. However, since the voltage across individual 
capacitors in series will vary with the rating of the capaci-
tor, for emergency fi eld replacements, it is recommended 
that only capacitors of like voltage and capacitance be 
connected in series to avoid the possibility of damage 
due to voltage beyond the capacitor limits.

When capacitors are connected in parallel, their MFD 
rating is equal to the sum of the individual capacitances. 
The voltage rating is equal to the lowest voltage rating of 
the individual capacitors.

It is possible to use any combination of single, series, 
or parallel start capacitors, with single or parallel run 
capacitors (run capacitors are seldom used in series).
 
MEASURING MOTOR TEMPERATURE
During system engineering development or in attempting 
to evaluate the ability of a compressor motor to operate 
under severe conditions, it is often desirable to measure 
motor temperatures under extreme conditions. In the 
laboratory during compressor development, tempera-
ture measurements of this type are made by means of 
thermocouples embedded in the motor windings with the 
leads brought out through gasketed surfaces. In evaluat-
ing a production compressor in a system, thermocouple 
readings are not usually feasible, and the only means of 
checking motor temperatures is by checking resistance 
values.

The resistance through the motor windings varies in a 
ratio to the change in winding temperature. By establish-
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ing a base resistance value at a given base temperature 
(normally room temperature after storage for a prolonged 
period without operation) any change in the temperature 
of the motor windings can be calculated by determining 
the change in winding resistance. The resistance meth-
od, since it reads the overall resistance of the winding, is 
an average reading and does not accurately refl ect the 
temperature that might exist at hot spots. In some cases, 
there may be hot spots that can reach temperatures of 
40°F or more above the average reading so resistance 
readings must be evaluated very conservatively.

Motors may be wound with either copper or aluminum 
wire, and it is necessary to know the motor construction 
since the resistance change varies depending on the 
type of wire. The basic formula for calculating winding 
temperature is as follows:

 RhTh = ___  (Tc + K) - K
 Rc

Th = Temperature hot
Tc = Temperature cold
Rh = Resistance hot (ohms)
Rc = Resistance cold (ohms)
Kcopper = 390.1 for °F, 234.5 for °C
Kaluminum = 365.8 for °F, 221.0 for °C

MEASURING WINDING RESISTANCE

DISCONNECT ALL SOURCES OF POWER TO THE 
COMPRESSOR BEFORE MAKING ANY RESIS-
TANCE MEASUREMENT
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Compressor Wiring Diagrams
Compressor wiring diagrams with motor winding connec-
tions and numbering are often used as a reference for 
compressor motor winding resistance measurements. 
Electrical Handbook wiring diagrams show the compres-
sor motor with its windings connected for its design volt-
ages. The compressor motor windings are also shown 
unwired and labeled so that if it is necessary, individual 
winding resistances can be measured and compared 
to each other.

The pages of Section G of the Electrical Handbook 
that are headed Copelametic Wiring Diagrams and 
Welded Compressors Wiring Diagrams list applicable 
wiring diagrams. They are indexed by the portion of the 
Copeland® compressor model number that references:
 
1. Compressor Model
2. The Compressor Electrical Characteristics: the type 

of motor, type of overload protection, voltage and 
phase.

A typical compressor model number 4DH3R22ME-TSK 
indicates a 4D Compressor Model with TSK Compressor 
Electrical Characteristics (see Section D of the Electrical 
Handbook for further compressor model nomenclature). 

Ohmmeter Resistance Measurements.
Electrical Handbook (See Section F) pages designated 
Electrical Data-Copelametic Compressors, Electrical 
Data-Copeland Scroll Compressors, and Electrical 
Data-Welded Compressors have columns that are 
headed Winding Resistance (Ohms).
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The resistances shown are compressor motor resistanc-
es measured when the motor is connected for the volt-
age shown in the Electrical Data column headed Volts.
Measurements must be taken with all external con-
nections removed from the winding terminal blocks, 
but winding connection jumpers (if system voltage 
has been selected) inplace. Resistance measurements 
should be within plus or minus 10% of the listed resis-
tance.

The most satisfactory instrument for all winding resis-
tance measurements is a low range digital ohmmeter 
since many of the winding resistances listed are in frac-
tions of an ohm.
 
MEASURING RESISTANCES OF SINGLE VOLTAGE 
RANGE MOTORS (Single Phase and Three Phase)
Measurements are straightforward for single phase 
and three phase compressors that can only be wired 
across the line for a single voltage.



A14

1. Single phase motors have a Start Winding, a Run 
Winding, and a Common connection between them. 
Therefore, the measurements are listed as: Start 
Winding: “C” (Common) to “S” (Start), and Run Wind-
ing: “C” (Common) to “R” (Run). See Figure 7.

 

Figure 7

2. On Three phase motors having a single voltage range 
the resistance measured is actually twice that of an 
individual winding since the centers of 3 lead, Wye 
wound motors are internally connected and cannot be 
reached for measurement. See Figure 8.
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Figure 8

MEASURING RESISTANCES AND ELECTRICAL 
CONNECTIONS OF DUAL VOLTAGE THREE PHASE 
MOTORS (Single Contactor and Part-Winding or Two 
Contactor)
The resistances listed in Section F, under the column 
headed WINDING RESISTANCE IN OHMS, LINE TO 
LINE are the values for a one contactor, across-the-
line start. When a six or nine lead motor is connected 
for a two contactor part winding start or across-the-line 
start, the phase-to- phase ohm value will be twice (x2) 
the value listed. When a nine lead motor is connected 
for high voltage, 460 volts, the phase-to-phase ohm 
value will be four times (x4) the listed value of the 230 
volt value. If individual resistance measurements are 
needed, for a nine-lead motor, disconnect all jumpers 
and refer to Figure 9.
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There are three individual windings (1-4, 2-5, and 3-6) 
and one wye-connected winding (7-8-9). The individual 
winding resistances are equal to the compressor’s 230 
volt connected resistance measurement of Section F. 
The wye winding value is twice the 230 volt resistance 
measurement of Section F. 

 

Figure 9

Electrical connections are made through contactors 
to the compressor motor terminals. Brass jumper bars 
must be connected to the motor terminals to allow one 
or two contactors to be used for either across-the-line or 
part-winding starts. If the windings are connected out of 
phase, in any application, or if the jumper bars are not 
positioned correctly, motor overheating and failure will 
occur. 
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Six-lead motors are single voltage motors such as 200 
or 460 volts. Nine-lead motors are dual voltage motors 
such as 208-230/460 volts.
 
Figure 10 shows the electrical connections for a six lead 
200 or 460 volt single contactor application. 

 
Figure 10

Figure 11 shows the electrical connections for a six lead 
200 or 460 volt two contactor across-the-line or part-
winding start application. The dotted lines mean power 
connections are made electrically rather than by jumper 
bars.

 
Figure 11
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Figure 12

Figure 12 (top) shows the electrical connections for a 
nine lead, 208-230/460 volt, single contactor applica-
tion when connected to 208 or 230 volts. It also shows 
(bottom) the electrical connections for a two contactor 
application when connected to 208 or 230 volts for an 
across-the-line or part- winding start.
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Figure 13

Figure 13 shows the electrical connections for a nine-
lead 208-230/460 volt single contactor application when 
connected to 460 volts.
 
Part-winding starts require a time delay relay. The time 
delay relay used in a part-winding start application, for 
either six- or nine-lead motors, must have a one second 
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delay and must be used between the pull in of the fi rst 
and second contactors. Part-winding contactors must be 
sized based on the compressor motor Rated Load Amps 
(RLA) and the Part Winding Start, Locked Rotor Amp 
(LRA) rating. See Section F.

Measurements Using The Megohmeter or “MEGGER”
When using a megohmeter to evaluate the motor 
insulation of compressors, it is important to understand 
that they are not intended to be used for a single read-
ing. They were developed to establish a trend. In other 
words, “meggers” are best used as part of a regular 
maintenance program where periodic readings can be 
recorded and a long term insulation resistance trend 
established.

There are many factors that affect megohm readings 
including contaminated refrigerant, oil level, and cur-
rent leakage through electrical fusites or terminal plates. 
Before making a measurement, all external wiring should 
be removed, and all electrical terminal bolts cleaned and 
torqued to specifi cations.

Measurements Using The High Potential Or “Hi-Pot” 
Tester 
Ohmmeter readings usually determine if a motor is 
shorted or open, but a motor that has passed ohmmeter 
resistance checks may still have repeated overload or 
short circuit protector trips.

The motor may have a weakened winding that shorts 
to ground when the compressor is called on to run. 
The winding breakdown can be caused because of the 
system voltage applied to it, heat build up, or mechani-
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cal stresses. It may also have a terminal board that has 
developed an insulation breakdown from a terminal to 
ground or from a terminal to another terminal.

A “Hi-Pot” tester can be used in conjunction with an 
ohmmeter to check for insulation failure on both welded 
compressors and Copelametic compressors. The ter-
minal board check can only be made on Copelametic 
compressors. 

A “Hi-Pot” tester develops a high voltage, low current 
power source and is used to check for an insulation 
breakdown that the ohmmeter with its low voltage 
power source may miss. It measures winding insulation 
resistance to ground and (where applicable) terminal 
board resistance from terminal to ground and from ter-
minal to terminal. To measure winding insulation resis-
tance, all wiring is removed from the motor winding 
terminals. To measure terminal board resistance, all 
wiring is removed from the terminal board.

The “Hi-Pot tester” should never be:

1. Operated alone or by an inexperienced service per-
son.

2. Set at a voltage of more than twice the compressor 
operating voltage plus 1000 volts.

3. Be set for more than 5 milliamps without consulting 
Emerson Climate Technologies, Inc.

4. Applied for more than the time it takes to obtain a 
reading (no more than a few seconds).

5. Used as a phase-to-phase winding check.
6. Used on any other part of the compressor.
7. Used when the compressor (system) is in a vacuum.


