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Elecic
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There’s a fact that is true for every piece of industrial equipment, including electric
motors. It’s not a question of IF equipment will breakdown, it’'s HOW and WHEN. To
top it all off, electric motors can’t tell you when they are going to fail, they just do.

There are three over arching principles when it comes to making sure your motors are
running efficiently and avoiding downtime.

1. Proper Motor Application
2. Correct Motor Installation

3. Proper Maintenance Practices

A key aspect of those proper maintenance practices is effectively monitoring the
condition of your facility's motors.

This guide is a tool for your maintenance team to not only understand how to perform
common on-site testing of electric motors but also how these tests work, common
causes of motors failures and their symptoms.
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OFFLINE STATOR TESTING

Shaft / Goupling 2%

The purpose of this document is to provide an Rotor Bar 5%

understanding of offline motor testing (3 phase, Unknown 10%

460 vac and under).

While bearings account for the majority of AEX/tBr"al 16%
motor failures (more than all other causes
combined), this document focuses on the

testing and inspection of stator windings.

Bearings 519
g8 ol Stator Windings 16%
Stress Type Common Actual Stress or Damage
Thermal Thermal aging, thermal overload, voltage variation, voltage unbalance, ambient, load
cycling, starting and stalling, poor ventilation
Flectrical Dielectric aging, transient voltages, partial discharge (corona) tracking
Mechanical Winding movement, damaged motor leads, improper rotor-to-stator geometry, abrasion,
defective rotor, flying objects
Environmental Moisture, chemical, abrasion, poor ventilation, excessive ambient

Primary Offline Testing

« Winding Resistance ACE/.YL.X\

« Insulation Resistance E!%\E!H!’E&
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INSULATION RESISTANGE (MEGGER TEST)

This test applies DIRECT CURRENT between the winding and the
frame (ground), typically with a megohmmeter. If the phases of
the winding can be isolated, such as with a wye-delta connection,
testing each one separately.

Imagine that you're trying to get the attention of someone on the
other side of a wall. The thicker the wall the harder it will be for
them to hear you. When it comes to your motors, the winding’s
insulation is a barrier / “wall” making it more difficult for

electricity to connect to ground. The strength of this wall is

measured in megohms (MQQ).
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INSULATION RESISTANGE (MEGGER TEST)
WHAT CAUSES INSULATION TO FAIL?

e Moisture

e (ontaminants

e High Heat

e Vibration

e (orrosive Vapors

Over time, the effects of these factors will breakdown

insulation.

It’s not a matter of IF insulation will fail, it’'s WHEN.

HOW WE MEASURE INSULATION RESISTANGE

As small openings or cracks are created, foreign matter
penetrates the insulation, this causes a low resistance path for
leakage current.

Using a handheld high resistance meter (ex. Fluke, Megger)
as a tool to find a live reading of insulation resistance in ohms or
Megohms measuring the strength of winding insulation. This is
done by applying direct current voltage to the winding enabling

true ohms to be read directly independent of the actual voltage
3 applied.
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INSULATION RESISTANGE (MEGGER TEST)

==

LOCKED
ouT

DO NOT REMOVE

1. SAFETY FIRST: Follow proper 3. Remove the terminal cover, then
lock out tag out procedure. remove the nuts and jumpers from
2. Make sure that the motor is the terminal if needed.
deenergized and disconnected 4. Set meter to the appropriate voltage
from any power source. related to the motor you are testing

5. Connect testing leads and test to
meter is operating (reading of 0
should appear)
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INSULATION RESISTANGE (MEGGER TEST)

1587 INSULATION MULTIMETER

6. Connect the positive lead to winding 1. Test connection for 1 minute then record

and negative lead to ground. (When reading. | A reading <5 Megaohm indi-

connecting ground to motor frame : L.
cates an insulation failure.

avoided dirty and painted areas.)
8. Then test each motor lead to check that

insulation is consistent,

MINIMUM INSULATION RESISTANCE TYPE OF MACHINE

IRimin = 100 megohms Most AC machines with form-wound stator coils built after about1970

Most machines with random-wound stator coils and form-wound coils

IR1min = 5 megohms rated below 1kV
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WINDING RESISTANCE

The winding resistance test is used to find open windings, shorts to ground, wrong
turn count, wrong wire gauge, resistive connections, and other connection issues.
As well as the resistance balance between phases, and in some cases shorted turns.

Lead to lead

— 3 or 9 leads

Line to line leads

— 6 0r 12 leads

‘Resistance halance tolerances

Random windings 2%

*Typically < 1000 volts

Form coil windings 1%

The goal of this test is to check that the resistance values are balanced through-
out the motor compared to checking for specific readings to locate failures.

16.1 mQ
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WINDING RESISTANCE

WHAT CAUSES WINDINGS TO FAIL?

o Environmental Contaminants
o (verload Conditions

o High Heat

e Vibration

e Excessive Starts & Stops

e Voltage Surges

Over time, the effects of these factors will breakdown
motor windings

Again, it’s not matter of IF it will fail, it’s WHEN.

HOW WE MEASURE WINDING RESISTANGE

Over time windings are exposed to stresses that can
lead to winding failures. In this test we use a handheld
4 Ohmmeter (ex. Fluke) as a tool to find live readings of
the coil to coil resistance. When testing for winding

resistance remember to test from the windings to the
g > N{\ tor frame/ d |
motor frame/ground as well.
. / \2 g

This test is critical since it detects faults that an

7 insulation resistance (Megger) test cannot detect.
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WINDING RESISTANCE

==
LOCKED
ouT
DO NOT REMOVE

1. SAFETY FIRST: Follow proper
lock out tag out procedure.

3. Remove the terminal cover to ex-

pose junction box / phase leads.

2. Make sure that the motor is 4. Set meter for winding resistance

deenergized and disconnected (ohms, ) and check for a zero

from any power source. reading
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WINDING RESISTANCE

9. Connect the positive lead to a phase 1. Then check readings phase to phase
lead (ex. 1) and the negative lead to readings (Lead 1—Lead 2, Lead 1-
ground (metal motor casing) to check Lead 3, Lead 2—Lead 3) for
there is no reading. Then repeat for consistency of +/- 3%

each other phase lead. 8. ! Readings outside of acceptable range

6. ! Anything other than a 0 reading may for their application may likely indicate

indicate a short to ground. issue with motor windings.
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WINDING RESISTANCE

9 Alternatively you can individually test 11.Check that there is no reading
the connections between coil lead ends. from Lead 1-7, Lead 2- 8, Lead 3-9
(EX. 2 -9)

12.! Reading likely indicates winding

See resource pages commonly used issue or terminals swapped

winding diagrams.

10! Readings outside of acceptable range
for their application may likely indicate
issue with motor windings.

10
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DELTA-CONNECTED

Use milliohm meter to connect coil lead ends and write down the resistance readings.

1to 4- QO
1
5 to 2- Q
6 to 3- Q
1 to 2- Q 9 4
6
8 to 3- Q 7
9to1- Q
3 8 5 2
If leads are all connected
1to 3= Q 1to 2= Q 2 to 3= Q
1
If leads are not all connected 4
1to 4= Q 7to 8= Q 7
5to 2= Q 7t0 9= Q
6 9 8 5

6to3-___ QO 8to9-_ QO 3 / \2
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MOISTURE

Affects both electircal and mechaical components fof your : '
motors. Especially common in motors used on a seasonal basis *

OVERCURRENT

Often causes instant & permanent damage to your motor.
Linked to poor insulation and/or winding resistance.

ovn HEATING

A increase above recommended operationg
temperature can decrease your motor’s lifespan by
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SAFETY. ACCURACY.
EFFECTIVENESS.

Empower your technicians on the fundamentals
B for some of the world's most prolific equipment

ELECTRIC MOTORS.

Since you've read this far, our guess is that this guide has become a useful tool for

your maintenance team. Though there’s still so much more to learn. With Ace’s

educational seminars your team can be confident in their ability to tackle some of the
most common casues of electric motor failure and the downtime that comes with it.

_

3 HOUR - INTRO TO ELECTRIC
MOTORS

5 ATTENDEES MIN

LOCATION:
ACE FACILITY OR YOUF

(Q
N

YOUR TEAM WILL LEARN:

HOW TO AVOID THE 3 COMMON

PITFALLS OF MOTOR
INSTALLATION & STARTUP

DEMYSTIFYING MOTOR
NAMEPLATES

I M OADIN DDEVEMTA
'EAL WOR PREVENT!
I.L LAL TUN NLVLNIAILVL

PREDIGTIVE MAINTENANGE

6 HOUR - ACCURATELY TESTING

GTRIC MOTORS
10 ATTENDEES MAX
LOCATION:
ACE FACILITY
YOUR TEAM WILL LEARN:
COMMON CAUSSES G
MOTOR FAILURE, THEIF
AND HOW T0 SPOT
HOW TO SAF

ELY AND EFFEGTIVELY
TEST ELEGTRIGC MOTORS.

REQUIRES COMPLETION OF INTRO
TO ELECTRIC MOTORS
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RESOURCES
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MOTOR DATA - ELECTRICAL

TERMINAL MARKING AND CONNECTIONS
PART WINDING START

NEMA NOMENCALTURE - 6 LEADS

1 7
3 2 9 8 3 2 9 8
Delta Wye
OPER.MODE L1 L2 L3 OPEN /1\

START 1 2 3 7,89 AR,

RUN 1.7 2.8 3.9 : / AN \

3 8 2

Double Delta
NEMA NOMENCLATURE - 9 LEADS (Extonded Delta)

WYE CONNECTED (LOW VOLTAGE ONLY)
T T2 T3 T7 T8 T9 TOGETHER

MOTORLEADS | 1 2 3 7 8 9 48586

NEMA AND IEC NOMENCLATURE - 12 LEADS

SINGLE VOLTAGE OR LOW VOLTAGE OF DUAL-VOLTAGE MOTORS
W6, u1

12, 1
VAN /N
9 4 s U2
6 7
3/ \ 10 W1/ \UG
11 85

V6 V5v2 V1

RESOURCES

™ T2 T3

.

T8 T9
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TERMINAL MARKING AND CONNECTIONS

THREE-PHASE MOTORS - SINGLE SPEED

NEMA NOMENCLATURE - 6 LEADS

SINGLE VOLTAGE

EXTERNAL WYE CONNECTION
L1 L2 L3 JOIN
1 2 3 48586
SINGLE VOLTAGE
EXTERNAL DELTA CONNECTION
L1 L2 L3
1,6 2,4 3,5

SINGLE AND DUAL VOLTAGE
WYE-DELTA CONNECTIONS

1

3~ 6 5\2

SINGLE VOLTAGE

LN

6 1
3/ \4
5 2

O e © | CONNETTION L1 L2 L3 JOIN
START WYE 1 2 3 48586
RUN DELTA 16 24 35 i
DUAL VOLTAGE*
VOLTAGE | CONNECTION L1 L2 L3 JOIN
HIGH WYE 1 2 3 48586
LOW DELTA 16 2.4 35 ’
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RESOURCES

TERMINAL MARKING AND CONNECTIONS
THREE-PHASE MOTORS - SINGLE SPEED

TERMINAL NOMENCLATURE -9 LEADS

DUAL VOLTAGE
WYE-CONNECTED
VOLTAGE L1 L2 L3 JOIN
HIGH 1 2 3 487,588,689
LOW 1.7 28 3.9 48586
1
9 /\4
/6 7\
3 8 5 2
DUAL VOLTAGE
DELTA-CONNECTED
VOLTAGE L1 L2 L3 JOIN
HIGH 1 2 3 487.588.689
LOW 16,7 248 3.5.9
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TERMINAL MARKING AND CONNECTIONS
THREE-PHASE MOTORS - SINGLE SPEED

NEMA NOMENCLATURE - 12 LEADS

|
4
7
10‘
12 1
g 2~ e,
3 N2
DUAL VOLTAGE
EXTERNAL WYE CONNECTION
VOLTAGE L1 L2 L3 JOIN
HIGH 1 2 3 48&7,588,689,108&118&12
LOW e 2,8 3.9 48586,108&11&12
1
l 12, 4
4 / \
7 9 4
12, 11 / \
62 \38; 3 = 10
3 / \2 8 5 2
DUAL VOLTAGE =
WYE-CONNECTED START, DELTA-CONNECTED RUN %
VOLTAGE | CONN. L1 L2 L3 JOIN =
| 487,588,689, T
WYE 1 2 3 7
HIGH 10&11&12
DELTA 1,12 2,10 3,11 487,588,689
48586,
WYE 1,7 2.8 3,9
LOW | 10&11&12
DELTA 1,6,7,12 -
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TERMINAL MARKING AND CONNECTIONS
THREE-PHASE MOTORS - SINGLE SPEED

IEC NOMENCLATURE - 6 AND 12 LEADS

U1 w2 U1
SINGLE AND DUAL
VOLTAGE WYE-DELTA
CONNECTIONS U2
5 w2
SINGLE VOLTAGE w1 Vi vz Vi
OPERATING
MODE CONN. L1 L2 L3 JOIN
START WYE U1 V1 W1 U28&V28W2
RUN DELTA U1,W2 V1,U2 W1.V2 -
DUAL VOLTAGE
VOLTAGE CONN. L1 L2 L3 JOIN
HIGH WYE U1 V1 ' W1 U28V28W2
LOW DELTA U1,w2 V1,U2 W1.V2 -
Voltage ratio: 1.732 to 1. U1
. we, U1
u2 / \
us W5 U2
‘ w2 U5
W6 U\?G / \
w1 U6
W5 V5
y 57N { V6 Vv5v2 Vi
- DUAL VOLTAGE W1 V1
b WYE-CONNECTED START,DELTA-CONNECTED RUN
o=
g VOLT. | CONN. L1 L2 L3 JOIN
« U2&U5,V28\V5
m ’ 1
WYE 1 V1 W1
a= ¢ W2&WS5,UB&VE&W6
e U2&U5,V28V5
DELTA U1,W6 V1,U6 W1,V6 NIRNE
U28V2&W?2
WYE 1,U5 V1V5 W1.W5 :
U : ; UB&VEEWS
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TERMINAL MARKING AND CONNECTIONS
THREE-PHASE MOTORS - TWO SPEED, SINGLE WINDING

NEMA NOMENCLATURE - 6 LEADS

3 1
5 2
CONSTANT TORQUE CONNECTION
Low-speed horsepower is half of high- speed horsepower.*
TYPICAL
SPEED L1 L2 L3 CONNECTION
HIGH 6 1&28&3 JOIN 2WYE
LOW 4-5-6 OPEN 1 DELTA
4
3 1
5 2
VARIABLE TORQUE CONNECTION
Low-speed horsepower is one-fourth of high-speed horsepower.*
TYPICAL
SPEED L1 L2 L3 CONNECTION
HIGH 6 4 5 1&28&3 JOIN 2 WYE
LOW 2 3 4-5-6 OPEN 1 WYE
4
3
5
2
CONSTANT HORSEPOWER CONNECTION
Horsepower is the same at both speeds.
TYPICAL
SPEED L1 L2 L3 CONNECTION
HIGH 6 1-2-3 OPEN 1 DELTA

LOW

48586 JOIN

2 WYE
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Temperature Conversion Table

Locate known temperature in °C/°F column.

45.4 50 58 | 155 60 140 76.5 170 338

42.7 45 49 | 183]| 65 149 79.3 175 347

40 40 40 | 211| 70 158 82.1 180 356

37.2 35 31 239 | 75 167 85 185 365

344 30 22 | 266 80 176 87.6 190 374

322 25 13 | 204| 85 185 90.4 195 383

29.4 20 4 322| 90 194 93.2 200 392

26.6 15 5 35 | 95 203 96 205 401

23.8 10 14 | 37.8| 100 212 98.8 210 410

205 5 23 | 405| 105 221 101.6 215 419

17.8 0 32 | 434 110 230 104.4 220 428

15 5 41 461 | 115 239 107.2 225 437

122 10 50 | 489 120 248 110 230 446

9.4 15 59 51.6| 125 257 112.8 235 455

6.7 20 68 54.4| 130 266 115.6 240 464

3.9 25 77 | s71| 135 275 118.2 245 473

1. 30 86 60 | 140 284 120.9 250 482

1.7 35 95 | 627 145 293 123.7 255 491

g 4.4 40 104 | 655| 150 302 126.5 260 500
= 7.2 45 113 | 683 155 311 129.3 265 509
= 10 50 122 71 | 160 320 132.2 270 518
= 12.8 55 131 | 738 165 329 136 275 527

°F = (9/5 x °C) + 32
°C = 5/9 (°F - 32)
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Mechanical Characteristics

RPM

Horsepower

To Find: Use:
Torque in Inch-Pounds HP x 63,025
RPM

Torque (Ib. in.) x RPM

63,025

120 x Frequency

Number of Poles

Electrical Characteristics

Converting Torque Units

Inch-Pounds and Newton Meters

Torque (Ib. in.) = 8.85 x Nm
Or
= 88.5 x daNm

Torque (Nm) = |b. in.
8.85

Torque (daNm) = |b. in.
88.5

Use: Or:
To Find: Single Three
Phase Phase
Amperes HP x 746 HP x 746
Kllgl\gins E x Eff x PF 1.73 x E x Eff x PF
Amperes kW x 1000 kW x
1000
Knowing E x PF 1.73 x E x PF
kW
Amperes kVA x 1000 kVA x
1000
Knowing E 1.73 x E
kVA
Kilowatts I x E x PF 1.73 x1 x E x PF
1000 1000
kVA IXE 1.73 xI1 x E
1000 1000
HP 1 x E x Eff x 1.73 x 1 x E x Eff x PF
(output) PF
746 746
| = amperes E = volts

Eff = efficiency kW - kilowatts

PF = power factor HP = horsepower

RPM = revolutions per minute kVA = kilovolt amperes
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Fractional/Decimal/Millimeter Conversion

Fraction Decimal Millimeter Fraction Decimal Millimeter MM
1/64 - .015625 - 0.397 33/64 - .515625 - 13.097 1 - .039
1/32 - .03125 - 0.794 17/32 - 53125 - 13.494 2 - .0790
3/64 - .046875 - 1.191 35/64 - .546875 - 13.891 3 - 1181
116 - .0625 - 1.588 916 - .5625 - 14.288 4 - 1575
5/64 - .078125 - 1.984 37/64 - 578125 - 14.684 5 - .1969
3/32 - .09375 - 2.381 19/32 - 59375 - 15.081 6 - .2362
7/64 - 109375 - 2.778 39/64 - .609375 - 15.478 7 - .2756
1/8 - 25 - 3.175 5/8 - 625 - 15.875 8 - .31580
9/64 - 140625 - 3.572 41/64 - 640625 - 16.272 9 - .3543
5/32 - 15625 - 3.969 21/32 - .65625 - 16.669 10 - .3937
11/64 - 171875 - 4.366 43/64 - 671875 - 17.066 11 - .4331
316 - 1875 - 4.762 1116 -  .6875 - 17.462 12 - 4724
13/64 - 203125 - 5.129 45/64 - 703125 - 17.859 13 - .5119
7132 - .21875 - 5.556 23/32 - .71875 - 18.256 14 - .5519
15/64 - 234375 - 5.953 47/64 - 734375 - 18.653 15 - .5906
14 - .25 - 6.350 3/4 - 75 - 19.050 16 - .6300
17/64 - 265625 - 6.747 49/64 - .765625 - 19.447 17 - .6693
9/32 - .28125 - 7.144 25/32 - 78125 - 19.844 18 - .7087
19/64 - 296875 - 7.541 51/64 - 796875 - 20.241 19 - .7480
516 - 3125 - 7.938 13/16 -  .8125 - 20.638 20 - .7874
21/64 - 328125 - 8.334 53/64 - .828125 - 21.034 21 - .8268
11/32 - .34375 - 8.731 27/32 - 84375 - 21.431 22 - .8661
23/64 - 359375 - 9.128 55/64 - .859375 - 21.828 23 - .9055
3/8 - 375 - 9.525 7/8 - 875 - 22.225 24 - 9449
“ 25/64 - 390625 - 9.921 57/64 - .890625 - 22.622 25 - .9843
2 13/32 - .40625 - 10.319 29/32 - .90625 - 23.019
g 27/64 - 421875 - 10.716 59/64 - 921875 - 23.416
+ 7M6 - 4375 - 11.112 1516 -  .9375 - 23.812
o= 29/64 - 453125 - 11.509 61/64 - 953125 - 24.209
15/32 - 46875 - 11.906 31/32 - .96875 - 24.606
31/64 - 484375 - 12.303 63/64 - 984375 - 25.003
12 - 5 - .12.700 1 - 1. - 25.400
To convert millimeters to inches, multiply by .03937 To convertinches to milli-
meters, multiply by 25.40
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AVAILABLE 24 HOURS A DAY EVERY DAY
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