Shop “Tech Talk” April 2008

Q- | am a newcomer to the factory maintenance department of my company. Can you give me some basic infor mation
on troubleshooting electric motor s of all kinds?

Basic Electric Motor Troubleshocting-Part 2

In Part 2 below we will look into the variousteststhat can be done when investigating tr ouble with an electric motor.

There are human testsaswell aselectrical tests that can be administered.

What do | mean by human tests?

Well | urge you, upon approaching a motor troubleshooting incident, to first be acutely awar e of what you can SEE, SMELL,
TOUCH and HEAR.

If a motor smellsburnt, thelikelihood isthat it is or hassuffered a severe over temperaturein which caseit may need to be
forwarded to an expert for determination of itslife expectation (Occam’s Razor Principle, paraphrased can be stated as

" All other things being equal, the simplest solution isthe best”).

If you hear adifferent noise coming from the motor load combination, thisnoiseistryingtotell you that something isdiffer-
ent and it is probably not likely to be a good thing.

If you lay your hands on the motor you will get a great sense of motor heat problems, if any, especially if you have laid hands
on it previoudy in its non problematic state.

Lastly if you look intently all over the motor installation , like you did when you first met your wife/girlfriend, then you may
see something that will lead you to a clue asto the praoblem.

NEVER approach a motor troubleshooting incident like it was just another day at the office.

Some days you might get away with it but in theinterests of saving money and time | don’t recommend it. Often it iswhat
you decidein the fir st few moments of troubleshooting that deter mines how you spend the next few hours. Be ACUTELY
awar e of what your senses are telling you.

| have left out your sense of intuition as a faculty to depend on because | am assuming that you are a newcomer and that your
intuition and experience have yet to develop.

Well after all thisabove, finally comes the moment when we must try and deter mine the eectrical condition of the motor and
its connectionsto the power supply and load.

From here on we use test instruments......

If you are still running the motor, measure all 3line currentsand all 3lineto line voltages.

Record them on a piece of paper for later reference.

What we arelooking for hereare 3 equal line currents, 3equal lineto line voltages not varying by more than 2%.

If you have any temper atur e measuring device, measur e near the motor shaft end bearing, also thetop of the motor near its
center and if it isconnected by a coupling to some other piece of appar atus measur e the inboard bearing temper ature on this
load.

If we notice a high temp on the motor bearing, isthe temp on the load inboard bearing higher or lower. Herewe aretrying to
determineif theload iscausing the motor bearing to heat up.

I have not mentioned the opposite shaft end bearing on the motor because so many motorstoday are TEFC (totally enclosed
fan cooled) and it isalmaost impossible to get at the bearing to measur e itstemper atur e.

Once again write down your measur ements, on the same scrap of paper. Thispoint of writing the measur ements down is not
often done but should be done. In my opinion it paysto keep a pocket pad with you when you are working. This point may be
reinforced asyou get older and your memory lessreliable. Ask your salesman for a notepad, we give’em away regularly.

If themotor isNOT running, then we should measur e the resistance between the motor phases. The easiest place todo thisis
probably from the motor starter or drive box. These resisance measur ements have to be made with the starter de-energized
so the motor isisolated from the power supply completely. Theseresistance readingswill include the resistance of the wires
from the starter to the motor also but thisresistance will be very low and once again we are trying to get 3 equal resistance
readingswith very little differ ence between them. If it iseasier to measur e thereadings at the motor junction box then this
would be preferred. Once again write the r eadings down. Depending on the size of the motor theresstance valueswill vary
consider ably, seethetable on the next page. What isimportant hereisthat our meter be able to measur e thisresisance accu-
rately iethat therange of our meter allow usto expect an accur ate reading.




Table 14.4 Winding Resistanoe of AC Induction Machings, You can see from the table that a 5 HP motor will have aresistance

Measured Line-1o-Line (ohms) per phase of approx 3.5Q (ochms) @ 460v whereasa 100HP motor
Horsepower  Typical winding resistunce for stndard officiency - WOUl have a resistance per phase of approx 0.09 ohms ( 90/1000).
rating NEMA B design motors al various rater voltages Thisisour dilemma. Our meter (DM M) will not have this Capablllty

20V MOV 20V 4000V of measurement over thisrange.

There arelow ohm meter s available but they are very expensive and

_i 3; ";_5 not nor mally found ouside of motor shops. However | would liketo
a5 014 0.55 recommend a pretty ssmple solution even though it involves pur -
50 0.06 0.24 chasing a specialized meter.
L0 0.02 0.09 22 The Extech LCR meter M odel 380193 ismy suggested solution. It
i::: ool Lo o ;‘f_: costs appr ox $200 and has also the benefit of not only resistance but
100N 5 02 0.6 inductance and capacitance measur ement. It will measure down to
20000 0l 03 milliohms (a /1000 of an chm) but no lower.
SN i 0012
10,000 0.02 0.060 After measuring phase resistance of the motor we should now move
Note: These values are for 2 typical four-pole mtor in 4 NEMA frume on to the measurement of the insulation resistance of the motor. This
given by Andeas in Rel. |19] for | to 200 hp. Higher horsepower and istheresistance between the ground or outside casing of the motor
voliage values are cxtrapolated, dssuming widing resistance vanes di and any motor lead. Herewe are Iooking for avalue as per thetable

rectly with valtuge squared, and nversely with horsepower

below (created by Baker Instrument Co.).

Table 2 - Recommended minimum insulation resistance values at 40°C (all values From thistable we can see that we are looking
in M£2) for a minimum insulation resistance of
_ . . . 5 megohms for most moder n machines.
Minimum insulation Test specimen To measur e thisinsulation resistance we use a
Resistance ; :
— _ megger. A 500v rated megger isall that isre-
P L . b A oc i . . .
IRimin=kV =1 FFor most windings made before about quired for amotor with a voltage rating of 600v
1970, all field windings, and others not
- _ or less.
described below .
This can bearotary generator type or an elec-

IR1min= 100 For maost dc armature and ac windings built > ]
after about 1970 (form-wound coils) tronic megger. Oneisasgood asthe other.

IR1min=5 For mast machines with random-wound A rotary costs approx $100 on ebay, an absolute
stator cails and form wound cails rated bargain. An eectronic megger sellsfor about
below 1 kV $500 but it does not need ‘cranking.’
NOTES

-IR1min is the recommended minimum insulation resistance, in MQ, at
40=C of the entire machine winding

Further testing of the electric motor windings can be carried out by using a motor winding surge tester, a very expensive
instrument used in electric motor shops. Obviously our motor shop technician can come to your plant with hissurge tester
and do an onsite check of the condition of the motor windings and, depending on the motor and what isinvolved in taking it
out, this may prove to be the correct thing to doif you are not sure.

| would liketo offer a word of caution at thispoint concerning DMM s (digital multi-meters).

Motor stoday operatein an electronic world. They are power ed by electronic variable speed drives, inverters, and the volt-
ages and currentsthat the motor draws are composite sine waves NOT pur e sSine waves.

When we measur e these composite wavefor ms and arelooking for an accur ate reading we should use what are called True
RM Sreading meters. They are mor e expensive than their other counter parts, aver age responding meters. If the meter
manufacturer does not say that it isatrue RM Sreading meter then you can safely assumethat it isn’t.

| would strongly recommend that you only purchase True RM S meter sif you are working in an environment whereyou are
likely to be working around electronic loads.

If you are directly concer ned with drive servicing then | would recommend one of a new breed of true rms metersthat incor -
porate specialized filtering techniques that per mit accur ate measur ements of these complex signals. Y ou can accur ately
measur e the frequency (motor speed) and the frequency measur ement will not be affected by thedrive’ scarrier frequency
Such a meter isthe New Fluke 87V

Awesome meter!

Alsoif you are measuring currentsin a drive system aslong asyour DMM istrue RM Sthen your current reading will be
true RM S iethe meter deter minesthis, not the current clamp.
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