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PRECAUTIONS FOR PERSONAL AND
INSTRUMENT PROTECTION

Although there is high voltage at the tips of the test
leads when the AMC-2/3/4 is used as a megohmmeter,
low current flow reduces any danger to relatively safe
levels. However, contact with the probe tips while the
Instrument is energized shouid be avoided.

DO NOT USE IN AN EXPLOSIVE ATMOSPHERE.

If the equipment to be tested was in use up to the time
of tesﬁngfhlt will most likely have a capécitive charge
built up. This caf)acitance must be discharged before
making any resistance measurements. This can be
accomplished as follows: :

1. Plug test leads Into Instrument.
2. Connect “LINE” test lead to equipment to be

tested.

3. Touch the “EARTH" test lead to the same point on
the equipment that the “LINE” test lead Is
connected to.

4. If the equipment has muitiple windings, this should
be done with each winding individually,

Equipment under test with the megohmmeler may
buiid up a capacitive charge from the testing. With the
AMC-2/3/14, you can (1) wait a few minutes for the
chat%to dissipate or (2) remove the test lead from the
EA| Fck on the tester and touch to the equipment
terminal that the other test lead (LINE) is connected to.
See Figure 1.

Before connecting the AMC-2/3/4 to any circuit as
either an ohmmeter or megohmmeter check for any
voltage. Do not connect the AMG-2/3/4 ohmmeter or

megohmmeter to a live circuit.
Always store the instrument in its carrying case.




SPECIFICATIONS
Model AMC-ZIAMC-31AMC-4 .

’ TEST
MODEL RANGES YOLTAGE

Wm S00VDC
9:200 ohns (100 miiscake) | ovpe

ACCURACY

25% of rvading om .1 b 50N

tﬂ”‘dmﬁagdﬂmm
10% of reading

0-200 ohens (109 midscale) 6V0C

tS%dmﬁqhn.Shm
zmumaamm
reading

AMc-2
AMC-) Moom(smudu.) 1000vDC
Adc4

O-WOWMW) 500ve
mm(wm; 1000vDC

25% of readng from .1 1o SOMG
210% of veadiog at a other points
25% of reading from _5 10 100Mg

Slze: 4" x 36257 x 7n

(101.6mm x 921
Weight: 2 ibs. 8 oz, (1.1

3Kg)

£ 10% of seadkeg 2t 2 olher poits
0-200 ohs (100 midscaie) 6vDe :mxum
mm x 177.8mm)
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OPERATING INSTRUCTIONS

IMPORTANT: See Procautions for Personal and Instrument Pro-

toction before proceeding. .

Note: Pointer is free-floating until crank Is rotated.

1. To use as a megohmimeter or an ohmmeter, disconnect
the device or circuit to be tested from the line. .

2. Set range switch to appropriate range — “MEG-OHM"*
for insulation resistance testing and other high resistance
measurements; “OHM"™ for continuity checks and Jow
resistance measurements. -

3. Select a pair of test leads {one probe and one clip type ot
two clip type) that best fits your application.

4. Depress button over the EARTH jack and Insert the black
gg: Depress button over the LINE Jack and insert red

5. Connect test leads to device or clrcuit to be tested.
6. Place instrument on a firm and level surface,
7. Tum crank handle In a clockwiss difection at a speed that
causes the crank to free-wheel. »
8. Takgi reading on scale comresponding to range switch
- position. .
*On AMC-4, “1000V/500MQ" or “500VIH00MQ”

GUARD TERMINAL

There are two possible conducting or leakage paths in the in-
sulation of all electrical apparatus — one t ough the in«
sulating material and the other over its surface, By using the
Guard Terminal the surface leakage can be separated and a
direct measurement made of the insulation itself. See Fig. 2
for a typical use of the Guard Terminal.

Why Insulation Resistance Testing?

The primary purpose of insulation is to keep electricity flow-
Ing In the desired path. The “perfect” Insulation would have
infinite resistance which would prevent the flow of any cur-
rent through the insulation to ground. However, there isn't
any “perfect” insulation material so there Is always some
current flow. Good Insulation ‘is one that has and keeps a
high resistance value in order to minimize the current flow.

6



Core Wire

LINE lr{sulating
Materiat
AMC-2 GUARD Lead-Sheathed
AMC-3 Wire
or ' -

EARTH

AMC4  [EA
Figure 2

Unless there is accidental damage of some Sort, insulation
fallure is generally gradual rather sudden. This is because
failure is generally a wearing down process due to repeated
heating and coour?, the related expansion and contraction,
abrasion, vibration, molsture and chemicals.

" When Insulation starts to fail, its resistance decreases allow-
Ing more curent to flow through the Insulation, if the

lon may reach a point where ¢ pemiit a large eno h
current flow through the lnsulatlo‘r:‘tagcause 1) a simple blggl-
Ing of a fuse, 2) equipment damage, or 3) even fatal shock,
That's why, if yoU're responsible for the Servicing,
malntenance or Installation of electrical equipment, you
must be concemed about Insulation fesistance]

An Insulation Resistance Testing Program helps reveal fajj.
Ing Insulation before It becomes a serioys problem. Such a
testing program consists of periodic Insulation resistance
tests on critical equipment and syst, Tesults are
recorded on a control card or file for each plece of uipmeént
or each test point In g system. An{ trend that icates a

easing Insulation resistance value is ap, indication that
the insulation Is failing and that comective maintenance
should be scheduled.,
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MEASURING INSULATION RESISTANCE

Without going into a great deal of technical explanation, Jet
us state that insulation resistance measurements are af.
fected by a number of factors, Temperature and the dura-
tion of the measurement are two primary ones. Humidity
may also affect readings soitis a good idea to make 3 note
as to whether the air'is dry or humid at the time of the
measurement. You may find that insulation resistance
readings are lower on humid days and higher on dry days. |
Wet or flooded equipment shouid be dried and cleaned as

also affect readings, either raising or lowering m.
Therefore, steps should be taken to make certain that the
contact points at which measurements are to be taken are
reasonably clean,

TEMPERATURE

Insulation resistance can vary significantly with temper-
ature. If ou;ﬁedodic insulation resistance measurements
¢an not be taken at the same temperatute, it Is important
that resistance measurements be adjusted to a e
temperature, From IEEE Std 43-1961 for Rotating Machin-
ery. Rue = Kuoc X Rt

where Reoc = ‘tns:‘;ggon resistance (in megohms) comected
0
Rt:rr:etiséured Insulation resistance (in megohms)
a

Ktm:temperature coefficient of insulation resis-
;:a;nc? as observed for temperature teg see
g.

Example: An Insulation has aresistance of 100 megohms at
°C. From Fig. 3, Kuoc is 0.5
=0.5 x 100 = 50 megohms

For temperature correction factors for cable Insulation, referto
Specifications of the Insulated Power Cable Engineers Assn,
and the Assn. of Edison Niuminating Companies,
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TIME -

The duration of the resistance measurement aiso affects the

reading. If the insulation is good, the reading will continually
increase as long as the megohmmeter is connected to the in-

-sulation. See Fig. 4. The most common megohmmeter

measurement Is taken at the end of a 60 second interval as

this time period generally gives a satisfact measurement
of the Insulation reslstancg. o

A second type of test Involves taking a reading after 30
seconds and 60 seconds. The 60-second reading divided by
the 30-second reading Is knawn as the Dielectric Absorption
Ratio. Comparing periodic Dielectric Absorption Ratios may
prove more useful than comparing one-minute- readln?s.
Generally speaking a ratio of 1.25 is the bottom limit for
borderline Insulation. An extension of this test is one that in-
volves readings taken after 60 seconds and 10 minutes. The
ratio of the 10 minute reading to the 60 second reading Iis
referred to as the Polarization Index. The resistance
measurement taken at the end of 10 minules should be con-
siderably higher than at 60 seconds. The measured Insula-
tion resistance of a dry winding in good condition should
reach a relatively steady value in 10 minutes. If the winding is
wet or dirty the steady value will usually be reached in one or
two minutes. The tion Index is helpful in evaluating
the winding dryness and fitness for over-potential testing.
For a fuller exrlanaﬂon of these ratios and safe values see
“IEEE Std 43-1961 IEEE Standard Guide for Testing Insula-
tion Resistance of Rotating Machinery

and

*IEEE Std 62-1958 Recommended Guide for Making Dielec-
tric Measurements in the Fleld

*May be ordered from:
: |EEE
445'Hoes Lane
Piscataway, New Jersey 08854

As a guide, the recommended minimum value of the Polariza-
tion Index for alternating current and direct-cumrent rotating
machines is 1.5 for 105C (Class A) insulation systems and 2.0
for 130C (Class B) insulation systems. ) ) .
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WHAT THE READINGS MEAN

As we have already pointed out, insulation resistance
fneasurements are affected by temperature, humidity and the
time duration of the measurement, They are also affected by
such things as type of insulation, its thickness, cleanliness

give specific values for each and every situation would Tepre-
sent an impossible job for this manuat. However, there are
some basic guide lines that are usable, -

From the IEEE Sid 43-1961 Standard Guide for Testing Insuia-
ry: -

 tion Resistance of Rotating Machine

a

Rm=Kv + 1
where

Rm=recommended minimum Insulation resistance in
megohms at 40°C of the entire machine winding

Kv=rated machine potential, in kilovoits

It winding is not at temperature of 40°C, temperature correc-
tfon should be made, See page 8. .

This essentially follows an old rule of thumb which set a
minimum value of 1 megohm for every thousand volits of
equipment rating.

For specific information about Individuaj products, contact -
the manufacturer for g ifications on Insulation resistance
values and test pljooeJ:r?'gs.

The Important thing to remember. Is that periodic testing Is
the primary method of picking up sudden decreases in in-
sulation resistance and this Is the key to detecting insulation
that Is falling, Becauseitis possible for insulation to fail bet-
Ween tests, testing should be scheduled based on the type of
equipment, Generally Speaking, equipment that involves
movement (e.g. motors) should be checked more frequently
than stationary equipment {e-g. cables), in addition, the more
critical the equipment Js to a company’s operation, the more
frequentiy it should bé checked.



WHAT TO RECORD

So that your periodic. insulation resistance measurements

can be compared meaningfully, you must have certain infor-

mation recorded. Each plece of equipment should have its

?w?udn;?m card on file. Typical information that should be

ncl 2

1) Equipment description including rating and serial number,
Equipment location (department, floor, etc.)

Date of installation.

4) Dates of repairs and description.

5) S!Jeclﬂc test points (e.9. motor frame and motor lead
disconnected at motor junction box). In some cases a
sketch might help another person performing the test ata
later time.

6) Equipmerit temperature at time of reading.

7} Room (ambient) temperature at time of reading.

8) Relative Humidity measurement.

9) Correction factor used to adjust reading to base
temperature.

10) The adjusted insulation resistance.

With this Information, you can make meaningful compari-
sons between readings. See page 18 for a typicai record card.

CONNECTING THE MEGOHMMETER

The basic purpose of an insulation resistance measure-
ment Is to test the insulation. Connections, therefore, must
be made so that the test voltage is applied across or
through the insulation. Within any system or plece of equi
ment, there may be mare than one set of points that shouid
bse-tested. The illustrations and related descriptions that
follow will serve as a guide for testing the specific equip-
ment shown. The approaches shown can also be used as
guides for other similar equipment.

Note: Disconnect equipment or circuits to be tested from.
the power supply. Verify that equipment or circuit is
de-energized by checking with a volt-meter.

See Precautions for Personal and instrument Protec-
tion on page 4.
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POWER TOOLS AND SMALL APPLIANCES

This test would also apply to other similar equipment that
has a line cord. For double-insulated power tools, the
megohmmeter lead shown connected to the housing would
be connected to some metal pant of the too] {e..g chuck,
blade), See Fig. 5

Note: The switch of the device must be In the “ON" position.

Megohm-

meter

Hgdre 5 -

MOTORS

AC—Disconnect the motor from’ the line by disconnecting
the wires at the motor terminals or by opening the main
switch. If the main switch Is used and the motor also has a
starter then the starter must be held, by some means, in the
"ON" position. In the latter case, the measured resistance
will include the resistances of the motor, wire and all other
components between the motor and the main switch. If a
weakness is indicated, the motor and other components
should be checked Individually.” .

13
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. GROUND =~

If the motor is disconnected at the motor terminals, connect
one megohmmeter lead to the grounded motor housing and
the other lead to one of the motor leads.

DC—Disconnect the motor from the line. To test the brush
rigging, field colls and armature connect one megohmmeter
lead to the grounded motor housing and the other lead to the
brush on the commutator. If the resistance measurement In-
dicates a weakness, ralse the brushes off the commutator
and separately test the anmature, field coils and brush rigg-
Ing by connecting one megohmmeter lead to each of themin- -
dividually, leaving the other connected to the grounded
motor housing. The above also applies to DC Generators.

MOTOR

CONNECT TO— CTOAARTER
MOT(()GHmlzg:;;SING “ON’’ Position)
+— MAIN
SWITCH -
CONNECT TO
MEGOHMMETER MOTOR SIDE
OF SWITCH
Figure 6
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|+~ MEGOHMMETER

Figure 7

CABLES

Disconnect the cable from the line. Also disconnect opposite
end to avold errors due to leakage from other equipment.
Check each conductor to ground and/or lead shea by con-
necting one mego_'grmmter lead to a ‘Pround and/or lead
sheath and the o megobmmeter lead to each of the con-
ductors In tum. Check Insulation resistance between con-
. g;ctors by connecting megohmmeter leads to coniductors in
rs.

15



HERMETIC COMPRESSOR

M3y be used as a guide 1o determine th

The fouowihs‘ctable
extent to which a system may have
moisture,
MEGOHM- .
" METER COMPRESSOR
CONDITION
100 Megohms to Good :
Infinity
50 to 100 Moisture Present
Megohms
20to 50 Severe moisture
Megohms and possible con-
taminated oif
0to20 Severe
Megohms contamination

SYSTEMS

[

N contaminated by

MA‘NTENAVNECE

None necessary
Change drjer

Change nNumerous
driers, change oil

Dump oil and
entire refriger-

ant charge,
evacuate tem,
Install fiquid

and suctlon line
driers, recharge
System with new
oil and refrigerant -

CIRCuIT BREAKERS AND SWITCHES

Disconnect from |j
nect one megohm,

eg

ne. To test each
meter lead to the frame
hect the megohmmeter lead

other, To test between t

leads to pairs of terminals,

16
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DATE

RELATIVE
HUMIDITY

TEMPERATURE

BASE
Corvaction
Facter

ADJUST READINGS TO
TEMPERATURE

Mijusnd
Sond. o
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