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with it. All current models- of Megger Insulation Testers
are equipped with Guard terminals. However, on motor-
driven models and on 2500 volt models, and higher, there
is a resistor in ss.'r_ies with the Guard terminal to protect the g
generator. in case”of short gircuit. On some models this resis-
tance is as high as 100,000 ohms. Therefore, even with the N P
Guard and Line terminald shorted the maximum shunting !
ratio would be approximately 40, limited by the guard re-
sistance in series with the short. As was found in the example,
this ratio must be 1,000 or fpore to check the upper end of the
scale. Therefore, shunting is impractical on Instruments hav- ; :

ing a protective resistance in the guard circuit. Where the P IN STRUCTION MAN UAE-L,,,
Line terminal guard ring is not accessible, the shunting - .
method can only be used by opening the Instrument to reach
the guard system ahead of the guard resistance. In this case
it is recommended that the Instrument be returned to fac- s
tory for the calibration check. ,

Practical limits must be observed in selecting the values of ' -
the standard resistance and the shunting resistance. If the
standard resistance selected requires a correspondingly low ..
value shunt resistance, the load on the generator may be ex-

cessive, which will cause overheating and poor commutation = INSULATION TESTERS
and at the same time reduce the voltage across the control L e e
coil. This in turn will reduce the current through this coil, h
causing loss of control. Likewise, if the shunting is carried to L ' Loow
extremes, errors may result because the adjustment of the
shunt becomes very critical. The resistance values of the stand-

ards used in the previous examples are found to be most
practical.
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HOW TO CONNECT AND OPERATE “MEGGER"
INSULATION TESTING INSTRUMENTS

GENERAL DIRECTIONS FOR HAND-DRIVEN TYPES

For Special Directions for the Various Types, see page 4.
For Motor-Driven Type, see page 5.
For Reclifier- ond Duol-Operated Types, see pages 8

“Major” and “Mark IV instruments can be hand-cranked in

See Safety Precautions, page 11.

Do not use a “Megger” Tester whose terminal or-
operating voltage is in excess of that which is safe to
apply to the equipment to be tested.

1. Place the instrument on a firm and fairly level base. Avoid
large masses of iron and strong magnetic fields. The pointer
may appear to stand anywhere over the scale until the instru-
ment is operated, because the “Megger” Ohmmeter has no

2. Selector Switch. If the instrument has a selector switch.

For further use of selector switch, see page 24.

3. Check Infinity by turning crank at normal speed in clock-
wise direction. (Normal speed is indicated on the instrument.)

The pointer should move promptly to Infinity.

Important: This check is made with no connections to the

4. Check Zero by short-circuiting the testing terminals. Turn
the crank slowly. The pointer should move promptly to Zero
—or off the lower end of the scale in some instruments.

[ ]

Section
VI. SUPPLEMENTARY INSTRUCTIONS FOR USING ‘MEG-
GER” INSULATION TESTERS ......... ... ... 29
— Testing Leads
— Effect of Capacitance
— Operating Time
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IX. | INTERPRETATION—MINIMUM VALUES ............ 42
—- Good Housekeeping ]
— What Readings to Expect i
— "One-Megohm’' Rule ‘
— Minimum Valuves for Insulation Resistance and 9.
Rotating Machinery
Bushings
Cable and Conductors either direction.
Transformers
CAUTION
X. PRINCIPLE OF OPERATION OF “MEGGER" INSULATION
TESTING INSTRUMENTS .. ...................... 50
APPENDIX—Instructions for Checking the Calibration of Meg- 1
ger Insulation Testers—All Types ................. 56 }
control springs.
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For testing between two conductors—connect test leads to the
two conductors.

See page 32 for use of Guard terminal. |

9. Operate and read. Turn crank in clockwise direction at
normal speed which is indicated on the instrument, and ob-
| serve position of pointer over the scale—it shows the value of
| the insulation resistance under test. Take the reading while
. operating and at a fixed time, preferably 30 or 60 seconds. See
Operating Time, page 31.

10. See Supplementary Instructions, page 29.
1. See Special Directions for the Various Types, page 4.

FIGURE 1. The “Major” Megger hand-cranked insvlation tester. The
crank should be turned with a combined arm and wrist motion,

5. Use well-insulated testing leads having single-conductor
stranded wire. See page 29.

6. Check testing leads. With leads connected to the instru-
ment terminals and with opposite ends separated, turn the
crank at normal speed. If the pointer indicates less than Infin-
ity, there is a leak befween the leads which must be removed
before proceeding with tests. Touch together the test ends of
the leads while turning the crank, to make certain—by a Zero
reading—that the leads are not open-circuited.

7. Apparatus to be tested must not be live. It must be taken
out of service and disconnected electrically from all other equip-
ment. See Safety Precautions, page 11.

8. Connect leads to apparatus to be tested. See connection
diagrams, pages 13 to 23.

For testing to Ground—connect from the Line terminal to a GURE 2. Th i o
) . Fl . The hand-cranked "Bridge™ Megger insulation and resist-
conductor of t.he apparatu:, anld from the Earth tex;nlnal to ance fesler can be used for Insulation Resistance tests; also Wheat-
frame of machine, sheath of cab eortoa gOOd ground. stone Bridge, Varley and Murray Loop measurements.
121 3]
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HOW TO CONNECT AND OPERATE “MEGGER"
INSULATION TESTING INSTRUMENTS

SPECIAL DIRECTIONS FOR THE VARIOUS TYPES

1. Constant-Voltage Heavy-Duty Type—
Hand-Driven

SCALE SELECTOR SWITCH.

— CONTROL SWITCH.

CRANK - FOLDS UP

NOT IN USE.
INFINITY WHEN NO

ADJUSTER.

FIGURE 3

See General Directions for Hand-Driven Types, page 1.

For High Range Instruments: Level the instrument, center-
ing the bubble in the spirit level which is set in the scale plate.
When checking Infinity, turn the Index Adjuster one way

{41

LEVELING SCREWS.

or the other, while cranking at full (slip) speed, until the
pointer stands over the Infinity line.

Low Range Instruments do not have leveling facilities and
Index Adjuster. Some older low range instruments of this
type have variable-voltage hand generators, i.e. there is no
slip clutch. Normal cranking speed is about 120 rpm.

When using multii-voltage sets, make proper setting of voltage
selector switch. See Safety Precautions, page 11.

For use of Guard terminal, see page 32.

2. Heavy-Duty Type—Motor Driven

Motor-driven “Megger” sets are used where a large number
of tests are 10 be made at one location, and also where the time
duration of the test must be continued for many minutes.

FIGURE 4. Hoand-operated ond motor-drive
Megger Insulation Testers.

To Operate:

Make proper setting of voltage and selector switches.

Follow directions for hand-driven type, page 4, except that
instead of turning the crank, connect to suitable supply voltage
and run the driving motor.

NOTE: Present motor-driven models may be operated con-
tinuously—24 hours per day if necessary. Older models, with
detachable motors, were for intermittent duty up to 30 minutes
at one time. '




To Remove the Motor and Drive by Hand

First, remove the four screws which hold the motor bracket
to the instrument case, thus detaching the bracket and motor
as a unit. The flexible coupling will remain attached to the
motor shaft. (In older models the coupling must be de-
tached.)

CAUTION: Rotate this shaft only in a counterclockwise di-
rection when facing the crank end of the instrument. 1f forced
in the opposite direction, a pin will be sheared in the hand-
cranked gear train,

Second, unfold the crank handle and the instrument s ready
for hand operation.

Lubrication: Instruments supplied prior to April, 1947,
require occasional oiling or greasing. Insert a few drops of
best grade light oil in the hole or holes provided for the purpose
on the top of the instrument. Some older instruments also have
grease cups. Present models have permanently lubricated ball
bearings and require no oiling,

Motors with wool-packed sleeve bearings are oiled at the
factory for one year’s normal service. Reoil once a year, or
every 2,000 operating hours, whichever occurs first. The
amount of oil added should vary from 30 drops for three-inch
diameter motors to 100 drops for nine-inch diameter motors,
Use preferably Electric Motor Oil. or, in emergency, SAE-10
automotive oil. Do not use oils recommended for cleaning or
rust prevention.

Motors having ball bearings are packed with sufficient grease
tor approximately 10,000 operating hours. Once a year remove
the oil screws and add five to ten drops of a good grade Electric
Motor Oil or SAE-10 automotive oil to each bearing. After
five years or 10,000 operating hours (whichever occurs first),
the bearings and housings should be cleaned thoroughly and
regreased with best grade ball bearing grease. Care must be
taken to keep dirt out of the bearings and. the grease.

[61
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FIGURE 5. Connections for making o time-resistance meas-

urement on one phase of g generator winding with the other
phases grounded.

3. Hand-Driven Midget Mark Iv Type

ACCURACY
UNAFFECTED
BY VOLTAGE
VARIATION

i IMPROVED ac
BRUSHLESS
' GENERATOR

EXTENDED
CONTINUITY
SCALE

RUGGED
NEW STYLE
CASE

FIGURE 6

See General Directions for Hand-Driven Types, page 1

Turn the crank at just above the s i
: peed at which th :
voltage clutch is fel; to slip, which is about 160 r;rifr"mam

these instruments the output voltage varied with cranking speed




4. Rectifier-Operated ‘“Major”’ Type

FIGURE 7

This instrument is operated by connecting to suitable a-c
supply. It has no generator.

Follow General Directions for Hand-Driven Types, page 1,
except that instead of operating generator, connect supply cord
to voltage and frequency shown on instruction label. The
accuracy of the reading is unaflected by the exact value of the
supply voltage—within -+=209,. The reading may be affected
momentarily by large and sudden changes in supply voltage,
particularly at the upper end of the scale.

3. Dual-Operated ‘““Major” Type

FIGURE 8

This set consists of a constant-voltage “Megger” type instrument
modified for use with a separate, special rectifier power supply.
It may be operated either by its own hand cranked generator or
by means of the power supply.

When using the hand-cranked generator, follow directions for
“Constant-Voltage Type” (page 7). The power supply must be
disconnected from the instrument.

When using the special rectifier power supply, make sure that it
corresponds by Cat. No. and voltage rating to the instrument with
which it is to be used. Connect Power supply to instrument by
means of plug connection attached to power supply unit. Follow
directions for “Rectifier-Operated Major Type” (page 8).

If the special rectifier power supply is used for purposes other
than operating its companion “Megger” Insulation Tester, its
rated current output must not be exceeded. CAlJ TION: There
is no series resistance in the power supply to limit its current output.

91
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PREPARATION OF APPARATUS FOR TEST

1. Take Out of Service

Shut down the apparatus. Open switches. De-energize. Dis-
connect from other equipment and circuits, including neu-
tral and protective (workmen's temporary) ground connections.
See Safety Precautions, page 11.

2. Make Sure Just What Is Included in the Test

Inspect the installation very carefully to dete.rmine just what
equipment is connected and will be included in the test, espe-
cially if it is difficult or expensive to disconnect associated
apparatus and circuits. Pay particular attention to conductors
that lead away from the installation. This is very important,
because the more equipment that is included in a test, the
lower the reading will be, and the true insulation resistance
of the apparatus in question may be masked by that of the
associated equipment.

[t is always possible, of course, that the insulation resistance
of the complete installation (without disconnecting every-
thing) will be satisfactorily high, especially for a spot check.
Or, it may be higher than the range of the “Megger” instrument
in use, in which case nothing would be gained by separating
the components, because the insulation resistance of each part
would be still higher.

For an initial test, it may be necessary to separate the com-
ponent parts, even though labor and expense are involved, and
test each one separately. Also make a test of all the components
connected together. With this information on record, it may
not be necessary to separate the components on future tests
unless unaccountably low readings are observed.

(10)
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3. Discharge of Capacitance

It is very important—especially in large equipment—that
capacitance be discharged, both before and after an insulation
resistance test.

Discharging capacitance after a test is a wise safety precaution.

“Megger” instruments are frequently equipped with Dis-
charge Switches (see page 25) for this purpose.

4. Current Leakage at Switches, etc.

When apparatus is shut down for the insulation resistance
test, make sure that the readings are not affected by leakage
over or through switches or fuse blocks, etc. Such leakage may
mask the true insulation resistance of the apparatus under test.
See Use of Guard Terminal, page 32.

Or, what may be more serious, current from an energized line
may leak into the apparatus and cause inconsistent readings,
particularly if the live line is d-c. However, such leakage usually
can be detected by watching the pointer of the “Megger” instru-
ment at the moment the test leads are connected to the appa-
ratus and before the instrument is operated. (Before making
these observations, be sure that all capacitance is discharged
by short-circuiting or grounding the apparatus.)

SAFETY PRECAUTIONS

Observe all rules for safety when taking equipment out of
service. Block out disconnect switches. Test for foreign or
induced voltages. Apply workmen’s grounds.

Remember that when working around high voltage equip-
ment there is always a possibility of voltages being induced in
apparatus under test or lines to which it is connected, because
of proximity to energized high voltage equipment. Therefore,
rather than removing a workmen’s ground in order to make
a test, it is more advisable to disconnect the apparatus, such as
a transformer or circuit breaker, from the exposed bus or line,
leaving the latter grounded. Use rubber gloves when connect-
ting the test leads to the apparatus, and when operating the
“Megger” instrument.

[1i
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Apparatus Under Test Must Not Be Live

See page 10, on Preparation of Apparatus for Test.

If neutral or other ground connections have to be discon-
nected, make sure they are not carrying current at the time, and
that when disconnected no other equipment will lack necessary
protection.

Pay particular attention to conductors that lead away from
the circuit being tested and make sure they have been properly
disconnected from any source of voltage.

Shock Hazard from Test Voltage

Observe the voltage rating of the “Megger” instrument and
regard it with appropriate caution. Large electrical equipment
and cables usually have sufficient capacitance to store up a
dangerous amount of energy from the test current. Make sure
this capacitance is discharged after the test and before han-
dling the test leads.

Explosion and Fire Hazard

So far as is known, there is no fire hazard in the normal use
of a “Megger” Insulation Tester. There is, however, a hazard
when testing equipment located in inflammable or explosive
atmospheres.

Slight sparking may be encountered: (1) When attaching
the test leads to equipment in which the capacitance has not
been completely discharged. (2) Arcing through or over faulty
msulation during a test. (3) Discharge of capacitance follow-
ing a test.

Suggestions

DO NOT USE THE INSTRUMENT IN AN EXPLOSIVE
ATMOSPHERE.

For (1) and (3): Arrange permanently installed grounding
facilities and test leads to a point where instrument connections
can be made in a safe atmosphere.

For (2): Use low voltage testing instruments, or a series
resistance.

For (3): Do not disconnect the test leads for at least 30 to
60 seconds following a test, so as to allow time for capacitance
discharge.

(S
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CONNECTIONS FOR TESTING INSULATION
RESISTANCE OF ELECTRICAL EQUIPMENT

The .following diagrams show how to connect a “Megger”
[nsulat.lon Tester to various types of electrical equipment.
The_dxagrams also show in principle how equipment must
be disconnected from other circuits before the instrument is
connected.

These illustrations are typical and will serve as guides for
testing insulation resistance of practically all types of apparatus
and conductors.

_ Before proceeding with tests, read the article on “Prepara-
tion of Apparatus for Test,” page 10.

REMEMBER! The “Megger” Insulation Resistance Tester

measures whatever resistance is connected between its ter-

minals. This may include series or parallel leakage paths
through insulation or over its surface.

1. A-C Motors and Starting Equipment

MOTOR

[EnE.]

Q (=

STARTER H
RED/EARTH \whs-

LEAD /] *

MAIN SWITCH

"MEGGER"
INSULATION
TESTER

SOQURCE

FIGURE 8
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Connections for testing the insula.tion ?esistance ot 2'1 motor,
starting equipment and connecting lines, in parallel. l\o'te that
the starter switch is in the “on” position for the test. It is pref-
erable always to disconnect the component parts and test them
separately in order to determine where weaknesses exist.

2. D-C Generators and Motors

BRUSHES LIFTED OFF

“MEGGER"
INSTRUMENT

FIGURE ¢

With the brushes raised—as indicated—the brush rigging
and field coils can be tested separately from the armature. Like-:
wise the armature can be tested by itself. With the brushes
lowered, the test will be that of brush rigging, field coils and
armature combined.

3. Wiring Installation

Connections for testing to
ground each circuit separately,
working from the distribution
panel.

"MEGGER"
INS TRUMENT

\—

FIGURE 10
(141

DISTRIBUTION
PANEL

Connections at the main
power board, from which
point the entire system can be
tested to ground at one time,
providing all switches in the
distribution panel are closed.

MAIN POWER
BOARD

RED/EARTH
LEAD

§d o] ,
'MEGGER"
INSTRUMENT

FIGURE 11

4. Appliances, Meters, Instruments and Miscellaneous
Electrical Apparatus

FIGURE 12

"MEGGER"
INSTRUMENT

RED/EARTH
LEAD

Connections for testing an appliance. The test is made be-
tween the conductor, such as heating unit, motor, etc., and
exposed metal parts. The apparatus must be disconnected from

any source of power and placed preferably on some insulating
material.

t1s)




S. Control, Signaling and Communication Cables

RED/EARTH ')

LE /-\D/
G L E

"MEGGER"

INSULATION
TESTER

FIGURE 13

Connections for testing insulation resistance of one wire in a
multi-conductor cable against all other wires and sheath con-
nected together.

"MEGGER"
INSULATION
TESTER

FIGURE 14
Connections for testing insulation resistance between one

(161

wire and ground, without being affected by leakage to other
wires. Note use of Guard connection.

"MEGGER"
INSUL ATION
TESTER

FIGURE 15

Connections for testing insulation resistance between one
wire and all other wires connected, without being affected by
leakage to ground. See “Use of the Guard Terminal”, Chapter

VII.

6. Power Cables
Connections for testing the insulation resistance of a power
cable. When testing cable, it is usually best to disconnect at

"MEGGER”
INSULATION TESTER

3 CONDUCTOR CABLE

OTHER CONDUCTORS
CONNECTED TOGETHER
AND TO SHEATH

FIGURE 16
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both ends in order to test the cable by itself, and to avoid error
due to leakage across or through switchboards or panelboards.

See also Use of Guard Terminal, page 32.

DISCONNECTED - -

%

.
- {
7 .
7 **MEGGER"'’ INSULATION
o
7 TESTER
g
T G L FE
¥ (3R]
7

==

BUS

by~

AV

1 SINGLE
CONQUCTOR
|- LEAD C|OVERED

S

T

e

FIGURE 17. Testing a Single-Conductor Cable.

7. Bushings, Potheads and Insulators
A LINE

The illustration shows use of spring collar as a Guard con-
nection to eliminate the effects of surface leakage. The device

‘“*MEGGER™’
INSULATION
TESTER

i

=

=¢)

—_

FIGURE 18

under test must be disconnected from all other equipment.

1181

8. Power Transformers

BUS

FIGURE 19

Connections for testing insulation resistance of a transformer
high voltage winding and bushings, and the high tension discon-
nect switch—in parallel, with reference to the low voltage winding
and ground. Note that the low voltage winding is grounded for this

test.

FIGURE 20

Same as Figure 19 but without being affected by leakage be-

(191

tween the high and low voltage windings. Note use of Guard
connection.




FIGURE 21

Connections for testing insulation resistance between high and
low voltage windings without being affected by leakage to ground.
See “Use of the Guard Terminal”, Chapter VIIL

9. A-C Generators

BUS_
(5]
GENERATOR
(2]
o L
‘o BT
15 o
[T\ 1\ [=Eap=
T
8 T

2

£ H—
& V)

FIGURE 22

With this connection, the insulation resistance will be that of
the generator stator winding and connecting cable combined. To
test either the stator winding or the cable itself, the cable must be
disconnected at the machine.

1201

10. Outdoor OQil Circuit Breakers

The four illustrations (Figs. 23, 24, 25 and [26) show the
usual methods of testing bushings and associated parts of an
outdoor oil circuit breaker, and the accompanying table indi-
cates the test procedure by steps. |

If the test values are below 10,000 megohms‘in any of the
4 steps, the tank should be lowered or drained so that the ex-
cessive losses can be isolated by further tests and investigations.

If the test values are below 50,000 megohms in test #1, the
trend of the condition of the particular bushing involved should
be watched by making more frequent tests. See page 44.

Test Breaker Bushing Bushing Bushing Part
e Position | Energized Guarded | Grounded Measured
1 open 1 {2t T I, Bushing 1
guard)
2 open 1 1 2 Bushing 1 in parallel
with cross member
3 open 182 182 | ...... Bushing 1 & 2
in parallel
4 closed 182 182 | ...... Byshing 1 & 2 in
parallel with lift rod

BUSHING 1:°2 BUSHING N°I

\

Gy L E

"MEGGER
INSULAT!ON
TESTER

FIGURE 23. Step 1.
{211




BUSHING N°2 BUSHING N°J

° 8 o

*MEGGER"
INSULATION TESTER

FIGURE 24. Step 2.

BUSHING N°2 BUSHING N°t

o O ¢
Sé@.g

“MEGGER”
INSULATION TESTER

FIGURE 25. Step 3.
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BUSHING N°2

BUSHING N°I

“MEGGER?
INSULATION T

FIGURE 26. Step 4.
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SUPPLEMENTARY INSTRUCTIONS

FIGURE 27. Facsim-
ile scale of a multi-

voltage, high-range
instrument, Cat. 638,
500 v X 1, 1000 v
X 2, 2500 v X 5,

Selector Switches

Voltage Selector—On heavy duty type
only: Set switch to desired voltage (and
corresponding range) . Figure 28,

(o o)
500v 'OUTERXS
2 o INNER X5
wOUTERX 2
IOOOV.'[
™INNERX 2
“OUTERX |
2500v SINNER X
\O (o)
- o o)
fo/sgpp
40“5/ ()
)
\‘(’g‘\\
\ o 9
FIGURE 28. Range and voltage switch and associoted

control switch commonly used on high range instruments.

Megohm Scale, Divide by 1 and Divide
by 10: Set switch to the ratio (=~ 1 or—+-10)
that brings the reading as near as possible
to the middle of the scale. Record the nu-
merical scale reading and the position of
the ratio switch. Figures 28 and 29,

Megohm and Ohm Scale: Set switch to
MEGOHMS for insulation resistance tests.
Connect testing leads to the Earth and Line
terminals, and read the Megohm Scale.
Figure 30.

[24]
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FIGURE 29. Megohm Scale with

Divide-by-10 (The A Swiich).

WECOny g \

onMg

FIGURE 30.

Megohm and Ohm

Scale {The R Switch).

Instructions for lead connections to terminals of “Meg”
type instruments having ohm scales:

Hand-driven 2 and 3-terminal types—use Line and Earth

terminals.

Hand-driven 4-terminal types (including dual-operated) —
use Guard and Ohms terminals.

Rectifier-operated 3-terminal type—use Earth and Guard,
or Line and Guard terminals.

Megohms and Capacitance Discharge for constant-voltage
“Meg” type: First set switch to TEST. (See Figure 31.) As

soon as the test is completed, turn switch to

DISCHARGE.

Leave switch on DISCHARGE for at least 30 seconds.

FIGURE 31. Megohm and Capacitance Discharge Switch (The K Switch).

NOTE: Figs. 29, 30, 31 show switch version used on “Meg" type instruments now

discontinued.

[25)




Capacitance Discharge for heavy duty type: The spring type
switch, Figure 3, is normally in the DISCHARGE position.
When making a test, depress the switch head. When test is
completed, release switch to DISCHARGE position. With the
rotary type switch, simply turn to TEST or DISCHARGE.

Combination Switches for “Meg” type. Follow instructions
as in Figures 32, 33 and 34.

FIGURE 32. Megohm Scale with
Divide-by-10 and Ohm Scale (The
AR Switch).

al =

FIGURE 33. Megohm Scale with
Divide-by-10 and Discharge Switch
{The AK Switch).

aal

FIGURE 34. Megohm Scale, Ohm
Scale and Discharge Switch (The RK
Switch),

Al

Checking the Ohmmeter

Checking the Infinity and Zero positions, as peritems 3 and 4 in
General Directions, page 1, will suffice for daily use of a “Megger”
instrument. When instruments are correct at these values, they are
usually correct throughout the range.

NOTE: Figs. 32, 33, 34 show swiich version used on *“Meg" type instruments now
discontinued.

[261

FIGURE 35. Multiple range switch used on most “Meg"™ type
ments which are no longer manufactured.

p instru-

FIGURE 36. Multiple ronge switch used on Cat. No. 21159 “'Major"

Megger test instrument,

Checking Voltage

It is seldom necessary to check the voltage of

a “Megger”

instrument because of the allowable variations in voltage re-

ferred to on page 52.

{27}




To measure the terminal (Earth to Line) voltage, use an
electrostatic voltmeter. Do not try to use a low resistance volt-
meter because the ballast resistance R’ in Figure 45 will cause
the voltmeter to read in error.

An approximation of the generator voltage can be made by
using a voltmeter of known high resistance connected to the
Earth and Guard terminals on those instruments equipped
with Guard terminals.

Lubrication and Repairs

In hand-driven “Megger” Insulation Testers, all bearings
are packed with lubricant and ordinarily do not need attention
for a long time. Directions for lubricating motor-driven “Meg-
ger” instruments are given on page 6. After several years of
normal use, instruments should be returned to us for inspection
and such servicing as may be necessary.

We repair, rebuild and service all types of our “Megger”
instruments, and strongly advise that they be sent to us for the
purpose. A report of condition, together with estimate.of cost,
will be submitted upon request. Reconditioned instruments
are returned to the user in condition practically equal to new.

Instruments for repair or servicing should be packed care-
fully—surrounded by at least three to four inches of excelsior—
and forwarded, propetly insured and with shipping charges
prepaid, to James G. Biddle Co., Township Line & Jolly Roads,
Plymouth Meeting, Pa. 19462, together with full information as
to the owner and what is desired.

Note: When writing in regard to instruments for servicing
or repair, please give serial number.

[28)
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SUPPLEMENTARY INSTRUCTIONS FOR USING
“MEGGER"” INSULATION TESTERS

Testing Leads

Inferior or defective testing leads will cause erroneous and
misleading results of insulation resistance tests. Take care in
this respect.

Uninsulated Leads

To avoid error due to the insulation of leads, place the
“Megger” instrument close to the ungrounded terminal or con-
ductor of the apparatus under test and connect a short piece
of light bare wire directly from the Line terminal of the instru-
ment to the apparatus. If the Guard terminallis used, it may
be treated similarly. No. 18 or 20 gauge solid wire will suffice.
Support the lead only by its connections to the instrument and
the apparatus.

With this method of connecting from the Line terminal, the
quality of the insulation, if any, of the Earth or Ground lead
becomes unimportant.

Insulated Leads

Where dependence is placed on the insulation of leads they
must be durable and of the best quality insulating material.
Oil resistant, synthetic, rubber-insulated, single-conductor No.
14 stranded wire is recommended. The outer jacket should be
smooth, with no outer braid. Lugs should be fitted for attach-
ing to the instrument terminals, and stout spring clips are
recommended for connecung to the apparatus ar circuit under
test. Any convenient length of lead may be useji. Joints are to
be avoided.
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After connecting the leads to the instrument, and just before
connecting them to the apparatus, make sure there is no leak
from lead to lead. Do this by operating the instrument, which
should read Infinity. Do not correct slight lead leakage by
attempting to reset the Infinity Adjuster on a high range in-
strument. Then touch the test ends of the leads together to
make sure they are not disconnected or broken.

Current testing with the high range (50,000 megohms)
Megger insulation testers requires that the LINE test lead be
maintained at a high value so that it will not enter into the
measurement. The shielded test lead, with the shield connected
to GUARD prevents any leakages, over its terminations or
through the lead insulating material, from being measured.

Instructions For Use

The untagged end of the shielded lead is to be connected
to the Line and Guard terminals of the “Megger” instrument
—the end terminal to Line and the side (shield) terminal to
Guard. The clip on the Line lead is connected to the apparatus
under test in the regular way. The outboard Guard terminal
may be connected to that part of the apparatus under test which
the user wishes to guard. The conductor employed in making
this connection must be insulated for the voltage rating of the
“Megger” instrument used.

Effect of Capacitance

Capacitance in apparatus under test must be charged up to
the rated d-c voltage of the “Megger” Insulation Tester, and
maintained for 30 to 60 seconds before a final reading is taken.
Make sure that capacitance is discharged—by short-circuiting
and grounding the apparatus before connecting the test leads.
See Discharge of Capacitance, page 11.

NOTE: Capacitance causes the pointer to swing towards
Zero while the “Megger” instrument is being brought up to
speed; and to swing off scale beyond Infinity when the genera-
tor is slowing down. This is simply the charge current flowing
into and out of the capacitance and through the deflecting
coil of the ohmmeter.

Capacitance effects are most noticeable in large generators,
in power and communication cable more than a few hundred
feet in length, and in capacitors.

[30]
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FIGURE 37. “'Major”" Megger Facsimile Scale Cat. No. 21159.

Operating Time

A very important consideration in making insglation resist-
ance tests is the time required for the reading jof insulation
resistance to reach a maximum. The time required to charge
the geometric capacitance is very short—usually no more than
a few seconds—and that which causes further delay in reach-
ing full “charge” is a dielectric absorption effect| It may be a
matter of minutes or even hours, for this electrification time
to be completed, and for the pointer to reachi an absolute
maximum,. I
Short-Time Readings §

For short-time readings of insulation resistanc@i;, operate the
instrument for a definite length of time—either 80 seconds or
1 minute, and read at the end of that time. Cont“‘lhue cranking
steadily at slip speed until the reading has been?@taken. Make
future tests with the same length of operating: time.

Time-Resistance Method i

When using a hand-cranked instrument, operate continu-
ously for 1 minute. Take a reading at the end of the first 30
seconds and another reading at the end of the minute.

When using a motor-driven or rectifier-operated instrument,
the time intervals are usually 1 minute and 10 minutes from the
time the testing voltage is applied. Or, time-resistance curves
may be taken over a period of 10 to 30 minutes, or longer.
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USE OF THE GUARD TERMINAL

All Megger insulation testers having ranges of 1,000 megohms
and higher are equipped with Guard terminals. The purpose
of this terminal is to provide facilities for making a so-called
three-terminal network measurement, so that the resistance of
one of two possible paths can be determined directly. It has
the further or secondary purpose of providing a source of d-c
voltage of good regulation and of limited current capacity.

The insulation of all electrical apparatus has two conducting
or leakage paths—one through the insulating material and
the other over its surfaces. By providing a third test terminal
in the path of the surface leakage it is separated into two parts,
forming a three-terminal network as shown in Figure 42a.
In practice, this third terminal may be provided as shown in
Figures 18 and 38 to 41.

There are also cases, such as found in two winding trans-
formers or multi-conductor cables, where a three-terminal net-
work is formed as shown in Figure 42b. Figures 14, 20 and
others show practical applications of this form of three-terminal
network.

In making a three-terminal test involving only one measure-
ment, the Line terminal of the Megger instrument is con-
nected to Terminal 1, Figure 42a, the Guard terminal to
Terminal 3, and the Earth terminal to Terminal 2. This will
give the true value of ry,, provided rq3 and r,; are not too low
in value. The leg ry;, which is connected across the M egger
instrument generator (see Figure 48), should be about 1 meg-
ohm or higher to prevent excessive load on the generator, and
maintain satisfactory generator voltage. In using the Guard
terminal, particularly in the case of motor-driven or rectifier-
operated Megger instruments, also make certain that there

1321

“MEGGER"
INSULATION TESTER

CONDUCTOR UNDER fTEST
3 CONDUCTOR CABLE

~ OTHER CONDUCTORS
CONNECTED TOGETHER
AND TO SHEATH

FIGURE 38. Showing how to use the Guard terminal 1o eliminate
the effects of surface leakage across exposed insulalion ot one
end of a cable. See also Figs. 14, 15 and 40.

“is no chance of an arc-over between the guarded terminal of

the specimen and ground. Such an arc-over may cause unde-
sirable arcing at the commutator of the instrument generator.

The leg r;3, which shunts the Megger deflecting coil (coil
a, Figure 45), should be at least 100 megohms for a measuring
accuracy of approximately 1%. The 1% accuracy figure is
based on the R’ ballast resistor (see Figure 45 being 1 meg-
ohm, which is typical. For more precise determinations of
accuracy, obtain the exact value of R’ by writing to the James
G. Biddle Co. giving the serial number of the instrument in
use.

1

L »
MEGGER

LATION TESTER

CONDUCTOR UNDER TEST_
3 CONDUCTOR CABLE

FIGURE 39. Showing how to use the Guard terminal tg eliminate
the effects of surface leakage across exposed insulation at both
ends of a cable when a spare conductor in the cable is available
for completing the Guard connection.

Where the highest accuracy is desired in cases as shown in
Figure 42a, or where the true resistance of each leg is wanted
as in the case of Figure 42b, three measurements are re-
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CONDUCTOR UNDER )
MEGGER"

3 CONDUCTOR CABLE INSULATION TESTER

FIGURE 40. Showing use of the Guard connection to eliminate
the effect of leakage to ground, as in Figure 38, and also the
ef.ied‘ of leakage to adjacent conductors. Note that the Guard
wire is wrapped around the exposed insulation and also is con-
nected to the adjacent conductors.

‘Do not confuse this diagram with Figure 38. where the Guard
wire goes only to the exposed insulation, ano the adjacent con-
ductors are grounded.

quired and the following equations used:

Ryo Ryy — (R')?2

T2 =TT RG AR
r — RinRog — (R 2
BT R, AR
N Rz Ry3—(R%) 2
18— Ry, +R’

where R;,, Ry and R,; are the actual readings in megohms
measured across the terminals of the network which are con-

['INSUL-\TING MATERIAL

LINE GUARD EARTH

"MEGGER"
INSULATION
TESTER

FISSURE 41. To eliminate the effect of surface leakage in meas-
uring the true resistance of an insulating member, such os o
lift rod in a circuit breaker.

[34)

nected to the Line and Earth terminals of the [Megger instru-
ment with Terminals 3, 1 and 2 respectively connected to the
instrument Guard terminal. R’ is the value of the ballast re-
sistance in megohms of the instrument in use. In making these
three measurements do not connect the Line terminal of the
instrument to the grounded terminal of the network, as any
leakage over the instrument case between the}arth terminal

and ground will shunt the resistance being medsured.

|

|

|

}Hmo TERMINAL
‘ ADDED.

1

|

CONDUCTOR OF APPARATUS X
BEING TESTED.J RESISTANCE s
THROUGH INSULATION.

FIGURE 42a

RESISTANCE BETWEEN

RESISTANCE BETWEEN
— Hy WINDING & CORE.

HV & LV WINDINGS™~_»

{//, RESISTANCE BETWEEN

“~__ 2 ~Lv nl‘y//vo//va a CORE.

FIGURE 42b ;

. i

As a Source of Direct Current
With connections from the Earth and Guard terminals, the
“Megger” Insulation Tester serves as a convenient source of

d-c voltage. This is used:

For Dielectric Strength Tests and for breaking down high
resistance faults.
For Operating Wheatstone Bridges at high potential. This
is frequently done in telephone work for locating high resist-
ance faults. The instrument is substituted for the Wheatstone
Bridge battery, with a corresponding increase iin sensitivity of
the Bridge.
In a hand-cranked instrument, an overload por a breakdown
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in a dielectric test is immediately noticed by the load on the
hand crank. Cranking must not be forced under load.

When using the Earth-Guard connection, the ohmmeter will
read Infinity irrespective of the current which the generator
may be delivering. The reason for this should be clear from
the diagram, Figure 45. With the Earth-Guard connection,
no current flows through the ohmmeter deflecting coil 4.

Use of Guard Terminal on Motor-Driven Sets
For Dielectric Strength or Break Down Tests

Motor-driven “Megger” sets as now supplied have a protec-
tive resistance in the guard circuit sufficient to limit the Earth-
Guard current in event of a short circuit across the Earth and
Guard terminals. In order to detect a short circuit during a
dielectric strength or break down test, a milliammeter should
be connected externally in series with the Guard terminal.
The following currents must not be exceeded:

2500-volt instruments ..... ... ... .. 12 milliamperes
1000-volt instruments ........... .. 20 milliamperes
500-volt instruments ...... ..... .. 30 milliamperes

These limitations are necessary to prevent overheating of in-
ternal components and driving motor and to preserve proper
commutation. The milliammeter referred to in the previous
paragraph must be watched carefully and the motor de-ener-
gized at the first sign of current values in excess of those given.
Otherwise generator commutation may be adversely affected
to the extent that pointer excursions may be caused in mak-
ing insulation resistance measurements on specimens having
appreciable capacitance.

Older motor-driven sets, other than the 2500v, 10,000 meg-
ohm types supplied prior to Sept., 1947, do not have guard
circuit protective resistances. To avoid damaging these instru-
ments from an Earth to Guard short circuit, a resistance of
40,000 ohms should be connected in series with the Earth-
Guard connection.

[361

Where the resistance of the circuit under _testtls high, i.e.,
above the middle of the scale of instrumet}t being psed, :}pprol:l(-
imately full rated voltage will be .obtamed when using the
Earth and Line connections. In this case no dangerous over-
load will occur under any conditions because of the protective
ballast resistance within the instrument. See Flggre 45.

T e B B Aoy HAVE a guord cheuh for profedive resit
ance. If the instrument is ever used for Dieleclri‘g S!repgth
or Breakdown fests by using the Earth and Guard: terminals

—a prolective resistance of 40,000 ohms s'houlﬂ be con-
nected externally in series with the guard terminal.
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TESTS USING MULTI-VOLTAGE MEGGER
INSULATION TESTERS

Mai . -
Intenance practice trends indicate the value of testing
(=]

; .
nsulation with d-c voltages at levels somewhat higher than

non . .,
cou}c(iies::‘:tctlvgy 1pc1p;)ent weaknesses in insulation which
otherwise be found exce i
) . Pt possibly by corona
detection at nondestructive a-c test voltage leve{s. ’

vo;lt‘:ee techx(lixqu? involves the application of two or more d-c
tages, and critically observing any reduction of insulation

It is i .
arisi} lsf :mportant to mention that the merits of this technique
om more recent Investigations which indicate that

and dryness of the insulation to be tested.

I . . .

me:;rm;klﬁcg)dtests on insulation at such d-c voltages the ohm.

prete v(ﬂ::atges flas a.t lffacsit two advantages. First, prescribed
are switched into use, and one }

; : € mstrument meas-

ur i i y

ement made with the direct reading ohmmeter. This js a

leak i
. Sha(l)%\e’:nculrrentia'fter the ab§orpt10n current hag disappeared
oo p’ oltte in terrps of insulation resistance against three
resistan w%tages.. It is noted that there js no change in
indica:};}e s ow}rlx In the figure between 500 and 1000 volts
g no change in the j i '
g e msulation as a resu] f i
these two voltages. This i tis 5 conniiing
s . 18 Is an assumption, but j iti
e ) S s 1S a condition
ch is not uncommon in practice. If the insulation contin.

[38)

ues to be stable at 2500 volts there will be no change in the
insulation resistance value obtained, which is‘ shown by the
dotted extension of the horizontal line in the figure. When
nonlinear conditions appear at a higher voltage the voltage:
resistance curve reveals this very clearly by a lower resistance
value, indicated by the downward curve in the figure. The
figure, therefore, reveals the simplicity of determining the
change in insulation stability by using thre%v fixed voltages
which are easily reproducible when making 3:voltage tests on

a routine basis.

We wish to emphasize that the curve in Figpre 43 indicates
the resistance change due to leakage current only, and not
the absorption current which may appear for 4 period of time
with each change in voltage. It may be neces‘rary to wait an
appreciable time after each voltage change for| the absorption

current to disappear before taking a reading. |

To understand better the technique of making insulation
resistance tests at two or more voltages the following steps are
suggested, using an industrial or traction motor classed in the
300 to 1000 volt range as an example:

1) Make a one minute Megger instrument test at 500 volts

to serve as a basis of comparison for subsequent steps.

2) After a careful cleaning operation make a second 500
volt Megger instrument test to determine the effective-
ness of this cleaning. ‘

3) If the one minute insulation resistance value is sub-
normal, or if the 60 second/30 second insulation resis-
tance ratio is no greater than one at this point then a
drying operation may be desirable before using a higher
test voltage. However, making another test at 1000 volts
and comparing these readings with those from the 500
volt test will help in determining the need for drying.
If the 1000 volt test value is appreciably less than that
at 500 volts then a drying operation should be per-
formed. On the other hand, if the 1000 volt and 500
volt test values are approximately the same it is reason-
able to assume that the decision to perform a drying
operation can be deferred until after the| next step.

4) Make a Megger instrument test at 2500 volts. If there
is no appreciable difference in the 500 and 2500 volt test
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values good evidence has been obtained that the motor
in question is in reliable condition as far as its insula-
tion is concerned. If there is an appreciable difference
in the two, there is, on the other hand, good evidence
that more thorough reconditioning is called for. If the
insulation fails under the 2500 volt test, after following
steps 1, 2 and 3, we believe there is a likelihood that the
motor in question, which in this example is a unit con-
sidered to be classed in the 300 to 1000 volt range, would
fail in service ‘even though an attempt were made to
recondition it on the basis of low voltage tests only.

‘The multi-voltage method can also be helpful in deter-
mining the presence of excessive moisture in the insulation of
equipment rated at voltages equivalent to or greater than the
highest voltage available in the multi-voltage Megger instru-
ment in use. In other words, even though the highest Meg-
ger instrument voltage available does not stress the insulation
beyond its rating, a 2-voltage test can, nevertheless, often re-
veal the presence of moisture. If the insulation resistance
is first tested on the short time reading basis—at one voltage,
e.g., 500 volts, and then at a higher potential, e.g., 2500 volts
(nominal in relation to the voltage rating of the equipment
being tested), a lower value of insulation resistance at the
higher d-c test voltage usually indicates the presence of mois.
ture. The applied voltages should preferably be in the ratio
of 1 to 5. Experience has indicated that a change of 25% in
the insulation resistance value, with a 1 to 5 ratio in test
voltages, is usually due to the presence of an excessive amount
of moisture.

This method is not based on a dielectric absorption phe-
nomena, but it does relate to the “Evershed Effect”,

1401

As with time-resistance measurements, thf:‘j mulu:ol:;g:
method of testing insulation resistance h?.s increased v
when made on a periodic or scheduled basis.

c
=
D-C TEST VOLTS (KV)
FIGURE 43

FIGURE 44. Time-resistance
test forms.

1411




IX

INTERPRETATION—MINIMUM VALUES

- aI:;ui:u'oEl resxstz;lnce of electrical equipment is affected by
riables such as the equi i
. ment design, the ty i
sulating material u i e o iy
al used, including binde i i
rs and impregna
compounds, the thickne i i ca, cleants
ss of the insulation and i i
. nd its area, clean]
ness (or uncleanliness) i - insula
' _ » moisture, and temperature. For |
tion resistance measurem L il
' ents to be conclusive i i
tion re : t n analyzing the
or tion of equipment being tested, these variables mu§t be
taken into consideration.
S . .
sulal;::llgfa:;'t(:rs .ai theddeSIgn of the equipment, the kind of in-
aterial used, and its thick
A ness and area cea b
variables after the equi fee, and
iz quipment has been put into i
- . . J service, and
rearsl(l)r::l:;len:s;xlatlon ref‘lx‘stance values can be established vx;itllin
olerances. The variables t} i
. tat must be consid
reasc . sidered
e tlhe f:quxpn}ent ha§ been put mnto service, and at the time
the insulation resistance measurements are being made

»
res, Stule, lelllpelature, and damage Such as

Good Housekeeping

T1 . . .
o e]éi[filco:]t ;mpprtant Tequirements in the reliable operation
: qulp.ment are cleanliness, and the eliminati
:?;é:tlcxire penetration into the insulation. This may ;;)t'sotr:loo‘
[ena;:ce 2; ag](l)otd hou:el;leeplpg and-is essential in the mai:-
e of all zfpes o' electrical €quipment. The very fact that
. fors il:ce Is affected by moisture and dirt: with due
Twances valuab;nperalture,. mszc.:s ‘the “Megger” Insulation
It B at oen uat e too whlch_ It 1s in electrical maintenance.
e acon gauge of qlean!lness and good housekeeping a
a detector of deterioration and impending troubllz 8%

What Readings to Expect-—Periodic Tests

Several criteria for minimum v

alues of in i i
have been developed and are he e They ance

re summarized. They should
1421
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serve as a guide for equipment in service. Hoquer, periodic
tests on equipment in service will usually reveal readings con:
siderably higher than the suggested minimum safe values.

It is therefore strongly recommended that records of periodic
tests be kept, because persistent downward trends|in insulation
resistance usually give fair warning of impending trouble,
even though the actual values may be higher than the sug-
gested minimum safe values.

Conversely, allowances must be made for equipment in ser-
vice showing periodic test values lower than the suggested min-
imum safe values, so long as the values remain stable or con-
sistent. In such cases, after due consideration has “been given to
temperature and humidity conditions at the time of the test,
there may be no need for concern. This condition may be
caused by uniformly distributed leakages of a haymless nature,
and may not be the result of a dangerous localized weakness.
Here again, records of insulation resistance tests over a period
of time reveal changes which may justify investigation. The
“trend of the curve” may be more significant than the numerical
values themselves. |

The One-Megohm" Rule

For many years One Megohm has been widely|used as a fair
allowable lower limit for insulation resistance of ordinary in-
dustrial electrical equipment rated up to 1000 volts, and is still
recommended for those who may not be too familiar with in-
sulation resistance testing practices, or who may not wish to ap-
proach the problem from a more technical ppint of view.

For equipment rated above 1000 volts the “one megohm”
rule is usually stated: “A minimum of one megohm per thou-
sand volts.”” Although this rule is somewhat arbitrary, and may
be criticized as lacking an engineering foundation, it has stood
the test of a good many years of practical experience. It gives
some assurance that equipment is not too wet orr not too dirty
and has saved many an unnecessary breakdown,

More recent studies of the problem, however,| have resulted
in formulas for minimum values of insulation resistance that
are based on the kind of insulating material used, and the elec-
trical and physical dimensions of the types of equipment under
consideration. |
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Minimum Values for Insulation Resistance
Rotating Machinery

. Report #43, entitled “Recommended Practices for Test.
:)ng Insulatzo?z Resistance of Rotating Machinery” published
, g'e th: bAlmerlcan In§titute of Electrical Engineers, deals with
meas;zl;mem off makmg.and Interpreting insulation resistance

; ents for Totating machinery. It reviews the factors

d-c rotating machinery.

It is strongly recommended that those who i
taln rotating machinery with ratings of IO%O(HLZrZﬁdazg;c:'ﬂ;
the a-c class and 100 kw and above in the d.c class, obtain copi
of this pub!xcatlon for guidance. They may be o’btained di{')ece:
from American Institute of Electrical Engineers, 33 West 39th
Street, New York City or through the James G. Biddle Co

In the case of small a-c machinerv rated 999 kva and less, thi
report states that since these small units are not likely to | .
designed for use on high voltages, a ince i  that

mine the insulation condition, the following simplified formul
s recommended. It is in effect, the old rule “Onc megol ber
1000 volts” with a minimum of one megohm: gom per
R, =Kv 4 | '

where

R, = Standard insulation resistance of class A or B
stator armature windings in megohms at wind-

INg temperatures up to 75° C, obtained by ap-

plying 500. volts d-c to the cntire wird:
one minute. ntire winding for

Kv = Rated machine voltage in kilovolts
In the case of small d-c machines rated 99 kv and less the

report states that since these small unj i
¢ y unis are not likely
demgr.led for use on high voltages, i e

. - e m )
9hm at winding temperatures up to 75° C, obtained by app‘;g-
ing 500 volts d-c to the winding for one minute. ’
Bushings

In the case of outdoor oil circuit break i
« er bushings, e i-
ence has shown that any bushing, with its assembled gasso;'gfgi
144

insulating members, should for reliable operation, have an in-
sulation resistance value above 10,000 megohms at 20°C. This
assumes that the oil within the tank is in good condition, that
the breaker is separated from its external connections to other
equipment, and that the porcelain weather shield is guarded.
This means that each component such as the stripped bushing
itself, cross-member, lift rod, lower arcing shield etc., should
have an insulation resistance in excess of that value.

Any components which are superficially clean and dry and
having values less than 10,000 megohms are usually deteriorated
internally, by the presence of moisture or carbonized paths, to
such an extent that they are not reliable for good service unless
reconditioned. This is particularly so when operating under
surge conditions such as during lightning disturbances. In the
case of the stripped bushing itself, the lower stem and upper
weather shield must be either perfectly clean or guarded before
it is condemned as unreliable because of an insulation resistance
value less than 10,000 megohms.

What has been said for stripped oil circuit breaker bushings
also applies to bushings for other equipment such as transform-
ers. Since bushings and other associated members have very high
insulation resistance values normally, a “Megger” Insulation
Testing Set having a range of at least 10,000 megohms is nec-
essary in testing such equipment. “Megger” instruments having
ranges up to 50,000 megohms will permit the gbservation of
deteriorating trends in bushings before they reach the question-
able value of 10,000 megohms. *

[

Cable and Conductors ‘

Cable and conductor installations present a wide variation
of conditions from the point of view of the resistance of the in-
sulation. These conditions result from the many kinds of insu-
lating materials used, the voltage rating or insulation thickness,
and the length of the circuit involved in the measurement. Fur-
thermore, such circuits usually extend over great distances, and
may be subjected to wide variations in temperature, which will
have an effect on the insulation resistance values obtained. The
terminals of cables and conductors will also have an effect on
the test values unless they are clean and dry, or} guarded. See
Section VIL |

The Insulated Power Cable Engineers Association gives min-
imum values of insulation resistance in its Specifications for va-
rious types of cables and conductors. These minimum values
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are for new, single-conductor wire and cable after being sub-
jected to an a-c high voltage test and based on a d-c test poten-
;1(;11 of 500 volts applied for one minute at a temperature of
°F.
These standard minimum values (for single-conductor cable)
are based on the following formula;

R:K loglo de

where
R =megohms per 1000 feet of cable
K =constant for insulating material
D=outside diameter of conductor insulation
d=diameter of conductor

Minimum values of K at 60°F,

[nsulation Type

Impregnated Paper........... ... ... . 2640
Varnished Cambric........... ... """ 2640
Thermoplastic—Polyethylene ............. above 50,000
Composite Polyethylene ... ... ... .. ... 30,000
Thermoplastic-Polyvinyl :

Polyvinyl Chloride 60°C .......... ... . . 500

Polyvinyl Chloride 75°C ... ... . . . /""" 2,000

Grade Natural Rubber Synthetic Rubber

Code ... 950
Performance ......... .. 10,560.................. 2000
Heat Resistant .. .. ... .. 10,560.................. 2000
Ozone Resistant . ... .., 10,000 (Butyl) .......... 2000
Kerite ... 4,000

See pages 48 and 49 for tables of logy, g

The insulation resistance of one conductor of a multiconduc-
tor cable to all others and sheath is:

R=K log,, dg

where
D:dl:grlneter over insulation of equivalent single conductor
cable
=d-}-2¢4-2p

d=diameter of cond, (for sector cables d equals diameter of
round cond. of same cross-section)
c=thickness of conductor insulation
b=thickness of jacket insulation
(all dimensions must be expressed in same units) .

[461

Transformers

Acceptable insulation resistance values for dr)f and com-
pound-filled transformers should be comparable to those for
class A rotating machinery, although no standard minimum
values are available. 3

Oil-filled transformers or voltage regulators present a special
problem in that the condition of the oil has a marked influence
on the insulation resistance of the windings. |

In the absence of more reliable data the followingL formula is
suggested: CE :

R= —

Vkva ‘

R=minimum l-minute 500-volt d-c insulation resistance in

megohms from winding to ground, with other winding
or windings guarded, or from winding to winding with
core guarded. |

C=a constant for 20°C measurements.

E=voltage rating of winding under test.
kva=rated capacity of winding under test. :

For tests of winding to ground with the other winding or
windings grounded, the values will be much less| than that
given by the formula. R in this formula is based on dry, acid-
free, sludge-free oil, and bushings and terminal boards that
are in good condition. i

Values of C at 20°C. ;
60-cycle  25.cycle

Tanked oil-filled type 1.5 10
Untanked oil-filled type 30.0 1200
Dry or compound-filled type 30.0 :20.0

The foregoing formula is intended for single-phase trans-
formers. If the transformer under test is of the three-phase type,
and the three individual windings are being tested as one,
then:
E=voltage rating of one of the single-phase windings
(phase to phase for delta connected units and phase to
neutral for star connected units.) |

kva=rated capacity of the complete three-phase winding
under test. :
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PRINCIPLE OF OPERATION OF “MEGGER"
INSULATION TESTING INSTRUMENTS

) T}3e “Megger” ohmmeter is a permanent magnet, cross-coil in-
dicating instrument whose accuracy is independent of the exact
voltage supplied for the test. No compensation or adjustment is
necessary.

The ohmmeter consists essentially of two coils—4 and B in
Figure 45, mounted on the same moving system with pointer
attachefl and free to rotate in a permanent magnet fietd, The
system is pivoted in spring-supported jewel bearings. '

FIGURE 45, Basic diagram of electrical connections for
the “Megger"” Insulation Tester.
'(fhere are no control springs such as are used in ammeters
and voltmeters. Qunent is led to the coils by flexible conduct-
ing ligaments which offer the least possible restraint, so that

wh_en the instrument is level and no curr:
pointer should float towards Infinity.

Deflecting and Control Coils

. ;ll"he def.lecting coil 4 is connected in series with a fixed
allast resistance R’ and the resistance under test, the latter
being connected to the Earth and Line terminals.

ent is supplied, the

150)

The control coil B is connected in series with a fixed resist.
ance R.

Coils A and B are mounted on the moving system at a fixed
angle to each other, and are so connected that when current
is supplied they develop opposing torques and tend to turn
the moving system in opposite directions. The pointer, there-
fore, comes to rest where the two torques are balanced.

With either perfect insulation or nothing at all connected
to the testing terminals, no current will flow in coil 4. Coil B,
however, receives current and will take a position opposite the
gap in the C-shaped iron core. The corresponding position of
the pointer over the scale is marked Infinity.

When a resistance is connected to the Earth and Line ter-
minals, a current will flow in the deflecting coil 4 and the
corresponding torque will draw coil B away from the Infinity
position into a field of gradually increasing magnetic strength
until a balance is obtained between the forces exerted by the
two coils. In this manner coil B acts like a restraining spring.

As shown in Figure 46, the control coil is actually in two
parts forming an astatic system, B being the main part that
develops control torque as a result of the permanent magnet
field. B’ is a coil mounted outside of the permanent magnet
field, and in series with the control coil, but connected in op-

position so that stray fields are neutralized. In oth
external fields which may ordinarily tend to
pointer from its infinity calibration, will produ
opposing torques in the two parts of the control
making the moving system free of any errors fro

Scales— Calibration

er words, any
displace the
ce equal and
coil, thereby
m that cause.

By connecting resistances of different known values to the

Earth and Line terminals and marking the corres;
tion of the pointer in each case, a scale calibrated

ponding posi-
in resistance

is obtained. Tn this manner the scales of all “Megger” Insula-
tion Testers are individually calibrated and drawn.

See Appendix (page 56) for “Instructions for
Calibration of Megger Insulation Testers—All

Checking the
ypes.”

If the Earth and Line terminals are short circuited, the

pointer simply moves to Zero. The ballast resistance R’ offers
ample protection against excessive current in coil 4. With
no current supplied to the ohmmeter, the pointer will relax
and float towards Infinity as already explained. |
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S ha e T Sed
FIGURE 46. Ohmmet
OS = ohmmeter scale
P = pointer
R = control coi!
B’ = astatic part of control coil

er system of the “Major” Megger Insulation Tester.
A = deflecting coil

C = fixed C-shaped iron core

L = ligaments

M = permanent magnet

Variations in Generator Voltage

The calibration of the “Megger” ohmmeter is unaffected by
the applied voltage, within plus or minus 209 of normal—or
between 400 and 600 volts in a 500-volt instrument. This is
because the two ohmmeter coils 4 and B (Figure 45) receive
current from the same source. Any change in the applied volt
age will affect both coils in the same proportion, and therefore
the pointer will take the same position for a given resistance
under test. Consequently the calibration is unaffected by the

exact speed at which a hand crank may be turned or by the
exact strength of the permanent magnets.

Guard System
Figure 45 shows how the Line terminal is guarded by a
metallic guard washer which prevents errors due to leakage

[521]

across the outer surface of the instrument between the Earth and
Line terminals. The leakage current is simply shunt.‘d away from
the Line terminal and returns to the current supply w1lﬁhout passing
through the deflecting coil of the ohmmeter.

|

L

¢ ;
FIGURE 47. Basic diagram of Cat. No. 21159 “Major”| Megger
Insulation Tester. I

Figure 47 shows, in principle, how the Guard Sb'stem is used

inside the instrument. i |
Most “Megger” Insulation Testing Instruments have the Guard

System, except the Midget type, which is o.f low range and has a
molded plastic case of good insulating quality. |

Voltage Characteristics

ing a “Megger” Insulation Tester the voltage af:tually
ap:)/\lli}::int:: Stlhg appara%ﬁs under test is a function of ‘Ehe resmta'm.:e
under test in series with the instrument ballast resistance R 1r;
Fig. 45. Voltage regulation of .th.e generator or other source o
supply may be considered negligible. The voltagel characteristic
is therefore expressed by the formula— |

R

“r+r

Vi

Where V;=the terminal or applied voltage
R=Insulation Resistance of the apparatus under test
R’=Instrument ballast resistance
Vi=instrument voltage, i.e., the voltage generated or
applied to the instrument

(53]




Describing Figure 45—a 500-volt instrument has a ballast re-
sistance of approximately 100,000 ohms; if the resistance under
test happens to he 100,000 ohmns, the rated instrument voltage of
500 volts will obviously be divided equally between these two
resistances, and the voltage at the Earth and Line terminals will
be 250. When testing an external resistance of one megohm, the
terminal voltage will be about 455 volts (see formula on page 53).

This example shows that, knowing the internal ballast resistance
of a Megger Insulation Tester, the terminal voltage characteristics
can be plotted, for example—the Cat. No. 21 159 “Major” Megger
Insulation Tester. If the instrument reads 2 megohms on the 500

volt range, the voltage across the test specimen will be about 475
volts.

1100 T
| 1000-vOLT RANGE |
1000 $ ?
L~ MULTIPLY READING BY 2
900 -
800 /
Q
a /
700
g /
o)
9 600 /
2 w0 500-VOLT RANGE
5 — f
z T MULTIPLY READING BY 1
s
T 400 ]
. /
300
/ 250-VOLT_RANGE
200 /] s eall DIVIDE READING BY 2
100 - 100-VOLT RANGE
I DIVIDE READING BY §
0 1 | 10l I | i 1 lllll a1

1 5 10 50 100 5001000 <0

FIGURE 48. Typical Yoltage Characteristics for Cat. No. 21159 “Major" Megger
Insulation Tester.

(54

i i haracter-
Figure 49 shows the Earth-to-Line .tenmnal volta,g'.e c
istic i:)lf1 a high-range, heavy-duty type instrument having a ballast

resistance of 1.65 megohms.

. - d rat-
More detailed voltage characteristic data fox.' all types an
ings of “Megger” Insulation Testers will be furnished tipon request.

r“_—* OQUTER  SCALEL ~—————]
fo——— INNER  SCALE
2500 -
- [ ———
N ; Ll .
2250 bee 2.
H -~ Oe
H /_1 ]
52000 <+~ 3
o =
H 3 1 o«
¥ o — 1.
im0 M PP e HH
!
", 3¢
o - £3
$ 1300 / N
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$° < soo
3 w0 o —
H -5 |t
z. $ -
i: / / . 2l e 400
.h_l > 1000 /‘Q‘-
H T e w0
3 10 / o~
O
¥ A ° 200
H
iwo e
H 7 100
g 20
§ 2 § i g? g A i}
S I} T ' 1
- ° ey L) 3 M A v 14 1000 AND F300 YOLF MANGEY MULTIPLY WECUWM VALUES Br
3 ¢ 2 oo b 88 8 300 ¥OLT wansL. GiWBC wiqome vaeue

RESISTANCE UNDER TEST N MEGOHMS
FIGURE 49. Typical Voltage Characteristic curves for Cat.| No. 638
Heavy-Duty Megger Insulation Tester.

The abscissae scales in Figures 48 and 49 are le}id out to corre-
spond with the actual scales of thF insj:mments. This practical f?n.n
of presentation is suggested for judging the vcfltage characteristic
of any type of insulation resistance testing device.
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APPENDIX

Instructions for Checking the Calibration of
Megger Insulation Testers—All Types

In checking the calibration of Megger Insulation Testers
two methods are suggested. One method involves the use of
direct measured resistance standards for the full range. These
are usually difficult to obtain except at great expense. The
second method makes use of low resistance standards, adapted
to the full range by means of shunting. This permits use of
commercially available standards.

As an aid to understanding the application of the two
methods, refer to Figure 47, in which a Guard terminal and
the guard system are shown. As explained, all types of Meg-
ger Insulation Testing Instruments have guard systems, ex-
cept the Midget type. However, the Guard terminal is not
used on low range types (below 1,000 megohms, 500 V), even
though internally the elements of the guard system are pres-
ent. On Megger Instruments not having Guard terminals,
and manufactured prior to approximately 1948, the external
guard connection may be made to the brass disk in back of
the hard-rubber disk on which the Line terminal is mounted.
This brass disk is connected directly to the internal guard
system.. The guard disk of the Meg Instrument is sct in a
deep groove in the insulating washer supporting the Line
terminal. The connection to the internal guard system can,
therefore, be made by winding a fine wire tightly in the
groove. If the Guard connection is not externally accessible
the direct substitution method must be used.

Direct Substitution Method:

When using the direct substitution method, it is only neces-
sary to connect a standard resistance unit of suitable multiple
values between the Farth and Line terminals of the Instru-
ment. The calibration is checked by operating the generator
at rated speed and reading the scale. The reading corresponds
to the value of standard resistance inserted between Line and
Earth. There are several precautions to be observed in using
this method. For higher range measurements, 1000 megohms
and up, the resistance should be adequately guarded against
leakage, as explained in Chapter VII. Also, the wattage rat-
ing of the resistance used should not be exceeded. The wat-
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Vi)® Vi is the rated
tage rating may be taken as x R, where V} is

s

voltage of the instrument and R, is the standard resistance
under test. When R, is made up of units in series, Re—R;4R,

2
4R, etc., the watts in any one unit is: %\f:) x R,, where R,
is the resistance of that particular unit. As show on pages 53
and 54, V, will vary with the load and wattage capacity of‘Lh.e
resistance standard may be lessened as V, is reduced. This
method MUST be used on rectifier operated and dual operated
Meg Instruments and certain Megger Instruments. as will be

explained later.

Shunting Method:

The second method involves the use of only a li iteq number
of resistance standards, supplemented by the shunt principle. The
choice of this method is based on commercially available standards
rated from 1 to 10 megohms in 10 steps, 1 watt per step. A rhcqstat,
covering a range up to approximately 50,000 ohms is also required.

The shunting method can be best understood by p?ting the
typical circuit in Fig. 45. Here, the resistance for a d1v1fie-?y-1.0
shunt must be exactly 1/9 of the total A or deflecting coil circuit
resistance, (consisting of R’ and the resistance of the A coil in
series). A rheostat of 1/9 of the total resistance (R’ an'd A) is
connected between the LINE and GUARD terminals. This makes
the total resistance between Line and Guard exactly 1//10 the value
for direct reading. Therefore, only 1/10 of the lqad current flows
through the A coil circuit, causing the pointer to indicate 10 times
the actual resistance connected to the Earth and Line terminals. )

This same shunt principle may be used to check t!le entire
resistance range above 1 megohm of Megger Insulation Test-
ers with only a limited number of resistance standards avail-
able. A single range Meg type of Insulation ] (
#7680, rated at 1,000 V and 2,000 megohms, will be given
as an example and checked by using a 1 to 10 megohm stand-
ard cited above. The standard resistance, having 10 steps of
I to 10 megohms, is first used to check the corres oqding scale
graduations on the Instrument directly by connecting to the
Earth and Line terminals, and then switching through th'e
range of the standard. After the 10 megohm graduation is
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found to be correct, the standard is switched back to the 1
megohm position and a shunting resistance is connected be-
tween the Guard and Line terminals. The value of shunting
resistance is determined from the A coil circuit resistance of
approximately 400,000 ohms, thus the necessary shunt must
have at least 1/9 of this value to give a multiplying factor of 10.
It is not necessary to measure this value by auxiliary means,
since after connecting it between Line and Guard, it is only
necessary to adjust it until the pointer on the Instrument
again indicates exactly 10 megohms. At this point the scale
factor is 10, so the shunting resistance must be exactly 1/9
(approximately 45,000 ohms) of the A coil circuit resistance.
Now the scale graduations from 10 to 100 megohms can be
checked by switching the standard resistance through its steps,
1 to 10 megohms.

When the 100 megohm graduation has been checked, the
standard resistance is again returned to the 1 megohm posi-
tion and the shunt resistance reduced until the pointer again
indicates 100 megohms. At this point the shunt is 1/99 (ap-
proximately 4,000 ohms) of the resistance in the A coil circuit,
giving a scale factor of 100. With the shunt adjusted, the
scale graduations from 100 to 1,000 megohms may be checked
by again switching the standard resistance through its steps.

When the 1,000 megohm graduation has been checked, the
standard and shunt resistances are again adjusted. Now the
shunt resistance is adjusted to 1/999 of the A coil circuit re-
sistance, giving a scale factor of 1,000. The 2,000 megohm
graduation is checked by switching the standard resistance to
its 2 megohm step. Thus, all the scale graduation above 1
megohm, except 15 and 150 megohms, are checked. These
two values are not checked by this method since there is no
1.5 megohm step on this particular standard.

An alternate procedure, that may only be applied to the
hand operated Meg type Instruments and certain other Meg-
ger Instruments, involves using only one standard resistance,
preferably 1 megohm and a shunt resistance. However, the
shunt resistance must be re-adjusted for each scale graduation
to be checked. First, the A coil circuit resistance must be
accurately measured from Line to Guard with a Wheatstone
bridge and recorded. Then each shunt resistance value S must

[58)

A4 R ’s
be calculated from the formula § = ft i where A 4 R’ is

the measured A coil circuit resistance and f is the scale factor
(the scale graduation to.be checked divided by the value of
the standard resistance). As an example, thq 15 megohm
graduation, one of the two missed by the previous e)fample.
could be checked by this method.. First, the resistance is meas-
ured accurately from Line to Guard and recorded. Then, sub-
stituting into the formula

, |
A4 R . A’-}-R’_l A} R’
Szf__l wehaveS__l5 1_1—4( !—l— )
-

using a megohm standard. The shunt is then set for 1/14
of the A coil circuit resistance. When the shunt s connected
between Line and Guard, with a 1 megohm standard between
Earth and Line, the Instrument should indicate 15 megohms.

y-10 switch,

this switch may be used instead of an external shunt to extend
the range of the available standard resistances. However, the
resistance values between Line and Guard must first be
checked to insure that the resistance in the divide-by-1 range
is exactly 10 times the resistance in the divide-by-10 range.
If the available standards do not cover the entire range of
the Instrument by using the divide-by-10 range, the' switch
may be set to divide-by-1 and external shunts used instead.

Earlier it was mentioned that the shunt method was ap-
plicable only to certain models. The shunt method may be
used on all hand operated models of the Meg type. However,
it cannot be used on rectifier operated types because the bal-
last resistance is inserted in the earth circuit instead of tl.le
line circuit to protect the rectifier against external short cir-
cuits between the Earth and Guard terminals. On hand oper-
ated models any such short circuit would immediately becc.)m.e
apparent because of difficulty in cranking. Furthermore, it is
impractical to shunt the A coil alone since the shunt setting
would never be correct due to the change in resistance of the
A coil caused by the heating effect of the current. This same
resistance change is present in the hand operated types, but
the percentage change is made negligible by ) ask_mg tl_us
small change by the relatively large ballast resistor in series
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