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VOLUME XIV NO. 1

JUNE, 1939

A 500-VOLT MEGOHM BRIDGE

®@THE TYPE 544-B MEGOHM BRIDGE with a 90-volt power
supply operated either from the 60-cvcle supply or from batteries was
introduced less than two years ago* and has been widely used for the
measurement of insulation resistance. This bridge uses a vacuum-tube
voltmeter as a detector of balance, which permits the measurement of
resistances much higher than the limit of a few megohms imposed by
the low resistance of a wall galvanometer. While the bridge is designed

so that 500 volts may be ap-
plied to it, this higher voltage
has seldom been used because
of the bulkiness of the neces-
sary batteries. The TyYPE
544-P3 500-volt Power Sup-
ply now available allows the
full possibilities of the bridge
to be realized.

VOLTAGE COEFFICIENT
OF RESISTANCE
The need for the higher
voltage on the bridge comes
not from a lack of sensitivity,
but from the fact that in-
sulation resistance has a

Also

IN THIS I1SSUE
Page
PROPERTIES OF Sonip
INsvLATING MATE-
RIALS LSS ()
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*General Radio Experimenter, July, 1937.

Ficure 1. The TyrE 544-B Megohm Bridge
with cover removed to show the TyprE 544-P3
Power Supply.
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Ficure 2. Schematic circunit diagram of the
TYPE 544-B Megohm Bridge.

huge voltage coeflicient. It s
at all for this resistance to
decrease by a factor of two or even
three when the voltage is increased from
100 to 500 volts. The magnitude ol this
change in resistance varies with the type
of insulation and also with temperature,
humidity, and time. No single multiply-
ing factor exists by which resistance at

one voltage can be converted to re-

not
unusual

sistance at some other voltage. It is,
therefore, desirable that all insulation
resistance measurements be made at
the same voltage to facilitate the inter-
comparison of results. A value of 500
volts has been widely adopted as stand-

ard.

DIELECTRIC ABSORPTION

It has long been recognized that the
apparent insulation resistance of an elec-

tric machine or cable rapidly increases
after the application of voltage. In spite
of this fact it became standard practice
to take the value of resistance at the end
of one minute and to disregard the
further increase. While this method is
reasonably satisfactory for the poorer
types of insulation, it fails entirely for
the better grades, particularly those that
are laminated, like the pasted mica used
in high-voltage generators. The time
needed to attain equilibrium is measured
in hours and even days.

This phenomenon has been referred
to as dielectric absorption or volume
charge. An extra charge of electricity,
other than that associated with the
normal capacitance of the insulation,
appears to be stored throughout the
volume of the This is now
better described as interfacial polariza-
tion.* A building up of charge occurs
at every interface between the different ~
materials of a heterogeneous insulation.
While the effect is most pronounced in

material.

a laminar structure, it also occurs in
materials whose component parts are
finely divided and thoroughly mixed.
The smallest particles are still molecular
aggregates which present interfaces to
each other. The total charge stored
throughout the volume of the dielectric
may be many times that of the con-

*Murphy & Morgan, “"The Dielectric Properties of Insu-
lating Materials,”” Bell Systemn Technical Journal, October,
19

Ficurie 3. Plot of insulation resistance vs. time for a 23,750 kva generator.
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Ficure 4. Plots of insulation resistance for

four generators having the same type of insu-
lation, but differing in voltage, age, and physi-
cal condition.

denser formed by the external elec-
trodes, and the larger part of this charge
can be recovered on discharge.

Under these conditions the apparent
resistance for one minute electrification
bears no relation to true insulation re-
sistance, but merely measures the cur-
that

instant. T he value of the true insulation

rent due to wvolume charge at
resistance can be estimated by observing
the resistance at increasing time inter-
vals and plotting the observed data. The
slope of the resistance-time plot at some
convenient time interval is also of con-
siderable significance.t

INSULATION RESISTANCE
OF ELECTRICAL MACHINES

A plot showing the way the apparent
insulation resistance of a 23,750 kva
generator varies with time is shown_in
igure 3. A reasonable estimate of its

FR. W . Wiesman, “Insulation Resistance of Armature
Windings,”” Electrical Engincering, June, 1931.

true insulation resistance

is 900 MQ,
while the one-minute reading is only
140 M. Similar curves for a group of
generators varying widely in age and
power rating are given in Figure 4. Al-
though the insulation is the same for all
of these machines, its physical condition
and moisture content at the time of
measurement differed widely. The slopes
of these curves at the end ol one minute
are probably equal in importance to the
actual values of resistance at that time.

Transformer insulation also has con-
siderable dielectric absorption. Thecurve
for a 5-kw, 0900-volt transformer is
shown in Figure 5-B.

Curves 4 and Cin Figure 5 are for two
rubber-insulated cables. These curves
illustrate the difference that can occur
in cables designed for different applica-
tions. Apparently the corona-resistant
design of the cable of curve C results in
a lower insulation resistance and a cor-
dielectric absorp-
tion. In spite of the large difference in
these two
cables, the one-minute readings are very

respondingly lower

insulation resistance for

nearly equal.

Fieurge 3. Plots of insulation resistance for
a transformer and two cables. 4 is a 1500-
toot, 600-volt, rubber-insulated cable. B is a
5 kw, 60900—volt transformer. C is a 7-kilovolt,
rubber insulated cable, 1040 feet long. This

cable is designed to be ozone-resistant.
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FFicure 6. Schematic circuit diagram of the TyprE 544-P3 Power Supply.

RESISTANCE RANGE

Resistance measurements with the
TypeE 544-B Megohm Bridge can be car-
ried up to 10,000 MQ with no loss in
sensitivity of setting. ®ver the next dec-
ade to 100,000 MQ the scale reading is
crowded, while a resistance of 1,000,000
MQ can just be distinguished from an
infinite resistance.

500-VOLT POWER SUPPLY

The most important requirement of
an a-c power supply for a megohm
bridge is that it maintain a constant d-c
voltage output in the face of the small
rapid fluctuations which occur in any
line voltage. While the balance of a
d-c bridge is independent of applied
voltage if the unknown resistance is non-
reactive, the existence ofaparallel capac-
itance immediately makes apparent the

changes in bridge voltage because of the
resulting changes in charging current.
The resulting kicks in the galvanometer
deflection are larger the greater the
parallel capacitance and the insulation
resistance.

Both the power supply to the bridge
and to the detector tube are stabilized
by series triodes whose varying grid bias
is referred to a constant voltage obtained
from a small neon tube. A diagrammatic
representation of the circuits is shown
in Figure 6. The filament supply of the
detector tube is also stabilized by an
iron-wire-type ballast tube. Means are
provided on the small panel at the top
of the supply for obtaining
either 100 v or 500 v for the bridge.
Any intermediate voltage values can be
obtained by adjustment of one of the re-
sistors mounted on this panel.

— RoserT F. FiELD

power

Specifications for the TypeE 544-B
Megohm Bridge and TypE 544-P3 Power
Supply are given on the next page. For
the convenience of users of the megohm

bridge who may wish to replace existing
90-volt power supplies with the 500-volt
unit, the TyYrPE 544-P3 Power Supply is
also listed separately.

WA, americanradiohistary com
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SPECIFICATIONS

Range: 0.1 megohm to 10,000 megohms, cov-
ered by a dial and a 5-position multiplier switch.
A resistance of 1,000,000 megohms can be de-
tected.

Accuracy:
Resistance Error
1 M- 100 MQ + 39,
100 M- 1000 MQ + 6%
1000 MQ-10,000 M +109%,

Above 10,000 megohms, the error is essentially
that with which the scale on the MmEcGonms dial
can be read.

FTerminals: The terminals for connecting the
unknown resistor include connections for guard
electrodes so that either two- or three-terminal
resistors can be measured.

Controls: Megohms dial, with multiplier;

zero adjustment; CHECK-OPERATE-CHARGE

Power Supply: The Tyre 5144-P3 a-c power
supply unit operates from a 105- to 125-volt,
40- to 60-cycle a-c line, and supplies either
500 volts or 100 volts to the bridge.
Operating Voltage: I'erminals are provided
so that the bridge voltage can be obtained from
an exlernal source if desired. Up to 500 volts
can be applied.

Vacuum Tubes: The Tyre 544-P3 Power
Supply uses a 6K7G detector, a 6X5G rectifier,
a 5U4G rectifier, and, in the voltage regulators,
a 6J5G, a 6K6G, and two CD-2005 neon lamps.
All tubes are supplied.

Mounting: Shielded oak cabinet.
Dimensions: Cabinet with cover closed,
(width) 814 x (length) 2215 x (height) 8 inches,
over-all.

Net Weight: With
3014 pounds; with a-c¢ power supply, 2514

battery power supply,

switch; power ON-OFF switch. pounds.
Type Description Code Word Price
544-B A-C Operated (500 volts) AGREE $235.00
544-1"3 500-volt Power Supply Only AGREEAPACK 75.00

PROPERTIES OF SOLID

® ON THE FOLLOWING TWO
PAGES is presented a table of the
mechanical and electrical properties of
some of the more common insulating
materials. The properties
given are those which enable the user to
determine the suitability of a material
for a given application. The electrical
properties listed are those which are
most important at the frequencies used

mechanical

in electrical communication, namely di-
electric constant and power factor.
Many of the plastics listed are man-
ufactured under a variety of trade
names. Different products of the same
general type will often differ widely in
some characteristics, such as tensile

INSULATING MATERIALS

strength, softening point, etc. For these
materials, an attempt has been made
to list representative values, or, wher-
ever possible, a range of values.

These data have been compiled at
General Radio over a period of several
years. They are taken from a number of
sources, including scientific publications,
handbooks and manufacturers’ litera-
ture. In spite of this, there are a number
of blank spaces in the table, and there
are undoubtedly some inaccuracies. We
hope that FExperimenter readers who
have more recent data than are shown
here will send us additions and correc-
tions which will enable us to complete
the table.

WwWWwWWwW.americanradiohistorv.com
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Tensile cog}g;es' "
' Strength Strength (;‘J(;e{fii:g:t o
Sl | Bl |t g it Sttt Conin i
(hIIIIIJ];:t'inIy i"c[' Igg[?:r‘l’%. o
by 103) (,',V;",'E'E;y
AMBER R Bl idc A/ 250 | 180 44
CASEIN — MOULDED 138 [ 177 | 165 80
CELLULOSE ACETATE 1.3 3 4 70 65| .5 150 |.0005
CELLULOSE NITRATE 1.5 | 3-6 85| 85| .36 | 140 |.0003
FiBrE 3 10 25 130 95 25 1.0011
Grass — CROWN 2.48 | 2-5 |[10-30 (1100 | -161] 8.9 .0025
Grass — FLint IR =TT M7 79062
Grass — PyYRrex | 2.25 40 | 600 | 520 | .2 3.2(.0027
METHACRYLIC RESIN 1.19 8-9 12 135 90 | .45 70 |.00055
Mica — CLEAR INDIA 2.8 1200 | 600 (2.06 | 3-7 |.0018
MycaLEX 3.5 | 68 [25-40 350 | .22 | 89 |.0014
MARBLE — WHITE L 4 8-15 .21 | 8-12 |.0015
PueNoL — PURE 1.3 | 5-11 [15-30 120 | .3 28 |.0004
PunexoL — YELLOW 1.9 5.5 130 ~
PuexoL —BrackMourpep| 1.35 | 7.5 | 30 140 | .35 | 40 |.0005
PHENOL — PAPER BASE 1.35 [10-15 30 125 | .3 30 |.00065
PHENOL — CrLoTH BASE 1.38 11 35 115 | .35 20 |.0005
SYREELL == 2.4 | 3-6 [30-50 (1610 [1050 | .25 | 4-5 |.0025
WET-PROCESS
L - 2:3 | 23 |B0-50 1050 | .26 | 3-4 |.0025
Dry-PROCESS
QuarTtz — FuUsip 2.21 | 7-10 | 200 1430 |1150 | .18 .45 1.0024
RuBBER — llARD 1.15 | 4-7 ¥ 70 65| .33 |70-80 |.0004
SLATE 2.8 5 15 .22 10 |[.005
STEATITE 2.5 | 8-10 [50-100(1500 {1000 6-8
STYRENE (Pelymerized) 1.05 | 69 14 90 5| 324, 70 |.0004
SULPHUR 2.05 113 95 | .17 64 |.0006
SHELLAC | | .9 7 85 75 .0006
Trranium DIOXIDE -5 | 4 60 1600 -8
Urea — FORMALDEHYDE | | 43 | 6 9 |25-30| 200 | 80 .00017
CompPOUNDS
VinyL Resins — UNFILLED | 1.35 | 8-10 50 | .244/ 70 |.0005

www americanradiohistorv. com
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Power Factor
in per cent Water Ab- Cost
Dielectric M achine- sorption get
Constant abllity . hafio D"““"d REMARKS
ol | VT ore
2.9 .2 |Very Good| 0 12 Nistoal Besticd Rasivi
6.4 6 Very Good| 4-9
6-8 i 3-6 |Very Good| 4 5 T By, M —diren vors
47 5 G 5 5 Very Good| 2-3 .50 R IO L RORHN =
5 |69|5 |5 |Very Good| 30 .35
6.2 1 No 0 Window Glass
7 45| .4 No e
4.5 .5 | .2 |Very Poor| O
2.8 3 2 o Very Good L “"Lucite” “Plexigluss” — Slow burning
7-7.3 | .03| .02 .02 15 ’
6-8 | .6 . Poor .035 . 80|Mica and Lead Borate ey
79 4 Fair Very high|
E 9 1 Very Cond 13 1 E‘ff,:lf:” “Bakelite’> — Burns  very
¢ 5.3 251 4 K Poor 9 65 ”Iﬁ:;{iss Bakelite’ — Nearly non-
5.5 8 6 3.5 Fair - . 40| Nearly non-burning
5.5 6 5 3.5 Good .2-1 . 55|Nearly non-burning
5.6 ) S 5 Good (4 . 65|Nearly non-burning
6.5-7 2 1 .6 No Low
6.2-7.5| 2 1 2l No 11
4.2 .03 .03 .03 Very Poor 0 SiO:2 eonducts a1 800° C.
2-3 1 1 .5—-.9 Fair .02 . 60| Burns slowly
6-8 .9 Fair High
6.1 1 41 .3 No .02 DY S e = Tlsglamsive”
2.4-2.9 .02 .02 03| Good 01 [ e este Vi e S
Sl . 03 |Burne rapidly
goh w25 9 5 A 25| Burnw readily
90-170 1| .06 No 0 20| Rutile *
67 5 3.8 1|3 Fair 4 " Beetle” “Plasken™
- 4 1.4 1.7 |Very Good 13 "Vinylite” — Non-burning
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MISCELLANY

@THROUGH AN OVERSIGHT,
Figure 1 was omitted from the article
entitled ““Checking Antenna Power with
the Type 726-A Vacuum-Tube Volt-
meter,” which "appeared in the May
issue. This drawing is reproduced here-
with, and the editor apologizes to both
the author and the readers.

——t
pe—
_—
=

Figure 1. Circuit for checking the accuracy
of an antenna ammeter with the Type 726-A
Vacuum-Tube Voltmeter. The transmitter out-
put should be reduced when making this check
in order to avoid burning out the ammeter.
Several calibration points can be checked by
adjusting the transmitter output to give
different ammeter readings.

@TWO TECHNICAL SOCIETIES
are holding conventions in San Fran-
cisco this month. The National Conven-
tion of the Institute of Radio Engineers
will be held June 27 to 30 at the Mark
Hopkins Hotel, and the combined
Pacific Coast and Summer Convention
of the American Institute of Electrical
Engineers will be held at the Hotel
Fairmont, June 26 to 30.

General Radio Company will have a
display of apparatus at the Mark Hop-
kins Hotel, in a room adjacent to the
I.R.E. convention hall. Many of the
new instruments will be on display, and
engineers will be on hand to answer

questions.

@ RECENT VISITORS to the Gen-
eral Radio laboratories include: J. K.
Laakso of the faculty of Tampere Poly-
Cecil E.
Brigham, Technical Birector of Kolster-
Ltd.,
Edwin H. Armstrong.

technic Institute, Finland;

Brandes, London; and Major

HE General Radio EXPERIMENTER is mailed without charge each
month to engineers, scientists, technicians, and others interested in

communication-frequency measurement and control problems.

When

sending requests for subscriptions and address-change notices, please
supply the following information : name, company name, company ad-
dress, type of business company is engaged in, and title or position of

individual.

GENERAL RADIO COMPANY

30 STATE STREET -

CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES
90 WEST STREET, NEW YORK CITY
1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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