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ABSTRACT

This report demonstrates the distribution character-
istics associated with 3200 CPS Electrical Power. The
specifi ¢ characteristics of a variety of wiring techniques

are analyzed and relative compari sons made.
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Section

I Contractual Requirements

In accordance with Item 1 of BuWeps Contract NOas 60-6121-C,
Bendix Red Bank has conducted a study to determine the feasibil-
ity of generating, controlling, and distributing 3200 CPS AC
electrical power on aircraft to support missiles. The final report
on this study, Contract Item No. 2, was forwarded as Bendix Red
Bank Report 337, dated April 27, 1961

As stated in Section I of Report 337, the characteristics contained
in that report were obtained analytically and additional laboratory
testing would be conducted to provide actual characteristics.
Therefore, since the major problem associated with 3200 CPS
electrical power is in the area of distribution, Bendix Red Bank

has conducted a series of tests designed specifically to demon-
strate distribution characteristics. The results of these laboratory
tests and conciusions are being forwarded in this report and are
intended to supplement the information contained in Bendix Read Bank
Report No. 337.
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Section 1II General Information

The 3200 CPS distribution characteristics shown in this report
are broken down into two basic catagories:

1) Impedance Characteristics and 2) Mutual InductanceCharacter-
istics. The specific details of the test conducted, characteristics,
and conclusions for each of these catagories is discussed in Sec-
tions III and IV respectively,

In order to provide as much information as possible on the results
of this study, Appendix A and B have been included in this report.
Appendix A is a copy of the detailed test procedure which was used
to obtain the necessary laboratory data. This test procedure,
Bendix Red Bank Report No, 331, Rev. B is entitled "3200 CPS
Electrical Power Distribution Test Procedures". The actual

test data obtained by laboratory testing has been included as
Appendix B. The characteristics shown in this report are taken
from this data.

It should be noted that throughout this report reference is made to
test procedure numbers. These numbers reference the various:tests
as outlined by the procedures of Appendix A. The test data fro.n
each specific test contains reference to the same applicable test
procedure number. The tables contained in the body of this report
also include a reference to the test procedure number., .- .. .
This has been included as a cross reference and to facilitate
further analysis of the test results.

The source of electrical power for these tests was a "breadboard"
version of the 3200 CPS generating section being fabricated under
Item No. 5 of this contract. This 320C CPS generating section will
be used as part of the dual frequency generating system being man-
ufactured by Bendix Red Bank. This 3200 CPS, 'single phase gener-
ator is rated at 6 KVA, therefore the tests descﬁ&eﬂthefeﬁﬁe*
limited to these parameters. .

The impedance characteristicsdemonstrated in Section II of this
report were obtained by tests conducted within the Red Bank
Laboratory. The actual test set up was isblated from all possible
sources of induced potentials so as to minimize error. However,
since the mutual induction tests outlined by Section IV were much
more critical with respect to induced potential, the actual testing

. Page 2
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was conducted outside of the laboratory. Three photographs, Fig-
ures 1, 2 and 3 have been included to show the test set up.

From these pictures, it should be noted that extreme care was used
in the spacing of all conductors. The conductors being tested were
kept at uniform spacing by the use of wooder blocks. All other leads
were placed either perpendicular to the test leads or at a minimum
distance of 6 feet., The particular test area was chosen because it
is completely isolated from any power lines, under ground pipes,

or conduit..

Figure 1 shows the "breadboard" generator being driven by a port-
ablé d¥ive, A forced blower is being used to insure adequate
generator cooling. Figure 2 shows the test set up as viewed from
the generating end. Figure 3 shows the test set up as viewed from
the load end. Test Procedures 9 through 15 made use of this par-
ticular test set up.
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Section IIT Impedance Characteristics

A.

General

The object of this section is to demonstrate the impedance
characteristics associated with the distribution of 3200 CPS elec-
trical power. It should be pointed out that these characteristics
are for stranded type wires and, for uniformity, operating at a
temperature of 25°C. As indicated in the various tables of this
section and in Appendix B, a great deal of data was taken at
temperatures above this standard. Therefore, the values used
for comparison purposes were adjusted to this predetermined
temperature.

The various tables in this section of the report compare calculated
values of resistance (R), Reactance (X), and Impedance (Z) with
values obtained by laboratory testing. In some instances, these
tables how a considerable difference between the two values.
This difference can be attributed primarily to-a variation of the
reactance factor due to the eifectsof proximity. These effects
are basically the interaction of magnetic fields on current distri-
bution within a conductor and the resulting change in apparent
reactance. It should be noted that only the impedance factors
obtained by testing were usedindemonstrating the characteristics
shown in this report.

As stated above, the characteristics shown herein, are for stranded
wire types. If Litz type wire were used, the impedance factors
would have to be modified to indicate a reduced resistance (approxi-
mately the DC value) and a decreased reactance. Since the stranded
wire characteristics are more severe, they were chosen for the
purpose of this report.

It is realized that there are a variety of methods and test procedures
which could be employed to determine the impedance factors of
various wiring configurations. The one used in the preparation of
this study was chosen because of the simplicity andlow cost.

The procurement of special test equipment as required by alternate
test methods could not be justified under this phase of the basic
contract.

Page 7
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Two Conductor System

A single phase, two conductor system is one in which a single conductor
is used to transmit electrical power from a generating source to a load
and a second conductor completes the return circuit to the generating
source. Tables 1, 2, 3 and 4 have been included in the following pages
to show the distribution impedance characteristics for various wiring
configurations. The configurations analyzed are: two conductors side
by side; two conductors side by side on an aluminum plate; two conduc-
tors spaces two inches apart; and two conductors cabled. Wires sizes
#6, #10, #16, and #20 are analyzed.

Table 5 provides a comparison of the resistance and reactance compon-
ents of various wire sizes for the referenced distribution configurations.
The figures for the intermediate wire sizes were obtained by interpolat-
ing between the values shown on Tables 1 through 4. It should be noted
that as the result of proximity, a very slight reduction in resistance is
achieved by a spacing between conductors.

In order to provide a better: indication of trends and to ease making
comparisons, the details contained in Tables 1 through 5 have been plot-
ted to provide Figures 4 through 7.

[ ]
Figure 4 shows the 3200 CPS resistance for various wire sizes. Included
in this figure are the characteristics for a two-conductor system and a
single-conductor system which uses an aluminum plate as the ground re-
turn. Since the effective resistance of a large aluminum plate is negligable,
the curves show the resistance of two conductors as compared to that of
of one. Cabling (twisting conductors around each other - as per MIL-C-
7078A) of the two conductors would tend to increase the resistance per
foot of distribution length above that indicated for a two-wire system pri-
marily because more wire per foot would be used.

Figure 5 shows the eflect of thie various wiring confirurations on con-
cuctor reactance for wires hetween sizes #6 through #22. By coru-
pariag Curves 1 aad 2, it is apparent tuat a’reduction in reactancs -
can be achieved for sinalleér wire sizes by placing them on

Page 8
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an aluminum plate (simulates an airframe). This reduction can be

attributed to an increased capacitive reactance between the conduc-
tors and the plate.

As Curve 3 indicates, increasing the space between two conductors
will teud to increase the apparent reactance. By spacing conductors,
the capacitance between conductors is reduced thereby resultiny in

a higher net inductive reactance.

Curve 4 shows that for small wire sizes a decreased reactance
can be obtained by cabling. This difference in reactance is com-
pounded by the fact that more turns per foot can be used with
smaller wire sizes.

Fizure 6 siiows the total 3200 CPS impedance per foot of distri-
bution lenyth for various wire sizes. Each of the four wiring
configurations are considered. It should be noted that for larger
wire sizes the major portion of the impedance is made up of in-
ductive reactance. Therefore, in this area the curves approximate
the impedance of the inductive reactance (see Figure 5). As wire
size decreases, the resistive component of impedance becomes
m:re predominant, For wire sizes #20 and #22, the total im
pedance approaches that of the resistive component as shown in
Figure 4.

The ratio of resistive to reactive components also affects the
power factor of the wiring configurations. The power factor
variation with wire size is shown in Figure 7. Each of the four
wiring techniques are presented. In all cases, the large wire
sizes reflect a smaller power factor due to the magnitude of the
reactive factor as compared to the resistive impedance factor. The
predominance of the resistance factor for smaller wire sizes re-
sults in an increasing power factor. The reduction in reactance
obtained by placing two conductors on an aluminum plate can be
seen by comparing Curvegl and 2. This technique, however, is
only beneficial for larger wire sizes.

The effects of cabling, as indicated by Curve 4, provides a definite

Page 9




power factor advantage for smaller wire sizes. Of course, with
the smaller wire size, a greater number of turns per foot can
be realized.

Curve 3 indicates that spacing wires will result in reducing the
power factor of the distribution system.

Page 10
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Distribution Impedance Characteristics

f Comparison of calculated impedance with impedances obtained by
laboratory testing. Impedance is for a two conductor system with conductors
side by side. ("O"spacing.)See Procedure I in Appendix A and B for
i test procedure and laboratory data.
j Wire| Method | Temp| _  __ Impedance _____| Average Test Impedance @25°
Size C R X Z R X Z¥ pf
/ #6 Cale . 000923 | .00398 |.00408 ‘
.i Test 34 . 000923 | .00404 |.00413
Calc . 000925 |.00398 |.00409
{ : Test 35 . 000925 . 00503*
Calc . 000890 |.00398 |.00407
Test 26.5 . 000890 |.00412 |.00422 |.000890{.00408 [. 00418 |.213
i #10 Calc .002135 | ,00410 |.00461 %
Test 44 . 002125 | .,00383 |.00438 :
‘ Calc . 002085 | .00410 |.00460 '
Test 39 . 002085 | .00381 |.00435 i
Calc . 002040 | .00410 |.00460 .
[ Test 32 .002040 | .00381 |.00431 |.002032{.00382 |.00432 | .469
L #16 Calc .00874 | .00493 |.01010 '
l Test 64 . 00874 .00792 |.01180 ‘
: i Cale .00850 | .00493 |.00982
’ Test 55 .00850 | .00725 |.01118 ?
{ Calc .00799 | .00493 | .00940 ‘
, l Test 37 . 00799 .00668 | .01042 | .00792 (.00728 [.01075| .736 .
{ A
g L #20 Calc .02300 | .00535 |.02360 «
, Test 76 . 02300 .01480 | .02915
‘ Calc .02120 |} .00535 |.02200
| Test 51 .02120 |.01855 |.02820 3
‘- Calc .02025 | .00635 |.02090
Test 38 ".02025 |.01878 |[.02765] .02015 |.01738 |.02651 | .759
‘ - ST N S |
; * Not Used
| Table 1
4 Impedance In Ohms Per Foot of Distribution Length .
[ C indicates average measured conductor temperature. Page 11




Distribution Impedance Characteristics

Comparison of calculated impedances with impedances obtained by labor-

atory testing.
side by side on an aluminum plate.

for test procedure and laboratory data.

P

Impedance is for a two conductor system with conductors
See Procedure 2 in Appendix A and B

{ Wire| Method| Temp Impedance Average Test Impedance @25 Q
- | Size °C LR UX 2 R X 4 pf
i #6 Calc .000925 | ,003175.00330
Test 38 . 000925 | .00298 |.00328
» Calc . 000924 | .003175]|.00329
! Test 36 . 000924 | .00328 }.00338
: Calc . 000895 | ,003175}.00330
Test 29 . 000895 | .003215(.00334 }.000890|.003152(,00327| .272
#10 Calc . 002125 | .00410 |.00461
Test 44 .002125 | .00358 |[.00416
Calc .002080 | .00410 |.00460
Test 35 .002080 ; .00356 |[.00411
Calc . 002040 | .00410 (.00459
Test 32 . 002040 | .00358 |.00411 |.002032|.00382 {.00432| .470
#16 + Calc .00840 | .00498 |.,00975 | |
i Test 53 .00840 | .00726 |.01110 |
- Calc .00817 | .00493 |.00955 |
. Test 44 00817 00717 |.01088
i , Calc .00786 | .00493 |.00930 ! ‘
g Test 33 00786 | .00787 |.01205 {.00792 ,.00728 |.01076| .736
#20 Calc .02295 | .0053b |.02355
Test 74 .02295 | .01850 |.02945
Calc .02120 | .00535 |.02185
Test 50 102120 | .0118b |.02440
Calc .020256 | .00535 |.02095
Test 38 .02025 | .01120 |.02315 |.02015 |.01738 |.02660| .756
Table 2
: Impedance in Ohms Per Foot of Distribution Length
f- °C indicates average measured conductor temperature.
! Page 12
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Distribution Impedance Characteristics

Comparison of calculated impedances with impedances obtained by labor-
atory testing. Impedance is for a two conductor system with conductors
two inches apart. See Procedure 8 in Appendix A and B for test proce-
dure and laboratory data.

——— —— I —— Sanrremetn. L ———— ———
. . . . .

—

Wire | Method | Temp Impedance Average Test Impedance @25°C
Size °C R X Z R X Z i pf
#6 Calc . 000927 |.00606 | ,00615

Test 40 . 000927 | .00815 | .00820

Calc . 000921 |.00606 | .00615

Test 33 . 000921 |.00822 | .00825

Calc . 000892 | .00606 { .00615

Test 27 . 000892 | .00824 | ,00828 | .000892]. 00820 | .00823 | .108
#10 Calc . 002122 | .00695 | .00727

Test 42 . 002122 | .00940 | . 00963

Calc . 002075 | .00695 | .00726

Test 33 . 002075 | .00937 | . 000860

Calc . 002035 | .00695 | .00725

Test 30 . 002035 | .00949 | . 00970 | .002025 |. 00942 | .00964 | . 210
#16 Calc .00840 |.00830].01180

Test 53 .00840 [.01260 | .01512

Calc . 00817 .00830 ].01165

Test 43.5 . 00817 .01240 | . 01487

Calc .00788 |.00830 ] .01147

Test 34.5 .00788 | .01253 |.01480].00785 |.01251 | .01476] .531
#20 Calc . 02295 | .00908 | .02460

Test 74 .02295 |.01740} .02880

Calc .02120 | .00908 ] .02310

Test 50 .02120 | .01702 | .02720

Calc .02025 | .00908 | .02220 i

Test 38 .02025 | .01598 | .02575| .02010 {.01682 j .0262 | .766

Table 3

Jmpedance in Ohms Per Foot of Distribution Length

C indicates average measured conductor temperature.

Page 13
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Distribution Impedance Characteristics

Comparison of calculated impedances with impedances obtained by

laboratory testing. Impedance is for a two conductor system with
conductors cabled. See Procedure 4 in Appendix A and B for test

procedure and laboratory data.

oy ——
- «

Wire | Method | Temp Impedance Average Test Impedance @ 25°C
Size °C R X Z R X Z pf
#6 Calc . 000946 | .00264 | .00281
Test 40 .000946 | .00356 | .00368
Cale . 000940 | .00264 | .00280
Test 33 . .000940 | .00360 | .00372
Calc .000913 | .00264 | .00280
Test 29 .000913 | .00364 | .00374 | .000913|.00360 | .00372 { . 245
#10 Calc .002140 | .00341 | .00402
Test 31 .002140 | .00378 | .00434
Calc .001995 | .00341 | .00395
Test 56 .001995 | .00451 | . 00495
Calc .002050 | .00341 | .00398
Test 44 .002050 | .00438 | .00485 | .002135{.00426 | .00477 | . 447
- #16 Calc .00895 | .00411 | .00985
Test o7 .00895 | .00682 | .01125
Calc .00870 | .00411 | .00936
Test 50 .00870 | .00820 | .01192
Cale .00839 | .00411 | .00906 :
Test 35 .00839 | .00606 | .01025 | .00832 |.00703 | .01090 | .764
#20 Calc .02475 | .00446 | .02515
Test 65 .02475 | .01295 | .02785
Calc .02285 | .00446 | .02330
Test 51 .02285 | .01295 ! .02620
Cale .02185 | .00446 | .02230
Test 37 .02185 | .00692 | .02285 | .02175 |.01295 | .02532| .858
Table 4
Impedance in Ohms Per Foot of Distribution Length
°C indicates average measured conductor temperature.
Page 14
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- DISTRIBUTION CHARACTERISTICS

TWO CONDUCTORS IN VARIOUS CONFIGURATIONS
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Single Conductor Systems

The single conductor systems referred to in the following paragraphs
are distribution systems in which electrical power is transmitted
from *he generating source to a load by means of a single wire.

The ¢iov il oo completed by a return through an aluminum plate.
This aluminum plate is treated as a ground and is intended to sim-
ulate the frame of an airborne vehicle. Since the impedance of a
large aluminum plate 1s very small as compared to that of a single
conductor of the size being tested, it will be considered as neglig-
ible throughout this report.

The main variable to be analyzed in a single conductor system is
the distance between the conductor and the aluminum plate ground
return. This distance is referred to as spacing. The spacing
variations analyzed in this report are zero inches (conductor lying
on a plate), one inch, three inches, and five inches. The effect

of these spacings on system impedance is demonstrated in Tables

6, 7, 8 and 9 respectively. These tables were originated from
laboratory test data and are limited to Wire Sizes # 6, #10, #16

and #20. For a comparison of the impedance factors of these wire
sizes and the intermediate sizes, refer to Table 10. The intermedi-
ate values shown here were ot'ained by interpolation. A slight re-
duction in resistance is noted with metered spacing. This reduction
is attributed to the proximity effects.

Figure 4, in the previous pages of this report, shows the variation
of 3200 CPS conductor resistance with wire size for a single con-
ductor system. The variation of the reactance factor with wire
size and spacing is shown in Figure 8. As shown by these curves,
any spacing will result in a considerable increase in reactive im-
pedance.

The impedance per foot of distribution length for various wire sizes
and with the referenced spacings is shown in Figure 9. The pre-
dominant reactive factor for larger wire sizes results in the

curves resembling the curves of Figure 8 (Reactance vs. Wire Size).
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However, as the wire size decreases the resistive factor becomes
more predominant and the resulting curves approach the character-
istic shown in Figure 4 (Resistance vs. Wire Size).

The effect of wire size and spacing on power factor is shown in
Figure 10. The increasing relative magnitude of the resistance
factor with decreasing wire sizes is indicated by an increasing
power factor. Under all conditions, however, the maximum power
factor can be obtained by minimizing the space between the con-
ductor and aluminum plate.
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Distribution Impedance Characteristics

Comparison of calculated impedances with impedances obtained by
laboratory testing. Impedance is for a single conductor system using
an aluminum plate as ground return (conductor lying on plate - no
spacing) See Procedure 5 in Appendix A and B for test procedure and
laboratory data.

Wire | Method| Temp Impedance Average Test Impedance @ 25°C
Size °C R X Z R X Z pf
#6 Cale .000445| .00125 | .001328
Test 26 .000445| .00209 | .00212
Calc .000445| .00125| .001328
Test 26 .000445| .00219 | .002230|.000445 |. 00214 | .002183|. 204
#10 Calc .00108 | .00157 | . 001865
Test 28 .00108 | .00217 | .002435
Calc .00100 | .00157 | .001865
Test 26 .00100 | .00290 | .003070}.00108 |.00254 | .002725]. 396
#16 Cale .00450 | .00216 | .00498
Test 48 .00450 | .00426 | .00616
Calc .00435 | .00216 | .00486
. Test 33 . 00435 .00392 | .00586 [.00435 |.00409 | .00597 |.728
#20 Calc . 01025 .00262 | .01115
Test 40 .01025 .00905 | .01370
Calc .01020 | .00262| .01106
Test 31 .01020 | .00732| .01253 }|.01020 |.00819} .01308 |.780
Table 6
Impedance in Ohms Per Foot of Distribution Length
°C indicates average measured conductor temperature.
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Distribution Impedance Characteristics

Comparison of calculated impedances with impedances obtained by
laboratory testing. Impedance for a single conductor system using
an aluminum plate as ground return (conductor located 1 inch from
plate) See Procedure 6 in Appendix A and B for test procedure and

laboratory data.
 Wire | Method | Temp Impedance Average Test Impedance @25°C
Size °C R X Z R X Z pf
#6 Calc . 000445 | .00346 1 .00340
Test 27 . 000445 | .00436 | .00439
Calc . 000445 | .00346 | .00340 :
Test 25 . 000445 | .00437 | .00440 | . 000445} .004365}.00437 ] .102
} #10 Cale .00106 | .00406 | . 00409
Test 34 . 00106 .00503 | .00514
s Calc . 00101 .00406 | .00408
Test 25 . 00101 .00504 | .00515} .001086 } .005035].00513} . 206
{— #16 Calc . 00450 .00488 | . 00666
. Test 51 . 00450 .00645] .00785
) Calc . 00445 .00488 | . 00665
y Test 47 . 00445 .00668 | .00803 | .00430 | .00657 }.00778] .553
#20 Calc . 01025 .00544 | .01162
Test 43 .01025 .00985 | .01472
Calc . 01020 .00544 | .01153
Test 31 . 01020 .00927 | .01380 1 .01020 | .00956 |.01410] .723
Table 7

Impedance in Ohms Per Foot of Distribution Length
°C indicates average measured conductor temperature.
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Distribution Impedance Characteristics

Comparison of caleulated impedances with impedances obtained by
laboratory testing. Impedance for a single conductor system using
an aluminum plate as ground return (conductor located 3 inches from

plate).

See Procedure 7 1n Appendix A and B for test procedure and
laboratory data..

Averagde Test Impedance @ 25°C

Wire | Method | Temp Impedance
Size ‘c R X Z R X v 2 pf
#6 Cale . 000443 | .00483 | . 00487
Test 26 .000443 | .00582 | . 00585
Calc »000443 | .00483 | .00487 ]
Test 26 . 000443 | .005689 | .00592| .000443 |.005686 .[.00589 |.133
- #10 Calc .00098 | .00639 | . 005564
Test 27 .00098 | .00650 | . 00655
Calc .001005 | . 00639 | .005655 ‘
Test, 33 .001005 | .0C620 | , 00608 | 00098 |.00625 [.006325 |.155
#6 | calc .00434 | .00612 | . 00803 "
Test Sh) .00434 | .00820 | . 00925
Calc . 00397 .00612 | . 00800
Test 36 . 00397 .00823 | .009156 | . 00425 1,008215].00925 {.460
#20 Cale .Q1060 | ..00680 | .01488
Test 47 .01060 | .61185 | .01522"
Calc . 00996 | .00680 | .01485] . . P
Test 34 -00996 | .01058 | .014591 .01122 '1.01005 [.01501 |[.747
Table 8
Impedance in Ohms Per Foot of Disiribution-Length
°C indicates average measured conduc’or temperature,
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Comparison of calculated impedances with impedances obtained by
iaboratory testing. Impedance for a single conductor system using

Digtribathion Impedance Characteristics

an aluminum plate as ground return (conductor located 5inches from

plate). See Procedure & in Appendix A and B for test procedure and
liboratory data.

Wire | Method| Temp Imypedance Average Test Impedance @25°C |
Size C R X Z R X Z pf
#6 Caic . 000430 | . 00547 |.00501
Test 26 .G00430 | . 00855 | . 00686
Calc . 000428 | . 00547 |, 005651
Test 28 .000428 | . 00R8G |, 00685 | . 000430} .00685 | .00686 | .0625
#10 Calc .00099 | .00€00 |.00615
Test 32 ,00099 | .0074n |.00750
Caic .0009E | . 006800 |.00615
Test. 28 .0009% |, 00738 {.00745 | .00097 |.00742 { .00748 | .130
#16 Caic .00426 | .00683 | .00858
Test ol .00426 | .00916 |.01010
Calc .003R9 | . 00683 | .008585
Test 32 .00389 | .00919 {.00997 | .00420 |.00918 | . 01042 | . 402
#20 Calc .01062 | .00745 | ,01622
Test 47 .01062 | .01243 | .01639
Calc . 00994 | .00745 | .01520
Test 33 .00994 | .01179 |.01542 | .01005 |.01211 | .01570 | .636
Table 9

Impedance in Ohms Per Foct of Distribution Length

b .
C ihdicates average measured conductor ‘emperature.
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Section v Mutual Inductance Characteristics

A.

General

The term "mutual inductance", as used in this report, refers to
the induction of a potential into a conductor which is in the local
vicinity of another conductor which is carrying a 3200 CPS AC
current. This potential is referred to as induced voltage. The
conductor transmitting the 3200 CPS current will be called the
primary. The conductor being affected by the induced potential
is referred to as the secondary.

For the conditions described in this section, all test conductors
are parallel. Conductors not directly involved with the test
condition are perpendicular to the test plane or are at a distance
sufficient to prevent their magnetic fields from influencing the
given test condition. Test Procedures 9 through 18 in Appendix
A and B provide details of the test set up and corresponding
laboratory data.

Since the curves and pictures referenced in this section were

extracted directly from the data of Appendix B, detailed tables
have not been used to outline characteristics,
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Induced Voltage

The basic effect of placing a 3200 CPS current carrying con-

ductor in the local vicinity of a second conductor is shown in

Figure 11. These curves show the induced voltage impressed by a 3200CPS
primary current for various distances from a secondary

conductor. It is noted, that as the distance between conductors

(spacing) increases, the induced voltage decreases.

Also shown in this figure are the characteristics of a 400 CPS

. distribution system operating under the same conditions. As
anticipated, the potential induced by a 3200 CPS line is approxi-
mately 8 times that of an equivalent 400 CPS line. This characteristic
can cause a considerable problem area in high frequency power systems,

Since induced potential is dependent upon primary current and ex-
. posure length, values of Ampere Feet have been included in Figure 1l.
I These values were obtained by multiplying the test current by the
exposure length (50 feet). These ampere feet characteristics can be
utilized in analyzing other 3200 CPS distribution configurations. The
induced voltage of a 30 amp 50 foot system will be equivalent to that
of a 50 amp 30 foot system for a standard set of conditions.

In order to determine the effect shielding would have on mutual
induction, Test Procedure 11 was included. The initial test with

the secondary shielded by aluminum thin wall tubing showed no effect
on induced voltages. The shielding was then placed on the primary
conductor (see page 12 of Appendix B) and only a minor reduction was
noted. A comparison of test data from the two identical conditions,
one with primary shielded and one without, will indicate only a few
tenths of a volt difference. Since the difference is so slight, only
the 5 inch spacing test was conducted.

Po——

The fact that only a very small reduction was noted on the secondary
induced voltage can be attributed to the eddy currents which were gen-
erated in the shielding. These currents, in turn, induced a potential
into the secondary conductor. Proof as to the presence of eddy cur-
rents was noted when the aluminum tubing became extremely hot.

| — Poma——
. N i

Test Procedure 10 was designed to determine the amount of
potential which would be induced into a secondary winding if the
primary was energized but not carrying current. This induced

S— .- Sm——— Py
- il [ ' "
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potential can be attributed to capacitive coupling between -
the two conductors. The data from this test is includec
with that of Procedure 9. The readings are shown as

O current or "C Open". From the data it can be seen that
the effect of capacitive coupling is in the order of
millivolts.

Figure 12 shows a general comparison of the effect of

primary current, spacing, and wiring configuration on in-
duced voltages. Also included are several 400 CPS character-
istics which are intended to be used for comparison purposes.
These curves are based on an exposure length of 50 feet.
Similar curves for other lengths can be originated by assuming
this to be a per unit basis and increasing the induced voltage
by the ratio of exposure length.

Curve 1 shows the induced voltage characteristics of the primary
and secondary conductors are side by side. The induced voltage

of a comparable 400 CPS system is indicated by Curve 4.

If a two conductor primary is used (assuming the second wire
to be the return), and the conductors are cabled, the induced
voltage into a secondary winding will be reduced considerably.
Curve 3 shows the condition with the single secondary wire

at zero spacing with the primary conductors cabled. Cabling
appears to reduce the induced voltage by approximately a five
to one raiio.

If the primary is a single conductor, and the secondary a two
conductor system, cabling the secondary will result in re-
ducing the induced voltage to the limit shown by Curve 2. It
should be noted that a slight advantage can be obtained by
cabling primary conductors rather than secondary conductors
of approximately the same size. This advantage, however,
can be offset if the primary conductors are very large as
compared to the secondary.
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The relative effects of cabling the primary conductors of a 3200

CPS system and 400 CPS syslem can be seen by comparing Curves
2 and £. As anficipated, the voltage induced by a 3200 CPS system
is several times greater than that of an equivalent 400 CPS system.
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DISTRIBUTION  CHARACTERISTICS
MUTUAL INDUCTANCE IN PARALLEL CIRCULIYS

EFFECT OF PRIMARY CURRENT, SPACING, AND
WIRING CONFIGURATION ON TNDUCED VOLTAGE
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] BASED ON GXPOSURE LENGTH oOF S50 FET,

INDUCED VOLTS PER AMPERE OF PRIMARY CURREWNT

O
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C.

Effect on Waye: Shapes
Yoosantereatng ‘o nole the e ffect a 3200 CPS current carrying
ronductor wiil have on anciher corductor carrying a different type
of electrical power, For this reason, test procedure numbers
16, 17 uand 18 were onginated,

From the ‘err dats on Pages 21, 24 and 25 of Appendix B, the
efivcts of 3200 CPR power on DC gower can be seen. With a 10
amp DC Inad the m ovmem v.ople measured was . 83 volts. With
. 00 amp 3200 CPS condutor along side for an exposure length of

=4
-
v
€

A teet, the ripple was inrreased to 16 5 volts,

e cwo wire 3200 CPR oy stem wereused, and conductcrs cabled,

“he rippie was reduced to 3, 2 volts. This approximate 5 to 1l re-
duction .n »ippie 12 cmpacabie to the induced voltage characteristics
oreviously dizcnssed.

The actual Changs inwave =hi1o€ can be seen by referring to Photo-
grarh 1. 2, 3. and 4 »n Pages 24 and Z5 of Appendix B.

The effects o7 3200 CPS power on 400 CPS power is also interesting
to note. Page < 21 Appendiz B denctes the change in harmonic
content, of &4 400 CPS potential before and after a 3200 CPS current
Larrying conductor L8 placed in clese proximaity.

The eighth harmon:, a3 would be expected, is increased consid-
erably--irom 1. 2 *o b%. The actual change in wave shape can be
seen .n phorngraphs © and 6 on Page 26 of Appendix B.

7L shouid be noted that f the 3200 CPS system employed cabled

leads the 400 CPS harmonic con‘ent would be expected to approach
the sithai »eadings,
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Section V' Conclusions

The detailed information contained in this report is intended

to show the basic characteristics associated with the distribution
of 3200 CPS electrical power. There is no intent to analyze

a specific application but to provide general information which
can be utilized at some future time to assist with system design
by suggesting methods of circumventing possible problem areas.

The distribution characteristics of 3200 CPS electrical power are
quite different in many respects than those associated with power
of a lower frequency level. In most cases these characteristics
can be considered as limitations to using a high frequency
electrical power.By the same token, however; higher frequency
power does provide many advantages in other areas of system
operation and performance. Therefore, by necessity, each
application must be analyzed independently and completely. From
this analysis the choice can be made as to which type of electrical
power is most advaniageous.
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April 17, 1961
Revision B

Bendix Red Bank
Report No. 331

3200.CPS Elebtrical Power Distribution Test Procedures

Object

Equipment

Test Conditions

- Where thermo couples are required, they shall be

Observe and record the distribution characteristics
of single phase 3200 cps electrical power.

8 KVA, single phase breadboard generator (rheostat
controlled with a 17. 5 mfd series compensating
capacitor.)

Variable resistance load bank capable of providing
a maximum load of 50 amps.

Various lengths of stranded wire, sizes 6, 8, 10, 132,
16 and 20.

Standard laboratory meters and measuring devices.

10 AMP DC supply.

400 cps supply.

1/4" x 6" aluminum plate of various lengths.

All tests to be conducted under room ambient con-
' ditions. -

All sensing and instrument leads must be kept per-
pendicular to primary power leads for a minimum
distance of 6 feet.

Uniform wire spacing from aluminum plate may be
accomplished using low density wood strips or
blocks.

Where cabling is required, the lay of cable shall be
from 8 to 14 times the diameter of the cable (two
times the diameter of an individual wire). Value
shall be recorded.

All tests shall be conducted in an area relatively free
from other possible sources of induced signals or
power.

placed at the beginning, and at five foot intervals
to the end of the indicated transmission distance.
The installation shall be made on the wire to in- .
sure a true indication of conductor temperature
and to minimize the effect of ambient conditions.
Thermo couple locations and readings shall be
indicated on data sheets.

Acpenbdix A




CE

e e -

M NI DS BN D M Demd Gl e g b el bed  femmi e el pommf  eand

Test Procedure

-2 -
Line Impedance

Determine line impedances in ohms/ft. for the

1'10 :
following dual conductor distribution conditions.
The test circuit shall be connected as follows with
the conductors placed side by side (no spacing). -
Thermo couples shall be used to sense conductor
‘temperature over the indicated transmission
distance. P
= Vo t:
A T
- O1
Vsz=120
Q Vo
b4
Y Y
< Vb, >

= <«—— TRANSMISSION DISTANCE (Dy) ——>
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Record all parameters and conductor temperature.

posmaned

+

?‘-.

/=y Con-
Vp+VD1 ductor
Wire Dq; 1| vy VDﬁ Vg |—T1|&/2Dy | Temp. | V1,
Size | (ft) | (amp) (volts)](volts)](volts)] (Ohms) | ohm/ft.] °C (volts)
6 30] 50
40
- 30
10 | 301 40
30
26
16 | 20] 25
22
15
20 | 201 15 -
11
8
2. Repeat No. 1 with conductors laying on an aluminum

plate which has been grounded to earth (to simulate
aircraft ground).

3. Repeat No.1 using a 2-inch spacing between center
lines of conductors.

4, Repeat No. 1 with cabled conductors. Record valve
of turns per foot.

5. Determine single conductor impedance characteristics
using the setup shown below. The impedance (ohms/ft.)
shall be determined for the following conditions with the
insulated conductor adjacent to the aluminum plate (zero
spacing) throughout the entire transmission distance Dr.

€——————TRANSMISSION DISTANCE (Dv)

o pumend pemmaf  pesem  pamef ey sy

Y

CONDUCTOR VOLTAGE DROP (Ve)

Awuminum  Piate As
6Rounp ReTurnN

AN A AL A M A A A A AR AR A A A A A AL A LA UL A LA A AR ALCRA L AR RR R RN

«——— PLATE VOLTAGE DROP (V,) >
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Record all parameters and conductor temperature

‘ ‘ Temq
‘ 2c=VC | Zp=V,) | 3/ |2 Con-
wrgDr| 1 |ve Vs fve v, |7 [AA %TJ%Tdm
Size | (ft) ] (amps) (volts) |.(volts) ‘(volts)L (volts) } (Ohms) ] (Ohms) ' C
6 |30 50
- 130 40
10 130 40
30 30
16 20 2b
20 16
20 |20 15 /
20 10 '

T N e ciham,

Repeat No. 5 with conductor 1 imch fhom falumidumi - -

plate.

Repeat No. 5 with conductor 3 inches from aluminum

plate.

Repeat No. 5 with conductor 5 inches from aluminum

plate.
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Mutual Inductance

Determine induced voltage in resistive loads due to

inductive coupling. The test set up shown below shall

be used. Primary power leads shall be size #8, sec-
ondary leads shall be size #20. Record the voltage

induced in each resistive lead for the following condi-

tions. The following load currents shall be used for
eachtest condition: 50, 45, 40, 35, 30, 25, 20, 15,
10, 5, and 1 amp.

VAcuum Tues

-9-

amedean
[ ——

C>‘VQ=IZO

| 4

2

#———!xnm LenaTH  (Dy)

VoLTMETER -
|
oo
,.—w&éfm—-. A
f“‘"’.‘?S"”’"""g T Ny
GFr
Semeing (VARWEBLE) B f—-j__ i

.|l
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é Induced Vol z_i_gg;‘ o] I !
o 2 < ]
g SHl o W o M
g é‘ggigHgHaS x| 8l 8 =|
Al aaslo sl el %p; N N

- =
*Toggther] 50 o0 S

1
* 1"(C/L) 50 ! 50

1
* 3"(C/L) 50 50

1
* 5"(C/L) 50 5f

1 ' ‘

J X .

10. . Repeat No. 9 test conditions with primary 3200 CPS power
energized but with the circuit cpen at point C (I=0).

11, Repeat No. 9 with the secondary circuit conductor shielded
between points A and B. Record length of cable shielded.

12. Repeat No. 9 test conditions shown by asterisk (*) with
400 CPS power in lieu of 3200 CPS power.

Aerendix A
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13. Repeat No. 9 with primary power leads cabled instead of
using 8-foot spacing, Secondary leads should be spaced.

14. Repeat No. 9 with secondary power leads cabled instead
of using 6-foot spacing. Primary leads should be spaced.

15. Repeat No. 13 test conditions shown by asterisk (*) using
400 CPS power in lieu of 3200 CPS power.

18. Determine induced voltage affect on DC power line. The
test setup should be as shown below. Primary power
leads to be size #8, secondary (DC) leads to be size #12.

e ExPOSURE LENGTH S0 67

1 ‘[ 1 ( CowducToRS, SIDE BY SIDE)
G é\/‘ﬂlo
E 2 2
_-l_ .
N

beC v

I

+

With a 10 amp DC load and no 3200 CPS load, measure DC
ripple and take photo of wave shape. Energize AC load to
provide 6 KVA, 3200 CPS output. Record DC ripple and
take comparison photo of wave shape.
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17.

18.

Repeat No. 16 with 3200 CPS power leads cabled in lieu
of using 6-foot spacing.

Repeat No. 16 using a 10 amp 400 CPS supply in lieu of
the 10 amp DC supply. Measure harmonic content prior
to and during the 3200 CPS loading. Take corresponding
photos.

Revision A - Changed reference test numbers

to be compatible with desired results

4/3/61 GTH 23

Revision B - Changed in accordance with Douglas -

GTH/is

Bendix TelCon on 4/14/61
4/17/61 GTH »“
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