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ABSTRACT

This report demonstrates the distribution character-

istics associated with 3200 CPS Electrical Power. The

specifi c 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 conclusions are being forwarded in this report and are
intended to supplement the information contained in Bendix M~ Bank
Report No. 337.
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Section II General Information

0 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 "13200 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 referance the varibut: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 3200 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 e
limited to these parameters.

The impedance characteristics demonstrated in Section II of this
report were obtained by test s 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

Pae
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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 wooden 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 canduit..

Figure 1 shows the "breadboard" generator being driven by a port-
ablb dtqire. 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 III 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 0 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

I 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 Thow a considerable difference between the two values.
This difference can be attributed primarily to:a variation of the
reactance factor due to the effects of 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 used indemonstrating 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-

* nmately the DC value) and a decreased reactance. Since the strand'ed
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 .and low cost.
The procurement of special test equipment as required by alternate
test methods could not be justified under this phase of the basic

[Icontract.
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B. 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 betten! 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 effect o' tUe various Uiri-, cenfigu~ratioins o'i. coný.-
ductor reactance for wires '),tween sizes #6&. Trucjh #22. By ,o:,,..,
paria t Curves 1 a-d 2, it is, apparent tiat a'reductioa in reactance

can be achieved for smaller wire sizes by placing them on

iP
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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 teid to increase the apparent reactance. By spacing conductors,
the capacitance between conductors is reduced thereby resulting 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.

Fi-oure 6 shows the total 3200 CPS impedance per foot of distri-
bution length 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
mm mre predominant. For wire sizes #20 and #22, the total im
pedance approaches that of the resistive component as shown inv Figure 4.

The ratio of resistive to reactive components also affects the
powcr 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 Curve.% 1 and 2. This technique, however, is
only beneficial for larger wire sizes.

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

iP
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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.
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Distribution Impedance Characteristics

Comparison of calculated impedance with impedances obtained by
laboratory testing. Impedance is for a two conductor system with conductors
side by side. (tIOflspacingo)See Procedure I in Appendix A and B for
test procedure and laboratory data.

Wire Method Temp Impedance Averacge Test Im edance @250C
Size ° C R X Z R X 7% pf

#6 Calc .000923 .00398 .00408
Test 34 .000923 .00404 .00413
Calc .000925 .00398 .00409
Test 35 .000925 . 00503*
Calc .000890 .00398 .00407
Test 26.5 .000890 o00412 .00422 .000890 .00408 .00418 .2131

#10 Calc .002135 ,00410 .00461
Test 44 .002125 .00383 .00438

Calc .002085 .00410 .00460

Test 39 .002085 .00381 .00435

Calc .002040 .00410 .00460
Test 32 .002040 .00381 .00431 -002032 .00382 .00432 .469

#16 Calc .00874 .00493 .01010
Test 64 .00874 .00792 .01180
Calc .00850 .00493 .00982
Test 55 .00850 .00725 .01118
Calc .00799 .00493 00940
Test 37 .00799 .00668 .01042 .00792 .00728 .01075 .736,

#20 Calc .02300 .00535 .02360
Test 76 .02300 .01480 .02915
Calc .02120 .00535 .02200
Test 51 .02120 .01855 .02820
Calc .02025 .00b35 .02090
Test 38 .02025 .01878 .02765 .02015 .01738 .02651 .759

* Not Used
rI Table 1

Impedance In Ohms Per Foot of Distribution Length0 C indicates average measured conductor temperature. Page 11
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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
side by side on an aluminum plate. See Procedure 2 in Appendix A and B
for test procedure and laboratory data.

Wire Method Temp Impedancqe Average Test Impedance @25_C

-Size °C --- X Z R X Z pf

#6 Calc .000925 .003175 .00330
Test 38 .000925 00298 .00328
Calc .000924 .003175 .00329
Test 36 .000924 .00326 .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

#6 Test 32 002040 .00358 .00411 .002032 .00382 .00432 .470

#16 Calc .00840 .00493 .00975
Test 53 .00840 .00726 .01110
Calc .00817 .00493 .00955
Test 44 00817 00717 .01088
Calc 00786 .00493 00930
Test 33 .00786 .00787 .01205 .00792 .00728 .01076 .736

#20 Calc .02295 .00535 .02355
Test 74 .02295 .01850 .02945
Calc .02120 . 00535 .02185

Test 50 02120 .01185 .02440
Calc .02025 .00535 .02095
Test 38__ .02025 .01120 .02315 .02015 .01738 .02660 .756'

Table 2

F• Impedance in Ohms Per Foot of Distribution Length0C indicates average measured conductor temperature.

[e
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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 3 in Appendix A and B for test proce-
dure and laboratory data.

Wire Method Temp Impedance Average Test Im edance @25 0 C
Size C R X Z R X Z pf

#6 Calc .000927 .00606 .0061.5
Test 40 .000927 .00815 .00820
Calc .000921 .00606 .00615
Test 33 .000921 .00822 .00825
Test 27 .000892 .00824 .00828 .000892 .00820 .00823 .108

#10 Cale .002122 .00695 .00727
"Test 42 .002122 .00940 .00963
Calc .002075 .00695 .00726
Test 33 .002075 .00937 .00960
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( Test 38 .02025 .01598 .02575 .02010 .016821 .0262 .766

F. Table 3

S mpedance 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.

Wire Method Temp Impedance Average Test Impedance @ 25 0 C
Size 0 C R X Z R X Z pf

#6 Calc .000946 .00264 .00281
Test 40 .000946 .00356 .00368
Calc .000940 .00264 .00280
Test 33 . o000940 .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 57 .00895 .00682 .01125
Calc .00870 .00411 .00936
Test 50 .00870 .00820 .01192
Calc .00839 .00411 .00906 1
Test 35 .00839 .00606 .01025 .00832 1.00703 .01090 .764

L #20 Calc .02475 .00446 .02515

Test 65 .02475 .01295 .02785
Calc .02285 .00446 .02330
Test 51 .02285 .01295 .02620
Calc .02185 .00446 .02230j Test 37 .02185 .00692 .02285 .02175 .01295 .02532 .858

_ _ _ _ I_ _ _ _ _

Table 4

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

[ Page 14
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C. Sinle Conductor Systems

The single conductor systems referred to in the following paragraphs
are distribution systems in which electrical power is transmitted
from the qenerating source to a load by means of a single wire.
Th11 >.6 ... , ,::. 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 is 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 :riches, 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 obtained 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-
d cuctor sy3tL. 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).

Page 20
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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.

P

I
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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 Averacre Test Im edance @ 25 0 C

Size 0 C R X Z R X Z pf

#6 Calc .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 Calc .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 .01105
Test 31 .01020 .00732 .01253 .01020 .00819 .01308 .780

I

Table 6

Impedance in Ohms Per Foot of Distribution Length
0C 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 Trmnodnce Averacre Test Impedance 250 C$ Size 0 C IR X Z R X Z pf

#6 Calc .000445 .00346 .00340
Test 27 .000445 .00436 .00439
Calc .000445 .00346 .00340
Test 25 .000445 .00437 .00440 .000445 .004365 .00437 .102

I #10 Calc .00106 .00406 .00409
Test 34 .00106 .00503 .00514
Calc .00101 .00406 .00408
Test 25 .00101 .00504 .00515 .00106 .005035 .00513 .206

#16 Calc .00450 .00488 .006661 Test 51 .00450 .00645 .00785
Calc .00445 .00488 .00665
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 .01020 .00956 .01410 .723

Table 7

Impedance in Ohms Per Foot of Distribution Length0C indicates average measured conductor temperature.
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Di stribution Impedance Characteristic s

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 3 inches from
plate). See Proced'tre 7 in Appendix A and B for test procedure and
I abo rato r y data.

Wire Method Temp Impedance Average Test Impedance @ 25°C
Size _ C !R X Z R. !,X " Z pf

#6 Calc .000443 .00483 .00487
Test 26 .000443 .00582 .00585
Calc .000443 .00483 .00487
Test 26 .000443 .00589 .00592 .000443 .00586 . .00589 . 133

#10 Cale .00098 .00539 .00554
Test 27 .00098 .00650 .00655
Cabc .001005 .00539 .00555
Test 33 .001005 .00600 o00608 .00098 .00625 .006325 .155

#16 Calc .00434 .00612 .00803
Test 55 .00434 .00820 .00925
Caic .00397 .00612 .00800
Test 36 .00397 .00823 .00915 .00425 .008215 .00925 .460

#20 Calc .01060 .00680 .01488
Test 47 .01060 .61185 .01522
Calc .00996 .00680 .01485.
Test 34 .00996 .01058 .01459 .01122 .01005 .01501 .747

U

(
[ Table. 8

Impedance in Ohms Per Foot of Distribution Length
0C indicates average measured conductor temperatqre•
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D, st-ib,)ion Jmpedlance Characteristics

Compartson of cakc uta1ed impedances with impedances obtained by
1abor:atory testing. Impedance for a single conductor system using
an al:,rnlum pla.e as ground return (conductor located 5 inches from
pi ate). See Pyoc edire 8 ,n Appendix A and B for test procedure and
la:boratory data.

S Wire Mehod Temp Imypz•dance Average Test Impedance @250C
S&ze "C R X Z R X Z pf

#6 Cai2 .000430 .00,547 .00551
Test 26 .000430 00685 .00686
Cal,: 000428 .00547 .00551
Te•-t .000428 .00685 .00685 .000430 .00685 .00686 .0625

#10 Cakc .00099 .00600 .00615
Test 32 o00099 . 0074b .00750
Ca'c .00098 .00600 .00615
Test 28 .00098 .00738 .00745 .00097 .00742 .00748 .130

S #16 Caic .00426 ,00683 .00858
Test 51 .00426 .00916 .01010
Cale .089 .00633 .00855
Test 32 .00389 .00919 .00997 .00420 .00918 .01042 .402

#20 Calc. .01062 00745 01522
T Test 47 .01062 .01243 .01639
Calc .00994 .00745 .01520
Teso 33 .00994 .01179 .01542 .01005 .01211 .01570 .636

Table 9

Impedqance in Ohms Per Foot of Distrjibutlon Length
C iý,dicates average measured conductor temperature.

I
I
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Section IV 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.

I 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.

PI

Ii

Ij
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SB. 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 II These curves show the induced voltage impressed by a 3200CPS
pr i m a r y c u r r e n t 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 11.
j These values were obtained by multiplying the test current bythe

exposure length (50 feet). These ampere feet characteristics can be
utilized in analyzing other 3200 CPS distribution configurations. The

I 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.

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.

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

Page 31
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potential can be attributed to capacitive coupling between
the two conductors. The data from this test is included
with that of Procedure 9. The readings are shown as
0 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
Sand secondary conductors are side by side. The induced voltage

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

SIf a tw o conductor prim ary is used (assum ing the second w ire
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 ralio.

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 relatave effecil s of cabling the primary conductors of a 3200
CPS system and 400 CPS system can be seen by comparing Curves
2 and '5. As anticipated., the voltage induced by a 3200 CPS system
is several times gyeatey than that of an equivalent 400 CPS system.

PI
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C ME-r L on av-o Shc~e~

'intere,ý..ng ( ncih the etfect a 3200 CPS current carrying
em,.ndi(ctor wAl ha:-ve on ancn.hei- corLduc-tor carrymng a different type
of electricaI power. For thi.s reason, test procedure numbers
16, 17 .ind 18 we, e o: ig-nted.

F>'m i-he '.r:t• dat• cn Pages. 21, 24 and 25 of Appendix B, the
oý, of 3200 CPS oow:-_ on DC power can be seen. With a 10

amp DC load tlic, rin ,.:'rn,'m r~pple measured was .83 volts. With
50 amp 3200 CPS coadw_-fc,'o: along side for an exposure length of

"50 teet, the r~pple wa3 7n( reased to 16 5 volts,

a ,.wc w,: e 320 CP,-, y .- fem weresed, and conductcrs cabled,
"The ripp;e was r cdu,. ed t o 3. 2 volts. Th_,s approximate 5 to 1 re-
d,_fion .n '4pe , :m pa., abie to the induaced voltage characteristics
p, evious-y dlz..sed.

The a( too-•l ( harng <r 'iave phie can be seen by referring to Photo-
giaph 1. 2, 3. and 4 ,r P~ges 24 and 25 of Appendix B.

The efiects , :,,. CPS power on 400 CPS power is also interesting
to note. Page .f : Apipendix B denotes the change in harmonic
content of a 400 CPS p,.entLal before and after a 3200 CPS current
, rying ,-ndir tc r pla, ed J close proximity.

The Fig.h. harmr,n,- as would be expec.ted, is increased consid-
erably- -rcm 1. 2 no b%. The actual change in wave shape can be
seen _n 1_-- org"aphs, , and 6 on Page 26 of Appendix B.

t shchild be noc.ed that Jf the 34200 CPS system employed cabled
lead,- '.he 400 CPS harmor, i c on.ent would be expected to approach
the jr!t.fal -ea;r~igs.

Page 36
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I 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. FromI this analysis the choice can be made as to which type of electrical
power is most advantageous.

I
I
I
I
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April 17, 1961

1~ Bendix Red Bank Revision B

Report No. 331

3200,CPS Electrical Power Distribution Test Procedures

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

Equipment 6 KVA, single phase breadboard generator (rheostat
Scontrolled with a 17. 5 mfd series compensating

capacitor. )
Variable resistance load bank capable of providing

Sa maximum load of 50 amps.
I Various lengths of stranded wire, sizes 6, 8, 10, 12,

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.

Test Conditions 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

I distance of 6 feet.
Uniform wire spacing from aluminum plate may be

accomplished using low density wood strips or

I blocks.

Where cabling is required, the lay of cable shall be
from 8 to 14 times the diameter of the cable (two
timc 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.

Where thermo couples are required, they shall be
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.

Ai
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Test Procedure Line Impedance

1. Determine line impedances in ohms/ft. for thef 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 tra •,smission
distance.

I
I

I ,
I Vb

V4 Vol
"" -" TRANSM1551ON DISrAN4CE 1-

AIi,
i
I
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13
Record all parameters and conductor temperature.

Z Z- Con-
VD+VD1 ductor

Wire VD VG V f/2DT Temp. VL
Size (;6 (volts) (vos) (volts) (Ohms) ohm/ft. 0C (volts)

6 30 50
40
30

10 30 40

25

I 22
15

20 20 15
11
*8

Ii 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
I 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 DT.

I

19 -TRANSMISS1014 DISTANCE (Dyr)I ~CONDUCTOR VOLTAAE M~P&Jc)

I
1 ~N

ALUMINUMA PLA-"r As fR

- * -PLATE VOLTAGE DROP (VA)

Apm A
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I Record all parameters and conductor temperature

ITemr

ZC=VC ZA=VA ZZ Con-
Wire DT I Vc VA VG VL I 1-CSize (ft) (amps) (volts) .(volts). (volts) (volts) (Ohms) (Ohms) __c_

6 30 50
30 40

10 30 40
30 30

16 20 25
20 15

20 20 15
20 10

6. Repeat No. 50 with conductor '1. Thch bfnom:alumiriurnI it.: -
S~plate.

7. Repeat No. 5 with conductor 3 inches from, aluminum
I plate.

8. Repeat No. 5 with conductor 3 inches from aluminum[ plate.

Ii|
I!
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Mutual Inductance

9. 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
each test condition: 50, 45, 40, 35, 30, 25, 20, 15,
10, 5, and 1 amp.

I
t , VACUU M T IAGO

t o '
- AAI

106k__ _'
ir

SPACW (ARALE)



- Induced Volta ,-

(*))

*Togther 50 50

1

1* "(C/L) 50 50

* 3"(C/L) 50 50

1.

* 5,(C/L) 50 50

I 1 4

10. Repeat No. 9 test conditions with primary 3200 CPS power
energized but with the circuit open 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.
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13. Repeat No. 9 with primary power leads cabled instead of

using 6-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.

16. 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.

Exposuit. LaT$ $0 SoT

I -- ( I

1

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.

A•'E,• A
I
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I
17. Repeat No. 16 with 3200 CPS power leads cabled in lieu

of using 6-foot spacing.

18. 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.

I
I

Revision A - Changed reference test numbers

to be compatible with desired results
4/3/61 GTH Yr-

Revision B - Changed in accordance with Douglas -
Bendix TelCon on 4/14/61

4/17/61 GTH.Z)*

I

j ~GTHi/is

[ Appux A
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