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EMR EVALUATION OF A SCALE MODEL POLARIS MISSILE

- Introduction

The purpose of this test was to determine the maximum RF transfer
characteristics between a radiated field and the guidance bay and
thao nozzle control section of a Polaris missile, Only' the metallic
" .portions of the Polaris airframe were used in making the one-half scale
model, Wiring was added to simulate the mode of coupling between. the
-airframe and internal cOmpoﬁents which exists in an actual missile,

A second purpo se of the test was to provide information on ground
g effects to aid in planning future tests,

A tnire purpose was to investigate to a limited degree the source
feeding the particular locatioms. - In other words, was the source
'tgprinarily a voltage or . current source.- o
©~This test was performed by Organizatlon 7331-' at a. remote test site
©in area III, ‘during .the, period from June 24, 1964 to® July 27, 1964,
‘~Specxa1 authorlzation"as granted ‘by. the: FCC, through the AEC ‘Area..
Office, for‘733l-3 to ‘adlate assigned frequencies using a 100—watt

A one-half scale model of the metallic portions of a Polaris airframe
" was tested in an RF environment to- determine induced ‘currents in’
-~ certain critical” ocations., ‘The model. was,evaluated through a, test
" ‘gpectrum’ of 12 to;52 megacycles., ‘To', evalua‘ ‘possxble'ground effects,;*j,
- ‘the model was run’'in a. horizontal posxtion and'in the vertical position. L
.f‘ﬁ;It was felt. that, 1if there were no‘ground effects, the responses ‘would - '
‘j'jbe independent ‘of polarizatlon.'* : ”hannels showed variations -which
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Further checks indicated that changing the instrumentation termination
resistances from 4,5 ohms to 16 ohms had little effect on the response
of the model,

It was alsgo learned that small changes in the model wiring could
significantly change the response characteristic of the points being
monitored,

Procedure
Test Ttem
The test unit was a 1/2 scale model of the metallic portions of the
~Polaris missile airframe, Coupling into the guidance bay and the
nozzle control section was simulated by adding wiring which fed into
these sections. Figure 1 in the Appendix shows a sketch of the Polaris

missile,

Dimensions for the model were sup lied‘by D. E;‘Merewether of 1531,

‘:1_Tne meial fabrication was done in he Sandia Corporation sheet-metal

- . shopa Tne model assembly, wirxng 1nstallat10n, and- Lnstrun ‘ntation
'“.lnstallatxon were done by 7331—3. '

. The model was lnstrumented at four locatlons ‘as. speleied by the con=-
'fsultant.~ The output of the instrumentation ‘was recorded on two Model 561
'Mldwestern recorders. Fxgure 2.in the Appendix details the recorder :

locatlons, couplzng w1res, and 1nstrumentat10n w1r1ng.

sFor the flrst phase of the test two types of lnstrumentatlon ‘were used

to znstrvment the model : DRI—developed thermoplles with 16-ohm brldge-
wires’ were used to: instrument channels 1 and 4, see: Figure 2‘in the: ]
=Appendix.‘ DRL" thermocouples w1th 4,5 ohm bridgewires were used to 1nstru-
ment” channels 2 ‘and ‘3, . The bxrdgeWLres were txed in series with the
,coupllng wxre near the ground polnt‘”A;~ '

".For a later phase of the test the 1nstrumentat10n on channels l and 4

. was . 1nterchanged with the instrumentation on channels 2 and 3, Throughout.
.. this report the channel number will de51gnate a’ particular locatlon in

;fﬂthe model : . Fe &

‘Test”nnvironment"

’;,The test was performed at a remote ‘test site in the southwest corner of
o Area 11T TWO SO-foot poles were. erected at ‘the site to ‘support the -
.~:test model above grOund ”'Thevoverall test site'is shown in: Figure 3 of
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the 4npendix, A traller, assigned to 7331-3, was positioned at the
site and contained the r-f transmitter, field monitoring equipment,
and record=processing equipment,

The test environment was a radiated r-f field covering the frequencies
between 12 and 52 megacycles, 4bove 20 megacycles a halfwave dipole
was used as the Laagatlng antenna. Below 20 megacvcles a 25-foot tuned
dipole was used, The transmitting antenna was oriented horizontally

or vertically, depending upon the polarization desired., It was located
25 feet from the test model and is visible in Figure 3 of the Appendix,

L remotc monitoring antenna was used to set up the test field strengths
at each frequency. The monitoring antenna is visible in the center of
Figure 3 of the Appendix, In initially setting up the test environ-
ment, the field strengths were measured with a dipole antenna, identical
to the transmitting antemna, tied to the supporting ropes at the height
at which the center of the model would be during the test, As the
initial ficld measurements were made, a reference reading was made on
the monitoring antenna. An Empire Devices Field Intensity Meter,
Model WF=-205, was used to make the field strength measurements and the
monitor reference readings, Numerous cross checks were performed to
verify that reference readings from:the monitoring antenna represented
a given field strength and that a change in the monitor reading
: represented a corrcqpondlng change in fleld strength,

-H, Tyv1ca1 field strengths and the correspondxng frequencies are. lzsted
T_.,ln Table I of the Appendix. G

" The tranbmltter conslsted of an ITA ModeL WBA-ZOOA, 100-watt amplifler
.. ‘with'a Hewlett Packard Model 606A signal generator used as a driver,
'The ITA ampllfler was borrowed from. Division 1432 “The transmitter in °
‘Qeoperatlon is shown'in Flgure be : P TUREE IEIEE | -

o p

"7“Test P“ocedure and Results

 Actual test1ng of Che nodel began on June 24 ]964‘f»The first p“ese of
the test was run with the model held horxzontally 12 feet above the
ground, Figure 5 of the Appendlx shows the model in the horizontal
test configuration.

The second phase of the test was run w1th the model held vertically. with

“the tail 5 feet above the ground, Tbis\conflguratlon is shown in Figure 6

- of the Appendix., To obtain more information on ground effects, recordings
~were made while the model was raised and lowered in the vertically
 polarized field. The tail of the model moved between a height of 5 feet

- and 1 foot: above ground, These recordings indicated negligible changes
An the response levels w1th varlation of the ‘tail helght above ground..‘
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The horizontal and vertical configurations were run throughout the
entire test spectrum, In both cases, the transmitting antenna was
oriented parallel to the length of the model, A comparison of the
horizeoantal and vertical results is shown in Figures 7, 8, 9, and 10
of the Appendix,

There is no simple explanation for the variation in the responses of
channel 4 shown in Figure 10, 3Since all responses are related to the
taest environment, it was decided tc c¢cross check our environment
definition, Division 1424 hypothesized that possibly the cable attached
o our field strength antenna could be affecting our readings. To
~eliminate the cable, a probe, built and calibrated by 1424 and identified
" as the Parker Probe,. was used as an independent check on the NF=~-205
“reading, The results of these checks are given in Figure 11, As the
- results show, no significant variations were found, A rerun of the
- vertical configuration indicated that the vertical responses obtained
previously on channel 4 were repeatable, These results are shown in
‘Figure 12 of the Appendix.. ' Since no environment or repeatability .
nroblems were found it was declded to contznue w1th the test plan,

. For the third phase of the test tkolihstrumentation on- channels 1 and 2
cand 3 and. 4 was ineerchanged. This ‘change gave a ’lmlted check on the
Ceffect whlch the -termination resistance had on the ‘respons~, Thls
‘phase was: run’ w1th the model held horlzontallv 12 feet above. the ‘ground,
The results of " thzs phase are shown An Figures 13,14 and 15 of . ‘the
,Appendxx.g Not enough data was obtalned on: channel 3 to nge an across~-
tbe-spectrum ccmparison. : : :

The fiﬁal phase:of fhe test ‘was . a: horiZOnral up-and-down run. Continuous
recordings were made while ‘the model was moved: between 12 feet: ‘and 2
feet above the ground.- The respons ‘grxatxons obta1n"d during thls

The flnal phase gave som unexpected results ue to faulty 1nstrumentation.
The line attached ‘to the hxgk side the brxdgewirlli channel 2 was:
open durlng this portxon of ‘the test _This necessarily meant that no.
responses were’obtaxned on: channel 2' vHowever ‘the. unexPected result

.was the’ radlca change in the response of channel 3, see Figure 16 of .

" the Appendlx._ ‘Since the open line. on channel 2:was the only variation

- from the configuration of the first phase of the test, it was decided

~to rerun the open condition on channel 2. AS"Figure 16 shows, the
’results were repeatable.,fﬂ - : '
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Discussion of Results

All of the rvesponses which have been plotted in this report are
normalized to a 10 volt/meter field., The ordinates ars in db above

10 ma, The db presentation was used so that all responses would have
the same relative weight. On a linear scale, high response variations
tend to be emphasized and lew response variations tend to be de-
emphasized,

‘ ’The RF transfer characteristics show that the model had a fundamental

resonance between 22 and 24 megacycles. The peak normalized response
on the system for either horizontal or vertical polarization was

30,6 db above 10 ma at 24 megacycles on channel 4, This response
occurred with vertical polarization and can be seen on Figure 10 of

- the Appendix,

All of the chamnels except channel 1 indicated that the responses in

general fell off above 42 megacycles, Channel 1 was still gradually

increasing at 52 megacycles, The reading on channel 1 was approxi=-

mately the same at both 22 and 52 mcgacycles. Chanrel 1 response

curve is given in Figure 7. : S )

‘ Tnere were some effects which mxght be called ground effects that
]rosulted £from this test, ~If there were no ground effects, it was felt

- that the model should have ‘the same. reSponse curve regardless of
~polarization, “Two portlons ‘of the model showed a variation with polarx»

zation, Above 40 megacycles the vertical xresponse on.channel 1 was

.7 roughly 10 db- higher than the horizontal response. - The response on

.. channel &4 was consxderably different for horizontal and vertical
‘polarizations, . It was not ‘possible to’ attribute this. variation to test
- procedure as described in the previous section.‘,.,_‘ S e ‘.
A repeatab111ty check Lndicated that the data was repeatable, ‘see
Figure:12 of the Appendix, It should be noted ‘that channel 4 in the
- vertical configuration was attached to wires whlch extended to near
the grOund

~ Whether a 4.5 ohm or a 16 ohm termination was used seemed to have little
"effect on a channels response, see Figures 13, 14, and 15 of the Appendix,.

The large changes seen on channel 3,‘Figure 16, due to a minor model
change indicate that for meaningful model studies very accurate
31mu1atlon must be achleved.
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T4BLE 1

Typical Test Field Strengths

Fréguencv 'f . Horizontal Polarization - Vertical Polarization

12,05 me 40 volt/meter -
14,05 e S W91 : : L e
15,05 2,
16,05 2,
18,05 ERE 4,
20030 B
- 22,05 3
24,05 4
2600 0 A
28, 051u, SR iy
TS S
6
6
6.
4

- 1.8 volt/meter

N
®

AN HHNOOE NN H O

.10,

7a>s:o\uxé>s:c>¢>p+a>c>u=c~c~p~\IUr:~c>c~

5.
6.
8
9.
9.
0
8
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TABLE II

Variations From 2 Ft, to 12 Ft, Horizontal Height

Environment _ Response

“mpire Empire Parker - Top Recorder Bottom Recorder
Frequency Dipole  Loop Probe Chagnel Channel Chagnel** Chaznel
20,3 me 6 db 8 db 5.8 db . 4,4 db 3.5% db 5.2 db
22,05 6.0 6.4 3.0 8.,9% 11,2
24,5 6,5 7.7 4,7 5.3 6,7%
26,0 6.0 7.4 - 9.1 8.0%
28,05 6,0 7.2 o 4,7 7.9 11,5
30,05 6.5 9.0 . 5 2,9 4,8 5.5
32,05 7.0 7.5 2 0.0 0.0 —~—-
34,15 6.5 8.3 S 4,8 4,0 ——
36,05 6,5 8.7 o 3,2% 6.7 ——-
38,05 7.0 8.0 B 243% 3 7% ‘-
40,06 6.5 8.4 o 7.0 -——
46,15 6.5 7.2 Fiby 2.9 — -
52.0 6.5 7.2 5/ 2,1 e -———

"~ % Minimum Current Greater Than 9 ma.

ﬁ”‘,**,‘Re#bonéés for Théée1Vafiatiohé Were Véfy High~(856,mé peak}@ 20,3 mc).
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POLARIS MODEL WIRING DIAGRAM
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