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1.0 INTRODUCTION

This report is a summary of various scientific investigations and

technical projects pursued from 1975 to 1978. More detailed information

on each of the subjects is available by obtaining a copy of the indicated

reference. The authors wish to thank J. E. Litton, R. Lanphere and other

members of the Physical Science Laboratory (PSL) electromagnetics section

who contributed to the work reported herein.

2.0 STRIPLINE CONFIGURATIONS

2.1 Models 55.507 and 55.508l 3 u 1.4

PSL developed both of these antenna arrays to be flush mounted on

a nine inch diameter vehicle. They are physically interchangeable and share

a common S—band telemetry design, however they each have a different beacon

frequency. Model 55.507 has a C—band beacon array, while model 55.508 uses

an S-band beacon design . - -

The C—band beacon array is composed of four linear elements

mounted 900 apart and fed in phase. There are two radiating elements for

each polarization, and they are 1800 apart. Typical roll plane patterns at

a frequency of 5.8 GHz are shown In Figures la and lb.

The S—band beacon array is composed of two orthogonal linear

elements mounted 1800 apart and fed in phase. A roll plane pattern at a

frequency of 2.89 GHz is sh~wn in Figure 2.

The S—band telemetry antenna is a ten element linear array. The

radiating elements are fed in phase with a constant impedance corporate

feed structure. Impedance matching and equal power division is achieved by ~~ltI $.øIs,~~~~

this symmetrically fed network using parallel combinations and line lengths

to obtain the desired results. This decreases the necessity for extremely ...
close tolerance line widths in the circuit design. Figure 3 is a view 

of1
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this unit on a flight payload . Th. effects of the spike antennas may be
seen by comparing the roll plane patterns shown in Figures 4* and 4b.

2.2 Model 55 455
4_lO

This array was developed for the Arcas vehicle which is 4.5 inches
in diameter. Aerodynamic and mechanical considerations precluded any

antenna structure being either on the outer surface or flush mounted on

this vehicle. An additional payload section with a flush mounted unit

was also considered unacceptable. The resulting design was an array mounted

on a cylinder which was then placed inside the vehicle. It was necessary to
machine the vehicle akin to provide five windows for the elements to radiate

through. Figure 5 shows the completed unit , and Figure 6 is a copy of the

radiation contour plot for this configuration.

2.3 Model 55.511
4_8i 11, 15

This system was designed for use in a ten inch sphere. Originally

PSL developed a 12 element S-band TM array (model 55.509) for this diameter

sphere in 1972. In 1976 a C—band array was added to the sphere without

increasing the area set aside for the original antenna design. Our first

attempt was to slightly compress the original S—band design and maintain the

12 element capability. This became model 55.510S and its’ radiation pattern

was unaltered .

The C—band beacon portion (model 55.S1OC) was developed using two

linc.Ir orthogonal elements placed 180° apart and fed in phase. The final

design was only 2.7 cm wide but It still had to be mounted on top of the

S-band array because o~ a lack of space . Although both units exhibited

good radiat ion characteristics the mounting configuration and subsequent

potting techniques were barely adequate.

Further redesign led to an S—band Th tradeoff. The S—band array

was made ~;maller by reduc ing the number of radiating elements to eight .
This resulted in so me radiation pattern degradation but the mechanical

2

1 1
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advantage made the tr adeoff  acceptable. For compar t ?.on purposes , two

slep t i t  ted versions ot the TM radia t ion contour plots are shown in F~gur.s

7~ and lb . both pat terns are at a frequency of 2~~)5 CHa , .ittd the cross

hatched areas are 10 to 14 d8 below Isotropic while the shaded areas are

14 d~ or more below isotropic .

Radtatton contour plots for the C-band beacon are shown in Figures

S and ~~~. The en t I r e  sys tem n w  known as model ~~.511 La shown In Figure 10.

the Ili ght condition (a shown in Figure Il. in the launch configurat i on ,

the shere is installed withtn a metal nose cone. To ensure correct systems

opel it  ton , the nose cone has had four  ap .rature. mach ined into i t .  This

a l l o w s  both the t e l em et ry  and beacon to be tested in the pr.—launch mode ,

and the TM and radar ground stations to lock on to the signal prior to

sph~ ic  •j~ ct ton dur ing  the mission .

2 . 4  Model 55 35~~t —b . 9— 12

This array was tabricated for  the Aries vehicle, it  was designed

to he mounted on a r ing whose outer d iameter  Is ~7 . 25 Inches. The antenna

was t ahr t cat ed  in sIx  pieces and then harnessed together using coax cables

and power dividers.  Each of the ~ix modules had eight tad ia ting  elements.

The a r ray  was 2 . T h  Inches wide and was installed under a 0.25 inch thick

~ituminum heat shield.  The heat shield installation requires appr oximat. lv

20 fee t  01 EMI gasket mater ia l .  There are two comple te arrays for each

veh t - t i , out’ for the Sensor Module (SM ) and on. for the  Target Engine Module

~rKM~ . Full scale radiat ton contour plots were taken on a mock up wi th

and w I t h o u t  a nose cone . Figur.  12 Is a radiation contour plot wi th  the

nose cone . Th i s simul a tes  the SM wi th  th. doors closed . Figure 11 t~ a

radiat ion contour plot without th. nose cone, and t his is the condition to t

the  TF.M.

A f t e r arrival of the sensor module , th. roll plane pattern
c omparison tests were done with the SM doors opened and closed. Although the
e f f e c t of the doors is visible on th. patterns , it wa. felt  tha t the

degradation was minima l and would not adversely •ff.ct  the sy stem . Originally



the system was to operate for three TM l inks and th.refot., tests were

conduc t ed at three different frequencies. A fourth l ink was added by using

a single 8 element module designated as model 55.385T. It was fabricated

w ith i~ pe~ t’J edges , and was sc rewed to the outer skin. There was no heat

shieLd and t lit TM coverage was l imited to a small portion of the vehicl..
Since this Link was only for housekeep ing da ta the covera ge was considered
adequate.

.~~.
‘ Model S 38O~ >~~2

This 4rrav was developed t o t  two d i f f e r e n t  programs . Both the
S~’t c i ’ vehicle and the Irbs  vehicle are 38 inches in diameter. The antenna

~t r r a v  Is t lu *L~ moun ted and uses six modules for a total of 48 radiating

cte*eit ts.  A gain t’at tern ot  th. f i r s t  f l i g ht  array on a mock up is shown
in Fi~~t u c  14. DurIng the next report period , we plan to complete the t e s ts
t o t  t h c ~;c programs. A radiat ion data set on a flight payload will he taken

at t h ’  antenna range , and we w i l l  test some of the RF components in the PSL
vacuum chamber.

l.()

A system of f ive s.parat. S-band telemetry stubs and three differ .nt

co~~ and antenna systems were developed for  a parachute payload . These units

were used on the BAMM proj ect and functioned as expected .

•, .O A RIES

4. b, 139 .1 1.—ban d Invest igat ion

Ette n~ tv~ tests were cotiducted on several C-hand components

supp l  t~~d to PSL. All of the testing was don. on a 17 . 1S inch diameter mock

up. Data was taken using an array ot two , three and four elements. The
best overall coverage was obtained from en array of two elements. Sample

patt .rns were taken at frequ .ucies of 5.8 and 5.l .~ CM, . Co,plet. data sets 

4 ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I
were run at a frequency of 5.lb CHz. The roll plane patterns for a two

element ar ray are shown in Figures l5a and lsb.

5, 9, 114,2 X—b*nd Deve.l9ment

Model L’L003, at ~ .~~ended , dielectr ic f i l led waveguid., was

developed for  t h i s  pro jec t .  There were two units installed on opposite

side of the target engine module. A coax switch in the TEM operated by

conmtand would then select the appropriate an tenna for tracking . This

arrangement  provided an additional 3 dB gain for  the system. A radiat ion

contour plot for an axially mounted slot is shown in Figure 16.

4.3 Command System9’ ~

A standard pair of PSL modal 4.00) quadraloop antennas mounted

180 apart was used for the  command system . A radiation contour plot for

thts diameter vehicle is shown in Figure 17.

10, Il4 .4  X’-band Tracker

A tracking system developed by the Cubic Corporation was tested

at the PSI. antenna range on two separate occasions . The unit was tested

the f i rst  t ime in May 1’477. At that time the sensor module had no other

instruments installed . PSL provided operational personnel and recorded

data for representatives of AFCL and Cubic. The second test was in early

November 1977. PSL provided support only and no data was recorded. Repre-

sentatives of AF(~L and Cubic were on hand to observe the tests. The vehicle

was in its pre—launi.’h configuration with almost all of its instruments

Installed .

5.0 ANTENNAS SHIPPED1 1...

During the report period PSL fabricated , tested and shipped S7 pairs of
standard antennas. In addition to these quadraloops , spikes and valentine .,

S
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there were 12 other units such as stubs and waveguide antennas. PSL also

developed 39 stripline arrays composed of 73 pieces .

6.0 CONCLUSION

The topics discussed in this report cover the highlights of the efforts

from 1975 to 1978. Ongoing projects include the Aries and the Spice , Irba

programs . Future developments include studies relating to a.~tenna bandwidth ,

radiation coverage and physical size.

I
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