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ABSTRACT

Black Brant III rockets are being developed jointly by Bristol
Aero-Industries Ltd., the Department of Defence Production,
and the Defence Research Board. The National Research
Council's contribution is the development of the r-f portion
of the telemetry system. Development of the antenna is de-
scribed in this report. The design of the antenna involves
structural and aerodynamic as well as electrical factors, and
therefore the responsibility was shared between the National
Research Council and Bristol Aero-Industries Ltd.

Bristol's preliminary estimates of the performance of the
Black Brant III rocket indicated that the velocity would be
approximately 7500 ft/sec (Mach 7) at an altitude as low as
27,000 feet on some testfirings. The estimated maximum skin
temperature of the nose cone in the area where the antenna
would be attached was 1400°F, and projections from the skin
might be expected to reach temperatures in excess of 2000°F.
Aerodynamic heating and drag therefore appeared to be very
important factors in the antenna design.

The type of antenna chosen for development was an L-trans-
missionline antenna, called a''quadraloop antenna' by workers
at New Mexico State University. A description of the antenna
indicating the steps taken because of the severe environment
is given. Measurements of performance, including radiation
patterns measuredon a é—-scale model indicate that this antenna
is suitable for Black Brant III telemetry.
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TELEMETRY ANTENNA FOR BLACK BRANT III ROCKET

- F. V. Cairns -

INTRODUCTION

Black Brant III rockets are being developed jointly by Bristol Aero-
Industries Ltd., the Department of Defence Production, and the Defence
Research Board. The National Research Council's contribution is the
development of the r-f portion of the telemetry system. In this report
the antenna development is described. The designof the antenna involves
structural and aerodynamic as well as electrical factors, and therefore
the responsibility was shared between the National Research Council
and Bristol Aero-Industries Litd. Our responsibility was primarily that
of assessing the problem from the point of view of telemetry operation
and proposing and designing an antenna. Bristol Aero-Industries Ltd.
was responsible for ensuring that the antenna was structurally and
aerodynamically suitable for the Black Brant III rocket and for provid-
ing information on aerodynamic heating necessary for the design of the
antenna.

ASSESSMENT OF THE PROBLEM

Bristol's preliminary estimates of the performance of the Black
Brant III rocket indicated that the velocity would be approximately
7500 ft/sec (Mach 7) at an altitude as low as 27,000 feet on some test
firings. The estimated maximum nose cone skin temperature in the
area where the antenna would be attached was 1400°F and projections
from the skin might be expected to reach temperatures in excess of
2000°F on these test firings. Aerodynamic heating and drag therefore
appeared to be very important factors in the antenna design.

It was thought at first that a tripole turnstile antenna [1] consisting
of three blade radiators mounted at 120° to each other and fed with
voltages 120° different in phase might be used. This antenna system
had been used successfully on Black Brant II rockets, and because of
the short time available for antenna development it was attractive.
Little further work would have been required to adapt it to the Black
Brant III rocket.

An approximate aerodynamic analysis* indicated that portions of
the blade might reach temperatures of up to 2400°F and be subjected

* Analysis done by Dr. R. F. Meyer, National Aeronautical Establishment,
Ottawa, Ont.



to large drag and lift forces. Survival of the blades on test firings
seemed doubtful and an alternative was sought.

The design was complicated by interaction between mechanical,
aerodynamical, and electrical requirements. The necessary compro-
mises between these conflicting designrequirements were not set down
explicitly at the beginning of the program, but were arrived at step by
step during the development.

The main requirements were:

1) low drag (estimated maximum projection, 1 sq in),

2) operation across telemetry frequency band of 215-260 mc/s,
preferably without adjustment,

) VSWR less than 2/1,

) power-handling capacity of 5 watts,

) radiation pattern to be suitable for rocket-to-ground telemetry,

) weight to be less than 2 1b,

) impedance and radiating characteristics not to be affected by
aerodynamic heating or mechanical forces of a firing,

8) impedance and radiation characteristics not to be affected by
the rocket ablative coating (since the coating would be removed
or charred in flight),

9) antenna to be compatible with, and preferably removable from
nose cone fairing,

10) strength to be adequate to survive forces encountered on any
Black Brant III firing.

The antenna chosen, after consideration of a number of types, was
an L-transmission antenna. This antenna has been studied by Prasad
and King | 2] and has been developed into a rocket antenna by workers
at New Mexico State University [3]. 1t appeared to be potentially
capable of meeting the low drag and radiation pattern requirements,
and it seemed likely that acceptable compromises on other require-
ments could be made.

This antenna has been called a ''quadraloop', following the termin-
ology of New Mexico State University, and consists of two shunt-fed
radiators mounted on diametrically opposite points of the rocket skin
and fed out of phase.

A suppressed quadraloop antenna imbedded in a high temperature
dielectric was an attractive solution to our problem. However, it was
not tried, because (a) design of the nose cone fairing and forward cast-
ing of the rocket was well under way when the antenna development was
started and could not be delayed while the detailed configuration of the
antenna was determined, (b) no suitable dielectric material was known,



and it was doubtful that one could be found and incorporated in the design
in the time available, and (c) it was not certain that the limited space
in the nose cone could be used for a suppressed antenna. An external
quadraloop was, therefore, chosen for development.

DESCRIPTION OF ANTENNA
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Fig. 1 Details of quadraloop antenna

The antenna mounted on a Black Brant III rocket nose cone is shown
in Plate I. A mock-up was used for impedance measurements. It was
electrically, but not otherwise similar to a portion of a rocket. The
ablative coating was added so that its effect on impedance could be
measured. The details of the antenna are sketched in Fig. 1. The
antenna system consists of two quadraloop radiators fed through a
matched power divider. A phase shift 0of 180° is accomplished by using
cables differing by a half-wavelength to connect the power divider to
the radiators.

CHARACTERISTICS OF ANTENNA
a) Impedance and Bandwidth

The first step in the design of the antenna was the determination
of critical dimensions. Although general descriptions of the antennas
were available, no detailed design information could be found.

The resistive component of the impedance is determined primarily
by the distance between the feed point and the r-f ground (dimension (a)
on Fig. 1), feed points farther from the r-f ground representing higher
resistance. The position of the feed point is a function of frequency.



The length of the radiator determines the frequency at which the reactive
component of impedance is a minimum. The appropriate dimensions
for 215 to 260 mc/s were determined experimentally.

A major factor in determining the bandwidth of this type of antenna
is the thickness or diameter of the radiator (dimension (c) on Fig.1).
It very soon became apparent that there was a major conflict between
the requirement for low drag and for wide bandwidth. A compromise
favoring low drag was adopted. It was thought that narrow bandwidth
could be tolerated if a convenient tuning arrangement could be provided.
These decisions determined the approximate shape of the antenna.
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Fig. 2(a) Impedance of quadraloop antenna Fig. 2(b) Impedance of quadraloop antenna system
at input to power splitter

The impedance of a radiator tunedto frequencies near the top and bottom
of the telemetry band is shown in Fig. 2(a); also, the impedance of the
antenna system at the input to the power divider is shown in Fig. 2(b).

b) Radiation Patterns

The radiation patterns of a quadraloop antenna system on a Black
Brant III rocket were checked by measuring radiation patterns of a
Je--sca.le model at 1800 mc/s. The optimum circumferential position of

the antennas with respect to the fins was determined.

Measured radiation patterns are shown in Figs. 3 to 9. A tolerance,
estimated to be *2 db, must be placed on the level of the equivalent




NATIONAL REMEARCH COBEIL OF CAMASA
OB AACALT MTERMA - PATTEAN Mungt

NATIONAL RESEARCH COGEIL DF CANADS
VoML 4ACRIT aaTiwms  PaTTiam ssmst

NATIONAL REMARCH COWCIL OF CANAGA
MWL AMCHATY suTties - PATTERR amf

ADRA

nu e rmes 225 s

] au
woor, raes. (800 racscar sare: 228 -~

woets
wer reen (800

e
Pt scass rees, 225 -~

UADRATOOP

e
S

S

\“‘
%

.

o
‘Q\\
““

1958

0

oSe

S,
R
"o

K

o
05 %
3%

%,
&

7jes
%%

s

LAXKS
JLRRRR
%5

oy 0’

N\
X
XS

W 1%
i

Nyt 22
i

o,
2
7
%

2

/7

7,
7,
iy

Y
LA
IR
'.\\\5\
2R
RARRRIK
LRSI
s sote el

S
55

RHC.  mame rms smmers o st
T T g T Ve -
comrany snnz 85 O° 3 EQUIVALENT leomarort avms 0o O EQUIVALENT icomtunt wms 0+ 0° EQUIVALENT
Rasuns swz: ¢ | -~ | 1SOTROPIC Puiuns smes: ¢ | - | isoTRoOPIC basams et o - | ISOTROPIC
e racren B — | 55 UNITS cus racrem 8 — | 5.5 UNITS scar racren B—1 55 UNITS
wu SEPT 1961 _—— w1t SEPT 1961 —_— mre SEPT 1961 e

NATIONAL WESEANCH COEIL OF CANADA

NATIONAL RESEARCH COSL OF CANAD
woens. AuTEnss - paTTIAR AumeL.

g,
8,
! w,,’,'ll,,'o %
RIS
A A
N

F
AR
SRR
2 NS
i

R
R

405

/I,:l,:o.Q
[IARGRRE,
LR S

12,%%,
iy, 00,0,
ORI
St 7,
S

e}

i

Q2
¥,

L]
o

R
,
botele
%
XA
'S
3

o
&
e,

\
"
&
&,
X

S
‘\
XS

1!
‘\\“\
>
“q
XY
&R

S
SRR
S
\

NATIONAL REMMANCH COBEX, OF CANADA

lcomrart_asms 3210° EQUI VALENT

otams omes g 1SOTROPIC

fu e Bl 55 UNIT
EPT 1961

3
EQUIVALENT
ISOTROPIC
5-5 UNITS

[rasame st ¢
scace encroe 8—1

mre SEPT 1961

451 EQUIVALENT

sare SEPT 1961

ISOTROPIC
5-5 UNITS

NATIONAL RESEARCH COLMOL OF CANASA
WO AMCAMT smTRams - $ATTOMW Ramer

=58 e
e e (BB GUADRALOOF

6 =l0°

MATIGNAL RESEARCH COWGL OF CANaDY
VOB AMCAMT wTENL - OATTERN Awhet.

!
S
ot

',
St
NNEALL

Ak TS
RN
",”'f,;‘lu.n X
SRS

0"0"!,
00t
SR

b

5 "l
e

i
s

2
t15,00,%,
g, t00, 0,
GBS
b’s:-‘

TONGLLL
ORRRALS
R I H
55505 ’0':'

comarare_amas 92 20° EQUIVALENT
harams ommsei ¢ ~ - | sorroric
iome racres B—1__| 55 UNITS
wre SEPT (961 —=

N EQUIVALENT
pasams sms ¢ i - | 1soTROPIC
ses vecten B-] 5-5 UNITS

e SEPT 1961

pasame sueit) ¢

scaus eacron 8~ |

sre SEPT [961

EQUIVALENT
ISOTROPIC
5 5 UNITS

6 =20°

FIG. 3



NATIONAL RESZARCH COUNOL OF CANADA
T aeTEma  PaTTNN amen

WATIONAL RESCANCH COLSCIL 0F CAMADA
WML AACAWT ATEMA - PATTERW AugE

0
user: rnes. (800 225

y ',
SRR
¢«~‘\\\\:\g;

’rlg%

X
R

Frgeah
e
U
3

2
Yeqltii

poat b~ sranaeers

O

N, "y
S
R

o

&
0, %
0:'

45
%
2

{7
l,‘
(7

NATIONAL RESMARLH COLOGIL OF CAWADA

comser_swms 42 30° EQUIVALENT
uruns smusi_p ~ - | isoTRoPIC
jress racren B=) 55 UNITS
s SEPT_(961 —=

: EQUIVALENT
1SOTROPIC
55 UNITS

comrant anms §0

hasns somsi ¢
scas racren @—t

[we SEPT 1961 | —2m

commr_ams 8- 30° EQUIVALENT

fnsues soms ¢ ’ - | 1sotRoPic

Joeus racrms B—1_ | 55 UNITS
SEPT (861 —=2

MATIONAL RESLARCH COSCIL OF CANADA
wor.. A¥TUsas - PaTTON Msmst

6 =30°

WATIONAL REELANCH COUNGIL OF CANADA
VOPEL  MBCAMT sTINA - GATTESN mumes

e arenes, QUADRA
swu e |B00 s ez raea 225

'
"'
ictes
LA

1y

T
s
AT

WATIONAL RESIARCH COLSGIL OF CANADM
WIS MACANT aTrs - PATTERR AameL.

N
5N
s:\‘\\
<5

A

W,
v, “
(RS S
K2 W
st

comrun_snas 27 40° f;}i EQUIVALENT
pasums wnms: ¢ -5 1SOTROPIC
ucem 81 ] N/ | 55 unite
wre SEPT_1961 —=_

comtarr_was 1+ 40° EQUIVALENT
pamsas somei ¢ " -~ | ISOTROPIC
uus ractn B—1 | 85 UNITS
e SEPT 1961 —=

6 =40°

NATIONAL RESELANGH COUIOL OF CANADA
amcrurt eatTee aanst

Y T EQUIVALENT
heims somti ¢ - | sotropic
e ricrm 8- ) 55 UNITS

urs SEPT 1961 e

NATIONAL WESZANCH COWGIL OF CANADA
WMCL LACAWT wrTTeNs - PaTTES Raves

NN —— TV —
(] |nas seus emee. 2258 -

L
2,00
AT
LI
i
S

TSR
:,"'
AL
%

g,

fcomran_smas ¢- 50° EGUIVALENT
husume swes, 4 ISOTROPIC
Ll Ll 55 UNITS
wie SEPT 1961

g

lee feav
couturt sma 30 50° _@ EQUIVALENT
famans sonr: =+ | 1soTRoPIC
peasbaeMa =) Nl 5-5 UNITS

wrs SEPT 1961

T
EQUIVALENT

e, B .. | 1sotRoPIC
et racros B 1 85 UNITS
wi SEPT 1961




WATIONAL RESLARCH COBGL OF CAMADA
AACAUST aatiems - PaTTERR anel

NATIONAL AESIARCH COBGL OF CANaDA
Parrise sanst

NATIONAL RESEAMCH COLCIL OF CANADA
ML AMCAUT AxTENAL PATTERS Sanet

42,
e
IR

RN NS
D «%%,ﬂ

[wooes antews: GUADRALOOP [utens anremma ADRALQOP B [satenes: GUADRALOOP
wese. raea. |1BOO ras seane rata 225 - we. raen. 1800 raL scar ennas 225 - weer. reca. (800 i seas mea 2285 -
powt %~ trin00mn Poat & . grinseusn
ey -
SN ST
FERRR RS
TR ZZRRRIRD
ZRREARISH L503525906S e
(XN 059 9,88 L
A R St
W 5

ittty
Milts, ot
PSS

A%

Satei)
T e
& :"""
'l

=
T 1 c " e Jeo ¢ Tua. e

Fomtoer vt - 60° : EQUIVALENT EGQUIVALENT ey e 92 607 EQUIVALENT

pasuss sams: ¢ . & ISOTROPIC ISOTROPIC pusums samsi § g ISOTROPIC

pens racrm 8| 5 UNI 55 UNITS frese vacroe 8—1 | 55 UNITS

w1 SEPT 1961 —— o8 UNITS mrs SEPT 1961 e

MATIONAL MLSLANCH COOL OF CANADA
WOSLL LMCAMT ABTIMas - PATTERN Aasel.

MATIONAL RESEANCH COCIL OF CAMAOA
ST AMCRNT ATIR - PATTERS Banet

0,50
ool 2
LA AR

25

T
SR

11 P,
X n" 1S

lcomtarr s 9 70° EQUIVALENT
huruas sougi g ~ | 1soTROPIC
s vacren B-1 55 UNITS

s SEPT 1961

1 |“J [wEnsans:
oo smas 37 70° EQUIVALENT
fomsss e 3 - | 1sotRoPIC
pess rucree B ) -5 UNITS

mre SEPT 1961 —

o sams 9= 707 EGUIVALENT
foomans smoas o ~ | 1SOTROPIC
[peue rscm B-1 | 55 UNITS
wic SEPT 1961 —=_

NATIONAL RESIARCH COUNIL OF CANADM
WSCL AMCAMT aaTivas - PatTLEN Ranst

©:=70°

NATIONAL RESEARCH COUGIL OF CANADS
. AaTre - patTORN anet.

satems. QUADRALOOP
-

ras scst mees 225

1800

(wewess
vt e |BO0

o
R

KRN
0::‘::‘::\“
ottty

RATIEKAL AMMARTH UG OF ciNabi.
WSt UACAMT ASTEuus - PATTESN Manet

aatyne
s seas rees, 225 -

RHC  wom ooty smwes e
T = 7 e
ettt 8= BO® EQUIVALENT EQUIVALENT feomrum sas 00 80% | EQUIVALENT
pusuas smme: ¢ ~ - ISOTROPIC I - 1SOTROPIC puoses soms ¢ - ISOTROPIC
s encrn B | 5.5 UNITS s racres 81 58 UNITS frons oo B 1 » 5-5 UNITS
mm SEPT 196t —Fa e SEPT 196 —=_ wre SEPT_1961 —=a

6 :=80°

FIG. 5



NATIONAL MESEANCH COWGH OF CANADM NTIONAL AESEARCH COUSCL OF CAwaDA NATIONAL AESEARCH COWDIL OF CAWADA
wen, ot

ertns . rtrues st whti. SacUT Auttamd - eaTTIAY Simet ks sacasr suttams. bt rime aumts
o [an1twaa. [¢]+].] -+ satemes;
ot roca: E T scace emee: E & wwous rea 1800 ras scus ree. 235 [y
[V — Poer = —— trinpauns
- s
- -
"o -
- J
by N
n ~ s:g‘l““‘“‘ 0%
R
\~ $§“z%
: ;
. - 8 1
N oy A SESS,
we! . ot Z X
20
0
RHC.  muws rots smeems w7l ewmtn
| (e Tee v Jea -
omrarr snat £ 90° - EQUIVALENT oy et 32 50° EQUIVALENT e——TT EQUIVALENT
arans anms ¢ = .~ | ISOTROPIC horsas cns: g 1S0TROPIC hirias some: ¢ -~ | 1soTROPIC
seus rcrm B | 55 UNITS fpeus cscren B~ || 5:5 UNITS rese acrme B-1_ 4 5.5 UNITS
wre SEPT 1961 - wre SEPT 1961 wre SEPT_1961 =
6 =90°
NATIONAL RESTARCH COLGL OF CANADA NATIONAL RISEAACH CONBCN. OF CANADA NATIORAL RESTARCH CONMCH. OF CANADS
ikl s el —Ryapins A A - 747 TERe Aamtd . ARCAT e PTTEn Aantt.
wose' BB T [aatrmear ADRA wee B, BT [antama, weom.t [aarvomas
woses vmes. (B0 s as rree 228 w sewe: es. (8O0 [has scsir eves, 225 -~ wesss rmee |BOO [rar s ren. 225 -~

,
ity ',
ittt

Pl

€5

$8% 0%
\\‘:\‘ XX
R

o Tud v
e EQUIVALENT comtramt wwms 92 100° EQUIVALENT EQUIVALENT
———py | - | soTRopIC humias seme ¢ - | 1soTRoPIC - | 1s0TROPIC
scur vacroa B~ 55 UNITS s e B—1 85 UNITS s recree 81 | $:8 UNITS
e SEPT 1961 —_— sre SEPT 1961 e e s SEPT 1961 —

WATIONAL RESZARCH CONIL OF CANADA
WL MCAMT AaTCRSL - PATTLMN Mamet

Temrema: =
et oo 100 Tras seus eue, 2p5 -

oo
&5
50
XX
195%"
%

7
.Q
S

S

2
o

:‘
¢

<

N

AT
AT

e

8!

eise
‘\‘\‘“ :‘:0.0.0:

K00 7
R

o Jav —r— o ~
EQUIVALENT [comremy_snaus 8+ 110° "‘ EQUIVALENT comran_amiz 8+ 110® e‘ EQUIVALENT
ISOTROPIC urues sonsi g 5. | sorromc S A3 | sotmoric
5.5. UNITS i“%ﬂ"_ . 5.5 UNITS ::l;;; Els-sll L 5.5 UNITS
ur SEPT 1961 —= sure SEPT 1961 —=L =

O =110°

FIG. 6



MATIONAL RESLARCH COLMIIL OF CANADA MATIONAL RESIARCH COBGIL OF Canapa NATIONAL RESCARLH COCIL OF CANSDA

OO AMCAMT AMTIMA - PATTEAN Aamed. tL LACRUT aafines SaTTLSR Masse WOBLL HRCAIT suTtrrs - PATTLNG Ranel.
woots B, Tanressss QUADRALOOP | wooerr B, B, OC [sartees QUADRALOOP wosn B B_TIT Touvemsa
wesss raes 1800 ras tems vaces 225 -~ oot s, 1800 ras seas rusas 225 -~ woot, reene |00 [ras seais enre, 228 -~

o\
£
!
N
3

o
it
\\;‘:‘“‘&_«u& "
S

"

55

5 5
XSS A7 AN e 0Te%n
RS S SO
SRR 0362205005, RERKLS
SRR S L

20

3
S
S
R

0
QO

o
O

!
)

RHC.  wutw ros smmrs e edts_emamern
Tee1 A = T Lavd z R
lcomrart_anns 02 120° < EQUIVALENT comtan e 9+ 120°) EQUIVALENT EQUIVALENT
S | - | isoTROPIC Lirans somss 3 . - | ISOTROPIC - | 1spTROPIC
et racs B — | 5.5 UNITS st recron 8= 8.5 UNITS peat recrm 821 ) 55 UNITS
wure SEPT 1961 —_— wre SEPT 196] ——e mre SEPT 1961 ——
6 =120°
MATIONAL REBIARCH COUNCIL OF CANADS NATIONAL REETARCH COLMCIL OF CaMADA WATIONAL AESTANCH COUNGL OF CANADA
[P v+ paTrIan dumst. er. Amcaur? wrinas - eurriae namee.
oo B BT sateoes QUADRALO —n remmas QUA
{oeon roea pas weae reni 225 -~ weses rmes. |8 [ scas reeni 225 -~

17

i
i
o,
N 7,7
S
=

8!
5
“ :;‘::.: X
1%8%0% %%
S NI
S S

“\
R
“‘

SO0
22222
] o
RHC  mumm rets ememmm
T T [wesaans: ll v )
v ons 1307 EQUIVALENT ot svas o 130° EQUIVALENT EQUIVALENT
forins somer 3 ~ - | I1S0TROPIC - | ISOTROPIC - | ISOTROPIC
scus racrme Bt 5.5 UNITS scs racren 6 | 55 UNITS 5-5 UNITS
s SEPT_1961 —= we SEPT_I961 —2a wrt SEPT_1961 —=_

>
R
X5
et N
S
fostuet

X
X
>
>,
&
S
253%:

St A
XS 2y,
RN

S

AP
e
S AR
SRS
AV

! e,

N 205

itz 26,9
$\~\\\\n”7, (5
S, I
NSRS

RHC  mum reis srmsam .
R leg oo v Frmsss: Tes ¥ s e
ot was - 140° EQUIVALENT asrart aoma #2 140" EQUIVALENT v s 9 1407 EQUIVALENT
hunias souss ¢ ’ - | 1sotropIC rtwes somts h ~ | 130TROPIC fassme come: o " - | 1sotroPIC
pont e B | 55 UNITS poss ricren B 5.5 UNITS s sacree B84 ] 5-5 UNITS
et SEPT 1961 —= wr SEPT 1961 —== wre SEPT_ 1961




NATIONAL REREARCH COUNIL OF CANADS HATIONAL RESEARCH COGL OF CANASA
WS, LACAWT saTimed - SATTLEM Ranet WOOCL LAY AsTimas - PATTIAN Manad.

v B B JE uremss, QUADRALGOP
vooes rea, 1800 s scus e 228

<
ST
QRN IHAAZS
RO IAIA Y
S gt 2

e
s
i

U T A 4
Z atantete 2L
s \‘“\:“:‘:.::;1 g;:?: %
SRR S8l
QR %9, %20,
= S5
PSS
o5
=
ax . ] v [l‘ henid
aroer s -160° i EQUIVALENT ‘,j“i EQUIVALENT s o 001807 EQUIVALENT
Y ’ -~ | I1SOTROPIC A | sornopic et s 3 -~ | 1soTROPIC
et vicrs 81 5.5 UNITS N 5-5 UNITS lwcns v B=1__| 55 UNITS
™1t SEPT 1961 — we SEPT 196) — wre SEPT 196) —_—
6 =150°
NATIONAL RISEARCH COUMDL DF CANADA MATIONAL RUSIANCH COMGL OF CANADA MATIONAL RMANCH COUMCIL OF CANADA
ik

aaTimas - patTOM mamer VOSEL LACAMT aATERAL - PATTESS Ramer.

o :' S p': Py ﬂ"o ™
S SN s, 0, T LS V7418740 %0%
R LIRS i

X \\\\\\ww,/,,; N Uiy, 7%

- s X

N

&

s
b

&
eSS S
T RS RS
AN i, S
et o,

% o,
2 “
o
Su

v, ‘w‘:i“
%

XX
OSSN
s
AL
L
R

comtorr s 0. 160° ,‘;ﬁi EQUIVALENT EQUIVALENT T = EQUIVALENT
T "&- - ISOTROPIC ISOTROPIC T . - ISOTROPIC
aclicmlB =] 'i 55 UNITS 55 UNITS rese ricrm 8- | 5:5 UNITS
w1 SEPT (961 —= wrz SEPT 1961 wte SEPT 1961 _ === |




NATIONAL RESEARCH CIAMDL OF CANADA
WOBLL  LACAMT akTimes . FOTTERN aamat

MATIONAL RESEARCH COUIL OF CANADA
WML ACRT AaTEas | PATILAN Mande

NATIONAL RESEARCH COUNGL OF CANADA
MORL  SACAMT aTENed + PATTIAM Aused

vy

12000)
e
1%
X

2%, ,_.- ;
9”'3,“1“,\‘
",'t,,/‘u’im 3
O

B Taattoes, ] woees: B B T Jantowma: QUADRALOOP
AD:zA.':'OOP ™ :::--B[gnoio 1;.-':»“ e 228 - woons vmes. (800 [rws scass_raze 225 -

o
IR

T R
ATHERSRS
9!

liomtan smne 9:170° EQUIVALENT
rsas e ¢ ' - | is0TROPIC
et rucree B ) 55 UNITS

sre SEPT 1961 —e

T, l((v/ [Wemame
comrart_woms 0- 170° EQUIVALENT
rurans smes: o ~ - | 1soTROPIC
pess racten B -1 53 UNITS
i SEPT (98] =

comturr_was ::l:;o- EQUIVALENT
haruns soms ¢ ” - | isotRaPiC
|soue racrme B=1 | 5.8 UNITS
st SEPT 961 [

NATIONAL RESEANCH COGIL OF CINADA
WOOLL  SACAMT ATEmA MTTDW RANE

6 =170°

NATIONAL RESEANCH COLEIL OF CANADA
MOML  LACANT AuTEms - SATTING Gandd

NATIOMAL REBIARCY COUGIL OF CAWADA

e aavemes: 1]
oy scaix eme, 225 wn

§ y
o PSS,
TR
o1y

o e == s

%
o o
W 11 ’,
RS

S A

ﬁn,w’f{" =

8!

INIus o
ERIRIR
‘3“:‘3”" %,

) O

58 o YRS

S s

RN

 C AT

SSAHTIIECRS
RTINS

EQUIVALENT

ISOTROPIC
5-5 UNITS

hamans oneut: §
scur racton @ |

~nSEPT 1961

comr sems 1+ 180 EQUIVALENT
) 1SOTROPIC
T ] 5:5 UNITS

wmn SEPT 1961

EQUIVALENT
foname sontr o ISOTROPIC
aslenelg il 5.5 UNITS

e SEPT 1961




-5 -

isotropic radiator because of circumstances under which the measure-
ments were made. Further measurements to reduce this uncertainty
are not considered justified. There is also anuncertainty in the details
of the radiation patterns owing to the difficulty of scaling details of the

antenna and rocket accurately. These uncertainties are believed to be
second order effects.

These radiationpatterns show that the antenna system is suitable for
rocket telemetry, since theyindicate that the operationof the telemetry
system will be reasonably independent of rocket attitude. Relatively
small variations of amplitude are introduced due to rocket spin when
the rocket follows its expected trajectory.

c) Power-handling Capacity

Voltage breakdown in the vicinity of an antenna occurs when the
increase [ 4,5, 6 ]in the number of electrons due to ionization by the r-f
field exceeds the loss of electrons due to diffusion, recombination, and
attachment. This takes place with the lowest impressed r-f field when the
mean time between electron collisions in the medium is approximately
equal to the period of the field. Hence, frequency and pressure, as well
as field strength, determine the breakdown point.
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Fig. 10 Attenuation and VSWR of quadraloop antenna against pressure

The effects of voltage breakdown are of practical interest in rocket
telemetry because most rockets pass through the region of the upper
atmosphere in which voltage breakdown is most probable in the telemetry
frequency band. Fig. 10 shows the results of bell jar measurements
indicating the effect of voltage breakdown.
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The altitude at which breakdown is most likely to occur depends on
frequency, but the severity of the breakdown and the altitudes at which
it starts and extinguishes depend on power level and the geometrical
configuration of the antenna. It is difficult therefore to apply the infor-
mation available in the literature [4,5, 6] directly to the quadraloop
antenna on the Black Brant III rocket. Rough estimates based on this
information have been supported by measurements made in anevacuated
bell jar.

The power-handling capacity was considered to be inadequate, and it
was decided to increase it by applying anegative d-c bias voltage to the
antenna. The power-handling capacity measured in anevacuated bell jar

is shown in Fig. 11.
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Fig. 11 Breakdown power against altitude and pressure for biased quadraloop

d) Temperature Effects

A major difficulty in the design of this antenna was meeting the re-
quirement that its impedance and radiation characteristics should not
change during a flight. Most conventional materials will not survive
the elevated temperatures without change of characteristics.

The preferred materials for the radiator are good metallic conduc-
tors, such as brass or aluminum. Stainless steel, one of the poorest
metallic conductors, was used to ensure sufficient strength at high
temperatures. The antenna will increase in length by about one-eighth
of an inch due to heating assuming an average temperature of about
1000°F. Compensation for this is not considered necessary.



The material for the d-c insulation required for bias is natural
mica. No other material with the mechanical and electrical properties
suitable for this environment hasbeenfound. A thin section isrequired
to ensure large capacitance and low r-f impedance. The estimatedaverage
temperature in the vicinity of the mica insulation is 700°F, with portions
reaching muchhigher temperatures. The mica has been tested through
a cycle of heating and cooling; the results are shown in Fig.12. The
hysteresis effect is due to permanent mechanical distortion of the
antenna after heating and not to a change in the mica.

TS
T

l'oo 1 1 1 1 1 1 1 1 1 1 1 1
(o] 500 1000 1500
TEMPERATURE (IN DEGREES FAHRENHEIT)

VOLTAGE STANDING WAVE RATIO

Fig. 12 VSWR of a quadraloop antenna during
one cycle of heating and cooling
The effect of expected high temperature will be noted in the arrange-
ment for clamping the adjustable tuning rod and for clamping the centre
conductor of the feed to the radiator. Only sliding and threaded contacts
have been used and spring contacts have been avoided.

e) Connection Through Rocket Skin

Transferring power from the inside of the rocket to the antenna
presents special problems. The high temperature prevents use of
ordinary connectors in contact with the rocket skin. The antenna was
to be detachable without affecting the pressure seal of the nose cone
fairing. The nose cone fairing itself is removed by sliding it along the
axis, and therefore the internal projection of the connection must be
small. A configuration satisfying these requirements is shown in Fig. 1.
The cement in the cavity is necessary:

a) to assure a pressure seal around the BNC connector at high
temperatures,

b) to insulate the connectors from the heat at the rocket skin,

c) to strengthen the connection.

It was difficult to find a cement with the properties needed for this
application. Mechanical strength must be maintained as well as nearly
constant dielectric constant and high resistance at temperatures up to



at least 1200°F. We believe that Sauereisen Cement No. 31 will meet
these requirements. Its mechanical strength appears to be adequate
and the dielectric constant remains nearly unchanged up to 1200°F.
The resistivity is reduced by a factor of 1000 at 1200°F, but is still
high enough to prevent excessive dissipation of transmitter power.

Unfortunately Sauereisen Cement absorbs moisture when the rela-
tive humidity is high, and it must be sealed. Silicone D.C. 4 has been
found suitable for sealing.

f) Ablative Coating

It was necessary that the effects of the ablative coating on the charac-
teristics of the antenna shouldbe small, since this coating will be partly
removed in flight. Its effect on the radiation pattern was measured on
a scale model and found to be detectable, but small. The effect of the
ablative coating on the impedance of the antenna was too large to be
tolerated. Its partial removal in flight would have detuned the antenna
sufficiently to interfere with telemetry.

_In the critical area under the radiator the ablative coating has been
replaced by a stainless steel plate to overcome this effect.

g) Dielectric Support

A dielectric support for the unsupported end of the antenna was
deemed necessary. The requirements for the material are the same as
those for the cement described in the previous section, except that it
mustbe machinable or mouldable. Few materials are suitable. Alumina
is the most satisfactory found so far, but it has not been used because
of the extreme difficulty of machining it. A refractory body supplied
by Smith and Stone® is being used and is expected to be adequate.

Because data suppliedby manufacturers were incomplete in the tem-
perature range of greatest interest, some comparative measurements
of the change of resistance and dielectric constant with temperature
were made. The results are shown in Figs. 13 and 14.

LABORATORY TESTING

Laboratory testing has consisted of:

1) impedance measurement on a 3-foot mock-up section of the rocket,
2) radiation pattern measurementson a ;——scale model shownin Plate II,

*R69 Refractory Body - Smith and Stone Ltd., Georgetown, Ont.
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3) measurements of the change of impedance while heat is applied
locally to portions of the antenna with torches,

4) voltage breakdown measurements in an evacuated bell jar,

5) limited vibration and shock tests.

Impedance and radiationpattern measurements on a full scale model
would have given added confidence in the achievement of the predicted
performance, but they could not be done.

Attempts to determine the performance of the antenna in its expected
environment have been of necessity incomplete. However, all tests
that could be done with our facilities have been performed, and every
effort has been made to guard against failure in the anticipated
environment.

CONCLUSION

A telemetry antenna designed for the severe environmental condi-
tions encountered on a Black Brant III rocket has been described with
a view to indicating the special problems and their solutions.

The antenna in its present form is regarded as an interim solution
for the first test firings. Its power-handling capacity is marginal,
and the d-c bias on the antenna would be unacceptable for some kinds
of experimental firings. It is also a disadvantage to have the antenna
attached to the nose cone fairings. A position on the forward casting
of the rocket, which would allow the antenna to remain in place when
the nose cone fairing is removed, would simplify adjustments during
installation and check-out of the pay load.
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Plate I — Quadraloop antennas on nose cone of Black Brant III rocket
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Plate II — One-eighth scale model of Black Brant III rocket
with quadraloop antennas




