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l. SUMMARY

. A series of tests was run on the controlled impedance twisted

pair shielded cable (Rockwell type MB0150-051) to determine the
frequency response and effects of mismatched termination. This

.ecable is also called twinax.

i
Wi

Tt was. determined that a-long length of this cable, about
100 feet, exhibits a freguency sensitive attenuation roll-off

greater than 1.5 dB down at 5 MHz. It was also determined that’
improper termination could result in losges of 1/2 to 1 dB within

the frequency range of 200 KHz to greater @han 1-1/2 MHz, An
extreme mismatch could result in severe attenuation greater than
10 dB in narrow bands.

The test results suggest a possible problem where mismatched
connectors are used in video signal cables.
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2. INTRODUCTION

2.1 PURPOSE

The purpose of the test was to me&sura the frequency response
characteristics of the controlled impedance (Rockwell type
MBO150~051) twisted pair ~hielded cable and to evaluate various
configurations of terminé£ion, impedance matching, and grougping.
This cable is used in the Space Shuttle Orbiter (S80) for trans-

mission of analog signals. The amplitude and phase responses

of cables are very significant for the wide-band video signals
used for the Shuttle television system. The band of interest

covered the range from DC to 5 MHz. In the 850, the cable is

terminated in approximately 75 ohms but is routed through con-
nectors that are not matched.

2.2 DESCRIPTION

Several different cable connectién configurations were used
during the test. A calibration test was conducted using a short
length of cable only 2 or 3 inches long. This short cable having
ﬁégligible effecghprovided the technique used to verify the
other components.‘ Several cable lengths were used, one short
cable 1 foot in length, another short cable approximately B.-feet
in length, and a long cable about 100 feet in length. 1In oneif
configuration, a twinax/triax connector was used at one end of
each cable and a BNC connector on the other, The two pieces
could be connected together to form one cédble with either BNC
connectors on each end or twinax/triax connectors on each eﬁd.
They were also used separately. Another”test configuvration
consisted of the long cable with balanced type connectors driven
by a balanced signal intc a balanced load.

2.3 TEST-SYSTEM

An automatic test system was used to perform the ‘test. The
signal source consisted of a frequency synthesizer. The smgnal

2=-1
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amplitude and phase wer% measured using a netwérk analyzer. Both
items were controlled by?a_c&Lgulator as part of an automategd
test system. The automated test system alsoc included a printer,
a”plotter, and a tape cassette mem&ky?" Accessories included

50- to 75-ohm matching units, a 75~ohm isolation transformer,

cables, and feedthrough terminations. v : -

Some of the tests used a wide~band Dynair video amplifier (type
BU~1029A) with an unbalanced input and balanced output. In
other tests; a palr of amplifiers was used., Dynair amplifier
type BU-229A~L-0~75--B converted an unbalanced input to a balanced
output, whereas the Dynair amplifier type BU~229A-L~I-~75-B con-
verted a balanced input signal to an unbalanced output. This
pair-of amplifiers had 7G¥th input and output impedance.

. J

The general test configuration used is shown in figure 1-1.

S T e T
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3. WORK PERFORMED

"3.1 PRETEST PREPARATION

The general-purpose low-pass filter program for the Automatic
Test System was used“in performance of the test to provide a
logarithmic frequency sweép. The number of points, starting
frequency, and end frequency parameters were entered during the
test. The frequency range covered from 50 Hz to 5 MHz, with
either 101 or 104 data points. The program provided plotted
data and printed data.

- The other pretest preparations consisted of putting the connec-

7

tors on the cable. i

3.2 SUMMAR¥~OF TESTS CONDUCTED

The tebt anuucted included *+he following:

\f

B, Cables and impedance matching devices

b. Transformer and Cablés
c. Cables and amplifiers
d. Cables with balanced drive and load

e. Cables with balanced drive and transformer

ORlGiy

£. Cablﬂes writh unbalanced operation oF R_, pﬂ@ﬁ s

3.3 DISCUSSION OF OPERATTIONS

The tests were conducted on March 15, March 20, and March -21.
The 1n1t1al tests were performed before the balanced driver and
receiver ampllflers were avallable. The last test performed was
a test of the ampllflers using a cable only a few inches long.

During initial tests on March 15, it was determined that the
phase response was plotted incorrectly during some tests. The

3-1
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fault was determined and the program was aléered to correct the - —
error. Since the phase response was not used as a direct measure
of performance, the tests werxe not repeated. The phase data for

test 4 on March 15 are invalid, but the phase data for tests on R

March 20 and March 21 are correct as well as the other tests on
March 15. | |



4. ANALYSIS AND INTERPRETATION OF RESULTS

4.1 REDUCED DATA SUMMARY

The first test, March 15, piovided baseline data of the test set~-
up which consisted of two 50-ohm cables and two 75~ to 50-ohm
matching netﬁbrks, a "barrel" adapter, and a 50-ohm feedthrough
termination. The cable configuration is shown in figure 4-1.

The results are shown in figure 4-?. The respohse was down by

about 0.2 dB at 5 MHZ with respect to the peakwfésponse. g

The second test, March 15, was similar to the First, but a 50-Hz
to 20-MHz 75-ohi isolation transformer was added to the system
in lieu of the "barrel" adapter as shown in figure 4-3. The
response was down about 1/2 dB at 50 Hz and down about 3/4 dB at
5 MHz (fig. 4~4). This testkwas pefformed to determine the
effect of the transformer tha%\was to be used to test the cable.

The third test performed utilized a caEle.connected from the
frequency synthesizer to the Dynair amplifier (BU-1029A) with an
unbalanced 75-ohm input and a balanced 75-ohm output. A short
cable about 1 foot long was connected to the transformer used -in
test 2. The transformer output was connected to a 75-ohm cable
and@ terminated in a 75-ohm feedthrough terminator at the Network
Analyzer. See figure 4-5. The short cable had the shield open

‘at both ends for onertesﬂ and tied to ground for a second test.

In each case, the results were identical (see fig. 4-6). There
was a broad 0.9 dip in the response at about 700 KHz. It was
concluded that this resulted from a mismatch in the loading.

The fourth test, March 15, was the first test of the long twinax

cable. The test configuration was the same as that shown in
fig@re 4-5. In ﬁ?is test, the phase response is invalid. Be-
cause of the mismétch at the transformer, there was a dip of

about 0.8 dB-at about 200 K (see fig. 4=7). This dip could be

4-1




*uotr3jeanbrjuoco afqed —*I[-y 2Inb14

OF POOR QUALITY

ORIGINAL PAGE, 15

¥0LI3INNCD
1344ve
1NdNI
Y3IZATVNY 318Y) 3178Y)
YHOMLIN T IYVGD IVIXY03  374n0S
TYNIIS
NOTLIYNIWYIL
HONO¥HLA3I 34
WHO 06
NYOMLIN YYOMLIN
ONIHILVYM ONIHI LVW
JINYQIdKI JINVOIdWI
WHO SZ 01 06

WHO 0S 01 S¢



PEGREES { =—=e==)

PHRASE SHIFT,

*Sa[qQeD [eIXe0D 3Yy3l I03J Idsuodsal YIomiau ssed-moT —°Z-p 2Inbrg

ZH “ADN3INBE3™NA

A Wi | p .} Al 2al a!
as- Hifl 1 IHIBRE] 1 Z-
El "h- 80 NdWd 38 NIK
EE'E- /80 TdWH T3 XHKW
3iH4g
I-8BL/SI/E
S3ED I XHD
3SNOJS38 JNONL3IN SS5HIMO
L 841 1531 SKILSAS LRDDES
B i
|
d |
./_ | !
i
1 _ _ I M_ﬂ
:I. \ i ! | | i _
{i 1 ks _m o 5 { " |
ae- 1 w—|1,4| _J.w-.wl ! -¢l_¥l. L,.ljrt i @._r +.-r...—IL a2
w:__; R m_.:. __.__.m [fi¢ | i
i .._ﬁ,’ “ { ) M.__"__. m“m_,__ “." m_ | __u |
_,“., 1k “ _.,___f HHER i | i !
__ 4._ _ __.1: m_p__ m_m__ _ Hi
. : | IR HIIER I i
(TR R 1A AR R 1
__;._ ;f w__. :,_ __:_m ::_"
1 | | Y~ 4 (R HITLE Hif)
a .E_L_ :_l 1100 . ,mt:rg = rri. -.-.Lm.tlr-r. B?:W -,

/lNdlnd 3A115713d

— G



- 7owrOjSURI} UOTIBRTOSI —"E-F aarbta

YIWYO4SNYEL
NOILYT0SI
WHO S¢
LNdNI
¥43IZATYNY 379Y) 318Y)
"
AYOML3N IVIXVY0D m w: WIXY0D 34yn0s
NOILVYNIWY¥3L TYNIIS
WHO 0§
SHYOMLIN—

INIHILVN



DEGREES ( ==~==)

PHRSE SHIFT,

*I2WIOJSURI} UOTIER[OST 9yl I0J asuodsaa yiomiau ssed-moT — p-p 2anbT4

ZH “ADN3INE3INA

Wl Wl A | | Al oz ai

| Livy 1 WOIIT T ¥ it -
S8'h- ‘B0 7idWd T3 NIW

E2'h- 780 dWd O XuW
2-8L/S1/e 3144

HIAWH04SNEN L
3SNOGS3d JNOMI3N S5HONOT
* B 453 5.EA5 LARDDES
" 5 — _ .?__ |-
|
\
| HIR _
e B i | /
m *_W ‘ }l | { i1l il _ _.AA |
THIRE T | _ LT
BN S TR I HERS R S
(IR AR TR TR AR T
IR IR RN A
i1 SRR IR i
i |1 HHEE i1
: ¥ “_:““ “ ..F
RN TR R i
! : | Sl |
= _».Hi _L,L m:l_!r.r |30 B _» i Jibl il |

/LNdLlnd 3A 114713

> 44

(._.___



o a1qeo xeurm3 Dbuol 3u3 jo uoT3eInbIIU0d 1s9L —°G-p 2InbTd

-gT YOIeW U
g3CNNOY¥9 Q13IHS @ 1S3l
g3QNNGYES 10N Q13IHS v 1S3l
| 310N
L 310N ®
¥3IZLIYNY _ 318Y2 s o N 3718y¥2 _ 32¥N0S
MHOML3N ¥ I1XY-03 o S St e S WIXY0D TYNIIS
378y¥2 1004 1
NOILYNIWY3L H4OMLIN ¥31417dRY
WHO 0§ ONIHOLYW [ d3Wd04SNYEL y6201-N8
WHO 0S5 OL S NOILY10SI

WHO S&



‘uoT3RIqTITPD Wa3SAS I0J Isuodsal YIom3au ssed-moT —°9-p SINET4
ZH ZADON3INBD3IMNA

.-

- Al b Zi

DEBREES (=====)

PHRSE SHIFT,

T TN T IO T T 7! z-
] ! 1t _
__ i _m ,_ﬂ_ S8 /B0 dWd T3 NIW
! ._" { m -
S TR IR IR 281 B0 “dWe T3 XHW
S HIHIE I ©-BUSIZE 36
BE IR i “
w __“:m 11 NO11HS81THD W3LSAS
i i1 "It ISNOS3M MHOMLIN SSHANT
_ M_% HIHE 87 1531 SWALSAS LIRDDHEES
. = iy : . ““: M- mu ﬁ :ﬂ m {-
i\ ___.m_,_ ._.:.__ _m —.m: _
r‘ ! ‘____ i w_h _ __._. i :___n _
AN R B B
_m_; “ it ! :L “ _
AR GARE (AR AR TR
14 I ' [ H 1 H 1
N | AHERR IR AR ] i |
i 1 N. i .. ,u.... “,.m. ! H
] il o TR
i | | o g Hh IR
IR i Ry N
111 3 “ il il HE _
111 } 1) ¢1: 1) | ”__— H
Am*_ i Iy ; ; ik .# ___
{1 15 e | : _ mr,_ I 10
SRR i R HHE . B TR I
! : s . ﬁ_.“. P 3 i1t .u.“_hw t Hi __m .. |
' ! ' 4 ..._ $ ! ' FEE S i w___ \ !
Ridiaa Nuesll TR U5 S 1 L O T 5 B HHEL W 0 S A

/1Ndlnd 3AT1LHI3N

{ =) B



PEBREES (r====)

PHRSE SHIFT,

*2[geD XeuIMm3 aYy3l I03J osuodsax daomiau ssed-moT —"[-F 2anb1g

ZH ZADNINE3NA
W b1 X2 Al az! a
11 _ T T [T 1T T
it ] | ZE°!- /80 /did T NIW
il _ SE /B0 ClddH TR XeM
i _ m v-BL/SI/E 31HQ
it
. IR FIED XENINL
_ _,__ m ISNOSS3Y JNOMLIN SSHANT
it | B LS31 SWALSAS LIRDIDHS i
" IR | i . n_ T
R T HIRE
IR TN NI
' ___.M_ | ! i _
_ ~ m_.m b i !
| _ ”___ | : _
AR il | |
£ 3 MJ_MI.. — |
S PO RTT
h w“__. " ."“h ;

S F——————

1
}—_-..
=

7/LNddlNd 3A11H713

I [



" caused by the leakage inductance of the transformer resonating

with the shunt capacity.
Test 5 on March 15 was made using one of the twinax leads as the
signal lead on the other as the returri. The return lead was

also grounded to the shield at one end; see figure 4-8%. Although
the cable was terminated in 75 ohms, the cable was not properly
operated since grounding oneé of the two signal leads changes the
characteristic of the cable. This is reflected by the large.
loss in siénal at about 1.5 MHz; see figure 4~9. The phase
response is also invalid. '

Test 6 is similar to test 5 except that the shield is grounded
at both ends; see figure 4-8. Grounding the shield at both ends
did not improve performance; see figure 4-10.

Test 7 i1s the same as. tests 5 and 6 except that the shield was
floating; see figure 4-11. TFloating the shield at both ends
permits the voltage on the shield to assume a value midway be-
tween the two inner conductors. The characteristics of the
cable are not altered, and the loss in signal amplitude at
resonant points is greatly reduced. The resonant dip slightly
below 2 MHz is apparently caused by the combination-of the cable
and connectors; see figure 4-12. "

The eighth and last test on March 15 was,a system test. The
signalﬂwas fed from the Synthesiéer to. the driver amplifier
having an unbalanced input and a balanced output. The cable was
driven in a balanced mode with the shield grounded at the source
gnd.}fﬁhe ouﬁput end of the cable was connected to the trans-
formér and changed from balanced to unbalanced. The shield was
grounded at the load end. The signal out of the transformer was
measured using.-the network analyzer; see figure 4-13. There is
a small dip in the response, about 0.2 dB, at about 700 KKz; see

4 —9 7_'
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figure 4~14. This represents the best operation using an isola-
tion transformer. The-isolation transformer with stray capacity
could be the cause of the dip in the response. -

The fiiét test on March 21 was a test of the calculator program
apfer “the phase response was corrected; see figure 4-15. The
tht was performed using only coaxial cables and matching netr-
works; see figure 4-1.

"The second test on March U3 used the cables from thé first test,
the pair of amplifiers consisting of driver and receiver ampli-
fier, and the long twinax cablae; see figure-4-16. The cable is
properl& matched by the balanced input of the receiver amplifier,
and there is no dip in the response; see figure 4-17. There is
a small signal at about 120 Hz, which is about 0.1 dB high. Thish
anomaly is attributed to 120-Hz ripple in the amplifier. The
cable shows a loss of about 2 dB at 5 MHz. )

The third testJis similar to the second test, but a much shorter
twinax cable was used:. The result was less attenuation at 5 MHz,
indicating that the loss is pr0portlonal to the cable length;
‘see figure 4-18. ‘;

The fourth test was the same as the second test exceét that the
120~Hz ripple subtracted from the signal caused a dip at 120 Hz
instead of a small peak; see figure 4-=19,

" A final test was run on March 21 in which a very short cable
(about 3 _inches) was used to connect the two amplifiers. This
_curveﬁshSWS a loss of about 0.4 dB at 5 MHz exclusive of any
ﬁlong twinax cable; see figure 4-20.

Data were printed for test 3 on March 20 (table 4-1). The printed “
data corxelateﬁ;with the curve. The printed data is truncated
to 0.1 dB precision. :

4-16
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TABLE 4-1.~ DATA LISTING FOR TEST 3 ON MARCH 20

FREO. s HZ FEG. RMFL. + DE REG, PHAZE s IEG

S0.0 54 -10.0 2%2 =2.43
5.9 BN ¢ -10.0 253 -2.66
62.5 52 '19.3 3.4 '2-3?

6':'-.:' o3 "10.0 . 35 '3!95
78,2 54 -10.0 296 -3, 22
ar.4 - ~-10,0 297 -3, 38
'-*?.-'3 1 -IODD Fogal ] - 3051
195,73 27 ~1a.0 259 =3¢ 99
122,3 1 =181 260 =3.07
136,7 59 e U 2wl -3.84
1%52.9 &0 -10.1 262 ~3,20
lll-g 0l lf‘.l .'."’.-"‘ "3'.§|
191.8 &2 -18.1 24 -4,03
213.8 €3 ~10.1 265 -4.0

239.1 &4 -18.1 266 -4,27

R e | (3 -10,1 T4 =4, 1%
99,0 s -10.1 2€8 -4,00
334, &7 ~10,.1 269 ~de 23
373.9 nE -1P. 1 o TR ~d. 27
418.1 (X e L | 271 -4,29
4':' .’: ?[‘ "1‘30 1. 2;)2 "4. ’:Il

8§22.9 71 -{0.1 273 -4, 34
S84, 7 72 -10, 1 274 ~d, 37
653, ¢ 73 -10,1 278 4,%9
731, 74 -19.1 27 ~§. 42
817.6 7S -10.1 277 -4,43
914,32 TE -10.1 i R -4,48
1022.% 7?7 -10,1 279 -4, 48
1143. 4 78 -6, 1 280 -4, 4%
1278.6 va -10,1 281 -4,50
£0 -18,1 262 4,51
g1 -10.1 233 -4, 54
82 ~-108, 1 284 -4,%7
83 -16,1 285 A B9
a4 -18,1 286 -4,62
35 -10,1 287 -4, 62

2796.0 G -10.1 288 -4,67
3126,7 a7 -16.1 : 289 -4.70
2496, 9 2% -18,1 290 -4, 4

ORIGINAL PAGE 18
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TABLE 4-1.- Crntinued.

FREY. JH2 2EG.  AMPL.sDE REG.,  PHASE, DEG
3916,0 aa -10.1 291 -4,78
4372.4 0 -12,1 292 -4,81
4839,9 31 -10.1 293 -4, 8¢
S467.7 92 -10.1 294 -4.91
6837, 4 a4 -10.! 298 -5, 04
PEAE, 0 i 9 =19.1 297 -5,11
85510, 3 % -10,1 ° 2498 -5,22
551, 4 ? -1, ! 293 -5, 30
10652, 2 96 -10, 1 308 -5,42

11956, 7 9% “10, 1 201 -5, 52
l {31‘0. ‘- !O‘:‘ IU- I 302 "50 65

101 -18,1 303 -5, 79
l“:‘ "10- 1 3'34 -SI 95
LE -10, 1 309 -6,1%
14 -18,1 " 306 5,34
105 -19,1 307 ~6. 57
1606 -1, 1 303 -€,82
17 -1d.1 05 -7.10
198 -10.1 . 218 ~7 .40
183 -1, 1 . 311 ~7.74
1in -10.1 ' 312 -8, 12
111 -10,2 313 -8, 54
{112 -18,2 314 -9,01

571727, 1 113 -18.2 315 =9.54

63933, 0 114 -18,2 316 -10. 11

7949%¢, 4 116 -18,2 318 -11,42
39412,% 117 -18,2 319 -12,1%

DI93E, 4 118 -18,2 220 -13.,04

111811.0 119 -10,2 321 -13.58

125024, 9 120 ~18,2 322 15,02

139820, 9 124 -10,3 323 -16,19

15625¢, 4 22 -12.3 324 -17.46

74847.5 123 -10.3 . 325 © -18,89

195525, 3 124 -10.3 326 -20,4¢

218648.8 125 -10.2 327 -22,24
244506, 5 126 -10.4 328 -24,22
273422, 4 127 -10.4 329 -26, 39
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TABLE 4-1.- Concluded.

FRED, +H2 FEG. AMPL. » DB FEG. FHRZE, DEC
305?53.9 + 128 -10.4 330 28,84
3"*91|- 109 "13.4 33‘ -31055
3}'--1 ’Jué I.,E’ -1014 332 -3‘059
427%71.6 131 ~10.9 233 -37.98
4VE137.2 132 -10.9 334 -41,7%
:‘34':"."‘-.. :‘ l‘;"? -10‘ 5 335 -"SI 93
SH791%. 6 179 40,9 336 ~90.€9
EeEIE. 5 159 ~18. & 337 -9s 99
747699, 8 136 =10.% 338 61,84
£36124.5 137 =-18.6 339 -638,44
BIS006, 6 1% -10,? 40 et -1
1h4555%, 8 139 -19:7 341 -84,02
llc‘ E 140 “1,7 . 342  -93.23
1 141 -10,. 8 343 =103, 54
'3' 14E "1‘3“:- 34"‘ 'liSuOg
143 10,9 245 -127.90
144 'llul‘z’ 340 ~-142,3¢
145 =-11.1 24y =158, 27
144 B 485 =17¢.08
147 =11:3 243 =1935.80
lag =11.5 %0 -217.7€
"“E‘ -’llb 351 i 4..1
156 -11.8 a9e =269, 1
151 -11.9 353 -299.7%
152 -12:8 354 =334, 20
133 -l‘..ou- 355 - ?s’.‘o U

oumsnghl,rhxﬂﬁlb
POOR QU
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1

4,2 RESOLUTION OF ANOMALIES

I . -
The only significan% anomaly was the peak or dip in the response
at 120 Hz using thejpair of amplifiers. This has been attributed
to internal power supply ripple and is not significant to the
test.

The phase response was not correct for several curves. The
problem in the program was corrected. E

4.3 ANALYSIS PERFORMED

The results of the test were analyzed to determine the effects
of unbalanced operation of the twinax cable, the system was
calibrated, and the loss of the cable was determined.

4.4 RESULTS OBTAINED

The tests show a system loss of 0. 2 dB for tne cables and
matching networks at:5 MHz and another 0.2-dB loss for the pair
of amplifiers. The long cable (approxlmately 100 feet long) has
a frequency dependent attenuation of about 1-1/2 dB at 5 MHz.

4-27



5. CONCLUSIONS

e

could onlf’ﬁé obtained when the cable is operated in a balanced
mode. The shield should alro be grounded at both ends for best
performance. '

When long ciables are used for the television signals and to
prevent an accumulation of losses at high frequencies through-
out the system, cable compensation is desired,

Mismatch' at connectors has been shown to cause losses in the
signal in narrow bands in the range from 100 KHz to 2 MHz. Mis-~
matched connectors in the flight cables are a potential source
of problem. The flight cables should be tested to determine the

actual performance.

5-1
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