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TASK 60 TEST REPORT
EVALUATION OF IRIG-A 21 CHANNEL
CONSTANT BANDWIDTH FM MULTIPLEXER
FOR
SHUTTLE DEVELOPMENT FLIGHT
INSTRUMENTATION

1.0 SUMMARY

A frequency modulated (FM) multiplexer, consisting of
21 IRIG-A constant bandwidth (CBW) voltage-controlled oscil-
lators (VCO's) was tested to determine its suitability for
use in multiplexing 21 data signals which have frequency
ranges of dc to 2 kHz., Tests* were performed with the
composite signal, consisting of the mixed outputs of the
21 VCO's connected directly to a set of subcarrier discrimi-
nators, with the signal recorded on magnetic tape and played
back through the discriminators (discr.), and with the
signal transmitted by a frequency-modulated (FM) S-band
radio frequency (rf) transmitter to a FM receiver and
through the subcarrier discriminators,

The tape recording tests included test conditions where
tape speed flutter was induced to determine the reduction
in flutter noise which can be obtained by the tape speed
compensation equipment.

The rf transmission test included transmitting the
composite signal at a nominal rf received signal of -73 dBm

~ *These tests were performed in the lracking and Com-
munications Development laboratories as Shuttle-in-line,
Task 60B, widet and studies and evaluation,
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wor e ianeime, L

and at rf levels of -83 and -86 dBm. The level of -73 dBm
is the estimated minimum equivalent signal level which will
be received from the Shuttle vehicle at a slant range of

S degrees.

1.1 VCO PERFORMANCE TESTS

These tests were performed with the VCO signals con-
nected directly to the discriminators. The tests included
measurement of peak-to-peak (pk~pk) noise with dc signals
applied to the VCO's, distortion with sine wave signals
applied to the VCO's, crosstalk between received data
signals, and phase error between the received data signals.

The worst case test results are summarized as follows:

Peak-to-peak noise: 0.,6% FS at DR=2
3.9% FS at DR=1

Distortion: 0.65% at DR=2
3 0% at DR=1
Crosstalk: 2.8% at DR=1
Phase Error* 19° at 2,0 kHz (DR=1l)
10.1° at 1.0 kHz (DR=1)
18.4° at 1.0 Hz (DR=2)
5.6° at 0.5 kHz (DR=2)

1.2 RECORDED TESTS
The multiplexer composite signal consisting of the VCO

output signals was recorded on an intermediat: bandwidth
recorder at a tape speed of 60 inches per second. The
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recorded data were played back through the subcarrier dis-
criminators to determine data signal degradation caused by
the recording process. Recordings were also made with
induced tape speed flutter. The worst case test results are
summarized as follows:

No recorder flutter:

pk-pk ncise 1.8% FS at DR=2
6.0% FS at DR=1

distortion 1.0% at DR=2
3.3% at DR=1

2,4% flutter:

pk-pk noise 2.3% FS at DR=2
7.0% ES at DR=1

distortion 1.95% at DR=2
4,1% at DR=1

4,5 ‘lutter:

pk-pk noise 2.5% FS at Dk=2
8.0 FS at DR=1

arstertion 4,1% at DR=2
5.5% at DR=1

These results show that the tape speed compensation
equipment is effective in reducing noise on the data signals
that would be caused by uncompensated tape speed flutter.

The significantly higher values of distortion measured

with induced flutter are caused by frequency modulation of
the data signals that results from the induced flutter. The
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tape speed compensation equipment does not correct the
changes in data signal frequency which is caused by the
recorder flutter,

1.3 RF TRANSMISSION JESTS

The worst case test results are summarized as follows.

DR=1 DR=2
Received Percent Noise, % FS Percent Noise, % FS
rf level Distortion pk-pk Distortion - pk-pk
-73 dBm 3.0 7.0 0.71
-83 dBm - 8.0 - 1.4
-86 dBm - 8.5 - 1.5

The relatively high peak-to-peak noise level of 7.0 to
8.5 percent of full scale was measured on the data signal
obtained from channel 14A (120 kHz center frequency) at a
deviation ratio of 1. Thesec values were measured with
the VCO frequency set to high and low bandedges. The noise
measured with the VCO set at center frequency was 1.5 percent
of full scale. At a received rf level of -73 dBm, the maxi-
mum peak-to-peak noise measured on the other channels was
4.5 percent of full scale; at a received level of -86 dBm,
the maximum noise on the other channels was 6.0 percent of
full scale. The high noise levels measured on channel 14A
is caused by interference from a 120 kHz refe -nce signal
in the 120 kHz translator. This interference can be
significently reduced by the use of a transmitter which has
a lower deviation sensitivity, so that the VCO sign.ls could



be set to higher values. Such a transmitter was not avail-
able when these tests were performed.

The rf level of -86 dBm was determined to be the
minimum usable level with the available test equipment.
This level produces a calculated receiver i.f. section
signal-to-noise ratio of 13 dB.

1.4 COMPARISON OF TEST RESULTS

The worst case noise and distortion measurements for
the test nominal recording and transmission test configura-
tions are summarized in table I to indicate the degradation
caused by the recording and transmissicn processes.
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2.0 INTRODUCTION

Tests wer~ performed to evaluate the performance of a
frequency modulation data signal multiplexer which consists
of 21 IRIG-A constant bandwidth voltage-ccntrolled oscillators.

2.1 MULTIPLEXER DESCRIPTION

The multiplexer contains VCO's, mixer amplifiers, trans-
lators, and a reference oscillator manufactured by Sonex,
Inc. The multiplexer consists of 21 IRIG-A channel CBW
VCO's, Sonex part number TEX-3007MD; five . ixer amplifiers,
Sonex part number TEX-3207MD; three translators, Sonex
part number TEX-3802; and one 240 kHz reference oscillator,
Sonex part number TEX 3402A.

The 21 VCO signals are developed from one group of
IRIG CBW VCO's, consisting of channels 1A through 6A, and
three groups of IRIG CBW VCC's, each consisting of channels
1A through 5A. The composite output of the group of 1A
through 6A VCO's is connected directly to the final mixer
amplifier. The frequencies of the groups of 1A through 5A
VCO's are translated up to obtain the channel 7A through 21A
VCO frequencies. Channels 7A through 11A are obtained by
using a 120 kHz translating frequency; channels 1ZA through
16A are obtained by using a 160 kHz translating frequency;
and channels 17A through 21A are obtained by using a
200 kHz translating frequency.

Each of the groups of VCO's is mounted in a separate
chassis with a mixer amplifier., The three translators,
the reference oscillator, and the final summing amplifier
are mounted in a separate chassis.
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The peak frequency deviation of the IRIG-A channels is
2 kHz. Each of the VCO's can be modulated by a 2 kHz data

signal if a deviatio: catio (DR) of 1 is used. The deviation
F

ratio is defined as DR = Fg’ where F, is the VCO peak fre-
m

d
quency deviation and Fm is the maximum frequency of the data
signal. The VCO deviation ratio is determined by the cut-off
frequency of the low pass filter used at the output of the FM
subcarrier discriminator which recovers the data signal.

In general, the quality of the received data signal is
increased as the deviation ratio is increased. The IRIG-A
channel VCO's can be used to transmit 1 kHz data signals with
a deviation ratio of 2.

2.2 TEST DESCRIPTION

The purpose of the evaluation tests was to determine
the accuracy which can be expected when the IRIG-A VCO's
are used to multiplex 21 data signals in the range of 0 to
2 kHz. In addition, the multiplexer output signal was
recorded on a magnetic tape recorder and transmitted by
a ’-Dand FM telemetry transmitter to determine the data
signal degradation which would be caused by the recording
and transmission processes.,

Static (dc) signals obtained from a precision labora-
tory power supply, and dynamic (sine wave) signals obtained
fro'. laboratory sine wave oscillators were used as simulated
data signals. The simulated data signals were connected to
the inputs of the FM multiplexer VCO's, Electro-Mechanical
Research, Inc. (EMR) model 4150 FM subcarrier discriminators



w>re used to demodulate the composi<e FM multiplex signals
to recover the multiplexed data signals.

An EMR model 4059 detranslator was used to translate
the IRIG channels 7A through 21A signals down to three groups
of 1A through 5A signals. The detranslator develops
translating frequencies of 120 kHz, 160 kHz, and 200 kH:z
from an external 240 kHz reference signal. The 240 kHz
reference frequency obtained from the multiplexer was
supplied to the detranslator during the tape recording tests
to facilitate tape speed compensation,

The data signals, recovered at the output of the dis-
criminators, were measured using an oscilloscope, a voltmeter,
and a total harmonic distortion analyzer to determine the
degree of data signal degradation which is caused by the
multiplexing, recording, and transmission process., Phase
delay measurements were also made to determine how accurately
different data signals can be time-correlated when the
signals are multiplexed.



3.0 DISCUSSION
3.1 VCO PERFORMANCE TESTS

The FM multiplexer, the simulated data signals, and
the test equipment were connected as shown in figure 3-1.
Static data signal noise, dynamic data signal distortion,
channel-to-channel phase error, and crosstalk measurements
were made with the multiplexer output connected directly to
the discriminators.

3.1.1 Static Noise Tests

Peak-to-peak noise at the outputs of the subcarrier
discriminators was measured with static data signals of 0,
2,5, and 5.0 applied to the VCO signal inputs. These meas-
urements were made using VCO deviation ratios of 1 and 2.
The measurements expressed as percentages of full scale are
given in table II.

The maximum peak-to-peak noise on the received data
signals measured for a data signal deviation ratio of 1
was 1.3 percent of full scale for an input signal of 2.5 Vdc
(VCO center frequency); the maximum peak-to-peak noise
measured with input signals of 0 Vdc (VCO low bandedge)
and 5.0 Vdc (VCO high bandedge) was 3.9 percent.

The value of 3.9 percent was measured for channel 6A
with the VCO frequency set to high bandedge (5.0 Vdc data
signal). The noise mexsured for channel 7A with the
same input signal was 3.5 percent of full scale. The

3-1
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TABLE II. — STATIC DATA SIGNAL NOISE, pk-pk PERCENT OF FULL SCALE

0 Vdc | 2.5 Vdc 5.0 Vdc | 0 Vdc 2.5 Vdc 5.0 Vdc
VCOo
Channel Noise, % FS pk-pk
DR=1 DR=2

1A 1.8 1.3 1.7 .5 .4 .5

2A 1.8 1.3 1.7 .4 .4 .5

3A 1.5 .8 1.4 .4 .3 .3

aA 1.8 1.1 1.8 .4 .4 .6

5A 1.6 1.0 1.7 .3 .4 .5 N
6A 1.3 .9 3.9 .5 .4 .4

7A 1.3 .9 3.5 .5 .3 .4

8A 1.5 1.0 1.7 .3 .4 .6

9A 2.0 .9 1.7 .4 .4 .4

10A 1.8 .9 1.8 .4 .4 .5
11A 1.3 .9 1.4 .3 .3 .4
12A 1.6 .9 1.6 .4 .3 .4

13A 1.5 1.1 1.8 .5 .4 ) .0

14A 2.6 .9 2.8 .4 .3 .4

15A 1.2 .8 1.3 .3 .3 _.3 ]

-]

16A 1.5 1.0 1.4 .3 .3 .4

177 .9 .6 1.3 .3 2 IR .2———
18A .9 T L6 i.o L2 _:2 T 2 ]
19A 2.;‘- .8 2.4 .3 B .4 .5
20A .9 .6 Y 2 3“* T 2_—_
21A 1.0 .0 .8 -_T'ﬂ—. T ? N AH—_..K_.—.“




relatively high noise levels for these two channels are
caused by mutual interference between the two VCO signals.
Channel 7A is obtained by translating a 56 kHz VCO signal
to obtain a signal which has a frequency of 64 kHz. The
translation causes a 180 degree change in the deviation
sensitivity of the resulting signal. When a 5.0 Vdc signal
is applied to both channel 6A and channel 7A, the channel
6A VCO frequency is at high bandedge and the channel 7A
VCO frequency, obtained by translation, is at low bandedge.
The frequency separation between the two VCO's is minimum
for this condition so t-rat maximum crosstalk occurs.

The noise on the data signals measured for channels 14A
(120 kHz) and 19A (160 kHz) with 0 Vdc and 5.0 Vdc data
signals were also relatively high. With the input signal
set to 5.0 Vdc, 2.8 percent was measured on channel 14A and
2.4 percent was measured on channel 19A., The higher noise
levels on these channels is caused by feed-through of the
120 kHz translation signal from the 120 kHz translator, and
feed-through of the 160 kHz translation signal from the
160 kHz translator, The noise levels measured are not
considered excessive but do show the necessity of suppressing
the translation signal at the outputs of the translators.

The maximum peak-to-peak noise on the received data
signals measured at a deviation ratio of 2 was 0.4 percent
for an input signal of 2.5 Vdc; the maximum peak-to-peak
noise measured with input signals of 0 and 5.0 Vdc was
0.6 percent. The use of a deviation ratio of 2 eliminated
the data signal degradation which occurred on channels 6A,
7A, 14A, and 19A when a data signal deviation ratio of 1

was used.
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3.1.2 Dynamic Data Signal,
Harmonic¢ Distortion

Sine wave data signals were applied to the VCO's,
Recovered data signal total harmonic distortion was measured
at the subcarrier discriminator outputs. The measurements
were made using VCO deviation ratios of 1 and 2.

The results of the measurements are given in table III.

The maximum total harmonic distortion measured for a
data signal deviation ratio of 2 was 0.65 percent. The
maximum total harmonic distortion measured for a data signal
deviation ratio of 1 was 3.0 percent.

The distortion analyzer filters out the data signal
fundamental component and provides a measure of the remaining
content of the data signal. This measurement gives an
indication of noise and crosstalk contained in the received
data signal,

3.1.3 Phase Error, Channel-to-Channel

A single sine wave data signal was connected in parallel
to the inputs of all VCO's., The difference in phase between
the recovered data signals was measured at the output of
the subcarrier discriminators for data signal frequencies
of 2.0, 1.0, and 0.5 kHz, Measurements were made using 2 kHz
low pass filters (DR=1) and 1 kHz low pass filters (DR=2),

The measured values of phase errors are given in table IV,
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TABLE III, — DYNAMIC DATA SIGNAL, PERCENT TOTAL HARMONIC
DISTORTION, SYSTEM BASELINE TEST

Chzggel Dg::qflﬁgal Data Chzggel D??:q?iﬁgal Data
% THD % THD
DR=1 DR=2

1A 2000 1.85 1A 1000 0.34
2A 1900 2.40 2A 900 0.33
3A 1800 2.65 3A 800 0.58
4A 1750 2.55 4A 750 0.52
SA 2000 2,60 SA 1000 0.49
6A 1900 2.25 6A 900 0.33
7A 1800 2.75 7A 800 0.32
8A 1900 2.65 EA 900 0.58
9A 2000 2,30 9A 1000 0,37
10A 1750 2.65 10A 750 0.58
11A 1800 2.65 11A 800 0.28
12A 1750 2.40 124 750 0.32
13A 1800 3.00 13A 800 0.56
14A 1900 2,30 14A 900 ﬂ.gzud
15A 2000 2.65 15A 1000 0.47
16A 1750 2.70 16A 750 (.38
17A 2000 2.50 17A 1000 0,23
18A 1750 2,75 18A 750 0.55
19Aa 1800 2.55 19A 800 .65
20A 1900 2.40 20A 900 0.51
21A 2000 1.85 21A 1600 0.24
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TABLE IV. — DYNAMIC DATA SIGNAL, CHANNEL-TO-CHANNEL
PHASE ERROR, SYSTEM BASELINE TEST

TR
Channel | !
DR=1 DR=2
1A-2A -14.5 -6.9 -8.4 5.6
2A-3A -7.8 -2.8 -11.8 :}.5
3A-4A +2.,0 -1.2 +4,6 ) 0
4A-5A -11.5 -3.8 -8.7 -1.5§
5A-6A +7.5 +2.4 ~-2.7 -.7
6A-T7A +5.,5 +2,.8 +14.1 +4.3
TA-8A -3.7 -1.7 -7.7 3.0
8A~9A +2.2 +1.4 -5.1 -.3
9A~10A +6.0 +3.0 +18.4 +3.6
10A-11A +9,0 +3.5 -9.0 0
11A-12A -6.5 -5.8 -3.3 -3.0
12A-13A -12.5 -4,2 +,6 -.5
13A-14A +2,5 +1,6 +9.,3 +1,9
14A-15A +6.0 +3.3 -2.4 +1.0
15A-16A +10.5 +4,1 +13.2 +2.4
16A-17A -18.1 -7.7 -12.2 -4.5
17A-18A -4,5 ~2.1 -8.2 -3.,2
18A-19A +2,7 +1.8 -5.0 -.1
19A-20A +5,7 +2.8 +18.3 +3.6
20A-21A +9,0 +4.9 -9.1 -2
1A-7A -18.7 -10.0 -13.2 -5.5
1A-12A -12.5 -7.0 -10,2 -4.1
1A-17A -19.0 -10.1 -18.0 -5.6
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The maximum phase shift measured between channels is
as follows:

DR=1
Data Signal Maximum Phase
Frequency (kHz) Shift (degrees)
2.0 -19 (Ch 1A to Ch 17A)
1.0 -10.1 (Ch 1A to Ch 17A)
DR=2
1.0 +18.4 (Ch 9A to Ch 10A)
0,5 -5.6 (Ch 1A to Ch 2A and

Ch 1A to Ch 17A)

3.1.4 Crosstalk, Channel-to-Channel

A 5 V pk-pk sine wave data signal was applied in turn
to channels 6A, 1.iA, 16A and 21A. A 2.5 Vdc data signal was
applied to the remaining VCO's. The peak-to-peak noise on
the received uJata signals obtained from the remaining VC(C's
" was measured to determine the amount of crosstalk caused b
the sine wave signals., The crosstalk measurements were
performed for a data signal deviation ratio o«f 1 with a
sine wave signal frequency of 2,0 kHz. The .esults of the
crosstalk measurements are given in table V,

The test results indicate that most of rthe crosstalk
occurs on the VCO's adiacent to the VCO which is modulated
by the sine wave signal. The worst case crosstalk increased
the noise on the unmodulated VCO's from 0.9 to 2.8 percent
peak-~to-peak.
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TABLE V. — CHANNEL-TO-CHANNEL CROSSTALK TEST
o

Noise, ¥ FS pk-pk

Crosstglk
Condition DR=1
Basic
Channel Noise 6A 11A 16A 21A
1A 1.3 1.2 1.2 1.2 1.2
2A 1.3 1.0 1.1 1.3 1.2
3A .8 .8 .9 .9 .8
4A 1.1 1.3 1.2 1.2 1.2
SA 1.0 2.8 1.0 .9 .9
6A .9 Signal 1.0 1.0 .9
74 .9 2.8 1.3 1.3 1.3
8A 1.0 1.0 1.1 1.0 .9
9A .9 1.0 1.0 1.0 1.0
10A .9 1.4 2 8 1.3 1.3
S I S -
11A .9 .8 Signal 1.1 1.0
. I ,
127 .9 .9 2.6 1.0 1.0
13A 1.1 1.8 1.5 1.7 1.7
SRS DN U G —
147 .9 .9 1.2 1.0 1.0
15A .8 .8 .8 2.4 .9
1bA 1.0 1.3 1.3 Signal 1.3
17A N .7 .7 2.4 .7
b — 4
18A .6 .8 .0 o .8
—— N S
19A .8 .9 Y .9 .9
I ,AL_‘_ —
20A .0 .6 .6 .6 2.2
21A .0 7 .6 .0 Signatl




The crosstalk measurements were made with the unmodu-
lated VCO's set at their center frequencies. The crosstalk
on an unmodulated VCO will increase as the frequency of the
VCO is moved toward the frequency of an adjacent VCO.

3.2 RECORDING TESTS

The output of the FM multiplexer was recorded on an
Ampex FR 1300 magnetic tape recorder at a recorder speed of
60 inches per second, using direct record-playback electronics.
The recorded tape was played back with the reproduced signal
connected to the subcarrier discriminators to determine the
degradation in data signal quality caused by the tape record-
ing process, The FM multiplexer, simulated data signals, and
test equipment were connected as shown in figure 3-1.

The recorder normal record level was set to 1.0 Vrms,
i.e., a 1,0 Vrms sine wave signal produces 1.0 percent third
harmonic distortion on the tape. Each of the VCO levels was
set to a nominal value of 70 mVrms; the 240 kHz tape speed
- reference signal was set to a nominal value of 140 mVrms.
The tape speed reference signal was set 6 dB higher than
the VCO signals to ensure that a relatively clean signal
would be available for providing tape speed and tape flutter
compensation for the recorded data signals during tape play-
back. The VCO and reference signal levels were chosen such
that the composite recorded signal would have a nominal
peak-to-peak value of 2.8 volts when the signal was observed
using an oscilloscope.
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Prior to recording the FM multiplexer signal, recorder
slot noise measurements were made relative to the normal
record level. A wave analyzer with 3.0 kHz filter band-
width was used to make the measurements. The measured signal-
to-noise ratios are listed in table VI. The measured noise
was used to obtain an indication of the noise in a 1.0 kHz
and a 2.0 kHz bandwidth over the frequency range of the
recorder. These values are also listed in table VI. The
data signal-to-noise ratio will depend on the tape noise
levels; the results obtained for the tests repcrtcd here can
be used to predict the performance of a different recorder
only if the signal-to-noise characteristics of the recorders
are the same.

3.2.1 Static Data Signal Noise

The output of the FM multiplexer was recorded with
0, 2.5, and 5.0 Vdc data signals applied to the VCO's. The
recorded tape was played back, and the reproduced signal was
connected to the subcarrier discriminators. The peak-to-
peak noise on the recovered data signals was measured,
Measurements were made using deviation ratios of 1 and 2.
Measured values expressed as percentages of full scale are
given in table VII.

With a data signal deviation ratio of 1.0, the maximum
peak-to-peak noise for a 2.5 Vdc data signal was 3.5 percent;
the maximum peak-to-peak noise was 6.0 percent for 0.0 and
5.0 Vdc data signals.

3-11



TABLE VI. —~ TAPE RECORDER SLOT NOISE DATA

Frequency, Measured SNR, Calculated SNR

(kHz) 3.0 kHz BW 2.0 KHs BN T o %ia Bw

10 57 58.8 61.8

20 67 68.8 71.8

40 67 68.8 71.8

80 67 68.8 71.8
100 65 68.8 69.8
175 64 65.8 68.8
240 63 64.8 67.8
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TABLE VII. — STATIC DATA SIGNAL NOISE, pk-pk PERCENT OF
FULL SCALE, RECORDED DATA TEST

veo 0 Vdc | 2.5 vdc i 5.0 Vdc| 0 vdc [ 2.5 vde [ 5.0 vdc
Channel Noisec, % FS pk-pk
DR=1 T DRe2
1A 4.0 2.8 3.5 1.4 1.0 1.8
2A .5 2.5 3.5 1.1 1.0 1.1
3A 3.5 2.4 3.5 1.2 1.0 1.2
aA 4.0 2.5 4.0 1.3 1.3 1.2
5A 4.0 2.5 4.0 1.3 1.2 1.3
6A 4.0 2.8 6.0 1.4 1.4 1.5
7A 4.5 2.8 6.0 1.4 1.3 1.5
8A a.s 3.0 5.0 1.5 1.3 1.5
9A 5.0 3.0 5.0 1.5 1.3 1.5
10A 5.0 3.0 5.0 1.5 1.3 1.6
11A 5.0 3.0 5.0 1.5 1.4 1.5
12A 5.0 3.0 6.0 1.5 1.5 1.7
13A 5.0 3.5 5.5 1.5 1.5 1.8
14A 6.0 3.3 6.0 1.6 1.5 1.8
15A 6.0 3.4 5.5 1.7 1.5 1.7
16A 6.0 3.5 5.5 1.7 1.5 1.7
17A 5.5 3.4 6.0 1.7 1.6 1.8
18A 5.5 3.4 6. 1.6 1.5 1.7
19A 6.0 3.4 6.0 1.7 1.5 1.8
20A 6.C 3.2 6.0 1.8 1.5 1.7
21A 6.0 3.2 6.0 1.7 1.6 1.7
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With a data signal deviation ratio of 2.0, the maximum
peak-to-peak noise for a 2.5 Vdc data signal was 1.6 percent;
the maximum peak-to-peak noise for 0.0 and 5.0 Vdc data
signals was 1.8 percent.

3.2.2 Static Data Signal Noise With
Induced Tape Recorder Flutter

Tape recorder flutter levels of 2.42 and 4.5 percent
were induced by placing adhesive tape on the recorder
capstan. Static data signals were recorded and played back
as described in section 3.2.1. The measured values of noise
on the data signals, expressed as percentages of full scale,
are given in table VIII,

A comparison of the test results listed in table VIII
and those listed in table VII (no induced flutter) shows
that the induced flutter increases the peak-to-peak noise
on the received data signals. With 2.42 percent flutter and
a deviation ratio of 2, the worst case noise was increased
from 1.8 percent to 2.3 percent; with a deviation ratio of
one, the worst case noise increased from 6.0 percent to
7.0 percent. With 4.5 percent flutter and a deviation
ratio of 2, the worst case noise increased from 1.8 percent
to 2.5 percent; with a deviation ratio of 1, the worst
case noise increased from 6.0 percent to 8.0 percent.

3.2.3 Dynamic Data Signal
Harmonic Distortion

The output of the FM multiplexer was recorded with
sine wave data signals appiied to the VCO's. The recorded
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TABLE V111, — PLAYBACK STATIC DATA SIGNAL NOISE, pk-pk PLRCENT OF FULL SCALE,
WITH TAPE RECORDED FLUTTER, RECORDED DATA TEST

0 Vdc [ 2.5 Vde ! 5.0 vde l 0 Vde [ 2.5 Vdc J 5.0 Vdc 0 Vdc } 2.5 Vdc LS'O Vdcio Vdc Lr vdc] 5.0 Vde
A\ . N Voo .
Channel Noise, » FS ph-pk oY 1 Noise, % FS pk-ph
1R=] 1R=2 iR=] WR=?
2.42% Flutter 4.5¢% Flutter
1A 3.0 2.5 3.0 1.3 1.0 1.3 11 1.0 2.3 3.0 2.0 1.2 1.6
A 1.3 25 1.0 1.3 1.0 1.2 2 4.0 2.6 4.0 1.4 1.2 1.3
A 1.3 2.4 1.5 1.3 1.0 1.3 Y 1.5 2.7 3.0 1.4 1.3 1.4
3 15 2.0 a5 1.4 1.2 1.4 a 1.5 2.3 1.0 1.5 1.4 1.4
51 35 2.7 1.5 1.1 1.2 1.4 54 5.0 3.0 4.0 1.6 ' 4 1.5
6\ 5.0 2.8 6.5 1" 1.4 1.5 64 5.5 3.4 7.0 2. 1.7 1.8
-\ 5.1 3.0 -0 1.7 1.4 1.7 ™ 6.0 3.5 | 7.0 2.0 1.8 1.8
8A 5.5 3.0 5.5 1.7 1.4 1.5 8A 6.0 3.5 5.0 1.8 1.7 1.5
2 5.5 3.0 1 5.5 1" 1.3 1.6 9A 6.0 3.6 5.0 2.0 1.6 1.”
i
107 5.3 5.3 0 5.5 1.- 1.4 1. 104 6.0 3.6 5.0 2.0 1.7 1.8
11 5.3 3.3 5.3 1.- 1.4 1.6 114 6.0 3.6 5.0 2.0 1.6 1.7
12 5.5 2 6.0 s 2.0 12 7.0 3.8 5.5 2.4 1.8 2.0
15\ 6.0 3.3 n.0 RS 2.0 130 -0 3.0 5.5 2.4 20 | 25
+
1\ 6.0 3.5 6.0 | 2.0 15 1.8 14A 8.0 4.0 6.0 2.5 1.- 1.8
S— -
154 6.0 3.5 6.0, 2.0 1.3 1.8 54 -0 | 1.0 5.5 2.4 1.8 1.8
— —
1o\ 6.5 5. 6.0 | n 13 1.8 16 5 a0 5.5 2 1.8 2.0
1T\ 0.3 5.0 0 0 o2 16 | 2.0 7V 1 50 L 4 5.5 2.5 2.0 2.0
f ! —+
18\ 6.5 38 1 6., o0 1.6 1.8 183 -5 1.4 5.5 ¥ 1.8 .0
19\ -0 3" - s | LT 19 104 3.0 3.4 6.0 2.5 1.8 2.0
207 -0 3. o 3 L 2.0 204 -5 3.2 5.5 2.3 1.7 1.8
I
L - .0 R R 214 -5 } 4.0 5.5 ) 1.- 1.8




R e

tape was played back with the reproduced signal connected
to the subcarrier discriminators., The total harmonic
distortion of the recovered data signals was measured.
Measurements were made using deviation ratios of 1 and 2.
The measured values are given in table IX.

The maximum distortion measured at a data signal devia-
tion ratio of 2 was 0.86 percent; the maximum distortion
measured at a deviation ratio of 1 was 3.3 percent. The
measured values provide an indication of the crosstalk and
tape noise contained in the data signals.

3.2.4 Dynamic Data Signal Harmonic Distortion
With Induced Tape Recorder Flutter

Tape recorder flutter levels of 2.42 and 4.5 percent
were induced by placing adhesive tape on the recorder
capstan. Sine wave data signals were recorded and played
back as described in section 3.2.3. The measured values of
total harmonic distortion are given in table X.

The values listed in table X compared with those in
table IX (no induced flutter) show that the induced flutter
causes a significant increase in the data signal distortion,
With 2,42 percent flutter, the maximum distortion for a
deviation ratio of 2 was 1.95 percent; the maximum distor-
tion at a deviation ratio of 1 was 4.1 percent.

With 4.5 percent induced flutter, the maximum distor-
tion for a deviation ratio of 2 was 4.1 percent; the

maxiiium distortion at a deviation ratio of 1 was 5.5 percent.
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TABLE IX. — PLAYBACK DYNAMIC DATA SIGNAL, PERCENT TOTAL
HARMONIC DISTORTION, RECORDED DATA TEST

Chgﬁgel FrzgtakHz Data
$ THD
DR=1
1A 2.0 2.1
2A 1.9 2.6
3A 1.8 2.9
4A 1.75 2.8
S5A 2.0 2.8
6A 1.9 2.55
7A 1.8 2.9
8A 1.9 2.95
9A 2.0 2.6
10A 1.75 3.0
11A 1.8 3.0
12A 1.75 2.8
13A 1.8 3.
14A 1.9 2.7
15A 2.0 3.0
16A 1.75 3.1
17A 2.0 2.9
18A 1.75 3.3
19A 1.8 3.0
20A 1.9 3.0
21A 2.0 2,45
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Chzggel Frzgfakﬂz Data
$ THD
DR=2

1A 1.0 .56
2A .9 .49
3A .8 .69
4A 75 .66
S5A 1. .66
6A .9 .55
7A .8 .53
8A .9 .71
%A 1.0 .61
10A .75 .74
11A .8 .55%
12A .75 .58
13A .8 .73
14A .9 .70
15A 1.0 .72
16A 75 .61
17A 1.0 .58
18A 75 .76
19A .8 .86
20A .9 .76
21A 1.0 .60




FAsLL N, = PLAYBACK DYNAMIC DATA SIGMNAL, PLRCENT TOTAL HARMONIC DISTOURTION,
WITh TAPE RLCORDED FLUTTIR, RECORDLD DATA TEST

‘o frE:tdLn: b THR Frggfakuz b o Frngaku: iy Frngakn: ¢ T
thannel 2.42% Flutter Channel 4.5% Flutter
DR=1 DR=2 DR=1 DR=2

1A 2.0 2.9 1.0 1.8 A 2.0 4.7 1.0 3.5
B 1.9 3 .9 1.8 23 1.9 9 . 3.7
3 1.8 3.6 .8 1.8 3A 1.8 5.1 .8 e

a 1.75 3.5 .75 1.8 aA 1.75 4.9 75 3.6

54 2.0 3.4 1.0 1.9 51 2.0 5.0 1.9 3.7

oA 1.9 3.3 0 1.75 6 1.9 5.0 9 3.7

7 1.8 3.5 .8 1.75 PR 1.8 5.1 8 3.6

84 1.9 3.7 .9 1.45 8 1.9 5.2 9 1.3

9A ) 3.3 1.0 e 9a 2.0 1.9 1.0 3.9

107 1.75 3.8 -5 1.65 104 1.75 5. .75 3.8

111 1.8 5.7 8 1.7 11\ 18 5.2 ) 3.7

124 1.75 3.5 75 20 | 124 1.75 5.0 75 3.8

131 1.8 I 8 1.9 131 1.f 5. .8 3.9

111 1.9 5.5 .0 1.95 T 1.9 T B 10

N v o 3.7 1.0 1.95 151 2.0 5.2 1.0 1.0
oA | 1.75 38 .78 1.8 1A 1,77 5.1 - 3.7

17 .0 i 1.0 1.85 171 ) 5.2 1.0 1.1

181 1.75 1.1 s 1.0 184 1.75 5.4 -3 3.0

191 1.8 3.7 .8 1.95 19\ 1.8 5.2 8 4.0
B 1.0 o 9 1.9 201 1.9 5.2 0 1.1
21A ) .2 1.0 1.85 R 2.0 1.8 1.0 a1
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The tape recorder flutter causes frequency modulation
of the data signals as well as frequency modulation of the
VCO signals. The frequency modulation of the data signal
cannot be corrected by the tape speed compensation equipment
available. The distortion measured is essentially a measure
of the sidebands around the data signals which are produced
by the frequency modulation,

3.3 TRANSMITTED TESTS

The output of the FM multiplexer was used to frequency
modulate a S-band rf transmitter. The transmitter output
was connected through attenuators to a S-band FM receiver.
Adjustable attenuators were used to allow control of the
received power levels. The received FM multiplexer signal
was connected to the subcarrier discriminators to determine
the degradation in data signal quality caused by the trans-
mission process.,

The FM multiplexer, simulated data signals, and test
- equipment were connected as shown in figure 3-1.

The levels of the channel 10A through channel 21A VCO's
were set to produce a transmitter FM modulation index of 0.7,
The Y~vels of channels 1A through 9A were set to produce a
minimum transmitter deviation of 61 kHz per channel to reduce
interference on these channels caused by the higher frequency
VCO's, The resulting peak transmitter deviation produced
by the composite signal was 1657 kHz. The FM receiver i.f,
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bandwidth used was 3.3 MHz. The overall signal-to-noise ratio
for each VCO channel is obtained from the following equation.

FD 2 BIF
-

SNR = 10 log 3/4 (r)? LE 4 sNR, dB
D

where FD is the transmitter frequency deviatien produced by
the VCO signal, FM is the VCO frequency, DR is the VCO devia-
tion ratio, BIF is the receiver i.f. bandwidth, BD is the
data signal low pass filter bandwidth, and SNRp is the
signal-to-noise ratio in the receiver i.f. section.

For a data signal deviation ratio of 2, the calculated
minimum data signal-to-noise ratio is as follows:

SNR = 10 log 3/4 (0.7% (232 2390 . snrp
= 36.8 + SNR, dB

For a data signal deviation ratio of 1, the calculated
" minimum SNR is

2 3300

SNR = 10 log 3/4 (0.7)% ()% 2390 . snry

27.8 - SNRR dB

The tests were performed at received power levels of
-73, -83, and -86 dBm. Tests were attempted at a received
power level of -89 dBm; this power ievel results in a
calculated receiver i.f. section signal-to-noise ratio of

3-20



10 dB. However, frequeat FM noise spikes occurred at the
output of the data signal low pass filter at a received
power level of -89 dBm. When the power level was increased
to -86 dBm, the spikes became relatively infrequent and the
received data signals were considered to be usable.

The calculated data signal-to-noise ratios (rms-to-rms)
for the test received power levels are as follows:

Calculated SNR, dB

keceived power (dBm) DR=1 DR=2
-73 53.8 62.8
-83 43,2 57.8
- 86 40.8 49.8

The value of -73 dBm is estimated to be the minimum
level which will be received from the Shuttle vehicle at
a slant range of 5 degrees. The use of a 10-watt trans-
mitter is assumed. This power level includes a factor to
account for the differences in system noise temperatures
" between the test receiver and the receiver which would be
used to receive the signal from the Shuttle vehicle.

3.3.1 Static Data Signal Noise

The peak-to-peak noise on the recovered data signals
was measured at the outputs of the subcarrer discriminators
with 0, 2.5, and 5 Vdc data signals applied to the VCO's.
The measurements were made with -‘eceived rf power levels of
-73, -83 and -66 dBm, and with VCO deviation ratios of 1
and 2. The measured values are given in table XI.
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TABLE XI. = STATIC DATA SI6NAL NOISE, pk-ph PERCENT OF FULL  CALE
0 Vdc l 2.3 Wde [ s.0vde | 0 vde |25 vde | 5.0 Vde ] 0 Vde | 2.5 vde | 5.0 Ve | 0 Vde | 2.5V
Voo V€O
Channel ~oise, U IS pk-pk Channel 1 .oise, % FS ph-Tk
DR=1 DR: " DR=1 LR«
rf Level = -73 dBm rf Level = -83 dBm
IA 4.5 2.0 4.5 1.0 .8 .0 1A 4.0 2.0 4.0 .9 .
2A 4.5 2.5 4.5 1.0 1.0 1.2 2A 4.5 2.2 4.4 1.0 1.
3A 4.0 1.7 4.0 .6 .5 .8 3A 4.0 1.7 4.0 .7 .
4 4.5 2.5 4.5 .8 .9 1.2 1A a.s 2.8 4.4 .8 .
SA 3.5 1.6 4.0 .6 .6 .8 (Y 2.0 1.8 3.5 .8 .
6A 3.5 1.6 6.0 .8 .6 .7 6A 4.0 1.8 5.5 .9 .
7A 3.0 1.3 5.5 .8 .6 .8 7A 3.5 1.8 5.5 .
BA 3.0 1.8 4.0 .7 .6 .9 8A 3.5 2.4 4.0 .9 .
p— — -
9A 3.5 2.0 4.0 .6 .6 .6 9A 3.8 2.2 4.0 .9
}.
104 3.0 1.5 3.5 7 .6 .9 30A 3.8 2.0 4.0 .0 ,
p — -
11A 3.0 1.6 3.0 .6 .6 .6 114 3.5 2.2 3.8 1.0 .
12A 2.5 1.7 3.¢ .6 .5 .6 12A 3.4 2.0 3.8 1.0
134 2.5 1.5 2.8 .6 51 .0 134 12 2.2 | 3.8 1.0
144 7.0 1.5 7.0 8 51 o 147 5 Jr 2.3 8.0 1.2
154 2.0 1.5 5.0 A a1 e 151 5.0 10 3. .
161\ o1 1.8 A .6 16 5.0 2.0 3.0 .8
17 1.8 1.0 1.8 L 5 1) 200 1.5 3.0 0
T
181 1.5 1.2 o oo e . 181\ 28 12 .0 .6
" i
i .0 T; 1.0 2. R A .6 191 5.0 1t 3.5 .8
T - !
SO Jf N Y 1o S .3 A ’_ 204 R {30 .6
+ Y -
-1y .8 jo (.4 3 4 21 2.8 1.8 2.8 .8




FOLDOUT rrAMER

:. ACISE, ph-ph PERCENT OF FULL SCALE, TRANSMITTLD 0ATA SHELT

5 Wde | 5.9 \de 1 0 \de ‘ 2.5 Vde 5.0 Vde ‘oo 0 \de | 2.5 Vdo | 5.0 Vde | 0 Vdc | 2.5 Vdc | 5.0 Vdc
Noise, ¢ FS pk-pk Channel Noise, % FS pk-pk
DR=] DR=2 DR=1 DR=2
rf Level = -83 dbm rf Level = -86 d¢Bm
2.0 4.0 .9 .7 1.0 1A 4.0 2.0 4.0 1.0 .8 1.1
12 4.4 1.0 1.0 1.2 27 4.5 1.8 4.5 1.0 1.1 1.2
1.7 4.0 .7 6 9 3A 4.0 2.0 4.0 .8 .7 1.0
2.8 4.4 .8 9 1.2 A 4.0 3.0 4.5 1.0 1.1 1.4
1.8 3.5 .8 .7 .9 5A 3.5 2.0 4.0 .9 .8 1.1
.8 5.5 .9 .7 .9 6A 3.5 2.4 6.0 1.1 1.0 1.1
1.8 5.5 .9 .7 1.0 7A 4.0 2.4 6.0 1.2 1.0 1.2
2.4 +.0 .9 .8 1.0 8A 4.0 2.8 4.0 1.2 1.2 1.3
2.2 4.0 9 .8 1.0 9A 4.0 2.8 4.0 1.2 1.1 1.2
2.9 4.0 1.0 .9 1.4 10A 4.0 2.8 45 1.3 1.2 1.5
2.2 3.8 1.0 .9 1.1 11A 4.0 2.8 4.0 1.3 1.2 1.4
2.0 3.8 1.0 .9 1.1 12A 4.0 3.0 4.5 1.3 1.2 1.4
2.2 3.8 1.0 .9 1.2 13A 3.5 2.8 4.0 1.3 1.2 1.5
2.3 8.0 1.2 .8 1.2 14A 8.0 2.6 8.5 1.4 1.2 1.5
T——-o_. 3.4 9 | .8 1.0 15A 4.0 2.8 4.0 1.2 1.1 1.4
20 3.0 8 8 1.0 161 4.0 2.7 4.0 1.2 1.1 1.3
L1l 3.0 9 8 1.0 177 3.5 2.6 4.0 1.2 1.2 1.2
_T—‘Zn 5.0 6 & a 1821 3.5 2.8 4.0 1.2 1.1 1.2
R 8 8 1.0 191 1.0 2.7 4.5 1.2 1.1 1.3
g 5.0 6 8 9 204 3.5 2.6 3.5 1.2 1.1 1.2
1.8 2.8 8 8 9 21A 3.5 2.6 3.5 1.2 1.1 1.1
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The signal-to-noise equations given in section 3.3
show that the FM transmitter deviation produced by each of
the VCO signals should be proportional to the frequency of
the VCO in order to obtain equal signal-to-noise ratios for
each of the VCO's. When the VCO signal levels are set to
produce transmitter deviation which is propertional to the
VCO frequency, the lower frequency VCO's signal levels must
be set to relatively low values and are subject to inter-
ference from intermodulation signals which may be produced
by the higher frequency VCO's. When this occurs, it may
be necessary to set the lower frequency VCO levels to a
minimum value.

The FM transmitter used provided a frequency deviation
sensitivity of 12.2 mVrms per kHz. In order to provide a
reasonable transmitter FM modulation index of 0.7 per VCO,
1t was necessary to set the level of the highest frequency
VCO at 10 mVrms., If a constant FM modulation index per VCO
was used, the level of the channel 1A VCO would be 0.92 mVrms.
It was necessary to increase the minimum VCO level to
5.0 mVrms in order to reduce the data signal noise levels
to the values listed in table XI.

The VCO signal output levels for channels 1A through
9A were set to 5.0 mVrms. The VCO signal levels for chan-
nels 1CA through 21A were set to produce a transmitter FM
r~1ulation index of 0.7 per VCO. When the VCO's are
operated at low signal levels, the signals are subject to
interference from extraneous signals, such as the trans-
lating signals which are present in the multiplexer. The
120 kilz translation signal caused 7.0 percent of full scale
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peak-to-peak noise on the channel 14A (120 kHz center
frequency VCO when the data signal was set to 0 Vdc or
5.0 Vdc. Reduced data signal noise levels for the lower
frequency VCO's could be obtained if a transmitter were
used which had a lower deviation sensitivity.

3.3.2 Dynamic Data Signal Distortion

Sine wave data signals were applied to the VCO's, The
total harmonic distortion of the recovered data signals was
measured. Measurements were made with a received power
level of -73 dBm with VCO deviation ratios of 1 and 2.

The measured values are given in table XII, The measured
values indicate the noise and crosctzlk content of the data
signals,
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TABLE XII. — DYNAMIC DATA SIGNAL, PERCENT TOTAL HARMONIC
DISTORTION, TRANSMITTED DATA TEST

VCO Frggfakuz -73 dBm VCo Frggfakuz -73 dBm
Channel Channel
% THD § THD
DR=1 DR=2

1A 2.0 2.0 1A 1.0 .44
2A 1.9 2.75 2A .9 .48
3A 1.8 2.8 3A .8 .64
1A 1.75 2.85 aA .75 .58
5A 2.0 2.65 SA 1.0 .55
6A 1.9 2.4 Y .9 .47
7A 1.8 2.8 7A .8 a3
8A 1.9 2.75 8A .9 .66
9A 2.0 2.35 9A 1.0 .51
10A 1.75 3.0 10A 75 .71
11A 1.8 2.65 11A .8 .45
12A 1.75 2.5 12A .75 .48
13A 1.8 3.0 13A .8 .64
14A 1.9 2.4 14A .9 .57
15A 2.0 2.6 15A 1.0 .57
16A 1.75 2.75 16A .75 .45
17A 2.0 2.4 174 1.0 .44
18A 1.75 2.9 18A .75 .64
19A 1.8 2.6 19A .8 .48
20A 1.9 2.4 204 .9 .58
21A 2.¢ 1.85 21A 1.0 41
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4,0 CONCLUSIONS

The test results indicate that the 21 channel IRIG-A
VCO's can be used to satisfactorily multiplex 21 data signals
which have frequency ranges of dc to 2 kHz. The results
indicate that the quality of the received data signals depends
on the data signal deviation ratio used, i.e., the frequency
range of the signals which are to be multiplexed. The VCO
channels were tested with deviation ratios of 1 (dc to 2 kHz
data signal frequency range) and 2 (dc to 1 kHz data signal
frequency range). The quality of the received data signals
is considerably better when a deviation ratio of 2 is used.
The narrower data signal low pass filter associated with a
deviation ratio of 2 decreases the noise contained with the
data signal and reduces the interference caused by channel-
to-channel crosstalk. When some data signal degradation can
be tolerated, a data signal deviation ratio of 1 can be used
to double the frequency range capacity of the multiplexer.

4.1 VCO PERFORMANCE

The tests were performed with the multiplexer output
connected directly to the discriminators to obtain baseline
performance data, so that any performance degradation caused
by the recording and transmission processes could be
determined. The maximum data signal noise measured with
the FM multiplexer connected directly to the discriminators
was 3.9 percent peak-to-peak. The maximum value was meas-
ured for VCO channel 6A with a 5.0 Vdc input signal and a
data signal deviation ratio of 1.
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The noise levels measured for channels 6A and 7A with
a 5.0 Vdc data signal applied to both VCO'’s is caused by
mutual crosstalk between the VCO's. Since the channel 7A
VCO signal is obtained by translation, a 5.0 Vdc input signal
produces a low bandedge frequency, while a 5.0 Vdc input
signal applied to channel 6A produces a high bandedge
frequency. The two VO signal frequencies are as near as
possible to each other and a maximum crosstalk condition
exists when a 5.0 Vdc data signal is applied simultcneously
to both VCO's.

The data signal noise levels measured for channels 14A
(120 kHz) and 19A (160 kHz) at a deviation ratio of 1 were
higher than the noise measured on channels other than chan-
nels 6A and 7A (ref. table II). The noise measured on these
channels was caused by interference produced by the 120 kHz
and 160 kHz multiplexer translators. The noise levels are
not considered excessive but do show the possibility that
the interference could be worse on these channels if the
suppression of the translating frequency at the translator
- output is inadequate,

The data signal distortion measurements and the cross-
talk measurements made at a data signal deviation ratio of
1 show that crosstalk between the channels can be expected.
The data signal distortion measurements were made with all
VCO's simultaneously modulated by full scale sine wave data
signals. The data signal frequencies were made unequal so
that crosstalk signals could not be coherent with the data
signal on a particular VCO channel., The maximum data signal
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distortion was 3.0 percent. This value was measured for
channels 13A and 18A at a deviation ratio of 1. The crosstalk
is inherent and can be reduced effectively only by increasing
the spacing between the VCO frequencies or by increasing the
deviation ratio. The maximum data signal distortion was

0.65 percent when the deviation ratio was increased to 2,

The channel-to-channel phase error tests were made by
applying a single signal to all the VCO's and by measuring
the phase difference oetween the signals at the discriminator
data signal low pass outputs. The maximum phase shift between
channels was 19 degrees for a data signal frequency of 2.0 kHz;
the phase shift decreased in approximate proportion to the
signal frequency as “he data signal frequency was decreased,
and was a maximum of 5.6 degrees at a data signal frequency
of 0,5 kHz. Phase shift calibration of the channels would
be required if the time correlation between data signals
must be more accurate than that which is indicated by the
measured phase errors,

4.2 RECORDING TESTS

Test results indicate that some degradation in data
signal quality will occur due to tape noise (ref, tables IX
through XII). However, the degradation is minimal and the
test results are considered to be satisfactory. The peak-to-
peak noise measured with dc data signals was a maximum cf
1.8 percent when a data signal deviation ratio of 2 was used;
the peak-to-peak noise was a maximum of 6.0 percent when a
deviation ratio of 1 was used. The total harmonic distor-
tion measured with sine wave signals on all VCO channels was
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a maximum of 0.86 percent when a data signal deviation ratio
of 2 was used; the maximum distortion was 3.3 percent when
a deviation ratio of 1 was used.

The tests which were performed with induced tape speed
flutter levels of 2.42 and 4.5 percent show that the flutter
noise can be reduced effectively by the tape speed compensa-
ticn equipment. The 4.5 percent flutter level increased the
peak-to-peak noise from a maximum of 6.0 percent (no recorder
flutter) to a maximum of 8.0 percent when a data signal
deviation ratio of 1 was used, and from a maximum of 1.8 per-
cent (no recorder flutter) to a maximum of 2.5 percent when
a deviation of 2 was used. A significant increase in data
distortion was found when flutter was induced. The recorded
sine wave data signals are frequency modulated by the
recorder flutter. The distortion measured  increased
because of the sidebands around the data signals which are
caused by the frequency modulation. Tape speed compensation
equipment which would eliminate frequency modulation of the
data signals is not available, The distortion measured at
~a deviation ratio of 1 increased from 3.3 percent (no flutter)
to a maximum of 5.5 percent when 4.5 percent flutter was
induced.

4,3 RF TRANSMISSION TESTS

The test results show that the 21 IRIG-A VCO channels
can be transmitted satisfactorily using a S-band rf trans-
mitter, and that standard FM signal-to-noise ratio calcula-
tions can be made to predict the data signal signal-to-noise
ratio that will be experienced for a particular receiver

rf power level.
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For a rmeceived power level of -73 dBm, (estimated
minimum value which would be received from the Shuttle
vehicle), the maximum peak-to-peak noise level was 1.2 per-
cent for a deviation ratio of 2 and 7.0 percent for a devia-
tion ratio of 1., Additional tests were performed with the
received rf level decreased to levels which are near the
receiver threshold. Although data obtained at the lower
rf levels are degraded by the receiver noise, the degradation
is not severe, and the data obtained with the received rf
level set to -86 dBm is considered to be acceptable.

While the test results are considered satisfactory, it
was necessary to set the VCO output signals at relatively
low levels to obtain reasonable transmitter frequency devia-
tion, and the signals were subject to interference from
extraneous signals, such as those generated in the multi-
plexer translators. The test results could be improved
if a transmitter with a lower frequency deviation sensitivity
were used, This would allow the VCC signal levels to be
raised so that the signals would be less susceptible to
interference.
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TASK 60 TEST PROCEDURL
EVALUATION OF TWENTY-ONE '"A' -HANNEL
CONSTAND BANDWIDTH FM MULTIPLEXER

1.0 INTRODUCTION

The tests described in this procedure are for evaluating
a 21-channel constant bandwidth (CBW) FM Multiplexer. They are
conducted to provide typical data and operating characteris-
tics of the translated system of "A" channels, which are
located at center frequencies of 16 to 176 kHz.

Sonex, Inc. voltage controlled oscillators (VCO's), and mixer
amplifiers are mounted remotcly and are cable connected to
the summing chassis which contains the reference oscillator,
translators and final mixer. (See figure 1-1.) The VCO
modulation package is contained as part of the task 60 bread-
boar?. External test equipment includes the data signal
simulators or stimuli to the VCO's. The FR 1300 simulates

an onboard recorder configuration; the wideband (2272.5 MHz,
10 watt) transmitter, also on the task 60 breadboard, provides
the rf transmission mode for the CBW. Evaluation test equip-
ment is primarily contained in the development flight instru-
mentation (DFI breadboard ground support equipment (GSE) and
a CBW detrauslator/discriminator rack assembly.

The static tests at center and bandedge frequencies
provide noise data for worst case conditions. Dynamic
simulation of the VCO's to both bandedges gives a represen-
tation of total harmonic distortion. This procedure treats
the two tests independently. Both recorded and transmitted
data will be taken for the two basic types of tests.
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Previous CBW modulation tests (Ref. EE-5-73-501, Task 60
Initial CBW Modulation System Test Report) indicated that
adequate signal quality could be obtained with a transmitter
deviation of 0.7, a total peak deviation of 504 kHz for the
12 channel, six translated system. Therefore, this deviation
factor will be used in these tests for comparison.

Both static and dynamic tests will be verformed using
an instrumentation recorder, intermediate .dwidth (300 Hz
to 300 kHz), and an rf receiver (3300 kHz I:. ',.

Tests will be conducted at modulation indexes of 1
and 2, where:

Mod index 1 — 2 kHz low pass filters (LPF) are installed
in data discriminators.

Mod index 2 — 1 kHz filters are installed in data
discriminators.

The equipment list sheet should be maintained throughout
these tests. The test equipment and procedure may be modi-
fied at the discretion of the test conductor in order to
obtain the required data. Test configuration and signal
path data sheets are to be maintained to supplement the
procedural figures.
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2.0 STATIC STIMULATION NOISE TEST

2.1 CALIBRATION

Basic Method.— Calibrate the oscilloscope and discrim-
inators so that 100 mV deflection on the oscilloscope will
indicate 1 percent. This is accomplished using the TM cali-
brator and adjusting each discriminator output for *5 Vdc at
bandedges and 0 Vdc at center frequency.

Alternate Method.— Apply +2.5 Vdc stimulus to all VCO's
on the modulation package. Set the discriminators for 0 Vdc
as read on the oscilloscope. Vary stimulus to +5 Vdc and

adjust discriminator output for a +5 Vdc response as read

on the oscilloscope. Repeat, using 0 Vdc. Repeat these
steps as often as needed to establish a *5 Vdc from bandedge
to bandedge as indicated on the oscilloscope. Perform
calibration on each discriminator to be used.

2.2 RECORDER SETUP

Using the Ampex FR1300 operations manual, ensure that
recorder direct-record/reproduce amplifiers are set up for
60 ips. Check record level by measuring the third harmonic
level with a wave analyzer. With a flutter meter, measure
the nominal recorder flutter characteristic. Perform a
frequency response ct:ck for these CBW test frequencies,
measure the signal-to-noise ratio, and record on data sheet
A-7. Perform tape and recorder slot noise measurements per
data sheet instructions (A-7 and A-8).
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2.3 SYSTEM BASELINE DATA

Performance check of VCO's and mixers shall have been
performed previously with the special 21-channel chassis
prior to these tests. CBW test system and support equip-
ment baseline noise is measured and recorded according to
the following steps. See figure 2-1.

1. Apply +2.5 Vdc stimulus to all VCO's by setting
the Epsco Power Supply to +2.5 Vdc.

2. Set the composite package output using a wave
analyzer. Monitor the mixer amplifier output,
and adjust each data VCO for 0.070 Vrms and the
240 kHz reference oscillator component for 0.140 Vrms.
Ensure that the 2 kHz filters are in the discrim-
inators. Record data on sheets A-11 through A-14.

3. Using the Tektronix oscilloscope, monitor the
discriminator output and record the peak-to-peak
noise levels in percent for each channel. Repeat
test with Epsco set at +5 Vdc (upper bandedge)
and 0 Vdc (lower bandedge).

4. Monitor the bandpass filter of each discriminator
using the Beckman counter, and record frequencies
for each of the following conditions:

0 Vdc stimulus
+5 Vdc stimulus
+2.5 Vdc stimulus

NOTE: Wideband amplifier (HP 467A) is required
to raise signal levels to the triggering
level of counter.

2-2
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S. Repeat the above with 1 kHz filters for MI = 2;
a repeat of step 4 is not required.

2.4 RECORDED DATA

Configure the Ampex FR1300 and test equipment as des-
cribed in figure 2-2.

2.4.1 Recording Procedure

NOTE: Mod package set per baseline test.
1. Set stimulus (Epsco) for +2.5 Vdc.

2. Verify that VCO and reference levels are per
baseline test, and that 1 kHz filters are
installed in the data discriminators.

3. Read and record composite signal amplitude
prerecording using HP 3400 for true rms and
oscilloscope for peak-to-peak volts.

4, Record data with stimulus (Epsco) set for
0 Vdc, +2.5 Vdc and +5 Vdc. Record suffi-
cient data at each point to allow for making
measurements of percent noise and frequency
for each VCO on playback.

5. Play back recording, making measurement of
percent noise, frequency of each VCO and
reference, composite signal (rms) and peak-
to-peak. Record on data sheet A-15.

6. Induce approximately 2.5 percent flutter on
tape recorder.
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10.
11.

NOTE: Flutter shall be induced by adding
tape to the capstan and repeating
measurements of tape recorder
flutter until conditions of steps 6
and 9 are met.

Measure percent flutter on tape recorder,
test frequency 50 kHz, bandpass 2 to 5 kHz,
PK switch at 20.

Repeat steps 4 and 5. Record on data sheet A-16.

Induce approximately 5 percent flutter on
tape recorder. Measure per step 7.

Repeat steps 4 and 5. Record on data sheet A-17.

Change discriminator filters to 2 kHz and
play back the recordings made in steps S,
8, and 10. Record the data on sheets A-18,
19 and 20.

2.5 TRANSMITTED DATA
2.5.1 Preliminary Steps

Connect equipment as described in figure 2-3.

Set up modulation package preemphasis
according to the deviation schedule
(appendix sheet A-10). Measure and record
the VCO levels, the composite rms, and
peak-to-peak voltage at the transmitter
inpnt. Disable the mod package 240 kHz
reference frequency.
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Set up TMR74 receiver for 3300 kHz IF bandwidth
and 250 kHz video bandwidth.

Configure rf components per appendix sheet A-9.
Apply power to the Conic transmitter and
measure the power level at the 20 dB power
attenuator output. Reconnect per figure 2-3
and measure power at the cable end to the
receiver, with both R1 and R2 set tc zero.
Subtract these two numbers and add 20 dB for
the fixed path loss. Measure power level at
the -30 dB sampling port of the first coupler.
To this measurement add 50 dB, thus giving
the transmitter power. Perform calculations
for variable attenuator settings for the

total received power per the rf setup and
calibration data sheet A-9,

Complete the cabling between the Conic trans-
mitter, the rf attenuator, coupler, and
receiver. Apply modulation to the transmitter,
dial maximum attenuation, then apply trans-
mitter power. Readjust rf attenuator
corresponding to the first rf level on the
appendix data sheet A-9.

Ascertain that 2 kHz filters are installed
(MI = 1).

2.5.2 Transmitting Procedure
Read and record percent noise and VCO fre-

quency for each channel, with rf level set
for -73 dBm. Record data on sheets A-21, 22 and 23.
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Reset attenuators corresponding to -83 dBm.
Repeat step 1, except for frequency measurement.

Reset attenuators corresponding to -86 dBm.
Repeat step 1, except for frequency measurement.
Install discriminator 1 kHz filters (MI = 2).

Repeat steps 1 through 4. Record data on sheets
A-24, 25 and 26.
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3.0 DYNAMIC STIMULATION DISTORTION TESTS

3.1 PRELIMINARY STEPS

The equipment shall be configured as shown in figure 3-1.
Signal generators (oscillators) are set to dynamically stimu-
late the CBW subcarrier oscillators according to the
following:

CBW dynamic test signals

1. Discriminator MI = 1 (2 kHz Filters)

CH 1A, SA, 9A, 15A, 17A, 21A = 2.0 kHz
CH 2A, 6A, 8A, 14A, 20A = 1.9 kHz
CH 3~, 7A, 11A, 13A, 19A = 1.8 kHz
CH 4A, 10A, 12A, 16A, 18A = 1.75 kHz

2. Discriminator MI = 2 (1 kHz Filters)

CH 1A, S5A. 9A, 15A, 17A, 21A = 1.0 kHz
CH 2A, 6A, 8A, 14A, 20A = 0.9 kHz
CH 3A, 7A, 11A, 13A, 19A = 0.8 kHz
CH 4A, 10A, 12A, 16A, 18A = 0.75 kHz

3.2 CALIBRATION

Reference the tape recorder, transmitter, receiver and
rf path setups in the previous static tests. No changes are
required. VCO output amplitudes must be checked with only
the +2.5 Vdc stimulus applied to their inputs.
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3.3 SYSTEM BASELINE DATA

Using the DFI breadboard and GSE, set up the equipment
as shown in figure 3-2. External oscillators will be required
as well as a harmonic distortion analyzer.

3.3.1 Baseline Data

1. Set up bias power supply for (+) 2.5 Vdc, into
common VCO input for VCO center frequency
adjustment. Record data on sheet A-27,

2. With the wave analyzer, measure and reset VCO
levels to 70 mV and reference to 140 mV.

3. Connect bias supply to the oscillators as
shown; enable the 240 kHz reference oscillator.

4. Set oscillators to the above frequencies for
MI = 1 with dial accuracy,; set output levels
to 5 V pk-pk, using the oscilloscope.
Reference paragraph 3.1 for frequencies and
distribution.
S. Ensure that discriminators contain 2 kHz filters.
6. Read and recc.d on the data sheet the total
harmonic distortion (THD) for each of the dis-

criminator channel outputs. Record on data
sheet A-27,

7. Change discriminator filters to 1 kHz and test
frequencies for MI = 2; repeat steps 6 and 7.
Record on data sheet A-27.
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3.3.2 Interchannel Crosstalk

Obtain basic noise data from sheet A-13, and use in
ohtaining the crosstalk component.

1. Stimulate channel 6A with 2 kHz, S V pk-pk,
and measure the percent noise on each of the
remaining channel outputs. Record on data
sheet A-32.

2. Stimulate, in turn, channel 11A, 16A, and 21A;
and repeat measurements as per step 1. Record
data on sheet A-32.

3.3.3 Interchannel Phase

Assuring setup of VCO outputs for recording levels,
simultaneously apply a test signal to two channels, per
sheet A-33. The test signal amplitude shall be 5 V peak-to-
peak. With a phase meter measure the adjacent channels'
phase lead or lag. Record data on sheet A-33.

1. Perform the measurement with test signal
at 2 kHz and with 2 kHz LPF's.

2. Change signal frequency to 1 kHz, and repeat.
3. Change to 1 kHz LPF's and repeat.

4. Reduce signal to 500 Hz and repeat measurement.

3-5



3.4 RECORDED DATA

Change equipment setup to include the Ampex FR1300
between the mod package and the detranslator discriminators,

as in the static tests previously run. See figure 2-1.

1.

Read and record the composite signal amplitude,
volts peak-to-peak, and volts rms.

Record data with oscillators set to 5 V pk-pk,
and record sufficient data to allow time for
THD measurements on each channel.

Play back recording, measuring the THD for
each channel through 1 kHz discriminator
filters (MI = 2). Record data on sheet A-28.

Rewind tape and change filters to 2 kHz and
reset oscillator frequencies. Then play back
recording, measuring the individual channel's
THD.

Use same equipment as in the paragraphs above.
Add tape to the recorder capstan to provide

= 2 percent flutter. Repeat steps 1 through 4.
Record data on sheet A-29.

Repeat step 1 above, but change tape to provide
x5 percent flutter. Record data on sheet A-30.

3.5 TRANSMITTED DATA

3.5.1 Preliminary Steps

Configure CBW system per figure 3-3, and perform checks

to assure rf path setup per section 2.5.1. Disable the

240 kHz reference oscillator.
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3.5.2 Transmitting Procedure

With the rf level set for -73 dBm, read and
record the test signal frequencies and

measure the total harmonic distortion (THD)

for each channel. The test signals are set

up for MI = 1 data. Record data on sheet A-31.

Install discriminator 1 kHz filters; repeat
step 1 with the MI = 2 test signal frequencies.
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ERER !
cnaveL | 2 v8E e HEE
1A Y AZEY) #£5 2.9 #S
2A |2¥ere 45 25 A5
3A 32074 40 /.7 e
4A dooss | s 2.5 S5
5A |#8o17 | 35 /& #o
&A B¢ 0/8 _35 az £:-0
7h e32 | 30 (3 Las
A | LBoy 30 /8 0
N | Hoo3¥ 35 20 o
tO0p | 32003 30 /5 35
/1N R¥oo8 =0 /e 3.0
/12A S6039 25 /7 35
13A V- fox 2.5 /5 2
LA ~003/ 70 /5 VA%
ISA 32008 2.0 /5 30
16 A 24/020 2.0 4 /8
17A 5603/ /8 S0 /8
18 A 4BO22, /.8 /2 2.0
| /9A Loor3 2O A% 2%
eON 32017 2.0 .8 /é
L2l #ood |\ _se | .8 /7 |
A-21

NASA — MSC



.'/’\

“A" CwANKEL C BW PAGENQ, /¢
TEST nNUMB. = SHEET TEST PROCEDURE'NO.
2.5.1-2 OF PROCEDURE SECTIOR NO. STATIC.
RECORDED BY S5-/S5-7% TYPE OF TEST AND DATA OQUTPUT PUINT
bz A o Yois€  TRANSHITTED
APPRQVE
) 2 ”I-"- I
LF LEEL 3 ~Z3Afm
Sa.
EFRER
cuaweL | 2 e e HSE
/A #O 2.0 SO
24 <[5 22 ALy
34 A2 /.7 7
4A 45 28 </
5A A0 /.8 25
o4 5[0 /8 55
7A 35 /.8 5.5
2A 35 2+ o
2A 3.8 22 L0
/OA 38 2.0 Lo
/1A 35 22 38
12A 25 2.0 3.8
/13A FZR 2.2 z8
[4A 75 2.3 20
/5A 30 20 4
/I6A 3.0 zo F0
17A 2.3 28 2
18 A 28 2.0 30
19 A 32 2.0 3.5
2o A 238 /& Z0
21 A 26 LE 28
y
j A-22
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LEC FORM 92 (MAY 68)

NASA — MSC

| B QuAnrEL QBW | paoena 2o
TEST NUMBER T SHEET TEST PROCEDURE NO.
2.5.1-3 OF loaoceuune SECTION NO STATIC.
'RECORDED OY 5-/5- 7% FYPE OF TEST AND DATA OUTPUT PUNT
A5 % o1 s TRANSHITTED
APPROVED BY. - M= !
W
LF LEevst 2 = clfen
SGa.
rERES
cuswweL | & LA e ACE

/A 20 2.0 40

ed 5 /8 45
34 Ao 2o A2

4A 4o 20 5
SA 25 2.0 o

7 _ 25 24 .0

7A. 4o 24 6.0

2A AU 2.8 40

o A Yo 2.8 o)

oA o Z8 75

77 A 40 2.8 o

/2A SO FoO %‘/5

I3A 75 2.8 /0

I4A g0 26 | &5

/5A 7 28 40

16A A0 2.7 HO

174 35 2.6 40

18 A 35 2.8 40

I9A g0 | 27 45

21 35 26 2.5

A-23



"A" QuAwver QCew

PAGE NQ ;2/

TEST NUMBER
2 . S . 1 - 1 OF

SHEET TEST PROCEDURE NO.
PROGEDURE SECTION NO STATC.

RECORDED BY S5-/5-79

TYPE OF TEST AND DATA QUTRUT PGINT

LEC FORM 92 (MAY 68)

4 % MoIS&  TEANSHITTED
APPROVED -
— ”.2'3 2
ELE LEHEL 3 =73 clfm
sa.
FRESR
ewaweL | 8 VRS a HEE
/A O~ .8 J o X
24 10 /.0 /.2
3A4 X .5 .8
4A .8 .9 /.2
SA .6 .6 .8
GA L .8 6 7
7A .8 A .8
BA .7 .6 .9
OA .6 A . &
2. .7 & 9
/7 A WA ¢ A
1ZA A .5 .6
l4A 8 5 9
15A o _ ¢
164 w4 < ¢
17A 4 .o .5
18 A A 5 A
197 S o/ 6
20A .o .3 <
2l A % .3 A
A-24
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“A " QuANVEL owrw PAGENQ 7 7

TEST HUMBER SHEET TEST PROCEDURE'NQ.
2.5.1-2 OF PROCEDURE SECTION NO. STATIC.
RECORDED BY S-/5- 74 TYPE GF TEST AND DATA QUTRUT PGINT
| | o WoIse  TRANSMITTED
APFROV
oo e MIs 2
EF LEvEt 2 73 clffen
SQ.
FRER
answweL | £ LRE a HICE
/A I .qx 7% | Jo*
24 /1.0 /O Y24
34 Y4 -6 .9
44 | .8 .9 /2
_5A .8 .7 .9
GA .9 7 .9
7A .9 7 /.0
& A .9 .8 70
OA .9 .8 VAZ
1O\ 1.0 9 P
/7/A /20 9 4
/12A 7.0 .9 Y4
/3A /1O .9 /2
[£A (2| _.8 /2
/5A .9 .8 4O
16 A .8 .8 /.0
17A .9 .8 4O
18 A .6 .8 .9
19A .8 .8 /.0
20 A .6 .8 .9
21 A 8 2 Wi
X oadsr o wy A i&Kwlipnr R
A-25
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“A CeAwreL 44-Y'74 PAGENQ 7 3

TEST NUMBER

2,5.1-3

RECORDED BY 5 -/5-7%

SHEET
OF

TEST PROCEDURE NO.
PROCEDURE SECTION NO STATC.

TYPE OF TEST

AND DATA QUTPUT PUINT

LEC FORM 92 (MAY 68)

A o o13e  TRANSHMITTED
APPROV
MIL=2
LE et s <Blolbm
SG.
FREC

eawveL | 2 Lh& c A
/A 1.0 * 2% /7% |
eAaA /.0 // 1.2
34 -8 .7 1.0
4A Lo /.1 74/
54 .9 .8 //
cA 4 /.0 v,
7A L2 V2 /.2
BA /2 I /3
2A /2 ./ /2
/0 /3 /2 /5
/A /.3 /. R 74
/12A /3 /.2 /'4
13A /3 )2 L5
/4 ad /2 /.5
/5A /.2 4/ <
16A /R [/ /.3
174 | /2 /.2 /2
18 A /2 /! /2
19 A /2 /) /3
204 24 Y4 /R
2lA L2 l/ Vi

A-26

NASA — MSC




5

TEST NUMBER

“A” QuAMvEL O

PAGE NQ, '4\7,/

SHEET

OF

TEST PROCEDURE NO.

.C.
APPROVED 3
7 d

RECORJED BY S~/ 3-7%

A

PROCEDURE SECTION NQMA_I_-!‘Q
TYPE OF TEST AND DATA QUTPUT POINT

DISTORTION, — ZdSscnls

LEC FORM 92 (MAY 68)

A . O,
erine)| deweo ol B 740
CHAEL | £y ph-pi L M >
/A LTT Veens 7/ /.85 . 3%
24 I 7o 250 .33
34 70 2. .65 .58
b_—;fA 7o 2.55 .52
S5A 7/ 2.é0 .44
¢4 67 225 .33
?A 70 275 .32
Bh B 69 265 | _.=8
24 7o 2.3 .37
i) Jo 245 .58
4.\ 7o 245 .28
l2A JO 2 gé .32
{3A &8 7.00 .56
14A Zo 230 .52
I5A 49 265 A7
l16A 70 2.70 .38
L _17A 7/ 2.50 .
|18 20 2.75 .55
194 49 2.55 .45
20A ‘ 7 29 .5/
2IR 1 77/em< 2 L85 24
A-27
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wpN
A" Quawvwver Cuw/ PAGE NG, 7 4~
TEST NUMB‘§R SHEET TEST PROCEDURE NO.
OF PROCEDURE SECTION NO. PYRJAMIC,
RECORDED BY S5-/3-7%

g L
LPPRUVED 8

DisTo

TYPE OF T&ST AND & lourpuv FOINT
\

O —RecoRrDeD

LEC FORM 92 (MAY 68)

:g‘g;c; S THD | ZTHO
euUAWEL | (He) Mi=/ M/=2

/A /998 2.1 . 56
24 | 1899 2.6 .9
34 | 7794 21 .69
4A [748 28 éé__
S5A 1918 28 .66
A ' /894 255 .55
74 /799 2.9 .53
BA /899 ' 295 .7/
oA (998 2.6 (6]
/047 /758 3.0 L7
//A 1799 3o .55
1ZA 1748 2.8 .58
134 1799 33 73
14A o0 | 2.7 | 70
15 A (978 | 7o .72
(GA | /748 2/ Y
174 /998 2.9 .58

___IBA | /B | 23 . 76

19 @ /799 20 . &

|L__20A /200 20 . 7%
2IA /P9E 295 . 6O

A-28

NASA — MSC
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A" CuAavwver Qvw

PAGENQ o« /

TEST NUMBfR

SHEET

TEST PROCEDURE NO.

kecozpeRr Qurat
ComPns\TE S\GMp;

=7V pk-pk
'27‘) V\'ms

LEC FORM 92 (MAY 68)

OF PROCEDURE SECTION NO. DYa)ArdIc,
RECORGED BY 5 -,/ - 7% TYPE OF TEST AND DATA ourpur POI

70 & DisTe &R‘ rt%escoe.\be"lb
appf::’veo B8Y , 7 3 X 2.5 % FLTR.

2 A2 Flurrer

Phee |orwo | 7m0
CHAWNEL | (He) M=/ M)z 28
7A /989 | 29 18
eA /892 F3 /8
3A /789 =6 (8
4A /73 F.5 ,E
SA /990 3.4 A
cA /892 33 (75
7A L 790 25 (75
8A (892 | 27 485
oA /990 3.3 27
/OA /755 3.8 lé5
/7/A /789 37 /17
12A /73 35 <90
{3A /789 £/ /7
14A (893 3.5 /25
/5A /997 F7 /. 95
16A ¢ 753 38 /5
17A /990 3.6 /.85
18A /754 <0/ /9
19 A /790 3.7 /95
20A (892 3¢ /7
21A (997 | 32 T ES
A-29
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“A" CrANvEL CRBW

PAGE NQ .2

~

7

TEST NUMBER

80¢“

SHEET
OF

TEST PROCEDURE NO.
PROCEDURE SECT.ON NO. DY) Ar{ic,

RECORDED BY S~/ 7ef
X T
APPROVE

PSS 4

PECORDEQ C)UTPUT
CompostE SIGINAL

3.3 Vpk b-(
N vems

LEC FORM 82 (MAY 68)

TYPE OF TEST AND

b t s b &L OUTPUT PO(N GCOQDED
8.0 7, FLTR.
5T fLalTER
J;'g;*a A THD | BTHD
QHAWNEL | (He) Ml=1 M= 2
/A /980 <7 25
24 /882 #9 327
34 | /785 s/ 26
4A | /732 +9 3¢
5A : /980 S0 327
&4 /882 | so 37
7A (78¥ | s/ Zé
BA L 882 | =52 38
OA | /920 A9 37
4.\ 1730 2 ZE
/1A /785 | =52 27
/12A 73/ S0 ZE
I3A /785 S5 3.9
/4A /882 50 0
/DA /980 sz | oo
16A /730 5/ 3.7
17A /980 52 2/
18A /730 T d 3.9
I19A /785 | 5.2 P A
204 /882 | 52 %/
2I1A_ | 90 /8 +/
A-30
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“A" Cwawver CBwW

LEC FORM 92 (MAY 68)

NASA — MsC

PAGE NQ 2E
TEST NUMBER SHEET TEST PROCEDURE NO.
o OF PROCEDURE SECTION NO.
RECORDED BY 5-/5-7% TYPE OF TEST AND DATA QUTPUT POINT
| % \ SR - TRANS M| TTED
APPROVE - L,
U | | o
QHAEL | (W3) | ML | MIFZ
/A 1449 20 | .Y
24 1900 2.75 .48
34 /802 2.8 o4
4A [ 750 2.85 . S8
J5A /999 2.65 .55 |
&4 /900 2.4 A7
ZA /802 Fa:; .3
BA /900 |\ 275 .£6
A /999 z.35 .5/
/o,i /750 3.0 /4
7/ A /802 2.65 A5
12A ) 750 25 . Y8
I13A /80/ 3.0 Wrd
I14A /900 2.4 .57
I5A /999 Zé .57
/16A /750 2.75 .55
174 /999 2.5 d
18 A /750 | 2.9 N ad
19 A /802 2.6 48
204 /Foo Z24 .58
21 A /999 LES 74
A-31




“A" CwAvveL CBW

PAGE NO, 3?

TEST NUMBER

8.3.2

SHEET
OF

TEST PROCEDURE NO.

PROCEDURE SECTION No JYNAMIC

A+

RECOROED BY 5-/3- 7%

TYPE OF TEST AND DATA OUTPUT PUINT

L]
LEC FORM 92 (MAY 68)

L Butadie | CROSSYALK =
(P ol it |
MI= 1 | MI=| =l | M[a] | MLa)
QHAMVEL 3’;"*,;2
/A 1.3 /.2 /2 1.2 /.2
24 1.3 /.0 4/ 1.3 /2
|34 .8 .8 .9 .9 .8
4A ). /3 LR 1.2 /2
SA 1.0 2.8 VA% .9 .9
| &4 -9 SlIGNAL /0 1.0 .9
7A .9 2.8 A4 /.3 /.3
BA /.0 /.0 V4 /.0 .9
9A .9 1.0 VA~ /0 /.0
10A .9 1 28 /.3 /.3
/1A .9 8 SIGALIL L/ 10
/2A .9 .9 2.6 /0 VA%
/34 /1 /8 /.5 .7 L7
/4A .9 .9 /.2 /o 1.0
/5A .8 .8 .8 2.4 .9
16A /.0 /.3 /.3 S/aMAL /3
I7A .6 7 .7 2.5 .7
184 ¢ ¢ .8 L6 .7 .8
/184 | .3 .9 .9 .9 .9
204 ¢ .6 Y. 6 22
214 <z 1 .7 P ¢ | sewpL
A-32

NASA — MSC




. . ||||II
5 7 M|_ og/ -~ o/~
. V4 Q& - [
m. 6 \\\nﬂl 2°G/ ~ - = " i E
" R L N 7 TE 71
: =z A 287- ol
: o e LA
S P ES €&+ g+ LS+ E
y T Tt _yee-vEl]
kS — i i L2+ bl-vgl|
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