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1. INTRODUCTION
Martin Marietta Corporation has designed and produced the PCM Tele-
Syste for Earth Resources Alrcraft, for the Manned Srace venter of
Natfonal Aeronautics and f‘.‘t"‘”"" Adninistration at Hq uston, Terus, Thisg
describes th vesults of the electrical and enwwirommental qualification
ts performed on the first production eystem, and also describes the accep-
tance testing of the other gystem elements procured )-.\ NASA-MSC from MMC as
contract {item number 1 of Contract NAS9-8146, Item number 1 is comprised of
one CCU, 2 MEU's and one set of spares for each.
The PCM Telemetry System consists of two basic units, the Control/Com-
hiner Unit \/(f,‘,t!') and the Y'fu‘(‘i]r]‘:.m' Encoder Unit (f&1j11>' A (‘Olu]'ld te system ‘

comprisced of one CCU and up to four MEU's, The CCU provides the system
timing signals and provides a flexible telemetry formatting capability via
plug-in cards, Each MEU can accept 60 differential 0.5 volt analog signals
which {t converts to 10 bit binary words, and 6.  't‘ferential bilevel signals
grouped as six 10-bit words, The A/D conversi accuracy Is + 0,1%, The
system was electrically tested to verify all specification .equirements of the
contract, including such tests as accuracy, input and output fmpedance, and
frequency stability, The system was also subjected to vibration, temperature/ %
altitude, and electromagnetic interference environments as specified in the
contract to meet the reguirements of MSD/IESD 28-52, The detailed test pros
cedure is described in the Martin Marfetta document MCR-68-10(Rev, B), PCM
Telemetry System for Farth Resources Aircraft End Item Test and Inspection
Procedure, October 1968,

Onc complete set of data will be sent to the NASA-MSC technical monitor, ;
Mr, William Mallary, and the originals will remain {n Quality Control's Log. 3
This document summarizes the results, describes in detail any failures to
meet speciffcations and any rework required to make the sytem conform to speci-
fications, ’

11, PRE-ENVIRORNRMENTAL TESTS

Following assembly the system was tested, and wmodified where required
to meet the specifications, There was substantial wmodification required since
the duration of the contract was too short to allow for a complete breadboard
to be built prior to ordering printed circuit boards, After the system func-
tioned to the engineers' satisfaction, a formal pre-environment test was per-

formed according to the test procedure, These tests are all run at room tem-
perature and are used simply to verify a functional unit pricr to envirommental
tests, so that any malfunctions following environments can be correlated more o
precisely to the environments, There were nn failures during pre-environmental
testing, The data shecets are in the 9ua11ty File, with one copy to the NASA
Technical Monitor,
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11X.1 Envirc ental Tests

yne CCU (part num! 1200.1.000) .l e AOOO .

One LU (part number 1200+ -0 ), Sseri 1l number 0000001 s &and
one MEU (p.“ rt number 100-1-009), serial number Q000001 , were subjected
to the environmental tests at the levels required for qualification of
units for the Earth Resources Aircraft, These qualification tests are
disct ssed in detail in the following sections. There were no part
failures during any of the environmental testing, however, the original
design did not meet the ERIC requirements of EMC-10, a contractual re-
guirement, The design problem was in the power supply. The power
supply was redesigned and the original units modified accordingly Cne

MEU was then successfully retested to the EMC-10 requiremeénts as uodf ' 1
fied for this contract, Since the power supplies for MEU and CCU .11«

identical, it was not necessary to retest both of then,
1XX.1 A Vibration

1) The Mult!plexer/Encoder Unit (MEU), while operational, was
‘subjected to a 2 minute + 1/2 g sine sweep from 5 'to 2000 Hz in
each of three axes, Resonant frequencies and levels were re-
corded on a data sheet included herein,

2) The MEU, while operational, was subjected to a 10 g swecp
from 5 to 500 to 5 Hz in a total duration of 30 wminutes, This
sweep was performed in each of three axes,

RN

i il

3) The Control/Combiner Unit (CCU), while operativonal. was
subjected to a 5 minute + 1/2 g sine sweep from 5 to 500 Hz in
each of three axes, Resonant frequencies and levels were re-
corded on a data sheet included herein,

4) The CCU, while operational, was subjected to a 2 g sweep from
5 to 500 to 5 Hz in a tetal duration of 15 minutze. This sweep
PN was performed in each of three axes,

r{ )
. 5) No performance degradations of either CCU or MEU were found

during these vibration runs., The performance data is in the form

of a strip chart. One set of these charts will be sent to the

technical monitor,

ITI1.1 B Temperature/Altitude Test

F 1) Two test items, a Multiplexer/Encoder Unit (MEU) and a Control/ :
Combinex Unit (CCU) were simultaneously subjected to the specified \

temperature and altitude requirements, The items were placed in

ceparate chambers,

2) The MEU, in nonoperating mode, was placed in a Murphy-Miller
4 x 4 Temperature-Altitude chamber, The chamber temperature was
reduced to -65°F and allowed to stabilize for two hours.




.1 B Temperature/Altitude Test - continued:
3) The CCU, in noncperating mode. was placed in a Tenney
3 % 3 Temperature/Altitude chamber, The chamber temperature

. anles 1
was reduced to +30°F and allowed to stabilize for two hours,

4) At the end of the two-hour st.bilization perfiod an opera-
tional check was performed by R & D personnel,

5) After the operational check the test nn;{t'» were again
deenergized, Whil  maintaining the -65°F and +30°F tempera-
tures in the respective chambers, the pressure in both
chambers was reduced to 50,000 feet altitude egquivalent

( mm Hg), These temperature and altitude conditions
were maintained for two hours, A second operational check
was then performed on the test units by R & D personnel with
no change in the temperature and altitude conditions,

6) After completion of the 2nd operational check, with the
units deenergized, the temperature in thc Murphy- Mi]l«r (MEU)
chawber was increased gradually to 160°F and the Jtemperature
in the Tenney (CCU) chamber was increased to 110 ¥, Altitude
in both chambers was maintained at 50,000 feet during the
tewperature change,

7) The 160°F and the 110°F temperatures and the 50,000 feet
eltitude condition was held for 24 hours after which a third
operational check was pcrfqanned cn the test units,

8) Upon completion of the 3rd operational check the units

were decnergized, The altitude was reduced to ambient in both

chambers, while holdinb the temperatures- of the chamber constant

at the 160°F and 110°F respective levels, This temperature con-

dition was maintained for four hours, after which a fourth (]
operational check was performed by R & D personnel, : %

9) The temperature of both chambers was then allowed to return
gradually to room ambient, After four houre at room ambient a /
final operational check was conducted, :

19) The functional verification data is in the form of a strip
chart. One set of these charts will be sent to the technical
monitor,
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TABULATION OF ITEM RESONANCES
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TEMPERATUORE /ALTITUDE
Test Log
TEST UNIT __ MEU and CCU RS - BRASED 7, 7. Sieharirar ot G e
TEST ENGINEER _ Clough  TECHNICIAN _ _Sfemrzoch e
Test lvents Time Date Infitial
! T R e e e e e e et S s gt i e W e e e e e~ — l
4
Termey 3x%3 stabilized at +30° 1600 12-8.-68 F.S. .
Murphy-Miller 4x4 stabilized at -65" 1600 12-8-68 B K -
Operational Check completed after 2 hours 1830 12-8-68 F.S5, f
— - | :
Pressure Reduced to 50,000 ft equivalent 1830 12-8-68. D.C, 2
Operational Check completed after 2 hours 2100 12-8-68 | D.C,
) Tenney 3x3 stabilized at 110°F 2330 12-8-68 D.C,
Murphy-Miller Stabilized at 160°F 2330 12-8-68 D.C. :
Operational Check completed after 24 hours 2345 12-9-68 D.C,
Pressure returned to ambient - 0120 12-10~-68 D.C,
Operational check completed after 4 hours 0530 12-10-68 D.C,
({“ Temperature returned to ambient 0600 12-10-68 D.C,
Operational check completed after 4 hours 0800 12-10-68 D.C,
- ' J J
: ~ walalae
\WC« Qurrs: M Cosromee_t E}Mmdm
» ‘




EQUIPMENT LIST *(Tewp

Equipment Nume Manufacturer
Temp,/Alt, Chamber Tenney
Temp./Alt, Chamber Murphy-Miller
Recorder Bristol
Recorder Bristol

* Equipment listed above does not include
operation of the test items,

srature/Altitude):

N!‘l}«'

—

27 AF 575163
LTA- 64 AY 575265
12P1CG560 A¥ 700897

12P1G~560 AF 701402

Serial No,

0l-16-09

02-03-69

03-12-6Y9

equipment used by R & D personnel for
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EQUIPMENT LiST* (Vibration)

Equipment Name Manufacturer Model Serfal ¢ Cal Due Date
Shaler Ling Electronics L-200 A¥001146 03-N3-69
Amplifier Ling Electronics 90/140 A¥001146 03-03-69
Accelerometer Endevco 2225 CHMO7145¢ 03-25-69
Accelerometer Endeveo 2225 MO71456 03-25-69
Accelerometer Endeveo 2225 M071460 03-25-69
Acceloerometer Endevco 2225 CM071461 03-25-69 j
Accel, Amplifier Endeveo 2614 AF 000069 05-01-69 i
Accel, Awplifier Endeveco 2614 AF¥000211 02-01-69 |
Accel, Amplifier Endevco 2614 A¥000099 05-01-69
Accel Amplifier Endeveo 2614 AF000057 05-01-69 :
VIVM P wlett Packard 400D AF031743 02-22-69 3
VTVM Hewlett Packard 400D A¥031744 02-04-69 2

'
i

| 1

: | (8

% Equipment listed above does not include equipment used by R & D personnel for ‘ '
operation of the test items, : ' [

1
{




111,1 C EMC Test Results

\ The test was performed at the M1 Facilitiers located i{n the

Envirommental Test Laboratory, The facility consit ‘

of a solf
shielded enclosure of 22 gage zinc clad steel with dimensfons of
16" x 24' x 12' high, The fnner walls and celling are covercd
with 12 inch thick microwave absorbent, B.F, Goodrich Type #1200
cm,, with additional material available to cover the entire floor,
Two ground planes are available in sfzes of 8' x 16' on the floo:

and a 2.5' x 10' coppver covered table,

In order to improve 'he positioning of power leads to the test
ftewms the CCU and MFEU locations were reversed on the ground plane
(' from positioning shown in the test procedure,

Graphs of weasured impedance of the line stabilization net-
works use! during this test appear in Figures I1I-1 and I1II-2,

Test frequencies were selected after scanning each frequency
occtave with measurements taken at the frequencies of maximum inter-
ference, i

The system was operated in the external sync mode during both
interference and susceptibility test, For the interference tests,
the system was periodically monitored with the test tool to verify
- correct operation, During the susceptibility test, the system was
continuously monitored with a decommutator to insure the detection
of any transient malfunctions, The equipment list for this testirg
is given in section i

:
i.
‘
[
|
1
|
|
|

The teets were rerun on a MEU only fellowing modification g
v of the power supply, The results are given in EiL Data Sheets ]
22 through 28 and in graphs of Figures III-16 through I1I-21.

A photograph of the typical test setup is shown in Figure III-3,

1. Conducted Interference Test

The test was p rformed as outlined in paragraphs 3,3.4.1
and 3,3.4.7 of the test procedure,

Test unit operation was as described in paragraph 1,1.,5 of

(’? . this report,

Conducted interference data appears on El Data Sheets 1
through 14. With instrument internal noise measurements given
on El Data Sheets 15 through 21,

Graphs of the conducted interference levals appear in
Figures 11I-4 through II1I-13,




{ated Interference Test

Lest

proce dure,

was perforuwed as outlined

o
ANd

Test unit operal {on was as deseribed

Radiated interference data appears on Kl
with the associated ambient

Craphs of measured radiated interference

and 11115,

in paragraph |

measurements on shecots

in pavagraph 3.3.4 of the iest

1.5 of this report,

Data Sheets 29 through 32
33, 35,

»
' v/
34, and

levels appear in Figures 11I-14

The tests were rerun on a MEU only, following modification of the power

supply
of Figures IX1-22 and 1I1-23,

The results are given in El data sheets 36 and 37 and in the graph

Sample caleculations showing how the wmeasured level of radiated inter~
ference was obtained are as fcllows?
¢) Interference measuring equipment URM«6
Frequency of (W wmeasurement 20 Kigz
Antenna factor (Short Rod) + 6 db
Meter reading 31 db
Interference level = meter reading + antenna
Factor = 31 + 6 = 37 db above one microvelt per meter,
b) Interference measuring equipment NF-105
Frequency of CW measurement 310 KHz
Antenna factor (VA-105) 16 db
Field intensity conversion factor + 6 db
Meter reading 26 db
Interference level = meter reading + antenna factor
+ field intensity conversion factor = 26 + 16 + 6 = 48 db
above one microvelt per meter,
¢) Interference measuring equipment NF-105
Frequency of broadband measurement . 80 MHz
Antenna factor ( IM-105) + 2 db
Meter reading 41 db
" : Interference level = meter reading + antenna factor = 41

+ 2 = 43.db above cne microvolt per megahertz per meter,




d) Interference measuring equipment NF-112
Frequency of broadband measurement 1 GHz
Antenna factor (FIM-CA-8) 22.4 db
Cable loss factor 0.5 db
Meter reading 21 db
Interference level = meter reading + antenua factor 4 cable
loss factor = 21 + 22,4 + 0,5 = 43,9 db above one microvolt
per megahertz per meter,
3. Audio Conducted Susceptibility Test :
d
- The test was performed as outlined in paragraph 3.3.5.1 of the 4
test procedure,
Test unit operation was as described in paragraph 1,1.5 of this
report,
Monitoring of test unit operation was as described in paragraph
L.1.6, i
The test unfts showed no degradation of performance due to the )
applied susceptibility signals, g
4. RF Conducted Susceptibility Test ?
The test was performed as ouflined in paragraph 3.3.5 2 of the E
test procedure except that the teégt was repeated with the current probe ‘
clamped in turn around the positive lead to CCU, positive lead to MEU .
and negative lead to MIU,
Test unit operation was as described in paragraph 1.1.5 of this
report,
Monitoring of test unit operation was as described in paragraph
1.1,6.
<ir- The test units showed no dcgradation'of performance as a resuvlt
z of the applied susceptibility signals, ;
5. Transient Conducted Susceptibilit+« Test
The test was performed as outlined in paragraph 3.3.5.3 of the
test procedure,
\ Test unit operation was as described in paragraph 1.,1.5 of this
report,
: Monitoring of test unit operation was as described in paragraph

1.1.6,




The test units showed no degradation of performance due to the
application of the applled transients,

6., Radio Fregquency Radiated 3?\_"‘\‘(!\!_ ibility Test

The test was performed as outlined in paragraph 3,.3.5.4 of the test
r:‘:’vt‘wT')x‘('.

Test unit operation was as described in paragraph 1.1.,5 of *his report,
Monitoriug oi test unit operation was as described in paragraph 1.1.6,

The tese’. units showed no degradation of performance due to the radiated |
field,
d

|
7. lInstrumentation :
Instrumentation used to perform this test was as .1'01.10\.‘3: E
TTEM __MFG MODEL S /N CAL DATE CAL DOE DATE {
.Fivlt’ Intensity Meter Stoddart NM-40A  A¥030410 09-27-68  01-27-69 ‘ '
Field Intensity Meter Stoddart URM-6 AF=31046 08-06-68 '12-06-68 E
Field Intensity Meter Empire . :
Devices NF-105 Ar030052 10-29-68 03-01-69 :
Field Iﬁtenwity Meter Empire - ‘ ;
Devices NF-112 EQ520031 09-27-68 01-27-69 :
Current Probe Gennistron  GCP-5120 345 e :
Current Probe Gennistron GCP-5130 161 el == 5
Antenna - "~ Empire -
Devices VA-105 184 i O e
Antenna Empire £
Devices IM-105 740 s o=
Antenna Polarad CA-S 111 =T0s o hes :
CS: . Polarad CA-L \ 113 = - TEAS
Polarad CA-M « 116 Sl P
Polarad CA-X 111
Power Supply P 6255A EQ525916 11-08-68  05-08-69
Audioc Amplifier McIntoch MC-60 ME104491 11-25-68 03-25-69
Test “scillator HP 651A EQ521335 11-20-68 03~20-69
Audio Transformer Solar © 6220-1A ME130971 g
Transient Generator Solar 6254-5 EQ521092 09-05-68 09-05~-€9
Oscilloscope Tektronix  531-S10 AF001137 09-26-68  01-26-69




Sienal CGenerator
Signal Generator
Signal Generator

Power Oscillator

Signal Generator
S{HnJ1 Generator
Signal Cenerator
Signal Generator
Direct Writer
Timer

Counter

Voltage Current
Calibrator

Fower Supp]y
Data Generator

Universal PCM

Demodulator System

PCM Signal
Conditioner

Ballantine

HP
GR
HY
HP

Alrborne

Instruments

HP

Hp

HP

Hp
Martin
Beckman

Systron

Fluke
Anmbitrol

Data Pulee

FMR

EMR

MODEL

53/54C
320
410C
1001-A
608C
612A

AlL125
616A
6188
620A
606A

PNE309000020~1,

6146
1032

328A

TW-4005

200
285

219

S /N

—r— .

AY 003466
EQ504944
EQ52€294
AF030489
AF701006
AF031411

EQ521339
A¥030037
A¥030034
A¥031449
EQ524079
002
EQ520544
FQ590609

EQ521650
EQ520498
EQ520451

EQ521004

FQ590813

CAl

DATE

09-13-68
11-27-68
11-07-68
08-16-068
12-02-68

10-25-68

11-27-68
11-27-68
11-27-68
11-27-68
10-15-68

09-05-68
08-26-68

11-05-68
08-21-68
10-01-68

N

CAL DUE

* —————

01-13-69
03-27-€9
03-07-69
12-16-68
04-02-69

02-25-69

03-27-69
03-27-69
03-27-69
03-27-69
02-15-69

03-05-692
12-23-68

02-05-69
02-21-69
02-01-69

———————————

o AN e s T




111,2 Post Envirommental Qualififcation Testrs

Following environmental testing, a danage inspection was performed
by Qualicy Assurance, No damage was found, Following the inspection, a
complete functional acceptance test was run at all tewperatures according
to the test procedure MCR-68-10 (Rev, B). The data sheects for these
acceptance tests were sent to NASA-MSC with the equipment, No failures
occurred during the post environmental qualification tests,

IV. ACCEPTANCE TESTS
IV.1 Environmental Tests

One MEU (part number 1100-1-009), serial number 0000002 and the 1
spare boards and power supply for one MEU and one CCU were subjected to the
envirommental tests at the levels required for acceptance testing for the
Earth Resources Aircraft, These tests consisted of a vibration test as
follows,

Vibration

1) The Multiplexer/Encoder Unit (MEU) and Control/Combiner
Unit (CCU), while operational, were individually subjected
to a 2 miaute + 1/2 g sine sweep from 5 to 2000 Hz in each
of three areas, Resonant frequencies and levels were re-
corded on a data sheet included herein,

2) The MEU and CCU, while operational, were individually sub-
jected to a 2 g sine sweep from 5 to 500 to 5 Hz in a torual
duration of 5 minutes, This sweep was performed in each of
three axes, ,

3) No performance degradations of either CCU or MEU were noted

3 during these vibration teste, The performance data is in the
form of a strip chart., One set of these charts will be sent
to the technical monitor,

«"‘ 4) One MEU, non-operating, was subjected to a 2 g sine sweep
‘ from 5 to 500 to 5 Hz in a total duration of 5 minutes,

IV,.2 Post Environmental Accer _ance Tests

One MEU (part nuwber 110 1-009), serial number 0000002 and the spare
boards and power supply for one CCU and one MEU wer: tested to the acceptance

test performance levels per MCR-68-10 (Rev B). One A/D converter failed
during high temperature testing, This unit was replaced, the MEU vibrated
at acceptance test levels non-operating and then successfully passed all
acceptance tests, No other failures occurred during acceptance testing,
The A/D converter was returned to the vendor, Pastoriza Electronics Inc.,

c for repair, Their report indicated a faulty wiper on the offset adjustment
potentiometer, Two other A/D converters failed during receiving inspection
tests at elevated teuwperaturns, These units were returned to Pastoriza for
repair, A low temperature range amplifier was mistakenly used in this wide

temperature range unit. There were no other failures during acceptance
testing, - ;




VIBRATION TEST 1LOGC

Test Unit - and CCU S Date === ‘/71_".",{-".:_.‘{__ LR

Test Engineer _ _ Clough Technician Siemrzuch

e e s — g — L . - — — w—— > G~ —

TABULATION OF ITEM RESONANCES AND Q's

P — P~ S ——— = —————y— . e e e —— ey

2 MEU's 5 MIN cCu 5 MIN
5«500-~"Hgz 5-500-5Hz

AXIS FREQ. Q. FREQ. . Q.

—— e — _."_..'ZJ — e

i
"

S e s e D 7:x>'txfr__-~:x:?:w:—* ——=urg

X None 100 A
| an 3.5
271 3.3
343 3
500 3

X None : 139 G : ;
289 9 :
459 7
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289 15
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Equipment
Shaler
Amplifier
Accelerometer
Accelerometer
Accelerometer
Accelerometer
Accel, Amplifier
Accel, Amplifier
Accel, Amplifier
Accel Amplifier
VIV

VIVM

EQUIPMENT LIS

Manufacturer

- e e S are = <0 P

Ling Electronics
Ling Electronics
Endevco
Endevco
Endevco
Endevco
Endevco
Endevco
Endevco
Endevco
Hewlett Packard
Hewlett Packard

T

« Model

L-200
90/140
2225
2225
2225
2225
2614
2614
2614
2614
400D
400D

(Vib:

at il‘l.)

——— — - -

AF¥001146
AF001146
Q1071458
Q4071456
Q4071460
071461
AF 000069
AF000211
AF¥000099
A¥ 000057
A¥031743
A¥031744

Serfal ¢ Cal Due

. ———— - — - y——

03-03-69
03-03-69
03-25-69
03-25-69
03-25-69
03-25-69
05-01-69
02-01-69
05-01-69
05-01-69
02-22-69
02-04-69

* Equipment listed abuve does not include equipment used by R & D pefsonnel for

operation of the test {tems,
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