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REVISIONS
SYm DESCRIPTICN DATE | APPROVED .
. ‘
A The following changes were made in coupliance to the X-20 Q
Systea Program Cffice's request; Letter ASHRA=3/L. Price/ N
810/33190, dated August 30, 1963s )
Paragraph 3.2.1 The words "reproduced and" were ‘deleted. \‘\\
Paragraph 4.3.2 The words "reproduced by" were deleted 7/0 M o
and the words "played back through" were (3] &, .Q
_ inserted. : ‘
wPalQ8 o« !
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Govormument Documentis

MIL B 6051 C IZlect:rical-Dlectronic System Compatibility
and Interference vonuro’. Neguirenents for
deronrutical Vearon Ersiexs, Associated
Subsy:stens and A:.rcra.zt dated 17 Juns 1960

Boeing Decunents

D2-806C0 - Clidex/Transition Detail Specification

D2-80102=-5 Qest lnstrunentetion Subsystem Integration Test
Prorm Plan

D2-80102~-2 Test Instrumentation Subsystem Integration Test
. Procedures (to be released)

D2-80103-3 Test nstnmenta.tion Subsystem Integration Test

Repor: (to be released)
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’ ABBREVIATIONS i

« Comrmunica:icns and Tracking Subsystem
Dats System Laboratory (Seattle)

« Frequency Modulation

« Inertial Guidance

‘PCM = Pulse Cod: Modulaticn

TICS - Test Instrutcntation Checkout Set
TIC - Test Inst-urentation Subsystem

Y
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1.0 Introduction

2.0 Test Objoctives

2.1 Integraiion Tests
2.2 Pre-Emphasis Test
3.0 Subcys%em Configuration

3.1 Equipmént Configuration .
3.2 Test Configurations |
3.2.1 Airtorne Conversior Zquipment Integration Test
3.2.2 Instrumentation Sutsystem Equipment Integration Test
3¢2¢3 Reference Test
3.2.4 Pre-Emphasis Test
4,0 Test Configuration
) 4,1 General
L,2 Airvorne Conversion and Storage Equipment Integration Test
k.3 Instrumentation Susystea Integration Test
4.4 Reference Test
4,5 Pre-Emphasis Test
5.0 Da*a Requirements
5¢1 Airborme Conversion and 3tcrage Equipment Integration Test
95¢2 Instrumentation Subsyste:z Integra,‘ti'cn Test
53 Reference Test .

S.4 Pre-Emphesis Test

|
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1.0

0 1.1

1.2

1.3

1.4

) 1.;

1.6

IrRODGC?ICY e

This docurent preseris tre recuireaents for integration tests which
are a part of tac desi n guilification tesiint of the Test Inustru-
zontation Subsysten (7I5,. The tes3ts ere “emned, "integration tests,"
since they will ba jerZovmed as the indivicawlly qualified subcon-
tractor and Boeins eanurl.: stused unisg are intagrated in stages to

the subsystem. These ve:@uivements will alro apply to intesrotion

tests perforzad during a:ceptanca tests of operational subsystems.

The tests will be porformed in the Data Systems Laboratory whei*e a
Mest Conscle will simula*s the transducers and signal sources.

The measure of performance in the majority of tests will be data
accuracy and accestable performance will be based on tha accuracies
apecified in the measurerent Iist, Total subsystenm accuracies will
be determined by moiifyirg the accuracies obtained in test in such
a way as to include troncducer and signal source accuracies,

A reguiremoent exists fcr pre-emchasis schecules to be established

for the transcission muliiplexes 25 zarly es possidble in the testing
program to allcw tiie for pre-emphasis rasistor networks to be manu-
factured for opsrstionrl equizmeat. Tests, to deternine thece sche-
dules, will be perfarmcd with the ses of T4l cquivment used for desism

- qualificaticn and roguiremants lor i.ese tcsts are included in this

documsnt.

Testing is divided intc four sections and *he requirements are defined
for each of these szctions. The divicsion is such that it will be
possible to determire the contributicn to0 inaccuracy of each interfece
in the subsysten. The testing is divided as follows:

~(a) Airborne Conversion and Storage Equipment Integraticn Test,

where the Test Conscle provides ingute to the Airborne Con-
version Equipzant.

(b) 1Instrumentaticn Subsystem Integraticn Test, vhere the Sisnal
Conditioning Zjuirument is integrated with the Airborme
Conversion and Stcrage Zquipnent, and the Test Console
girmulates the rlider interface.

(c) Reference sest, whor: “he I3 esuipmert is integrated with
the TICS iiwrou:a the veriocus test functions of the TICS.

(d) Pre-emphasis t:st, vhere TIS equipnent is combined with the
Communicaticns and “racking Subsystexz equipment to determine
optimum pre-emzhasis schedules, ¢

The sequence of tesiing w11l depend on the availability of equipment,
and the schedule iz given in D2-850102-5.

Other docuncntation relative to the TIS Integration effort is as
follows: D2-80102-2, Frosecdure; D2-80102-3, Report; D2-80102-5, Plan.

U3 4288 2000 REV. 8/62

REV SYM

ooTerys | VO p2-20102-1
| seer. | pace 1

251422

i

¥/

oy

i



T35 C2T=CTIVES

Integration Tasts

2.0
2.1
()
(v)
(o)
(d)
2.2
(a)
(v)

t

To verify functional compatibility of the various data units of

the Ti8.

To verify system procedures end equimient.

requirenants,

Provide refererce irformation for lzter subsysten tesis invelving

the TICs,

Pre-Imphacsis Test

To determine t2e optimunm pre-enphasis networks for the transmission

data basebands,

To deternine tie pexformance of the T7S oquipment when the trans-
mission data mialtinlares are pra-emphesized as required for transe

‘To determine the necessary changes, if' any, to the production
equirment and test procedurcs. to meet subsystem data aceuracy

mission throug: tl.e Comnmunication and Tracking Subsystem,
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3.0 SUBSTSTIE! CONFICURATICH
3.1 Eouivment Confiruration
3.1.1 Design qualification will be perforrmod with one sot of equipment in
the 02 glider configuration, The units comprising the sot will
conform to the following drawings. - ‘
(a) PCM Conversion Lquipment Drawing No. 10-81003-2.
(v) ™M Conversion Equipment Drawing Ko. 10-81003-3, ' The particuler
VCO's to be employed, which correapond to the 02 glider confi-
guration, are listed by channel numbor in Table 1 with the
appropriate lectro-!laechanical Research, Ince VCO drawing numbors .
included. : e ) :
(o) Airborne Tape Recorder Drawing No. 10-81003-5. n
(d) IMechanic:l Commutator Drawing No, 10-81003-8., . .
(o) Signal Conditioning Equipment (the drawing number will be ine
oluded vhen this equirment is defined),
(£) TIS Ground Station 600045, *-
(§) Test Instrumentation Checkout Set. (The drawing humber will
be included vhen this equipmeat is defined), ‘
Je1.2 Tao airhorne 715 units will be mounted 4in the Test Console which
will supply power to these units in addition to simulating the
transducers and signal sources of the 02 glider.
542 Test Confirvration | i S ‘ .
13.2.1 Airborno Convorsien and Storage Iguinment Integration Test
The Tost Console will provide inputs to the Airborne Conversion
Bquipment and tho rccorder output of the Airborne Conversion
Bquipment will be connected to the Airbornme Tapo Recorder. Tape
recordings produced in the tests will bo processed by the TIS R
Ground Stoction. The PCH data will be format converted by the
ground station for computer evaluzticn.
3e2.2 Instrunentation Subsysten iquipment Intazration Teat
The confiqguration will be 23 in 3.2.1 abeve, except that the Sigmal
Conditioning iquipuent will be comnected. The Tes® Console will
sirmlate traonsducers and signal sourcea for the 3igmal Conditicning
Equipment.
U2 4238 2000 REV. 8/82 , : 281422
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323
Je2e36l

3024342

3620363

3e2:3.4

3424345

3e2.h

Reference Teost L e

The Test Iastrumentation Checkout Set (TICS) will simulate transducer
or signal source variatious for all channels where sizulation capability
ia provided.

The reference test will be divided into three sections corresponding
to the three test functions of the TICS. The test configurations will
bo as described in the following paragraphs.

Signal Conditioning Equipzent - The Test Console will simulate tho
ambient condition of each transducer and signal source at the input to
the Sigral Corditioning Equipment. Thae TICS will bte comnected to the
sirmlation cormecto:rs of the Signal Conditicning Eguirment to simulate
transducer and signal source variations and to the patch rarel to
measure the correspoading variation at the ocutput of the Signal
Conditioning Equipzuat,

Airborne Conversion and Storage Equinment - The TICS will be cornected
to the input of the Airborme Conversion Eguipment, and the 2irborne
Tape Recorder will ba set up to record the output for analysis by the
TIS Ground Station axd Cozputer,

TI6 Simlation - The TIS will be set up wita the Test Console connected
to the input of the Signzl Cenditicning Equirment to simulate the
ambient condition ol each transducer end si tLel source. The TICS will
be connected to the sirulation connectors c¢f the Signal Conditioaing
Equiprent. The tapo recorder will record tiae test data which will be
evaluated by the TIS Growad Station end Computer.

Pre-Enphasis Test

Pre-producticn Cemmumnication and Tracking Subsysteam equirment will be
used to represent a single comaunications charznel. The Test Console
will provide signal inputs to the Airborne Conversion Equipment, and
tie tranzmitter output of this unit will be coanected to the transe
mitter., The VAF receiver output will be coanected to the Ground
Station,
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k.0 TEST CCXDITICHS

4,1 General

Intesration Tests will b2 cerforned in a laloratory environment since
the indivicual airberne urits will have beel fully tested with eavircn=-
mental variations durinz cualification testing..

O Rt

4,2 Airborane Cenversicn snd Storage Touiz—ent Intesration Test

L.,2.1 The PCM data sigral format of the Test Console will be fixed thrcoughout
the test, and tha sake for:al will be emplofed with each of the F!
formats to be descrited i~ %.2.2. Tha varicus PCH channel sirnals will
represeat the range cf cpecified operating eigaal conditions, izcluding
over-voltace and comzon-zode conditions. There will be several levels
representative of the normal data signal rarge to define the linearity
of the PCH equipzeat.

4,2.2 The principle T tost will be an overall accuracy test where the
accuracy is determined wita as many characteristics coatributing to
the performance as possible. Other teosts will check linearity and
frequency response in such a manner as to icolate these eifects. The
conditions for the vericu: tects are as follows.

4,2,2.1 Overall Accuracy = Esch crannel will be modulated in tura to full band-
edge to band-edge deviaticn by a sinusoidal siznal while all other
channels are modulated wiih random noisc. The frequency of the medu=
lating signal will be one third the nominal modulatioa frequency of the
particular channel, The random noise will be limited in freguency
spectrum to the nominal poximum modulation frequency for each channel.

4,2.2,2 Linearity - For the chanacls vith DC responce, five DC siznal levels
will te aprlicd over the rouiral siznal range. Sinusoidal sizrals will
be applied to the chenmnele with AC respoanse only; five levels will de
applied frem emall deviation to nominal maximum deviationm. Tre signal
frequency will be set to the constant amplitude portion of the podula-
tion band of these chanrels.

4,2.2,3 Frequency Response - Both DT response and ncn=2C response channels will
have sinuscidal sircnsls a:vlied at the nomiral upper modulatioa frcquency
and the latter at the ncaizal lower riodulaticn frequency also. A siganal
to determine a referzncs level will also b2 adslied in the constaat
amplitude portion of the irequency band of caca FM channel.

4.,2.3 The accuracy of the IG charnel will be deternined with a simulated IG
sigﬁal waile all other Fi{ channels are codulated with random noice as
in 4.,2.2.
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k.3.1

4.3;2

b
#.“0 1

bolre2

b3

k.5
b.5.1

41l data will ba recorded by the Airborne Tape Recorder. The TIS
ground station will reproduce the data multiplex, format convert the
PCI and I.G, data, and provide oscillographic records of the M
data.

4

Tnstrumentation Subsysten Intonrazion Tast

A1l signal sources of tho first ground-launch vehiole will be
reprasented by the Test Console. The Test Console will sinmulate
conditions for zero or ambient and 90% for all channels of the
lubsystem._ » . .

The Airborne Conversion Equipmont qultiplex output wil]. be recorded -
by the Airborne Tape Recorder as the signal levels for each channel
are varied. This %ape recording will be played back’ through the TIS
ground station, which will alsc foxrmat convert the PCH data and
provide oscillograph record of tho FM data.

Reference Test ’ W | !

Signal Conditioning Fquipment
The TICS will apply a signal voltage or im.peda.nce to each channel -
to einmlate conditions equivalent to 10% and 90% of full scale or
60% and 90;a vhere the channel is at 50% for ambient condition.
Airborne Converaion and Storage Equipment ' |

The TICS will apply voltages to ali PCM éhannels corresponding to

. zero, 105, and 90% of full scale. For Fi channels with DC response,

DC voltages corrosponding tc zero and *h0% of full scale will be
applied end FM channels with AC response only will have zero voltage
and an AC voltage corresponding to 80% of full scale applied.

}[‘IS Reference Test

The TICS will apply a signal voltage or impedance at the 'siinulation
1nput of eu: channel to simulate conditions equivalent to 10/ and
905 of full scale or 60,6 and 90,5 of full scale where the channel is
at 50% for ambient conditions. . .

Pre-~Emphasis Teat

The Communications and Tracking Subsystem equipment will be arranged
to operate at SHI received signal levels in the range of carrier Fi
threshold for tho receiver systen. , .
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.52

4.5.3

k5.4

The DCM format will repricend a typical daia format wvith signels in
the speciried cperwiing .anje of the equipmoni. Il channel nodula=-
tion inpuss will be random noise irputs to represent vibration and
flutter dota, excep’ wherc & measurenment of channel noise is nade,
in which case the input will be grounded. A voice signal will alse
be applied to the voica uhennel ond simulaied I.G. date applied %o

_-tho I.C. channel.
‘The tes: will be pexformnd for both narrov band and wide band

trangmission data zultip.iexes.

. The pultiplex output of ~he VEF receiver will be monitored by the

ground station.
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5.0
5.1
S.1.1

S5.1.2

S5e1e3

. PCM channels combined. For all FM conditions it is required that

.. £ilter bandwidth shall be such that the amplitude frequency product

DATA REQUIRZMENTS

Airborne Ceaversion and Storare Equivment Interration Test

PCH Data - The PCM data will be recorded for six minutes with each of
the conditions specified for the FM channels for a total of three
records., Each record will be analyzed to determine the number of
points within two tolarsncs levels for each PCi channel and for all

95.5% of the points he witain 0.6% of full scale of the correct
level and 99.9% of the poiats be within 1% of full scale of the
correct level.

I.G. Data = The I.G. data will bo analyzed to determine the bit error
rate. The I,G. data will be recorded for a total period of 12 minutes
comprised of not more than two continuous resordings. It is required
that not more than one error bit exist for taie 12 minutes of recorced
data.

F{ Data = The FM data will be recorded for a sixe-minute period for

each of the conditions specified to indicate cverall accuracy,

linearity, and frequeacy rosponse. The data recorded to determine
overall accuracy will be used to make error records where the modu=-
lating signal of each charael is attenuated by a notch filter. The - =

is not reduced more than 25% and the amplitude of each channel output \
will be increased in proportion to the actual reduction to compensate
for filter attenuation. The error records will be analyzed to deter-
mine the probability of exceeding tolerance levels which depend on

the noninal deviation ratios of the channels as shown below.

Aliowable Allowable

Nomina%alt)zziation Error for Error for
7 1% Probability O e 1% Probability

1 t 14,.5% + 18.5%

2 + 5.84 ' : 7.4%

5 t 2.0% t 2.6%

Data will include an ahalysis of the accuracy at the 1.0% and 0.1%
probability levels. It is :required that the accuracies be within those -
shown above when applied to the appropriate channels. Alternatively
the requirement for the M channel accuracy can be expressed in ternms
of the time that the tolerances are exceceded. -In this case the require-
ment is that the tolerances are not exceeded for a time greater than
that indicated by the probability value. For the six-minute data
record the 1% probability 1cans that the tolerances associated wii
this probability rust rot be exccedcd for more than a toial of 3.6
seconds and the 0.1% probability that the ascociated tolerances rust
not be exceeded for more than a total of 0.35 seconds. The data to
indicate linearity ard fraquency respense will be analyzed to dotermine
the linearity and froauency rssponse for eacii channel,

U3 4288 2000 REV. 8/62

REV SYM

281422

Loy | o D2-80102-1

| SECT, | Pace 14



52 Ingtwrmentesion Sutoysta: Intorvaticn Mest o
50241 PGI Data - At least cne minute of data will. T2 rocerded for each
P8 channel at zack of o levels, zero or ambicat and O0) of full

scale, Phie chéxnela Wil) be switchel from z:aro or arhient to 9C7
of full gscele in tvrn with ad l2net a cne s2cond period between
switching channels. T sequerco of switciin; levels will be recorded.
5e2.2 The PCl: data will te aralyzad to insure that the changes at ik i
output occurrad in {lie Chrrsct secusnce wish —eference to the oxder
in which the input: were switched. An accuracy anslysis for each
chennel will be rade to determine the numbor of poinis within the
neasurenent list accuruc;” modified for the trunsducer or signal
‘source accuracy by the fillowins equation: ¥

Y

vhere A, is the required ascuracy, Ay is the measurement list accuracy,
and Ay is the tranccucer accuracy. :

- -- The values for trersdusor ascuracies are givea in Table 2. It is
required tkat 95.5 of the Jd:utz points fall within the required -
accuracy of each level fur cach of tae chainels,.

52,3 Fit Data « An analyzis of ths Ff data for cach channel will be mnde
to determine the velue which is excceded 4.5/ of the time. I% is
required that this value will be vithin the required velue obtained
from the equation in parsgrzph 5.2.2. The data will be analyzed
separately for each sign:l level for each channel.

5¢3 Reference Tect ' : : | |

All data obteined in this test will be retained for use as a'reference
in later tests invclving the YICS. Data will be ottained for those
channels which will noi lLe siirulated.

5e3.1 Signel Conditioning Equipment

The accuracy of each channel will bae deternined and compared with
TBC requirements for the Signal Conditioning Equipment.

5e342 Airborne Conversion and :torage Zquipment

Data will be obtaeired wvaich will include two minutes of data for

each of the test condiiicns, e.g. the PCi data will include two

ninutes at each of the tcat levels of 0, 10, and 905 of full scaie

for all channels. Ior PGl data, the data will be analyzed to determine
the nucber of points witiin two tolarance levels of each of the

test levels of 0, 10 end 05 of full scale. It is required that

95.5 of the points be w:thin 0.5 of full scale of the required

value and that 99.S:5 of the points be within 19 of full scale of the

REV SYM— OZFID |V a snin0.
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Vesin

5e342

He3e3
5.3.3.1

Selt
5.4.1

50“‘02

(Contirued) - . ..H A

required value at wich ¢f the taree test levels, [l date analysi
and requirezents are as in 5¢le3. The acciracy must be within the
allovwable error at cech of ithe test levasls, - '

2T3 Si-nlation Test:

AT least one minute of ¢zia will Se record:d for each PCli channel
at each ol two lavels, 10 and 9C5 of full scale. These levels
will be 60;; end 9C?5 il e chennel is a2t 5% in embient conditions.
The channels will hie s3t te the lower simmal condition initially
and will be switched to q% of full scale in tura allowing ot least
one  second between swiicaing channels. The sequence will be re-
cordcd. an accuracy enalysis of the PCiH datarwill be made as
described in 5.2.2 and for tha T data as in 5.2.3,

Pre-Imphasis Test

The principal data to be obtaincd from this test will be the resistor
scnedules fream the variable rairix vhich will define the optisun
pre-exphaniis schedvles., Tie PO bit eaccuracy and F channel Eii3 noise
for a ranze of SE® recaived signal lsvels corresponding to the data
threshold will bo recordgd for each transmission data bandwidih.

Strip chart recordinss .11 also te made of tae I channel noise to

indicate peak noise¢ level,

Data will be obtaired concernin; the output transmission multiplexecs.
The Conversion end Storage Zguipnment transmitter output corresponding
%o the optimum pre-emrhasis schedules will be measured both in terms
of RMS voltage and perceniage rrctability of exceedirg a given voltage
for each ‘of the transmission data bandwidths. 4lso, the frequency
spectrum of- each multiolex will be recorded photogrerhically with

the I channels unrcdulated. . : :
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 WBIZ 1

This paze will.be comnleted whon rhe confisuration e dafincd,
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TABLE 2

This page will be completed vhe. the information is available.
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