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SYM 
REVISIONS 

DESCRIPTION 

The following dumbos war« nade in ooiaplianco to the X-20 
System Program Office's roquoatj Letter ASIIBA-3/L, Price/ 
8lo/33190, dated Au^uat 30, I9631 

Paragraph 3,2,1   The words "reproduced and" were deleted. 

Paragraph 4.3,2   The words "reproduced by" wore deleted 
and the words "played back through" were 
Inserted. 
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Govonia-iont Docu.'cents 

MIL E 6051 C   i:iect:?ical-21ec1;roiiic S-jatea Conpatibility 
and Ir.terferance Contro?. r^uirenents for 
Aeronr.utical './capon Sys ;3.:3, Associated 
SubsyiJteos and Aircraft, dated 17 Juna I960 

Boeim? Sccunents 

22-80600 Glider/Transition Detail Specification 

1)2-60102-5       ?QC-i ..natranGntatlon GuDsystea Integration Teat 
Pro.-T.-m Plai-i 

D2-80102-2       Test Instrunentation Subsystem Integration Test 
Procedures (to be released) 

D2-80103-3       Test instrumentation Subsystem Integration Test 
Repori; (to be released) 
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ABBREVIATIONS 

CTS - Conoiunica ;lona and Tracking Subsystem 
SSL '- JDvtk ^yatea Laboratory (Seattle) 

FM - Frequency Modulation 

IQ - Inertial Guidance 
TCM - Pulise Cod-; Modulation 

TICS - Test Instrurisntation Checkout Set 

TIC - Test Instrucentation Subsystem 

)    i 
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1.0 Introduction 

2*0 Test Objootlvea 

2.1 Integration Tests 

2.2 Pre-Enphasis Test 

3.0 Subcyatem Configuration ^ 

3.1 Equipment Configuration 

3.2 Test Configurations 

3.2.1 Airtomo Conversior. Squipment Integration Test 

3.2.2 Instrumentation Su'csyatea Equipment Integration Tost 

3*2.3 Reference Test 

3.2.4 Pre-Emphasis Test 

k,0   Test Configuration 

4.1 General 

4.2 Airborne Conversion and Storage Equipment Integration Test 

4.3 Instrumentation Su'isystca Integration Test 

4.4 Reference Test 

4.5 Pre-Emphasis Test 

5.0   Sa^a Requirements 

5.1 Airborne Conversion and Storage Equipment Integration Test 

5.2 Instrumentation Subsyste - Integration Test 

5.3 Reference Test 

5.4 Pre-Enphasis Test 
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1.0 

1.1 

1.2 

1.5 

O 

lA 

1.5 

C 
1.6 

iraRODüCTICÜ - -- 

Thts  docur.ent presents tl-e recuirsaanta fo- into^ration tests vhich 
are a part of the- desi r. o'xilification tesi-in^ of the Test Inatru- 
nsatation Subsyaten {HTZ],    The tests are -'.eracd, "inte.-rration tests," 
since they will be forl'o-'asd as the ^di^tAuully qualified subcon- 
tractor and Boeins ranui". erar^d uni-ji» aro ;:nli jjrtttod in atcsoa  to 
the oubcyetcm. Thosa re: ui^ensnts x.'ill alr.o apply to inte^-ration 
tests perforasd during a-csptanca torsts of operational subsystoas. 

The tests will be performed in the Data Systems Laboratory where a 
Test Console will simulate the transducers and signal sources. 

The nsasure of perfomance in the najority of tests will be data 
accuracy and acceptable perforaance will bo based on thq accuracies 
specified in the neasurer.ent list. Total subsystem accxtracies vrt.ll 
be determined by moiifyiru the accuracies obtained in test in such 
a way as to include tr-reducer and signal source accuracies. 

A requirement exists fcr pre-eaphasis schedules to be established 
for the transmission multiplexes as ^arly rs possible in the testing 
program to alle.; ti^e for pre-emphasis resistor netv/orks to be manu- 
factured for operation:-1 eriuipmeat. Tests, to determine these sche- 
dules, will be*perfrinsed with the so; of TJn oquipment used for design 
qualification and rjquirtfwlenbs i"or tuese testa are included in this 
document. 

Testing is divided into four sections and J;he requirements are defined 
for each of these sections. The division is such that it will be 
possible to determine the contribution to inaccuracy of each interface 
in the subsystem. The testing is divided as follows: 

(a) Airborne Conversion and Storage Equipment Integration Tost, 
where the Test Console provides inpv.tf; to the Airborne Con- 
version Squipmsnt, 

(b) Instrumentation Subsystem Integration Test, where the Signal 
Conditioning Sjuicaent is integrated with the Airborne 
Conversion and Storage 3quipment, and the Test Console 
simulates the glider interface. 

(c) Reference :-,est, whorj the ':I3 oouipnGi.t is integrated with 
the TICS tiirourii -.he various test functions of the TICS. 

(d) Pre-enphasis t>st, where TI3 equipaent is combined with the 
Communications and Tracking Subsystem equipaent to determine 
optimum pra-emchaEio schedules. 

The sequence of tesbin~ will depend on the availabdlity of equipment, 
and the schedule is siver. in 32-80102-5. 

Other docuacntatlon relative to the TIS Integration effort is as 
follows: 32-60102-2, Procedure; 32-60102-5, Report; D2-80102-5, Plan. 
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2.0 1231' 02J2Cn72S 

2.1 Intosratioa Tsats 

(a) the^isf7 fUnCti0nal coaPatibility of tho various data units of 

(b) To verify systea prccadures and equipnent. 

(0)   eoui^S1116.*!;8 ?eoessa^ ^^ ü" any, to the production 
rSiranLSf procedure to meet subsystem data accuracy 

(d)   SeVTTC3rferer-Ce iri'ormatioa for later subsystea tests involvin- 

2.2 Pre-2Qphasl8 Seat 

(a) Stf baSitda!9 0VUmm Pre-8^ha8i3 natwo^ ^r the transmission 

(b) mLf^^*9 ^'f ?0;rornanc9 0^ the TTS oquipaent when the trans- 
2«S JJ     m1*^™** are pra-eaptesi^ed as required for trans- 

■    mission throusi the Ooiaaunication and Tracking Subsystem. 
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0 

3.0        sTOsrsTir: COIIFIGTHL'^ICII 

3.1 Eouinr.ent Conflr,iirn.tlon 

3.1.1 Dooicn qvialification vd.ll ba porfornod with one oot of equipment in 
the 02 cliüer conficuration,    Tho vnita oonprioin^: the oot will 
oonfona to tho following drnwln/js. 

(a)    PCM Convoraion Equipnent Drawing No. 10-Q1003-2. 

(t)    HI Converoion Equipnent Drawing Ko. 10-31003-3.    The particular 
VCO'a to he employed, which correspond to tho 02 cüder confi- 
guration, are listed hy channel nunbor in Table 1 with the 
appropriate Zleotro-IIochanioal Research, Inc. VCO drawing nunbors 
Included. 

(o)   Airborne Tape Recorder Drawing No. 10-81003-5. 

(d) llechanical Conanutator Drawing No. 10-81003-8. *■ 

(e) Signal Conditioning Equipment (tho drawing number will be in- 
cluded when this equipaont is defined), 

(f) TIS Ground atatioa 6000^5, ' 

is)   Test Instrunentation Checkout Set.    (The drawing hunber will 
be included when this equipment is defined) • 

5.1.2 Tho airborne TI3 units will be mounted in the Test Console which 
will supply power to these units in addition to simulating the 
transducers and signal sources of the 02 glider. 

3.2 Tost Oonfj.-uration 

3.2.1 Airborno Convoraion and Storage Equipment Integration Tost 

The Tost Conoolo will provide inputs to the Airborne Converoion 
Equipment and tho rocordor output of the Airborne Conversion 
Equipment will bo connoctod to the Airborno Tapo Recorder,    Tape 
recordings produced in tho tests will bo processed by the TIS R 
Ground Station.    Tho PCI-I data will be format converted by the 
ground station for computer evriUution. 

3.2.2 Instrumentation Subsyoten Equipment Integration Teat 

The configuration v/ill bo as in 5.2.1 above, except that the Signal 
Conditioning Equipment will bo connected,    Tho Test Console will 
sinulato transducers and signal sources for the 3ignal Conditioning 
Equipment. 

ui 42a« 20oo nev. s/sa 2-SI42-Z 
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o 3*2,3       Eefereace Test 

3.2.3.2 

3.2.3.3 

0 

3.2.3.1    The Test lastrunentatioa Checkout Set (TICS) will sicmlate transducer 
or signal source variation« Tor all channels where sisulation capability 
la 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. 

Sisnal Conditionins Equip.-aent - The Test Console will siculate the 
ambient condition of each transducer and signal source at the incut to 
the Signal Conditioning Equipacnt.    The TICS »all be connected to the 
sinulation connecto-s of fcho Signal Conditioning Equip=ent to sinulate 
transducer and signal source variations and to the patch ranel to 
Beasure the corresponding variation at the output of the Signal 
Conditioning Equipsoat. ^o^ 

Airborne Conversion and Storago Equipment - The TICS will be connected 
to the input of the Airborne Conversion Equipment, and the /irborne 
Tape Recorder will ba set up to record the outuut for analysis by the 
TIS Ground Station und Computer. «W.J»J.S oy mo 

3.2.3.^ 

3.2.3.5   TIB Simulation - The TIS will bo set up wita the Test Console connected 
to^the input of the Signal Conditioning Equipment to sinulate the 
ambient condition o:f each transducer and si mal source.    The TICS will 
be connected to the siculatioa connectors cf the Signal Conditioning 
Equipcent.    The tap« recorder will record tue test data which will be 
evaluated by the TIS Ground Station and Conputer. 

3.2.^       Pre-Eaphasia Test 

Pre-producticn Ccrnunication and Tracking Subsystem eouicment ;*ill be 
used to represent a single cosaunications channel.    The Test Console 
vrLU provide signal inputs to the Airborne Conversion Eauinaent. and 
t^e transmitter output of this unit will be connoctod to* the trans- 
mitter.   The VHF receiver output will be connected to the Ground 
Station. 

US 4200 2000 REV. 8/82 
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4.2.1 

ö 

4.2.2 

o 

TEST CONDITIONS 

General 

Interration Tests will ^ ccrfor.r.ed in a lal oratory environaent since 
SrSdivieual airborne units will have beeu fully tested with environ- 
mental variations during eualificatlon testing.. 

Airborne Cenversion end Siora?e gouiyrent Intonation Tost 

The PCM data sigial format of the Tesi Console will be fixed throuchout 
the test, and tha saHfc fcY::Tt will be emplo/ed with each of the KI 
foraats to be descriced i- 4.2.2.    Tlu» varitus PCM channel sisnalo will 
represent the ranSe of cpocificd operatins eic^al conditions, includans 
over-volta-e and cor-son-aode conditions.    There will be several levels 
representative of the normal data sisnal range to define the lineari-y 
of the PCM equipaent. 

The orinciple JM test will be an overall accuracy test where the 
accuracy is daterained with as aany characteristics contributing to 
the perforaance as possible.    Other tests will check linearity and 
frequency response in such a Banner as to isolate these effects.    The 
conditions for the verioui. toots are as follows. 

Overall Accuracy - Each channel will be oodvlaied in turn to full band- 
edge to band-edge deviaticn by a sinusoidal si.jnal while all ovher 
channels are modulated vith random noise.   The frequency of the Ecdu- 
latin* signal will be one third the nominal modulation frequency of the 
particular channel.    The randoa noise will be limited in frequency 
spectrum to the nominal aaaimum modulation frequency for each channel. 

Linearity - For the channels with DC response, five DC sipal levels 
will be applied over the r.oainal signal ranfo.    Sinusoidal signals will 
be applied to the chrnneU with AC response only; five levels will bo 
applied from small deviation to nominal maximum deviation.   Jto siS^J- 
frequency will be set to the constant amplitude portion of the modula- 
tion band of these channels. 

k 2 2.3   Frequency Response - Both DC response and nrn-DC response channels will 
Sve SsoiSl signals allied at the noair*! upper modulation frequency 
and the latter at the ncsinal lower nodulation frequency also.    A signal 
to determine a referc-nc^ level will also be allied in the cons.anw 
amplitude portion of the iroquency band of each FM channel. 

4.2.3 The accuracy of the IG channel will be determined with a simulated IG 
signal while all other FA channels are modulated with random noise as 
in 4.2.2. 

4.2.2.1 

4.2.2.2 

Ul 42at 2300 REV. a/82 
2-S142-2 
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4.3.1 

4.3.2 

4.4 

4.4.1 

All data will ba reoorded by the Alrbomo Tape Recorder. The TIS 
ground station will reproduce the data multiplex, fomat convert the 
PCM and I.G. data, and provide osdllographio reoorda of the IM 
data. 

Inatrtmontation Subsyatera Intorrraxion Toot 

All signal sources of the firat ground-launch vehicle will be 
represented by the Teat Console. The Test Console will simulate 
conditions for zero or ambient and $&/» for all channels of the 
subsystem« , , 

The Airborne Converoicn Equipment Kultiplex output will be recorded 
by the Airborne Tape Recorder as the signal levels for each channel 
are varied. This tape recording will be played back' through the TIS 
ground station, which will also format convert the PCM data and 
provide oscillograph record of the FM data. 

Reference Teat 

Signal Conditioning Equipment 

/ 

The TICS will apply a signal voltage or impedance to each channel 
to simulate conditions equivalent to IQff» and 90$ of full scale or 
60$ and 90/» where the channel is at 30$ for ambient condition. 

4.4.2       Airborne Conversion and Storage Equipment 

The TICS will apply voltages to all PCM channels corresponding to 
zero,  10$, and 90$ of full scale.    For FM channels with DC response, 
DC voltagoo corresponding to zero and ±40$ of full scale will be 
applied and M channels with AC response only will have zero voltage 
and an AC voltage corresponding to 60$ of full scale applied. 

4.^.3       TIS Reference Test 

•     The TICS will apply a signal voltage or impedance at the simulation 
input of CJ.:':. channel to simulate conditions equivalent to 10$ and 

.   . 90$ of full scale or 60$ and 90$ of full scale where the channel is 
at 50$ for ambient conditions. , 

k,5 Pre-Enpha3l3 Te3t 

4.5.1       The Communications and Tracking Subsystem equipment will be arranged 
to operate at SHP received signal levels- in the range of carrier FM 
threshold for the receiver system. 

E 
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^.5.2 

4.5.^ 

O 

o 

The ^1 foraat will reorient a typical daia formt with siffnals in 
the ^eci-S epor.^-, ::anG3 of the cquipraont. ^^^i^

a^- 
tion inputs will be random noise inputs to represent vibration and 
Hutter data, except where a neasureaont of channel noise i* ^, 
in which casJ the input will be ßrounded. A voice signal "111 al^o 
S applied to the vote,  channel and simulaied 1.0. data applied to 
the I.G. channel. 

The test './ill be pcrfont^d for both narrow band and wide band 
transmission data sroltijlexos. 

The multiplex output of "he VHP receiver will be ncnitored by the 

ground station. , 
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5.0 

5.1 

5.1.1 

5.1.2 

5.1.3 

) 

DATA REQÜIHSMENTS 

Airborne Ccnversion and Storage Eouicroent Interratlon Test 

PCM Data - The PCM data will be recorded for six minutes with each of 
the conditions specified for the FM channels for a total of throe 
records» Each record will be analyzed to determine the number of 
points within two to^rence levels for each PCM channel and for all 
PCM channels combined. ?or all 7M conditions it is required that 
95,5% of the points be witain 0.6^ of füll scale of the correct 
level and 99.95$ of the poiats be within I£> of full scale of the 
correct level. 

1.6. Data - The I.G. data will be analyzed to determine the bit error 
rate. The ItG. data will be recorded for a total period of 12 minutes 
comprised of not moro than two continuous recordings. It is required 
that not more than one errar bit exist for tie 12 minutes of recorded 
data. 

FM Data - The FM data will be recorded for a six-minute period for 
each of the conditions specified to indicate overall accuracy, 
linearity, and frequency response. The data recorded to determine 
overall accuracy will be used to make error records whero the modu- 
lating signal of each channel is attenuated by a notch filter. The 
filter bandwidth shall be such that the amplitude frequency product  \ 
is not reduced more than 25% and the aaplitude 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 nominal deviation ratios of the channels as shewn below. 

Nominal Deviation 
Ratio 

1 

2 

5 

Allowable 
Error for 

0* Probability 

± 1^.5^ 

± 5.8* 

t    2.0* 

Allowable 
Error for 

0*1* Probability 

± 18.5* 

± 7M 
t   2.6* 

Data will include an analysis of the accuracy at the 1.0* and 0.1* 
probability levels.   It is required that the accuracies bo within those • 
shown above when applied to the appropriate channels.    Alternatively 
the requirement for the iTM channel accuracy can be expressed in terms 
of the time that the tolerances arc exceeded.   In this case the require- 
ment is that the tol«ranees are not exceeded for a time greater than 
that indicated by the probability value.    For the six-minute data 
record the 1* probability usans that the tolerances associated with 
this probability must not be exceeded for more than a toual of 3.6 
seconds and the 0.1* probability that the associated tolerances must 
not bo exceeded for ir.ore than a total of 0.36 seconds.    The data to 
indicate linearity acd frequency rospense wi?.l bo analysed to determine 
the linearity and frequency racponse for eacix channel. 
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5.2 

5.2.1 

Ir.Gtrvr.'-.ntr-.tleR Cu'cr..y=: -3 • Into.r-.'aticn Teat 

5.2.2 

PCI-I Data - At least one ninutc of data xril'. a 3 roccrdsd for each 
PCI channel at sach of tvo lersla,  33ro or an:bic:it and J/C^ of full 
scale,   T-ic chä-LxeUt Will he Sfc^tchei fron zsro or anbient to JOJJ 
of full occle in tvm w«.fit Ab least a one ::3n3nd period betuocn 
switching channels.   The ee:iuer-co of switching levels vill be recorded. 

The PCi: data will \e anaJ^zsa to insure that the changes at tho 
output occurred in the c»rrcct soouence \rizii reference to tho order 
in which the input: were svitched.    An ncc^.iracy analysis for each 
channel will bo cade to determine the r.umbtir of points within the 
neasurenent list accuracy aodified for the transducer or sicnal 
source accuracy by the fcllowinj equation: 

^r-M^ 4 

5.2.3 

5.3 

lAore Ap is the required accuracy, AQ is the neasureiaent list accuracy, 
and A-t is the transducer accuracy. 

The values for trarsducor accuracies are fff.vea in Table 2. It is 
required that 95.5J-' of t))e data points fal". within the required 
accuracy of each level fox  each of the chaanals. 

511 Data - An analysis of the K-I data for each channel will be nade 
to detemine the value which is exceeded 4-.5;* of the tine. It is 
required that this value '..111 be within tho required value obtained 
fron the equation in parr.^raph 5.2.2. The data will be analyzed 
separately for each signal level for each channel, 

Roferenco Test 

All data obtained in this test will be retained for use as a* reference 
in later tests invclviry tho TICS. Data will be obtained for those 
channels which will not Is stir.ulated. 

5.3.1 Signal Conditioninc Equipnent 

The accuracy of each chaimsl will be deterained and conoared with 
TBC requirenents for tho Signal Conditioning Equipment.* 

5.3.2 Airborne Conversion and :Jtorase 2quipaent 

Data will be obtained v;hLch will include two minutes of data for 
each of the test conditions, e.-;. the PCM data will include two 
minutes at each of the teat levels of 0, 10, and 90^ of full scale 
for all channels. For PCII data, the data will bo analyzed to determine 
the number of points vitain two tolerance levels of each of tho 
test levels of 0, 10 end 90.» of full scale. It is required that 
95.5/-' of the points be wr.thin Q.Sf> of full scale of the required 
value and that 99.9(

r> of ^he points be within le/o of full scale of the i 
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5.3.2       (Continued) 

required value at uv.sh c<? tha three test levelo. Fir data an-ilvcis 
and ro5uirc=£nt3 are aa m 5.1.3. rhe acc^aoy must be vitliin the 
allov;aole error at each of the test levels. 

5*3.3       JIS Si-Elation Tesi; 

5.3.3.1   At least one oiauti. of c^a vill ',s record 5d for each PCI channel 

Si ^n^       i?C? " ^e ol"lKmo1 i8 at 5^ in anbient conditions. 
Hi S^t1   ^11,   t "'^ the lover si^1 condition initially 
and vill be svitchod to ^ of full scale in tum allowir* ab least 
one-^second between st/itchin^ channels.    The seouonce will be re- 
corded,    ^n accuracy analysis of the PCM data-id.!! be nade as 
described in 5.2.2 and for the FA data, as in 5.2.3. 

5.4 

5.4.1 

5.4.2 

Pro-2aphasis Test 

The principal data to be obtained froa this test will be the resisto- 
scnodules from the variable natrix which will define the opJirra 
pre-enpnarus scaaavles.   The PCII bit accuracy and W. channel PJIS noise 
SL«v, ^^f P reCSiV5d Sisnal levels corresponding to the data 
St^ ä   r"1 hQ™co^ *** «ach transnission data band^dthr 
f^L^   ! Jecordircs w;.ll also be nade of the W. channel noise to 
indicate peak noise level. 

ThfcoiiU^^fcJ C0nos?li^ the ^Put transmission multiplexes. 
to th« o^4 t0v^e Sc-Ui5:26"t transmitter output corresoondin- 
o? S| Sif^ ^-eE^9i3 schedules will be measured both in'terns 
fo^lh if^V?   ?3rc^a33 Probability of exceeding a given voltage 
for each of the transmission data bandwidths.   Also, the frec-encv 
thf^f' Th Eul*i?lex vin be ^corded photographically Vith the m channels umcdulated, , 
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This pa.j8 will.'be connletod uhon vhe confijur5.tion is dafiiiod. 
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TABLE 2 

This paca will be completed vhea ihe information is available. 
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