Document 118-79

Fy,

am» Range
4 Commanders-
aw Council W
TELEMETRY GROUP

TEST METHODS FOR TELEMETRY
SYSTEMS AND SUBSYSTEMS

VOLUME IV

TEST METHODS FOR DATA
MULTIPLEX EQUIPMENT

WHITE SANDS MISSILE RANGE
KWAJALEIN MISSILE RANGE
YUMA PROVING GROUND
ELECTRONIC PROVING GROUND
DUGWAY PROVING GROUND

NAVAL AIR WARFARE CENTER - WEAPONS DIVISION
ATLANTIC FLEET WEAPONS TRAINING FACILITY
NAVAL AIR WARFARE CENTER - AIRCRAFT DIVISION
NAVAL UNDERSEA WARFARE CENTER DIVISION, NEWPORT

45TH SPACE WING
AIR FORCE DEVELOPMENT TEST CENTER
30TH SPACE WING
CONSOLIDATED SPACE TEST CENTER
AIR FORCE FLIGHT TEST CENTER
AIR FORCE TACTICAL FIGHTER WEAPONS CENTER

DISTRIBUTION A: APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION IS UNLIMITED



This page intentionally left blank



DOCUMENT 118-79

TEST METHODS FOR TELEMETRY
SYSTEMS AND SUBSYSTEMS

VOLUME IV

TEST METHODS FOR DATA MULTIPLEX EQUIPMENT

PREAMBLE

TELEMETRY GROUP
INTER-RANGE INSTRUMENTATION GROUP
RANGE COMMANDERS COUNCIL

Published by

Secretariat
Range Commanders Council
White Sands Missile Range,
New Mexico 88002



This page intentionally left blank



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

Table of Contents

PIETACE ..o s xiii
Chapter 1 Frequency Division Multiplex (FDM) Test Procedures............... 1-1
1.0 (1T L] o | PRTPRT 1-1
1.1 Noise Power Ratio (NPR) TESt......cciiiiiieieeie et 1-1
111 PUIPOSE. .. 1-1
1.1.2  TeSt EQUIPMENT ...cuiiii ettt re e 1-1
1.1.3  TESEMELNOM ... 1-1
Chapter 2 Time Division Multiplex (TDM) Systems .........cccccceveveveerieseenn 2-1
2.0 GBNEIAL ... .ot b e bbb 2-1
2.1 PCIM TESTING .ttt sttt b e b e st e et be e be e st e sbe e beeneesneene s 2-1
2.1.1  Bit Error Probability (BEP) TeStS.....ccciiiveieiieieeriesiesieesie e st sie e e e see e e e 2-1
2.1.2  Other PCIM SYSEM TESES......ceiuiiiiriieiieeie e sie sttt st neas 2-10
2.2 PAIM TESTING c.veevvieiieiieee et s te et e s et e e e e sre e teesaesseesseentesneenreenee e 2-11
Chapter 3 Subcarrier OsCIIators..........cocoveie i 3-1
3.0 (1T L] o | R TSP 3-1
3.1 (7] ] 1 o] I R = g [0 1-1 () RSP S 3-4
.1 L PUIPOSE. ..ttt nnr e nes 3-4
312 TeSt EQUIPMENL: ...ttt ettt ae s 3-4
3. 13 TESEMELNOU ...t 3-4
3.2 LLINBAEITY .ttt ettt et h bt ene e re et neenbeene s 3-7
3i2. 1 PUIPOSE. ..ttt nnae e nes 3-7
3.2.2  TeSt EQUIPMENT ...ttt ettt st sne e 3-7
3.3 Amplitude Modulation (AM) ... e 3-9
3.3 L PUIPOSE. ..ttt 3-9
3.3.2  TESt EQUIPMENT ...ttt ettt eae s 3-9
3.3.3  TESEMELNOU ... 3-9
3.4 OULPUL DISTOITION ...ttt ettt st sae b 3-11
S L PUIPOSE. ..ttt ettt ettt h ettt bt e b e R et b e e e e bt e anr e e re e nnne e 3-11
3.4.2  TeSt EQUIPMENT......oiiieece ettt ns 3-11
34.3  TESEMELNOM ... e 3-11
3.5 Effect of SOUrce IMPedaNCE........cccvevi i 3-14
3.5 1 PUIPOSE. ettt R e b e e e b e an e e re e nnne e 3-14
3.5.2  TeSt EQUIPMENT....c.oiiieeee ettt ns 3-14
353 TESEMELNOU ..o 3-14
3.6 Effect of Grounding Input (Differential-Input Models Only)..........cccocveninnnnn. 3-17

IV-iii



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

3.0.1  PUIPOSE. ..tttk e bR et b e e e b e e be e nn e 3-17
3.6.2  TeSt EQUIPMENT.......iiieeee ettt ns 3-17
3.6.3  TESEMELNOM ... s 3-17
3.7 Effect of OULPUL LOAAING.........ccoiiee e 3-20
.71 PUIPOSE. ...ttt nnree e 3-20
3.7.2  TeSt EQUIPMENT ...ttt 3-20
373 TESEMEINOU ... 3-20
3.8 Modulation Feedthrough...........ooeoiiii s 3-23
S8 LPUIPOSE .ttt ettt ettt et b e n e n e nnb e e e e e nnreeens 3-23
3.8.2  TeSt EQUIPMENT ...t et 3-23
3.8.3  TESEMELNOU ... 3-23
3.9 Long-Term Stability VS. TIME ...cccvooiiii e 3-26
3.0.1  PUIPOSE. ettt h et b e e e b et e re e nane e 3-26
3.9.2  TeSt EQUIPMENT......oiiieece ettt e ns 3-26
3.9.3  TESEMELNOM ... s 3-26
3.10 Effect of Supply Voltage Variation and Ripple.......c.ccccooeiieviiiiiiievecece e 3-29
3.10.1  PUIPOSE. ...ttt nnre e 3-29
3.10.2  TeSt EQUIPMENT ...ttt sttt 3-29
3.10.3  TESEMETNOU ... 3-29
3.11 Common-Mode Rejection (For Differential-Input Models Only.) .........c.ccoceenee 3-32
.11 L PUIPOSE. ittt etttk ettt ae ekt e et e e Re e b e e Re e et e enr e e be e nnn e 3-32
3.11.2  TeSt EQUIPMENT......oiiieece ettt e e nns 3-32
3.11.3  TESEMELNOM ... e 3-32
3.12 Stability VS. TEMPEIAtUIE ........ccveiieie et sne e 3-35
3121 PUIPOSE. .ttt etttk b ettt ekt e bt eRe e b e e e e e e bt e enr e re e e e 3-35
3.12.2  TeSt EQUIPMENT......oiiieeee ettt e e nns 3-35
3.12.3  TESEMELNOM ... e 3-35
3.13 Effect Of VIDration. ... s 3-38
SLL3.L  PUIMPOSE. ...ttt 3-38
3.13.2  TeSt EQUIPMENT ...ttt bbb 3-38
3.13.3  TESEMELNOU ... 3-38
Chapter 4 Bit SYNCRIONIZEIS .......coiiiiiiiie e 4-1
4.0 (1T o | RRU PR T 4-1
4.0.1  Standard Test Conditions for Testing with Gaussian NOIS€...........ccccccevvrrierivenne 4-1
4.0.2  Standard Test Conditions for PCM/FM TeStiNg.......cccccererieierninie e 4-4
4.1 Part 1. Testing With Gaussian NOISE ..........ccoiveriiiriieie e 4-5
411  PCM Test Set Calibration ...........ccccuviriiiiiieie s 4-5
4.1.2  Bit Error Probability (BEP) TeSt......ccciiiiiiiiiiieesie e 4-12
4.1.3  Bit Slippage Probability (BSP) TeSt.......ccciiiieiiiiereeie e 4-19

IV-iv



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

4.1.4  ACQUISITION TOSL...eiiiiiiiiie ettt e e e e e nre e nne e 4-27
g I T 111 (= g 1= USSR 4-38
4.1.6  Bit Stream Base-Line Wander and AM TeSt.......ccceiiriiiirieniienieneee e 4-47
4.2 Part I1. PCIM/FM TESHING ....eeveiieieee ettt sa e nna e 4-63
4.2.1  Test Setup Calibration for Predetection SNR ..........cccccoviiiiiiiie i 4-63
4.2.2  Frequency Modulation (FM) Sensitivity of the RF Signal Generator ................. 4-66
4.2.3  Bit SYNCNIONIZEr TESES....iciiiieieeiecie e eie s ste et ae e e e sre e 4-68
Chapter 5 FM DisCrIMINGTOIS ......ccvviiieiieiie e 5-1
5.0 (7= o= = TSR 5-1
5.0.1  FM Discriminator EVAlUALION .........c.ccceiiveieiiieieeic e 5-1
5.0.2  PerfOrMANCE TESES....cuiiiiriiiieitie ittt sttt sb e sbe e sae e e s 5-1
5.0.3  Definition OF TEIMIS.....ccviiiiiecie et sre e e enae s 5-1
5.04  Standard TeSt CONUITIONS.......cceeiiiiiiieiiieie ettt 5-2
5.1 Deviation Sensitivity and Static LiN€arity ..........ccccoovvveviieiieniesieese e 5-2
O.1L L PUIPOSE. ..ttt nnr e 5-2
5.1.2  TeSt EQUIPMENT....cuiiiiiieieee ettt sttt sneeae s 5-2
5.1.3  TESEMELNOM .....ccveeiiee e ae s 5-3
5.2 Zero and Band Edge Stability TeSt........cooiiiiiiiieieee e 5-14
D.2. 1 PUIPOSE. ...ttt nrre e 5-14
5.2.2  TeSt EQUIPMENT ...ttt st 5-14
5.2.3  TESEMELNOU .....cveeiecie e 5-14
5.3 R0 F= L [0\ [ PSSR 5-18
0.3.1  PUIPOSE. ettt b et b e e e b et e be e nnn e 5-18
5.3.2  TeSt EQUIPMENT......oiiieece ettt e e ns 5-18
5.3.3  TESEMELNOM .....oviiiiiieeee e 5-18
TS B T - W o (=0 [0 [ox 1 o] o TS 5-18
5.4 HarmoniC DISTOITION ........coiiiiiieiiee e 5-22
DAL PUIMPOSE. ...ttt 5-22
5.4.2  TeSt EQUIPMENT.......oiieiecc ettt e e nns 5-22
5.4.3  TESEMELNOM .....oeiiiiiiieece s 5-22
55 Line Voltage SENSITIVITY .....cccviieiiei e 5-27
D.5. 1 PUIPOSE. ...t 5-27
55.2  TeSt EQUIPMENT.......iiieieec ettt ns 5-27
5.5.3  TESEMELNOM .....ceiiiiiiieeee s 5-27
554  Datad REAUCTION.....c.iiiiiiiieiie ettt ns 5-27
5.6 Output Impedance and CUFTENT.........ccccoiveriiieseee e se e 5-32
5.6.1 PUIDOSE ittt nees 5-32
5.6.2  TeSt EQUIPMENT.......oiieiciecee et e e ns 5-32
5.6.3  TESEMELNOM .....oviiiiiiieeee e s 5-32
IO TR B T 7 W o (<o [0 [od o] o TSRS 5-35



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

5.7 Amplitude Modulation RejJection TeSt........ccceiiiiiiiiiiiiiesee s 5-37
O.7. 1 PUIPOSE. ...ttt st e e ea 5-37
5.7.2  TeSt EQUIPMENT ...ttt st 5-37
5.7.3  TESEMEINOU ..ot 5-37
574  Datad REAUCTION.....cuiiiiiiiieiie ettt ns 5-37

5.8 SIgNAl-TO-NOISE RALIO .......eeiiiiiiiiisiieic et ee s 5-44
D.8. 1 PUIMPOSE. ...t 5-44
5.8.2  TeSt EQUIPMENT ..ottt bbb 5-44
5.8.3  TESEMEINOU ..ot e 5-44
5.8 4  Datad REAUCTION.....c.iiiiiieieiieiiee ettt ns 5-45

59 Band Pass INput Filter SNAPe.........ccccociiieieiieseee e 5-50
0.0, 1 PUIMPOSE. ...ttt 5-50
5.9.2  TeSt EQUIPMENT......oiiiiieeie et bbb 5-50
5.9.3  TESEMEINOU ..ot 5-50
5.9.4 Datad REAUCTION.....c..iiiiiieieiie ettt ns 5-54

5.10 Out-of-Band FrequencCy REJECHION........c.ciiveiiiiieiieie e 5-59
O.10.1  PUIPOSE. ..ttt ettt ettt bt et ekt e b e e b et et e e Re e e bt e nr e e be e e e 5-59
5.10.2  TeSt EQUIPMENT.......oiieeeie ettt e e nns 5-59
5.10.3 TSt MELNOU .....cviieiieiieieee bbb 5-59
5.10.4  Data REAUCTION.....c.uiiiiiiiiieiieiiee ettt bbb sneens 5-62

511 PUISE RESPONSE.......eeiieeeieciieite ettt ae e re et e st e e e s e teentesreesbeensesneenreenee e 5-64
D.1L.1  PUIPOSE. ...ttt nnre e 5-64
5.11.2  TeSt EQUIPMENT.......oiieieee et e e nns 5-64
5.11.3 TSt MELNOM .....oeiiiiiiieeee e et 5-64
5.11.4  Data rUUCTION .....oveviiieeiietieieie ettt bbbttt bbb 5-64

5.12 Acquisition and Setthing TIME......c.ccviiveiiie e 5-70
0.12. 1 PUIPOSE. ..ttt ettt ettt ettt ae et e b ettt e R e e e b e e Re e e be e enr e be e nn e 5-70
5.12.2  TeSt EQUIPMENT.......iiieiice ettt e e nns 5-70
5.12.3 TSt MELNOM .....oeiiiiiiieee e e 5-70
5.12.4  Data REAUCTION. ..ottt 5-71

5.13 Data FreqUENCY RESPONSE .......vviiiiiiiiiieiiiee ettt 5-75
0131 PUIPOSE. ..ttt ettt ettt h ettt ekt e e bt R n e b e e Rr e b e e enr e e be e e e 5-75
5.13.2  TeSt EQUIPMENT......oiiieecie ettt e e nns 5-75
5.13.3  TESEMELNOM .....oeiiiiiiieieee e et 5-75
5.13.4  Data REAUCTION.......cciiiiiiiiieie et 5-76

5.14 Tape Speed COMPENSATION .......ooiuiiiiiieiiiie et nee s 5-80
O.1A.L  PUIMPOSE. ...ttt e e e nnreeea 5-80
5.14.2  TeSt EQUIPMENT....c.eiiiiiieieieee ettt 5-80
5.14.3 TSt MEINOU .....oviieiiciiee et 5-80
5.14.4  Datad REAUCTION........iiiiiiiiesiieiie ettt bbb ns 5-81
5145 Measurement Variation.........cccoeerirerinineeieiese st 5-81



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

5.15 Discriminator Phase RESPONSE.......cc.iiiiiieiiiiereeie et 5-84
D.15.1  PUIPOSE. ...ttt 5-84
5.15.2  TeSt EQUIPMENT .....eiiiiiiieie e et 5-84
5.15.3  TESEMEINOU ..ot 5-84
ST L S B - 7 o (=T [0 [od o] o TSSO 5-90

5.16 Two Tone INtermodulation TeSt ..o 5-98
D.16.1  PUIMPOSE. ...ttt sttt e e 5-98
5.16.2  TeSt EQUIPMENT.....eiiiiiiiece ettt 5-98
5.16.3  TESEMELNOU .....cviiiieiciieieee bbb 5-98
5.16.4  Datad REAUCTION.....c..iiiiiieiiiie ettt ae s 5-100

Appendix IV-A The Spectrum of an NRZ-PN Sequence..........cccccevvvvenenee. A-1

Appendix IV-B Calculation of Bit Error Measurement Intervails............... B-1

1.0 GNEIAL ... .ot B-1

11 MeasuremMeNnt INTEIVAIS........ccoiiiiiei e B-1

Appendix IV-C Definitions and Suggested Circuits for Bit Synchronizer

= T USSR C-1

1.0 LTl L] o | RSP PSRTRP C-1
11 DETINITIONS ...ttt sb et e et e et beesbeeneenreas C-1
1.2 Auxiliary Circuits for ACQUISITION TESt.......cccevveieiieie e C-1
1.3 Suggested Circuits for Amplitude Modulator and Noise Shaper ..........cccccoveneee. C-4
1.3.1 AmPlitude MOQUILOT........cciviiieiie e C-4
1.3.2  NOISE SNAPEE ...ttt ettt b et e b ne e reenbeeneenneas C-4

1.3.3 IF Bandwidth and Carrier Modulation for Base-Line Wander Plus Jitter Test.... C-4

List of Figures

Figure 1.1-1 Block Diagram of Frequency Division System TesSt ........cccoceverieiiennnns 1-2
Figure 1.1-2 NN ] USSP 1-3
Figure 1.1-3 a. Example of NPR Test - Flat Taper ......cccccevviieiiiienieie e 1-5
Figure 1.1-3 b. Example of NPR Test - 6 dB/Octave Preemphasis...........cccccevveiveinennnns 1-5
Figure 1.1-4 Noise Power Ratio versus Notch FreqUENCY ........cccovveervriniieenieniesieeinns 1-6
Figure 2.1.1.1-1 Bit Error Probability versus Power FIux Density ..........cccccovveveeieinennnns 2-3
Figure 2.1.1.2-1 PCM Simulator Method (Real TIME) .....cccooviiiiiiiiieie e 2-5
Figure 2.1.1.2-2 PCM Simulator Method (POSt TIME) .....cccevviiivieecieseee e 2-6
Figure 2.1.1.3-1 Noncoherent PN-PCM SynNChronizer..........ccoooveiiiienenie e 2-7
Figure 2.1.1.3-2 Autocorrelation Method...........ccooeiiiie i 2-8
Figure 3.1-1 CONLIOL RANGE(S) ..+ veuveerverreesieeienieestee s ste ettt st es 3-4
Figure 3.2-1 Linearity MeasUremMENT .........cueieeiueiierieeieeie e enteseeseeste e sre e see e e e 3-7
Figure 3.3-1 Amplitude ModUulation...........cccoiiiiiiiie e 3-9
Figure 3.4-1 OULPUL DISTOMION ...t sre e 3-11



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment

Figure 3.5-1
Figure 3.6-1
Figure 3.7.1
Figure 3.8-1
Figure 3.9-1
Figure 3.10-1
Figure 3.11-1
Figure 3.12-1
Figure 3.13-1
Figure 4.0-1
Figure 4.0.2-1
Figure 4.0.2-2
Figure 4.1.1-1
Figure 4.1.1-2

Figure 4.1.2-1
Figure 4.1.2-2

Figure 4.1.2-4
Figure 4.1.3-1
Figure 4.1.3-2
Figure 4.1.3-4
Figure 4.1.4-1
Figure 4.1.4-2
Figure 4.1.4-5
Figure 4.1.4-6
Figure 4.1.5-1
Figure 4.1.5-2

Figure 4.1.5-3
Figure 4.1.5-5
Figure 4.1.6-1

Figure 4.1.6-2
Figure 4.1.6-7

Figure 4.1.6-8
Figure 4.1.6-9

Figure 4.1.6-10

Figure 4.2.2-1
Figure 4.2.3-2
Figure 5.1.1
Figure 5.2.1
Figure 5.3.1

RCC Document 118-79

Effect of Source IMpedance...........cccooviieiinieiierc s 3-14
Effect of Grounding INPUL..........ccceiiiieiieieec e 3-17
Effect of Output LOAdING .....cveoviiiiiiiie e s 3-20
Modulation FEedthrough.........cccocvviiiiiiiecee e 3-23
Stability VErsUS TIME ....ooeiiiiiieeie e 3-26
Effect of Supply Voltage Variation and Ripple........c.ccccevvevviiveininnnne. 3-29
CommON-MOde REJECLION........eoiiiiiiiieieeie e 3-32
Stability Versus TEMPErature .........cccccveveeieereeresie s ese e e e see e 3-35
Effect OF VIDration .......ccooeoiiiie s 3-38
PCM TESE SEL ... 4-2
Test Setup Using Predetection Carrier Frequencies ...........ccceveveeriennnene 4-6
Test Setup Using Signal Generator and ReCeiVer..........ccccovvveververieennnnn 4-7
Calibration of PCM Test Set with Internal Noise Attenuator.................. 4-9
SNR Calibration for the Case in which the Noise Attenuator and

Summing Amplifier are External to the PCM Test Set .........cccooeveennens 4-11
Bit Error Probability Test SEtUP ....cccvevvvvieriee e 4-13

Bit Error Probability Test Setup for the Case in which the Noise
Attenuator and Summing Amplifier are External to the PCM Test

R3] SRR 4-14
Sample Data Plot Presentation of Data Sheet 4.1.2.1.........cccccevvvvvenens 4-17
Bit Slippage Probability Test Setup for Procedure 1.........c.ccooovervnnnnen. 4-20
Bit Slippage Probability Test Setup for Procedure 2...........cccccvevvennnee. 4-22
Sample Plot Presentation of Data Sheet 4.1.3.1.........cccoovvieienienennnns 4-25
Acquisition Test Setup for Procedure 1........c.cccevveiieivivesiienesie s 4-28
Acquisition Test Setup for Procedure 2.........ccoocevvviieeienieeseenesee e 4-30
Sample Plot Presentation of Data Sheet 4.1.4.1.........ccccccceviveveivieinennnns 4-34
Sample Plot Presentation of Data Sheet 4.1.422...........ccccooeveniinnennnns 4-35
Jitter Test Setup Using PCM Test Set (Method 1) .......ccccevvvevveieinenns 4-39
Jitter Test Setup for the Case in which the Noise Attenuator and

Summing Amplifier are External to the PCM Test Set (Method I1)......4-40
Bit Rate Jitter (Methods) ........cooveiiiiiii s 4-42
Sample Plot Presentation of Data Sheet 4.1.5.1.......c.ccccccceviveveiiiinennnns 4-45
Bit Stream Base-Line Wander and AM Test Setup with PCM Test

Sl bbb 4-48

Bit Stream Base-Line Wander and AM Test Setup for the Case in
which the Noise Attenuator and Summing Amplifer are External to

the PCM TESE S ...t 4-49
Sample Plot Presentation of Data Sheet 4.1.6.1..........ccccccovvveveniieinennns 4-55
Sample Plot Presentation of Data Sheet 4.1.6.2..........cccoocevveienieneennns 4-56
Sample Plot Presentation of Data Sheet 4.1.6.3.........cccccccviveveeiieinennnns 4-57
Sample Plot Presentation of Data Sheet 4.1.6.4..........ccccccevveienieneennns 4-58
Test Setup for Frequncy Modulation Sensitivity Calibration................ 4-67
Sample Plot Presentation of Data Sheet 4.2.3.1.........cccoovviviininnnnnnns 4-70
Test Setup for Deviation Sensitivity and Static Linearity ..............co....... 5-4
Test Setup for Zero and Band Edge Stability ..........ccccooiiiiiiniinnnnns 5-15
Test Setup for Static NOISE .......ccvevveiieceee e 5-19

IV-viii



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment

Figure 5.4.1
Figure 5.5.1
Figure 5.6.1
Figure 5.7.1
Figure 5.7.2
Figure 5.7.3
Figure 5.7.4
Figure 5.8.1
Figure 5.9.1
Figure 5.9.2
Figure 5.9.3
Figure 5.9.4

Figure 5.9.5

Figure 5.10.1
Figure 5.11.1
Figure 5.11.2

Figure 5.11.3

Figure 5.12.1
Figure 5.12.2

Figure 5.13.1
Figure 5.14.1
Figure 5.15.1
Figure 5.15.2
Figure 5.15.3

Figure 5.15.4
Figure 5.15.4
Figure 5.15.5
Figure 5.15.6
Figure 5.15.7

Figure 5.16.1
Figure 5.16.2

Figure 5.16.3
Figure IV-A.1

Figure IV-C.1
Figure IV-C.2

RCC Document 118-79

Test Setup for Harmonic DiStOrtion...........ccocveveeienieninie e 5-23
Test Setup for Line Voltage SenSitivity..........ccccevvvieiviveiiiese e 5-29
Test Setup for Output Impedance and Current ............ccocceveeveniienennnns 5-33
Test Setup for Amplitude Modulation Rejection...........cccccvevveieinennns 5-38
Sample Plot of Data Sheet 5.7.1, Lower Band Edge ..........cccccoevuereennens 5-41
Sample Plot of Data Sheet 5.7.1, Center FreqUenCy.......c.ccccevvevvervenns 5-42
Sample Plot of Data Sheet 5.7.1, Upper Band Edge...........cccccevvrrennens 5-43
Test Setup for Signal-to-N0ise RatiO..........cccevveveiiieiieie e 5-46
Test Setup for Bandpass Input Filter Frequency Response................... 5-52
Test Set-up for Bandpass Input Filter Frequency Response.................. 5-54
Test Setup for Bandpass Input Filter Frequency Response................... 5-55
Sample Plot of Data Sheet 5.9.1, Bandpass Filter Characteristic -

SINE WAV INPUL.....ouiiiiiie e 5-57
Sample Plot of Data Sheet 5.9.1, Bandpass Filter Characteristic -

White NOISE INPUL ..o s 5-58
Test Setup for Out-of-Band Frequency Rejection ............ccccecveveivennns 5-60
Test Setup for PUlSE RESPONSE......c.eiiiiiiiiiiesieeee e 5-65
Sample Plot of Data Sheet 5.11.1, Pulse Response Peak Deviation

S AKHZ. . 5-68
Sample Plot of Data Sheet 5.11.1, Pulse Response Peak Deviation

2 2KHZ .o 5-69
Test Setup for Acquisition and Settling TIMe........c.ccoccvevvviieveniesinennnns 5-70
Photograph of Oscilloscope Display for Acquisition and Settling

THME TS .ttt 5-73
Test Setup for Data Frequency RESPONSE .........cccovereeririieiienienieseeins 5-77
Test Setup for Tape Speed Compensation TeSt.........cccevevivereerierieennnns 5-80
Test Setup for Discriminator Phase RESPONSE.........ccovvveiieienienieins 5-85
Test Setup for Discriminator Phase Response (Procedure 2) ................ 5-86
Sample Plot of Data Sheet 5.15.2, Constant Amplitude Phase

RESPONSE ..ttt 5-93
Sample Plot of Data Sheet 5.15.2, Constant Amplitude Phase and
AMPLITUAE RESPONSE .....veveeeiiciiesieeie e se et sre e e e 5-93
Sample Plot of Data Sheet 5.15.2, Phase and Amplitude Response

(Wider FrequencCy SCale.........ccoviieieiieciece e 5-94

Sample Plot of Data Sheet 5.15.2, Constant Delay Phase Response..... 5-95
Sample Plot of Data Sheet 5.15.2, Phase and Amplitude Response...... 5-96
Sample Plot of Data Sheet 5.15.2, Phase Response (Wide

FrEQUENCY SCAIE).....ceiieeieceiecieee ettt 5-97
Test Setup for Two Tone Intermodulation Test..........cccooevverenieiennncns 5-99
Sample Plot of Data Sheet 5.16.1, Discriminator LPF Output Two

TONE TESE .. 5-103
Sample Plot of Data Sheet 5.16.1Discriminator LPF Output Two

TONE TESE .. 5-104
Random PCM POWET SPECIIA .......ccvvveieeierieeie e e e eee e sia e A-2
PCM Data Delay and PCM Gate ........cccocoviieiininiieiese e C-2
Illustrations of Procedure 2 of the Acquisition TesSt.........cccccevvververinnnen. C-3

IV-ix



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

Figure IV-C.3 Suggested Circuit for Amplitude Modulator ...........ccoooviviiiiieniciieeen, C-5
Figure IV-C.4 Jitter Noise Shaping CirCUIL........c.cceeieiiieiicc e, C-6
List of Data Sheets
Data Sheet 3.0.1 SCO Performance EValuation ............cccccovieieiiniinncsie e 3-3
Data Sheet 3.1.1 (@000 170 I U0 ST 3-6
Data Sheet 3.2.1 LINEAITLY ...ttt ettt bt 3-8
Data Sheet 3.3.1 Amplitude ModUlatioN..........ccoeiieiecereee e 3-10
Data Sheet 3.4.1 OULPUL DISTOIION ...t 3-13
Data Sheet 3.5.1 Effect of Source IMpPedance..........cccvvvvieeieeie s 3-16
Data Sheet 3.6.1 Effect of Grounding INPUL..........ooiiiiiiiiee s 3-19
Data Sheet 3.7.1 (@041 1 o - To |1 T [ RSOSSN 3-22
Data Sheet 3.8.1 Modulation Feedthrough..........ccooveiiiiiiiiie e 3-25
Data Sheet 3.9.1 Stability VErsUS TIME ....vcieiie e 3-28
Data Sheet 3.10.1 Effect of Supply Voltage Variation and Ripple........c.cccevvriiiininnn. 3-31
Data Sheet 3.11.1 CommON-MOde REJECLION........ccueiieiieie e 3-34
Data Sheet 3.12-1 Stability Versus TEMPErature .........cocceveiieieeiesie e 3-37
Data Sheet 3.13.1 Effect of VIDration ... 3-40
Sample Data 4.1.2.1 Bit Error Probability TeSt..........ccciiiiiiiiii e 4-16
Data Sheet 4.1.2.1  Bit Error Probability TeSt.........ccceieiiiiiiiece e 4-18
Sample Data 4.1.3.1 Bit Slippage Probability..........cccocoiiiiiiiiiiiee e 4-24
Data Sheet 4.1.3.1  Bit Slippage Probability...........ccccoeviiiiiiiii e 4-26
Sample Data 4.1.4.1  ACQUISITION TEST.....eouiiiiiiieieiie st 4-32
Sample Data 4.1.4.2  ACQUISITION TEST.....ecuiiieiieeiie ettt sae e e e e 4-33
Data Sheet 4.1.4.1  ACQUISITION TESt....ccuiiiiiiiiieiieie et 4-36
Data Sheet 4.1.4.2  Acquisition Test (With Bit Rate Offset) .........ccccccevivevviieniiie e 4-37
Sample Data 4.1.5.1  JIEI TESE.....eiiiiieiiee ettt et 4-44
Data Sheet 4.1.5.1  JIEI TOST....iiiiieiecei e 4-46
Sample Data 4.1.6.1 BEP Test with Bit Stream AM.........ccccoiiiiiiiiiirenece e 4-52
Sample Data 4.1.6.2 BEP Test with Base-Line Wander Added to Bit Stream ....................... 4-52
Sample Data 4.1.6.3 BEP Test with Base-Line Wander Added to AM Bit Stream................ 4-53
Sample Data 4.1.6.4 BEP Test with AM Plus Base-Line Wander Plus Jitter.............c.cccoc..... 4-54
Data Sheet 4.1.6.1  BEP Test with Bit Stream AM........cccoiiiiiiiiiie e 4-59
Data Sheet 4.1.6.2  BEP Test with Base-Line Wander Added to Bit Stream........................ 4-60
Data Sheet 4.1.6.3  BEP Test with Base-Line Wander Added to AM Bit Stream................ 4-61
Data Sheet 4.1.6.4  BEP Test with AM Plus Base-Line Wander Plus Jitter.............cc.co...... 4-62
Sample Data 4.2.3.1  Bit SYNChronizer TeSIS.......cou i 4-69
Data Sheet 4.2.3.1  Bit SYNCNIONIZEr TESES.....ccveiuieieiierieeie e 4-71
Data Sheet 5.1.1 Deviation Sensitivity and Static Linearity (11 Point)........c.cccoeevvieivennens 5-5
Data Sheet 5.1.1 (Cont'd) Deviation Sensitivity and Static Linearity (11 Point)..............c....... 5-6
Data Sheet 5.1.2 Deviation Sensitivity and Static Linearity (5 POINt).........cccocevvnieiiennnns 5-7
Data Sheet 5.1.2 (Cont'd) Deviation Sensitivity and Static Linearity (5 Point)............cccccoe..... 5-8
Sample Data5.1.1  Deviation Sensitivity and Static Linearity (11 Point).........ccccccevvivennne 5-10
Sample Data 5.1.1 (Cont'd) Deviation Sensitivity and Static Linearity (11 Point)................. 5-11
Sample Data5.1.2  Deviation Sensitivity and Static Linearity (5 Point)...........ccocevvvinnnne 5-12

1V-x



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment

RCC Document 118-79

Sample Data 5.1.2 (Cont'd) Deviation Sensitivity and Static Linearity (5 Point).................. 5-13
Data Sheet 5.2.1 Zero and Band Edge Stability TeSt.......ccccccevivereiieiieir e 5-16
Sample Data5.2.1  Zero and Band Edge Stability TeSt........ccoccviiriiniiiieniie e 5-17
Data Sheet 5.3.1 SEALIC NOISE TS ..c.viiiieiiiiiiieieee s 5-20
Sample Data 5.3.1  StatiC NOISE TEST....ccuiiiiiieiecie e 5-21
Data Sheet 5.4.1 Harmonic DISTOMTION ........ccoiiiiiiiiiiese e 5-25
Sample Data 5.4.1  Harmonic DISTOITION .........coouiiiiiiiieiiereee e 5-26
Data Sheet 5.5.1 Line Voltage Sensitivity TeSt.......cccccvevviiieiiee e 5-30
Sample Data 5.5.1  Line Voltage SenSitiVity TeSt.........cceuvrrirriiiieeninie e 5-31
Data Sheet 5.6.1 Output Impedance and CUITENT..........cvevvieerrere e 5-34
Sample Data 5.6.1  Output Impedance and CUITeNT..........ccoviriiiierrienie e 5-36
Data Sheet 5.7.1 Amplitude Modulation ReJECLION .........cceevvevieiieie e 5-39
Sample Data5.7.1  Amplitude Modulation REJECLION .........ccccvveiiiririiiiieniee e 5-40
Data Sheet 5.8.1 SigNal-to-NOISE RALIO........cccveiieieiieieee e 5-47
Sample Data 5.8.1  Signal-to-NOISE RALIO.........cceiiiiiiiiiiiiiee e 5-49
Data Sheet 5.9.1 Bandpass Filter Frequency RESPONSE .......ccveveieeieeieseenie e sie e 5-53
Sample Data5.9.1  Bandpass Filter Frequency RESPONSE .........ccceererierieniiiiie e e 5-56
Data Sheet 5.10.1 Adjacent Channel or Unwanted Frequency Rejection............cccccevvennnns 5-61
Sample Data 5.10.1 Adjacent Channel or Unwanted Frequency Rejection............ccccceveene. 5-63
Data Sheet 5.11.1 PUISE RESPONSE. ... eeiieiieiiectieite ettt et e st enre e e 5-66
Sample Data 5.11.1  PUISE RESPONSE. ......ccuiiiieiiiiiiie ittt sttt sre e e 5-67
Data Sheet 5.12.1 Acquisition and Settling TiMe ......cccooveiieiicie e 5-72
Sample Data 5.12.1  Acquisition and Setthing TIMe .......cccccoiiiiiiienieeee e 5-74
Data Sheet 5.13.1 Data FrequeNCy RESPONSE........cccuiiiiiiiiiiie et 5-78
Sample Data 5.13.1 Data FrequenCy RESPONSE........coiiiuerieriiie e sieeee et 5-79
Data Sheet 5.14.1 Tape Speed COMPENSALION........cccverieiierrerie e e e e e ee e sie e sreeneeas 5-82
Sample Data 5.14.1 Tape Speed COMPENSALION........cccerviiieriiie e 5-83
Data Sheet 5.15.1 Discriminator Phase Response (Procedure 1)......ccccocvvivevviiesverinenennn 5-87
Sample Data 5.15.1  Discriminator Phase Response (Procedure 1)........ccccocveveviieneniieiennncns 5-88
Data Sheet 5.15.2 Discriminator Phase Response (Procedure 2)........ccoccvvveveeieseesinennnnn 5-89
Sample Data 5.15.2  Discriminator Phase Response (Procedure 2)........c.cccocveveviveneniiesennnens 5-91
Data Sheet 5.16.1 Two Tone Intermodulation TSt ........ccoovieiiiiniiee e 5-101

Sample Data 5.16.2

Two-Tone Intermodulation TeSE......oevvvveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 5-102

IV-xi



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

This page intentionally left blank

1V-xii



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

Preface

This document provides test methods only. No attempt has been made to establish an
accept or reject criteria. Guidance for consistency of test setup and evaluation of results is
included. Equipment model numbers have been intentionally omitted. Since step-by-step test
equipment operating instructions are not provided, it is anticipated that supplemental test
procedures may have to be prepared by the user to augment this document.

Every attempt has been made to ensure that the format of the volumes which now
comprise RCC Document 118 series, Test Methods for Telemetry Systems and Subsystems, is
consistent. Pages in each volume are numbered to reflect the volume (Roman numeral) and
chapter (Arabic numeral) where each appears. For example, page I-1-3 is Volume 1, Chapter 1,
page 3. Figures and tables are numbered to agree with the test or paragraph in which they are
addressed. Appendixes are numbered to agree with the volume in which they appear, i.e.,
appendix I-A is appendix A of Volume 1. Pages to appendixes are numbered accordingly, i.e., I-
A-1, I-A-2, I-A-3, etc. Data sheets, when required, follow the appropriate test and are numbered
to correspond to that test.

It is hoped that this format better accommodates future additions or deletions to the
volumes. Please forward any comments and recommendations which concern the contents
and/or format of these volumes to the RCC Secretariat.

Secretariat, Range Commanders Council
ATTN: TEDT-WS-RCC

White Sands Missile Range, NM 88002
Phone: COM (575) 678-1107; DSN 258-1107
FAX: COM (575) 678-7519; DSN 258-7519
Email: usarmy.wsmr.atec.list.rcc@mail.mil
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CHAPTER 1

FREQUENCY DIVISION MULTIPLEX (FDM) TEST PROCEDURES
1.0 General

The following test evaluates system performance characteristics. The end product of the
frequency division multiplex (FDM) test is a plot or tabulation of (S+N)/N ratios vs. the
equivalent received power flux (J,) at the surface of the receiving antenna for selected notch
frequencies. It is assumed that prior to conducting the FDM system test, the prerequisite tests for
determing J, have been completed.

1.1 Noise Power Ratio (NPR) Test
1.1.1 Purpose - This test determines the ratio of noise in the test channel when all channels

are loaded with white noise, to noise in the test channel when all channels, except the test
channel, are fully noise loaded.

1.1.2 Test Equipment:

Noise source
Noise receiver
Band reject filters
Band-pass filters

1.1.3 Test Method:

1.1.3.1  Setup - Connect the test equipment as shown in figure 1.1-1 to apply the general NPR
procedure illustrated in figure 1.1-2.

1.1.3.2  Conditions - The test equipment used and test conditions employed should meet the
following criteria:

1.1.3.2.1 The notch frequencies shall include 14, 34, 70, 105, 152, and 185 kHz. The capability
shall be provided for additional notches at higher and lower notch frequencies as required.

1.1.3.2.2 Base-band frequencies shall include 12-108 kHz, 12-156 kHz and 12-204 kHz.
1.1.3.2.3 The notch filter shall be down at least 70 dB over a bandwidth of at least 3 kHz. The

change in power between notch in and notch out shall be less than 1 dB for all base bands listed
in subparagraph 1.1.3.2.2.
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Figure 1.1-1 Block Diagram of Frequency Division System Test.
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1.1.3.2.4 The effective bandwidth of the band-pass filter shall be 1 kHz.

1.1.3.25 The back-to-back (S+N)/N of the notch noise tester shall be at least 65 dB for all
notch frequencies.

1.1.3.2.6  With the test RF-FM signal generator and the test FM receiver, the (S+N)/N shall be
at least 50 dB for all notch frequencies under the following conditions:

1.1.3.2.6.1 The base-band signal shall be contained between 12 kHz and 200 kHz with flat
taper.

1.1.3.2.6.2 The rms, carrier deviation shall be at least 150 kHz rms.

1.1.3.2.6.3 A large SNR (40 dB or more) shall be in the receiver IF. The signal generator shall
cover the telemetry band of interest with a frequency stability consistent with RCC Document,
IRIG 106, "Telemetry Standards."

1.1.3.2.6.4 The scale resolutions for all (S+N)/N measurements shall be less than 1 dB.
1.1.3.3 Procedure - The following example demonstrates the procedure used for this test.
1.1.3.3.1 The signal generator output level was set to produce an SNR of 20 dB in the
intermediate frequency amplifier. In simulating a, mission format for this test, the rms carrier

deviation was set to 93 kHz, and the base band used was 108 kHz.

1.1.3.3.2 The NPR observed in the various notches is shown in figure 1.1-3 a. and figure 1.1-3
b.

1.1.3.4 Data Reduction - Plot or tabulate NPR as the ordinate and notch frequency as the
abscissa for each IF SNR. Refer to figure 1.1-4.
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Figure 1.1-3 b. Example of NPR Test - 6 dB/Octave Preemphasis.
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CHAPTER 2

TIME DIVISION MULTIPLEX (TDM) SYSTEMS
2.0 General

2.0.1 System tests are those that include the entire telemetry ground station from the input to
the antenna to the output of the system. More specifically, time division multiplex (TDM)
system tests test the ground system to characterize its performance when the telemetry data
format is a TDM format. The performance of the TDM system is plotted against the equivalent
received power flux density falling at the surface of the receiving antenna. Since no single test
may completely describe the performance of the ground system in support of a specific TDM
format, several tests may be necessary as is the case in pulse code modulation (PCM).

2.0.2 System tests involve carrier modulated signals which are generally frequency or phase
modulated although other types of modulation can also be used. Specific test signals are either
pulse code modulation (PCM) or pulse amplitude modulation (PAM). It is assumed that prior to
conducting TOM system tests, the prerequisite tests for determining J,, the power flux density
(watts/m?) at the surface of the receiving antenna, have been completed.

2.0.3 The RF test equipment for generating frequency (or phase) modulated TDM signals
should cover the telemetry band of interest and should provide the capability to satisfy the
mission requirements. Suggested test equipment requirements are:

2.0.3.1 Base-band response from d.c. to 1 MHz flat to £2 dB.

2.0.3.2 Peak-to-peak frequency modulation capability adjustable from 700 Hz to 7 MHz.

2.0.3.3 Peak frequency deviation meter to cover this range with an error not more than 10
percent of the meter reading.

2.0.3.4 Peak-to-peak carrier phase modulation from n/2 to n radians continuously adjustable.
2.0.3.5 Peak phase deviation meter to cover this range with not more than 3 percent error.

2.1 PCM Testing

2.1.1 Bit Error Probability (BEP) Tests

2.1.1.1 BEP vs. Equivalent Received Power Flux (J;)

2.1.1.1.1 Purpose - This test characterizes the performance of a telemetry receiving system
when the signal data is PCM. It also involves the measurement of BEP vs. J,. Three separate
test configurations apply to measuring BEP. They are test conditions A, B, and C and are
presented in subparagraphs 2.1.1.2, 2.1.1.3, and 2.1.1.4, respectively.
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2.1.1.1.2 Test Equipment:

RF signal generator - employ the same generator used in the calculation of a in RF
systems' tests described in IRIG 118-79, Volume II. Only the modulation signal needs to be
changed.

BEP measuring equipment refer to test configuration A, B or C.
2.1.1.1.3 Test Method:

211131 Setup - none
2.1.1.1.3.2  Conditions - Refer to subparagraph 2.0.3.
2.1.1.1.3.3  Procedure:

2.1.1.1.3.3.1 Determine the carrier predetection bandwidth, PCM wave-form test patterns, type
and depth of modulation, bit rate, and range of BEP values to be tested.

2.1.1.1.3.3.2 Point the antenna at the quiet sky and at least 3-antenna beamwidths from any
radio sources and set up in the mission configuration.

2.1.1.1.3.3.3 Vary the output (Ps) of the RF test signal generator using the a determined by the
RF systems' test procedure. Tabulate BEP vs. Pg vs. J,.

2.1.1.1.34 Data Reduction - Tabulate and plot BEP and Ps Calculate and plot J, as shown in
the following sample.

(Calculated)

BEP Ps (dBw) J, watts /m” (dB)
10 -102 -139.5
10 -97 1345
10° -94 -1315
10™ 925 -130.0
10° 91 -128.5

The third column is calculated using a as determined in IRIG 118-79, Volume I, Appendix I-A.
A plot is made of BEP vs. J, in dB (watts m™) as shown in figure 2.1.1.1-1. A data sheet can be
easily prepared as shown above with plotting done on standard 5-cycle semi-logarithmic paper.
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2.1.1.2 BEP Test Confiquration A

21121 Purpose - This test measures BEP using a PCM simulator.

21.1.2.2 Test Equipment:

PCM pattern simulator
Low-pass filter

RF signal generator
Error comparator
Error counter

2.1.1.2.3  Test Method:

2.1.1.2.3.1 Setup - Connect the test equipment as shown in either figure 2.1.1.2-1 or 2.1.1.2-2.
2.1.1.2.3.2 Conditions - Refer to subparagraph 2.0.3.

2.1.1.2.3.3 Procedure:

This test is used in stations where a PCM simulator, bit synchronizer, error comparator, and error
counter exist. Two variations of this test can be run, i.e., real time as shown in figure 2.1.1.2-1
or post time as shown in figure 2.1.1.2-2, using a recorded pattern. Both variations allow closed-
loop testing of the system. If the PCM test pattern is pre- or postdetection recorded on magnetic
tape and played back through the system bit synchronizer as shown in figure 2.1.1.2-2, a pattern
regenerator should be utilized. This regenerator could be the same PCM simulator utilized for
generating the PCM test pattern, provided that a clock input and frame synchronization input to
the simulator are available for loading and synchronization purposes.

2.1.1.2.3.4 Data Reduction - Use the same data sheets discussed in subparagraph 2.1.1.1.3.4.
Tabulate BEP and Ps. Calculate J, and tabulate along with BEP and Bs. Plot BEP vs. J,.

21.1.3 BEP Test Configuration B

2.1.13.1 Purpose - This test measures BEP using a pseudo noise (PN) test pattern generated
by a maximal length shift register.

2.1.1.3.2  Test Equipment - Configure an 11-position shift register for maximal length
operation as shown in figure 2.1.1.3-1. Use the resistor with an external clock as the PN test
pattern source.

2.1.1.3.3  Test Method:

2.1.1.3.3.1 Setup - Connect the test equipment as shown in figure 2.1.1.3-2.
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2.1.1.3.3.3 Procedure:

2.1.1.3.3.3.1 Itis recommended that a PN test pattern be utilized whenever possible. One reason
for this is that a PN sequence can be generated and synchronized economically by a shift register
with feedback configured for a maximum length sequence. The number of positions in the shift
register and the feedback connections uniquely determine the test pattern which has been
adopted by ranges and users and allows the exchange of test data without ambiguity. In this
connection an 11-position shift register is recommended with feedback summed modulo two
from positions 9 and 11. The sequence will be 2047 bits long which corresponds roughly to the
frame lengths used for nonreturn to zero (NRZ) and exercises the low-frequency response of
elements of the system. This is important because with NRZ the lack of d.c. response causes
zero wander of the bit stream in accordance with the fractional amount of near-d.c. power lost.

In addition, the sequence will contain 11 binary Is followed by 9 binary 0s, thus exercising the
bit synchronizer with only 1 NRZ transition in 19 bits, 3 in 29 bits, 5 in 39 bits, 7 in 49 bits, etc.

2.1.1.3.3.3.2 The synchronization of the PN-PCM test pattern regenerator shown in figure
2.1.1.3-1 is discussed in the reference. Because of the autocorrelation properties of a PN
sequence, it is possible to synchronize a slave shift register to an incoming PN bit stream (plus
noise) by cross correlation. This is carried out by coherent or non-coherent methods. The test
data given in the reference indicate that the noncoherent method is adequate for tests in which
the BEP is less than 0.01.

2.1.1.3.3.3.3 The noncoherent method of synchronization makes use of the clock from a data
bit synchronizer. Since data bit transitions occur at random, a nonlinear operation is required in
the data bit synchronizer to generate discrete frequency components at the bit rate and its
harmonic. Figure 2.1.1.3-1 is a schematic of the noncoherent PN synchronizer. The clock from
the bit synchronizer is used to drive the shift register and the NRZ bit stream out of the bit
detector, and is used to load the shift register by throwing the switch to the load position. The
switch is then thrown to the feedback position, and, if there are no errors in the loaded bits, the
shift register is in lock with the input PN waveform. It will stay in lock until bit slippage occurs
in the bit synchronizer. If one or more errors are loaded into the register, the shift register is not
locked, and because of the autocorrelation properties of the PN sequence, the error rate is nearly
50 percent. If the error rate for example is 107, the register is locked. If it is not locked, (error
rate approximately 0.5), the switch is returned to the load position and the process repeated until
lock is obtained. In operational hardware, the whole loading operation can be done
automatically.

2.1.1.3.3.4  Data Reduction - Use the same data sheets discussed in subparagraph 2.1.1.1.3.4.
Tabulate BEP and Ps. Calculate J, and tabulate along with BEP and Ps. Plot BEP vs. J,.

2114 BEP Test Configuration C

2.1.14.1 Purpose - This test measures BEP using operational hardware, i.e., a PCM test set.

21.1.4.2 Test Equipment:
PCM test set
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21143 Test Method:

2.1.1.43.1  Setup - Connect the test equipment as shown in figure 2.1.1.3-2. The test set
transmitter portion in this case will serve as the PCM/PN test pattern generator and the test set
receiver portion will serve as the synchronized PN-PCM test pattern regenerator.

2.1.1.4.3.2  Conditions - Refer to subparagraph 2.0.3. In addition, PCM test sets which utilize
PN autocorrelation methods with either coherent or noncoherent synchronization should have the
following characteristics:

2.1.1.4.3.2.1 The test PN sequence shall be 2047 bits in length.

2.1.1.4.3.2.2 The PN generator shall include an internal clock continuously variable over the
range of 10 bits/sec to 10° bits/sec. The stability shall conform to IRIG Standards for PCM
which are contained in IRIG Standard 106. Provisions for acceptance of external clock shall be
included.

2.1.1.4.3.2.3 Provision shall be made for including in the test format an arbitrary word of not
more than 33 bits at selectable integer multiples of the PN sequence period.

2.1.1.4.3.2.4 Two bit pulse waveforms shall be selectable; namely, NRZ and split phase.

2.1.1.4.3.2.5 The PN test receiver shall include a PN sequence synchronizer, error comparator
and error counter with a capacity for at least 1000 errors.

2.1.1.4.3.2.6 The PN test receiver shall provide PN sequence pattern and bit clock outputs.

2.1.1.4.3.2.7 The PN test receiver shall employ an integrate-and-dump bit detector using the bit
clock output from subparagraph 2.1.1.4.3.2.6.

2.1.1.4.3.2.8 The PN receiver shift register clock shall be derived by efficient utilization of the
autocorrelation of the PN waveform.

2.1.1.4.3.2.9 Provisions shall be made to indicate the time required to accumulate the bit error
count.

2.1.1.4.3.3 Procedure - N/A

2.1.1.4.3.4 Data Reduction - Use the same data sheets discussed in subparagraph 2.1.1.1.3.4.
Tabulate BEP and Ps. Calculate J, and tabulate along with BEP and Ps. Plot BEP vs. J,.

212 Other PCM System Tests

2.1.2.1 In addition to BEP system testing, other tests may be conducted using similar test
methods. The use of the PCM test set is recommended for conducting bit slippage probability
tests, bit synchronization acquisition tests and bit jitter tests.

IV-2-10



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

2.1.2.2  The test set pattern generator shall be used in conjunction with the same RF generator
used in the determination of a and J,. The major difference between system testing and
component testing using PCM test sets is that system testing uses the received signal power flux
density (J, ) as the independent variable and component testing uses the predetected IF SNR as
the independent variable.

2.1.2.3 It may be necessary to conduct all of the tests mentioned in subparagraph 2.1.2.1 as
system tests. For any given ground station configured in support of a PCM format, it may be
advantageous to conduct only BEP tests with the option of introducing base-line wander and AM
effects to create a more realistic situation. Refer to chapter 4 of this volume for the test
procedures for bit synchronizers which use PCM test sets.

2.2 PAM Testing

2.2.1 Test methods for PAM systems have not been established but may be included in later
revisions of Document 118. Test sets such as those used for PCM systems are not readily
available for PAM systems.

2.2.2 Some of the problems which can occur in PAM systems due to signal degradation
include noise on the analog outputs, drift of the reference levels and loss of frame
synchronization. As a minimum test, the performance of the PAM decommutator should be
monitored as input levels are varied and noise is introduced.

REFERENCE
Lindsey, W.C., "Bit Synchronization System Performance Characterization, Modeling, and

Tradeoff Study,” Pacific Missile Test Center, Point Mugu, California, Technical Publication, TP-
73-18, 4 September 1973.
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CHAPTER 3

SUBCARRIER OSCILLATORS
3.0 General

3.0.1 The purpose of subcarrier oscillator (SCO) evaluation is the acquisition and distribution of
performance information that will be useful to groups engaged in telemetry and missile
instrumentation activities. To be of maximum benefit, published performance information on a
given model should be in a form that can be readily compared with information on other SCO
models which may have been tested by other groups. Uniformity of test procedures used by
testing groups is important for obtaining valid comparisons of SCO performance and for
performing periodic checks on installed equipment, or acceptance tests on new equipment. The
SCOs to be evaluated by this procedure are used for multiplexing data within a telemetry ground
station.

3.0.2 Performance tests are recommended for all IRIG subcarrier bands intended for use in the
particular application. To minimize measurement errors, energize the test equipment from a
regulated line and conduct the tests in a room where ambient temperature variations are small.
When tests require the measurement of voltages or currents with a high order of precision or
when the measurement of low-level voltages or currents is required, particular care should be
given to the design of the test setup to avoid the error-producing effects of ground-loop currents.
The use of an isolation power transformer is desirable. Observe the practice of bringing all
ground leads to one common point.

3.0.3 To assure uniformity of testing, the following setup procedures and preliminary
adjustments should be completed before the individual tests are conducted.

3.0.3.1 Place the SCOs under test in a temperature-controlled chamber, and maintain the
chamber at 30° C+1°C (303.2K+IK) unless otherwise indicated in the test procedure. If a
temperature chamber is not available, ambient temperature variations must be kept as small as
possible so that the effects of controlled test parameter variations are not influenced by
temperature fluctuations. For similar reasons, the supply voltages for the SCOs under test must
be carefully adjusted and regulated.

3.0.3.2 Adjust the supply voltage(s) to the level(s) recommended by the manufacturer and allow
a 15-minute warm-up. Adjust the appropriate controls on the SCO so that the input signal
voltage level and excursion recommended by the manufacturer will produce full IRIG bandwidth
output frequency excursion centered within the band. Also adjust the amplitude control to
produce the maximum output signal amplitude. Apply the maximum output load comparable to
the application.

3.0.4 Make certain the test equipment selected for each test is commensurate with the range,

precision and input and/or load impedance requirements, and the SCO manufacturer's
specifications. The input signal source output impedance is especially important when testing
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SCOs employing solid-state design, where reverse leakage currents may be present at the input
terminals.

3.0.5 Recommended formats for publishing and reporting the results of telemetry SCO
performance measurements are shown under each test. The primary purpose of the formats is to
provide uniform methods of presenting measurement data. The validity of performance
characteristics such as linearity are consistently presented in the same style and may be found in
approximately the same part of the report, regardless of the source of publication. Data Sheet
3.0.1 provides space for a brief description of the model under test along with definitions of test
procedures. The formats were designed to make maximum use of graphical and tabular data
presentations. Supplementary notes appear when required to explain data irregularities or to
provide additional performance information.
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DATA SHEET 3.0.1 SCO PERFORMANCE EVALUATION

.1} BATE
{Report Number )

A, EQUIPMENT TESTED

). DESCRIPTION
fvee - WOOEL TERIAL NUMBER (8)
{Telemetry Subcarrier Oscillator) (xooooooot) (oo xx)
MANUFACTURER WOW PROCURED
(Company Name ) (Contract? Loan? Other?)
wHIGHT

MNIE

| (8 x v x d) (Dimensions in cm (in))
TRITALLATION
{What type of mounting? BHow meany units does mounting adapter or subchassis
accommodate? What are the dimensions of the mounting adapter of subchassis?)

1 CHARACTERSTICS

TY Risat (Required imput voltage excursion for band-edge-to-bandedge subecarrier
excursion. Input voltage corresponding to center frequency (reference level).
Single-ended or differenmtial input? Input impedance?)

SUTFUTRANGE (4 re all IRIC bands available? Output amplitude adjustments? Output
impedance? Sense: does output frequency increase or decrease with positive-going
input voltage? HNote: Differential input will require more definition.)

OSCILLATOR TYP® |\ tivibrator? Tuned- CIRCWTAY (55lid-state? Vacuum tube?

Wr? ) Bybrid?)
] UT FILTER

low-pasa? Band-pasa? HNone?)
A REJUIRENENTE

(Voltage and current requirements? Does SCO include regulator? If regulator is not
included, what are regulation requirements of external power source?)

B. TEST CONDITIONS

(Testa are conducted in IRIG bands &(2,3kHzt7,5%), 14(22kHztT,5%), A(22kHzt15%),
and E(70 ke *15%). Unless otherwise indicated, the following standard test conditiows
were observed in each performance measurement. )

PG EXCORTION " (IRIG Standards: t7,5%
X.X volts peak-to-peak) or t15% as appropriate)
T [ ] SUYFOT LOAD
(Set to maximum position)
WARMUF TUPPLY VOLTAEL
| (y.yvolts with z% regulation)

AMBIENT TEWPERATURE
| (xx K) (xx©°c)

REMARKS (General information. Test conditions or circumstances which are ot
described elsevhere in the report)
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3.1 Control Range(s)

3.1.1 Purpose - This test determines the ranges of controls which are provided to adjust
deviation sensitivity, reference frequency and output level.

3.1.1.1 The sensitivity control adjusts the magnitude of input voltage excursion required to
produce full IRIG bandwidth output frequency excursion. The reference frequency control
adjusts the output frequency which is produced when the input signal terminals are shorted.
Depending upon the manufacturer's design, the nominal reference frequency may correspond to
the center of the band or to either of the band edges. The output level control adjusts the
amplitude of the subcarrier output signal.

3.1.1.2 Certain models may feature all three of the controls, while other models may have only
one or two controls. Still other models may have a control to adjust each of the band-edge
frequencies but no reference frequency control. The following test procedure applies to models
which include the three controls listed in subparagraph 3.1.1.

3.1.2 Test Equipment:

D.C. signal source

D.C. voltmeter
Frequency counter

A.C. voltmeter (true rms)

3.1.3 Test Method:

3.1.3.1 Setup - Connect the test equipment as shown in figure 3.1-1.

D.C. SIGNAL SUBCARRIER ELECTRONIC
SOURCE OSCILLATOR > * | FREQUENCY
COUNTER
\4 \
D.C. AC.
v VOLTMETER | VOLTMETER

Figure 3.1-1 Control Range(s)

3.1.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.1.3.3 Procedure:
3.1.3.3.1 Measure the input voltage excursion required to produce a full bandwidth output

frequency excursion with the sensitivity control set first to the maximum mechanical position
and then to the minimun mechanical position.
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3.1.3.3.2 Short-circuit the input terminals and measure both the minimum and maximum
frequency produced by adjusting the reference frequency control through its full mechanical
range.

3.1.3.3.3 Apply ad.c. input voltage to produce an output frequency corresponding to the band
center. Measure both the minimum and maximum output signal amplitude for both minimum
and maximum settings of the output level control.

3.1.3.3.4 Record data on Data Sheet 3.1.1.
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DATA SHEET 3.1.1

CONTROL RANGE

CONTROL RANGES

SENSITIVITY REFERENCE FREQUENCY OUTPUT AMPLITUDE
BAND (VOLTSp.p/BANDWIDTH) (Hz) (VOLTS RMS)
MAXIMUM MINIMUM MAXTMUM MINIMUM | MAXIMUM MINIMUM
7
14
A
E
NOTE:

IV-3-6




Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

3.2 Linearity

3.2.1 Purpose - This test determines the deviation of the output frequency vs. the input voltage
characteristics from a straight line drawn through the end points (band edges).

3.2.2 Test Equipment:

Variable d.c. source
Precision voltmeter
Electronic frequency counter

3.2.2.1 Setup - Connect the test equipment as shown in Figure 3.2-1.

VARIABLE PRECISION
D.C. VOLTAGE > VOLTMETER
4
SUBCARRIER ELECTRONIC
» OSCILLATOR » FREQUENCY
COUNTER
Figure 3.2-1 Linearity Measurement,

3.2.2.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.2.2.3 Procedure:

3.2.2.3.1 Measure the input voltages required to produce 11 equally spaced output frequencies
covering the subcarrier band by using the precision voltmeter and the frequency counter.

3.2.2.3.2 The measured data can be plotted on a scale with greatly increased resolution if an
arbitrary slope (approximating the data slope) is first subtracted from the data. A straight line
can then be passed through the end points and the deviation of each data point from the straight
line can be determined with much higher resolution.

3.2.2.3.3 Express deviation from linearity as a percentage of bandwidth. Give such deviation a
positive sign when, for a selected input voltage level, the output frequency is greater than the
corresponding point on the line through the end points.

3.2.2.3.4 Record data on Data Sheet 3.2.1.
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DATA SHEET 3.2.1 LINEARITY

2. LINEBARITY

BAND 7
BAND 14
L
»
-
[
!
x
-4
3
-
€ BAND A
3
£
:
[
BAND E
-0 -40 -30 -20 -10 ] 1o +20 +30 +e0 80

SUBCARRIER DEVIATION FROM BAND CENTER (% OF BANOWIDTH)

NOTE
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3.3 Amplitude Modulation (AM)

3.3.1 Purpose - This test determines the change of output signal amplitude as the subcarrier
frequency is changed through the band from one band edge to the other.

3.3.2 Test Equipment:

D.C. signal source

Electronic frequency counter

A.C. voltmeter (true rms)
3.3.3. Test Method:

3.3.3.1 Setup - Connect the test equipment as shown in figure 3.3.-1.

D.C. SIGNAL | SUBCARRIER - . Elﬁ%b¥¥§]§1§
SOURC 7 OScC ATO > QL
SOURCE SCILLATOR COUNTER

Y
AC.

VOLTMETER

Figure 3.3-1 Amplitude Modulation.

3.3.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.3.3.3 Procedure:
With the input amplitude adjustment set at maximum, vary the d.c. input signal to cause the
output frequency to cover the full excursion from one band edge to the other and measure the
minimum and the maximum output signal amplitudes within the band.
3.3.3.3.1 Calculate percent AM from the equation:

% AM = ((Emax-Emin)/(Emax+Emin))x 100

3.3.3.3.2 Adjust the output frequency to band center and reduce the output signal amplitude to
70 percent of its former value. Repeat the measurements of AM as outlined above.

3.3.3.3.4 Record data on Data Sheet 3.3.1.
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DATASHEET 3.3.1 AMPLITUDE MODULATION

AMPLITUDE MODULATION

AMPLITUDE MODULATION (%)
BAND AT MAXIMUM AT 70%
OUTPUT AMPLITUDE OUTPUT AMPLITUDE
7
14
A
E

NOTE:
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3.4 Output Distortion

3.4.1 Purpose - This test determines the distortion of the output subcarrier waveform at selected
output amplitudes and output loads (sine-wave outputs only). Use either a distortion analyzer or
a wave analyzer to measure output distortion. If a distortion analyzer is used, the effects of all of
the distortion producing components (within the bandwidth of the test instrument) are lumped
together. If a wave analyzer is used, it is necessary to search for and measure the amplitude of
the individual distortion components and then calculate the distortion. This test may be
conducted concurrently with measurement of output loading, test 3.7.

3.4.2 Test Equipment:

D.C. signal source

Electronic frequency counter

Distortion analyzer or wave analyzer
3.4.3 Test Method:

3.4.3.1 Setup - Connect the test equipment as shown in figure 3.4-1.

D.C. — ELECTRONIC
SIGNAT N i—’){ﬁ[ﬁ‘]& Aﬂ,{[%ﬂ{ | FREQUENCY
SOURCE S COUNTER

DISTORTION
ANALYZER OR
WAVE
ANALYZER

Figure 3.4-1 Output Distortion.

NOTE

In making these measurements, care should be taken to use short,
unshielded leads between the output terminal and the measuring
instruments, since capacitive loading is one of the test parameters.
Terminate the oscillator with a 2kQ resistive load or lower,
depending on its application.

3.4.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.4.3.3 Procedure:
3.4.3.3.1 With the output amplitude adjustment set at maximum, apply d.c. input voltages to

produce output frequencies corresponding to band center, lower band edge and upper band edge,
respectively. Measure the output distortion at each of these frequencies.
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3.4.3.3.2 Reduce the output subcarrier amplitude to 70 percent of maximum amplitude and
repeat the measurements outlined in step 3.4.3.3.1.

3.4.3.3.3 Readjust the output amplitude to maximum and apply a nominal capacitive load to the
output terminals (in addition to the resistive load) consistent with the intended application.

3.4.3.3.4 Perform distortion measurements at the 3 frequencies corresponding to band center,
lower band edge and upper band edge.

3.4.3.3.5 In the same manner, make distortion measurements with capacitive loads above and
below the nominal value selected in subparagraph 3.4.3.3.3.

3.4.3.3.6 Record data on Data Sheet 3.4.1.
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DATA SHEET 3.4.1 OUTPUT DISTORTION

QUTPUT DISTORTION

OUTPUT RESISTIVE CAPACITIVE OUTPUT DISTORTION (%)
AMPLITUDE LOAD LOAD BAND
(% OF MAX.) (OHMS) (pF) 3 T A | 1 ] 7

(AT BANDO CENTER)

100 0
10 0
100 100
100 500
100 1000

(AT UPPER BAND E0GE)

100 0
70 0
100 100
100 500
100 1000

(AT LOWER BAND EDGE)

100 0
7 0
100 120
100 500
100 1000

NOTE
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3.5 Effect of Source Impedance

3.5.1 Purpose:

3.5.1.1 This test determines the change of output frequency as a function of source impedance
variations and determines the current that is fed back from the input terminals into the source.

3.5.1.2 This test is particularly important on solid-state models which receive input signals from
variable-resistance transducers. Evaluation groups may also wish to conduct tests at
temperatures which simulate selected systems applications in addition to room temperature tests.

3.5.2 Test Equipment:

Resistance decade box
Electronic frequency counter
D.C. null voltmeter

3.5.3 Test Method:

3.5.3.1 Setup - Connect the test equipment as shown in figure 3.5-1.

Ep— ELECTRONIC
RESISTANCE SUBCARRIER FREQUENCY
DECADE OSCILLATOR 1 COUNTER
D.C. NULL
VOLTMETER

Figure 3.5-1 Eftect of Source Impedance.

3.5.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.5.3.3 Procedure:
3.5.3.3.1 Short the input terminals and measure the output frequency.

3.5.3.3.2 Adjust the variable resistance decade to 100Q2. Measure the voltage appearing at the
SCO input terminals (use a null voltmeter) and measure the output frequency.

3.5.3.3.3 In the same manner, measure the input voltages and output frequencies with the
following resistance values applied to the input: 1kQ, 10kQ, 100kQ, IMQ, and 10MQ.
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3.5.3.3.4 Use the frequency measured with the input shorted as a reference for calculations and
express frequency changes in percent of bandwidth. Calculate the feedback current for each of
the input resistance levels.

3.5.3.3.5 Record data on Data Sheet 3.5.1.
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DATA SHEET 3.5.1 EFFECT OF SOURCE IMPEDANCE

EFFECT OF SOURCE IMPEDANCE

OUTPUT FREQUENCY

CHANGE (% of BY)

CURRENTY FEEDBACK

M Amps)

102 109 104 108 198
SOURCE IMPEDANCE (QHMS)

NOTE
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3.6 Effect of Grounding Input (Differential-Input Models Only)

3.6.1 Purpose - This test measures the effects of grounding the input terminals on the subcarrier
output frequency and amplitude.

NOTE
In making these measurements, care should be taken to use short,
unshielded leads between the output terminals and the measuring

instruments, since capacitive loading is one of the test parameters.

3.6.2 Test Equipment:

D.C. signal source

D.C. voltmeter

Electronic frequency counter
A.C. voltmeter (true rms)

3.6.3 Test Method:

3.6.3.1 Setup - Connect the test equipment as shown in figure 3.6-1.

D.C. > T ™ SUBCARRIER ELECTRONIC
SIGNAL |, o © OSCILLATOR FREQUENCY
' COUNTER
A 4
D.C. ®
VOLTMETER AC
7 VOLTMETER
L
Figure 3.6-1 Effect of Grounding Input.

3.6.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.

3.6.3.3  Procedure:

3.6.3.3.1 Ground the chassis of the SCO.

3.6.3.3.2 Apply the input voltages recommended by the manufacturer for subcarrier frequencies
corresponding to lower band edge, band center and upper band edge. Do not ground input

terminals. Measure the output subcarrier frequencies and amplitudes corresponding to each of
these inputs.
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3.6.3.3.3 Ground input terminal number 1 and apply the same input voltages used in step
3.6.3.3.2 and again measure the output frequencies and amplitudes.

3.6.3.3.4 Repeat step 3.6.3.3.3 with input terminal number 2 grounded rather than input terminal
number 1.

3.6.3.3.5 Using the frequencies and amplitudes measured in step 3.6.3.3.2 as references for
calculations, express the frequency changes as percentages of IRIG bandwidth and express
amplitude changes directly in percent.

3.6.3.3.6 Record data on Data Sheet 3.6.1.
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DATA SHEET 3.6.1

EFFECT OF GROUNDING INPUT

EFFECTS OF GROUNDING INPUT (Ditferential-input Models Only)

BANO

OUTPUT FREQUENCY CHANGE

LOWER BAND
t0Ge

(% of BW)

BAND CENTER

UPPLER BAND
€0GeE

LOWER 8AND
€0eeL

QUTPUT AMPLITUDE CHANGE

(%)
UBPER BANO
£0GE

BAND CENTER

INPUT

NUMBER | GROUN

0ED

INPUT

NUMBER 2 GROUNOED

m

NOTE
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3.7 Effect of Output Loading

3.7.1 Purpose - This test determines the effects of output loading (both resistive and capacitive)
on the amplitude and frequency of the output signal. This test may be conducted concurrently
with measurement of output distortion, test 3.4.

3.7.2 Test Equipment:

D.C. signal source

D.C. voltmeter

Resistance decade
Capacitance decade
Electronic frequency counter

3.7.3 Test Method:

3.7.3.1 Setup - Connect the test equipment as shown in figure 3.7-1.

D.C. SIGNAL SUBCARRIER ELECTRONIC
o ~ 1 ———Pp _ _
SOURCE OSCILLATOR FREQUENCY

COUNTER
A 4
D.C. RESISTANCE

VOLTMETER DECADE T Y
CAPACITANCE | o
DECADE G/

Figure 3.7-1 Eftect of output loading.

3.7.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.7.3.3 Procedure:

3.7.3.3.1 Adjust the d.c. input signal to a level that will produce an output frequency
corresponding to band center.

3.7.3.3.2 Measure the frequency and amplitude of the output signal with no load applied to the
output.

3.7.3.3.3 Use the same input level applied in step 3.7.3.3.1 to measure the output frequencies

and amplitudes for the resistive output loads selected in subparagraph 3.4.3.3 or others consistent
with the intended applications.
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3.7.3.3.4 Remove the resistive load and recheck the output frequency and amplitude and readjust
the d.c. input signal, if necessary, to produce band-center frequency.

3.7.3.3.5 Using the same input level applied in subparagraph 3.7.3.3.4, measure the output
frequencies and amplitudes for capacitive output loads selected in subparagraph 3.4.3.3.

3.7.3.3.6 Use the frequencies and amplitudes measured under no-load conditions as references
for calculations and express frequency changes in percent of bandwidth and express amplitude
changes directly in percent.

3.7.3.3.7 Record data on Data Sheet 3.7.1.
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DATA SHEET 3.7.1 QUTPUT LOADING

QUTPUT LOADING

AMPLITUDE CHANGE
(% of No-Laad Level)

FREQUENCY CHANGE
(% of Bandwidth)
{
|
1

10 20 30 © ]
QUTPUT LOAD (k OHMS)

no
LOoAD

AMPLITUDE CHANGE
(% of No-Load Level)

(% of Bandwidth)

FREQUENCY CHANGE

OUTPUT LOAD ( pF)
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3.8 Modulation Feedthrough

3.8.1 Purpose - This test determines the amplitude of the modulation-frequency component
appearing at the SCO output.

3.8.2 Test Equipment:

A.C. signal source
Electronic frequency counter
A.C. voltmeter (true rms)
Wave analyzer

3.8.3 Test Method:

3.8.3.1 Setup - Connect the test equipment as shown in figure 3.8-1.

ELECTRONIC
FREQUENCY
COUNTER

A.C. SISNAL SUBCARRIER WAVE
SOURCE OSCILLATONR ANALYZER

A.C.
VOLTNETER

Figure 3.8-1 Modulation Feedthrough.

3.8.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.

3.8.3.3 Procedure:

3.8.3.3.1 Adjust the frequency of the signal source to correspond to the maximum modulation
frequency for a modulation index of 1. Adjust the peak-to-peak amplitude for the a.c. signal to

produce full bandwidth subcarrier deviation.

3.8.3.3.2 Measure the amplitude of the modulation frequency component appearing at the SCO
output terminals using a wave analyzer or similar frequency-selective voltmeter.

3.8.3.3.3 Repeat step 3.8.3.3.2 at modulation frequency of one-half of that selected in step
3.8.3.3.1 and then repeat step 3.8.3.3.2 at a frequency one-tenth of that selected in step 3.8.3.3.1.
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3.8.3.3.4 Modulation feedthrough is expressed in db below the subcarrier and is calculated
from the ratio of subcarrier component to the modulation component appearing at the output
terminals.

3.8.3.3.5 Record data on Data Sheet 3.8.1.
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3.9 Long-Term Stability Vs. Time

3.9.1 Purpose - This test determines warm-up, reference frequency variations and sensitivity
variations as a function of time.

3.9.1.1 Sensitivity instability is defined as the variation of full-scale output frequency excursion
(resulting from full-scale input voltage excursion) expressed as a percentage of full-scale output
excursion measured at an elapsed time of 30 minutes.

3.9.1.2 Reference frequency shift is defined as the variation of output frequency for 0 input
expressed as a percentage of full-scale output frequency excursion measured at an elapsed time
of 30 minutes.

3.9.1.3 Sensitivity change is given a positive sign when full-scale output excursion is greater
than that measured at the reference time of 30 minutes.

3.9.1.4 Reference frequency shift is given a positive sign when the output frequency is greater
than that measured at the reference time of 30 minutes.

3.9.2 Test Equipment:

Reference voltage source
Programmer (optional)
Electronic frequency counter
Printer

The block diagram (figure 3.9-1) includes a programmer which switches the SCO input voltages
and provides a count command to the electronic counter. A printer is also shown associated with
the counter. Although the test can be conducted without these two items of test equipment, they
are included for convenience.

3.9.3 Test Method:

3.9.3.1 Setup - Connect the test equipment as shown in figure 3.9-1.

REFERENCE _O'\_ SUBCARRIER
VOLTAGES Q SUBC.

o OSCILLATOR

v

' count

PROGRAMMER | command ELECTRONIC |___ | PRINTER
FREQUENCY

COUNTER

h A

Figure 3.9-1 Stability versus Time.
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3.9.3.2 Conditions - Measurements are conducted over a period of 8 hours and elapsed time is
measured from cold start. Nominal settings of the sensitivity control and the reference frequency
control should approximate those which will produce full bandwidth output frequency excursion,
centered within the band, after 30 minutes or more of operation. Additional test conditions are
contained in subparagraphs 3.0.2 through 3.0.4.

3.9.3.3 Procedure:

3.9.3.3.1 Adjust the reference voltages to the preselected levels for output frequencies
corresponding to the lower band edge, band center and upper band edge.

3.9.3.3.2 Energize the SCO and measure the output frequencies for each of the 3 input voltages
at an elapsed time of 1 minute. Make similar measurements at 1-minute intervals for the first 10
minutes.

3.9.3.3.3 After 10 minutes, make measurements at 5-minute intervals until 1 hour has elapsed.

3.9.3.3.4 After 1 hour, make measurements at 30-minute intervals until 8 hours have elapsed.

3.9.3.3.5 Record data on Data Sheet 3.9.1.
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DATA SHEET 3.9.1 STABILITY VERSUS TIME
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3.10 Effect of Supply Voltage Variation and Ripple

3.10.1 Purpose - This test determines the effect of supply voltage changes and ripple on output
frequency and amplitude.

3.10.2 Test Equipment:

D.C. voltage source

D.C. voltmeter

A.C. supply

Ripple source

Electronic frequency counter
Subcarrier discriminator
A.C. voltmeter (true rms)

3.10.3 Test Method:

3.10.3.1 Setup - Connect the test equipment as shown in figure 3.10-1.

D.C. VOLTAGE SUBCARRIER | ] %{%&%ﬁ%
SOURC OSCILLATO N
SOURCE S(,ILL ATOR COUNTER

A
D.C. 7 -
VOLTMETER SUPPLY SUBCARRIER
VOI TAGE DISCRIMINATOR
O
RIPPLE A.C.
SOURCE VOLTMETER
Figure 3.10-1 Effect of Supply Voltage Variation and Ripple.

3.10.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.

3.10.3.3 Procedure:

3.10.3.3.1 Adjust the supply voltage to the nominal value recommended by the manufacturer (do
not apply a ripple voltage).
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3.10.3.3.2 Adjust the d.c. input signal to the SCO to produce first the lower band-edge
frequency, then band center and finally upper band edge. Measure the subcarrier output
frequencies and amplitudes at each of these voltage settings. (Note the input voltages required to
produce each of the 3 output frequencies.)

3.10.3.3.3 Reduce the supply voltage by 10 percent of the nominal level and again measure the
output frequencies and amplitudes for each of the 3 input signal voltage levels used in the
previous measurement.

3.10.3.3.4 Make similar measurements with the supply voltages changed by -5 percent, +5
percent, +10 percent, and back to nominal level again. (The measurement range may be
expanded to simulate selected system applications.)

3.10.3.3.5 Use the frequencies and amplitudes measured in step 3.10.3.3.2 as references to
calculate the frequency changes in percent of bandwidth and calculate the amplitude changes
directly in percent. These changes will be given a positive sign when they represent an increase
in magnitude.

3.10.3.3.6 Apply nominal supply voltage to the SCO, adjust the d.c. input signal to produce
center frequency output and superimpose sinusoidal signals of appropriate ripple frequencies on
the supply voltage. Adjust the rms value of the ripple to 2 percent of the nominal supply voltage
and measure the frequency deviation of the SCO (the output excursion of the SCO is
proportional to the SCO deviation).

3.10.3.3.7 Express the peak-to-peak frequency deviations as percentages of bandwidth.

3.10.3.3.8 Record data on Data Sheet 3.10.1.
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DATA SHEET 3.10.1 EFFECT OF SUPPLY VOLTAGE VARIATION
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3.11 Common-Mode Rejection (For Differential-Input Models Only.)

Common-mode rejection is the ratio of subcarrier bandwidth to subcarrier deviations, expressed
in dB.

3.11.1 Purpose - This test determines the effect on output frequency resulting from application
of a common signal to both input terminals.

3.11.2 Test Equipment:

A.C. signal source

A.C. voltmeter (true rms)

D.C. signal source

D.C. voltmeter

Low-noise subcarrier discriminator
Electronic frequency counter

3.11.3 Test Method:

3.11.3.1 Setup - Connect the test equipment as shown in figure 3.11-1.

CDC LOW-NOISE
ACDC »  SUBCARRIER
%{%& DISCRIMINATOR
SOU SUBCARRIER

{: ' ﬁ OSCILLATOR |~
AC/DC. = . ELEQTFON,_I(;
VOLTMETER FREQUENCY
COUNTER
Figure 3.11-1 Common-Mode Rejection.

3.11.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.11.3.3 Procedure:

3.11.3.3.1 With the SCO terminals shorted together and connected to ground, measure the
subcarrier output frequency.

3.11.3.3.2 Remove the ground applied in subparagraph 3.11.3.3.1 and connect the shorted input
terminals to a d.c. voltage (reference to ground) and adjust the d.c. voltage to equal the
magnitude of the full-scale differential input recommended by the manufacturer.

3.11.3.3.3 Measure the subcarrier output frequency, first with a positive polarity applied to the
input and then with a negative polarity applied to the input.
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3.11.3.3.4 Connect an a.c. voltage source to the shorted input terminals and adjust the peak-to-
peak amplitude of the a.c. signal to equal the magnitude of the full-scale differential input
recommended by the manufacturer.

3.11.3.3.5 Adjust the frequency of the a.c. input signal to that which produces a deviation ratio
of 1 for the band under test. Use a low-noise subcarrier discriminator to measure the frequency
deviation of the SCO output caused by the common-mode signal. Repeat the measurement at
frequencies of 60 Hz and 400 Hz if these frequencies fall within the modulation-frequency range
of the SCO under test. The discriminator must be calibrated at each of the modulation
frequencies.

3.11.3.3.6 Compare the frequencies measured in step 3.11.3.3.3 with that measured in step
3.11.3.3.1 and calculate the output frequency deviations. Frequency deviations in subparagraph
3.11.3.3.5 are obtained from measuring the output of the calibrated discriminator.

3.11.3.3.7 Record data on Data Sheet 3.11.1.
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3.12 Stability Vs. Temperature

3.12.1 Purpose - This test determines reference-frequency shift, sensitivity variations and output
amplitude changes as a function of temperature.

3.12.2 Test Equipment:

D.C. signal source

D.C. voltmeter

Temperature chamber

A.C. voltmeter (true rms)
Electronic frequency counter

3.12.3 Test Method:

3.12.3.1 Setup - Connect the test equipment as shown in figure 3.12-1.

temperature chamber

D.C. SIGNAL i | SUBCARRIER i ELECTRONIC
SOURCE ™ OSCILLATOR [ "1 * FREQUENCY
: : COUNTER
: ________________________ i A 4
DC. . AC.
VOLTMETER ”| VOLTMETER

Figure 3.12-1 Stability versus Temperature.

3.12.3.2 Conditions - Refer to subparagraphs 3.0.2 through 3.0.4.
3.12.3.3 Procedure:

3.12.3.3.1 Adjust the temperature chamber to 30°C (303.2K) and allow the SCO to stabilize for
not less than 15 minutes.

3.12.3.3.2 Apply the input voltages recommended by the manufacturer to produce output
frequencies corresponding to lower band edge, band center and upper band edge. Measure the
output frequencies and amplitudes corresponding to each of these inputs.

3.12.3.3.3 Using the same inputs which were applied in step 3.12.3.3.2, repeat the measurements

at chamber temperatures corresponding to the appropriate temperature extremes. Allow
sufficient time at each temperature for the unit to stabilize before measurements are made.
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3.12.3.3.4 Use the frequencies and amplitudes measured at 30°C (303.2 K) as references for
calculations and express frequency changes in percent of bandwidth and amplitude changes
directly in percent.

3.12.3.3.5 Calculate the reference frequency shift and sensitivity changes. Reference frequency
shift is given a positive sign when the output frequency is greater than that measured at the
temperature of 30°C (303.2 K). Sensitivity change is given a positive sign when full-scale output
excursion is greater than that measured at 30°C (303.2 K).

3.12.3.3.6 Record data on Data Sheet 3.12.1.
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DATA SHEET 3.12.1 STABILITY VERSUS TEMPERATURE
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3.13 Effect of Vibration

3.13.1 Purpose - This test determines the effect of vibration on output frequency and output
amplitude.

3.13.2 Test Equipment:

D.C. signal source

Subcarrier discriminator

Electronic frequency counter

Vibration facility capable of providing the vibration amplitude acceleration levels over
the frequency ranges specified for the intended application.

3.13.3 Test Method:

3.13.3.1 Setup - Connect the test equipment as shown in figure 3.13-1. The SCO should be
securely mounted to the vibrator in a properly designed test fixture which will not impart
vibration amplifications to the SCO. If a companion modular rack adapter is used for mounting
the SCO in the actual application, the adapter should be included in the vibration setup.

SUBCARRIER
DISCRIMINATOR

ELECTRONIC
t—>—e—» FREQUENCY
COUNTER

D. C. SIGNAL | SUBCARRIER
SOURCE | OSCILLATOR

J o AC
VOLTMETER

Figure 3.13-1 Effect of Vibration.

3.13.3.2 Conditions - An environment should be selected which is representative of the intended
application. This environment could be selected from a standard such as MIL-STD-810. In
addition, refer to subparagraphs 3.0.2 through 3.0.4.

3.13.3.3 Procedure:
3.13.3.3.1 Conduct a resonant search in accordance with MIL-STD-810, Method 514.2, to

determine the vibration frequencies at which the greatest output frequency and amplitude
changes occur.
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3.13.3.3.2 Adjust the d.c. signal source to produce band-center frequency. Adjust the output
amplitude to maximum and record the amplitude.

3.13.3.3.3 Conduct a resonant dwell in accordance with MIL-STD-810, Method 514.2.

3.13.3.3.4 Observe the output of the subcarrier discriminator to determine the incidental FM
caused by vibration.

3.13.3.3.5 Stop the vibration and measure the output frequency and output amplitude. Compare
these measurements with those made in subparagraph 3.13.3.3.2 to determine frequency shift and
amplitude change. Express frequency changes in percent of bandwidth and express amplitude
changes in percent of original amplitude.

3.13.3.3.6 Record data on Data Sheet 3.13.1.
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CHAPTER 4

BIT SYNCHRONIZERS
4.0 General

In the series of test procedures which follow, the PCM test set is the central feature of the test
setups. Commercially available telemetry PCM test sets usually incorporate the IRIG Standard
PN sequence with self-synchronized PN receiver function. These sets vary somewhat as to
criteria for receiver PN lock, the restart function, and such special functions as addition of base-
band noise and offset, frequency modulation of internal clock, variable delay of clock and bit
stream, phase comparison of input and output bit clocks, etc. Depending upon which PCM test
set is available, certain external functions such as gating and delay may be required for the bit
slippage and acquisition tests. Detailed circuits for these functions are given in appendixes IV-B
and IV-C. Figure 4.0-1 is a generalized block diagram of functions which can be utilized to
perform the tests herein.

NOTE

Since, as stated above, not all commercial models incorporate all
of the functions internally, it may be necessary to perform some of
these functions by the use of peripheral equipment

Because the full capability of the test set will not be required in any single test procedure, the full
functional block diagram (figure 4.0-1) will not be repeated; only simplified block diagrams will
be included with each individual test procedure. It may not be necessary to conduct all of the
tests described in this chapter for any one bit synchronizer if it is used for a specific application.
The test procedures are presented in two parts: Part I, Testing with Gaussian Noise; and Part II,
PCM/FM Testing. Definitions for bit slippage probability (BSP) and acquisition testing are
given in appendix IV-C.

4.0.1 Standard Test Conditions for Testing with Gaussian Noise

The following discussion applies to preparing standard test conditions for Part I, Testing with
Gaussian Noise. Regardless of the test approach used, it is important to preserve uniformity of
testing so that valid comparisons and evaluations of a wide range of system designs may be
accomplished. Therefore, the following standard test conditions should be determined for the
following parameters and should be observed unless the individual test description requires
otherwise. It is assumed that the instruction manual for the test set is available; therefore,
instructions for operating the test set will not be repeated in the individual test procedures.
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CAL IBRATED | SUMMING PCM OUT TO BIT
NOISE INPUT —P»{ GATE ——P»1 VARIABLE > AMPLIFIER *—_‘. SYNCHRONI!ZER
ATTENUATOR
] >
BASE-LINE INPUT L1 AM €™ GATE —1
PN GENERATOR PCM PREMOD-
AND FORMATER > ULATION FILTERJ
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CLOCK j
FM INPUT GENERATOR
XMTR CLOCK oOuUT XMTR
RCVR
AUTOMATIC| RESTART ouT
RESTART s
MAND SYNCH REACQUIRED OUT
RESTART com e PFUNCTION >
.« -
l RCVR PN ERROR
T SYNCHRONIZER GENERATOR
PCM FROM B} . DELAY \ ’ AND . COUNTER
ERROR DETECTOR
BIT SYNCHRONIZER CLOCK '\_I——. ¢
# ERROR OUTPUT
XMTR CLOCK > BIT SLIP
DELAY DETECTOR P sLIP
L 2 e
]
ACQUISITION CLOCK SLIP
T R
DETECTO DETECTOR Figure 4.0-1 PCM Test Set.
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4.0.1.1 Bit Synchronizer:

PCM signal input level

Bit rate

Loop width

Tracking bandwidth

Bit detector type of clock (internal)
Input code

4.0.1.2 PCM Test Set:

Offset

FM input

Code

Pattern ~ Pseudo random: Use of the 2047-bit maximal length sequence is
recommended. See Chapter 2, subparagraph 2.1.1.3.2 for details.

NOTE

Testing with fixed patterns may be necessary for specific
applications.

Bit rate clock
NOTE

A PCM test set may possess two characteristics which must be
checked before conducting bit synchronizer performance tests.
The internal reference clock may contain excessive jitter
components and the accuracy of the bit rate switch settings may be
inadequate. When excessive clock jitter exists, it is recommended
that an external reference clock be used; particularly when testing
bit synchronizers with narrow loop bandwidth settings. The bit
rate of the PCM output may be adjusted using one of the following
methods:

METHOD 1:
Connect a variable d.c. voltage source to the FM input of the PCM test set and
adjust the voltage until the required bit rate is obtained.

METHQOD 2:

Adjust the bit rate on the PCM test set until the desired bit rate is indicated on a
frequency counter. Disregard the bit rate indicated by the PCM test set display
when using this method.

METHOD 3:
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Connect an external clock generator to the external clock input of the PCM test set.
Measure the bit rate at the clock output of the PCM test set with a frequency counter.
NOTE

Measures should be taken to assure that phase errors are not
introduced by the test setup, e.g., when the setup includes a
premodulation filter. Measurement difficulties may occur when
detection circuitry is phase sensitive.

4.0.1.3 Premodulation Filter

Filter type - linear-phase, low-pass
Cutoff frequency (-3 dB) - 0.75 times the bit rate, or as required

4.0.1.4 Noise Signal - gaussian

4.0.1.5 Noise Signal Filter:

Type: constant amplitude (> 4 pole)
Cutoff frequency (-3 dB): equal to the bit ratefor calibration

4.0.2 Standard Test Conditions for PCM/EM Testing

The following parameters must be added to the standard test conditions in subparagraph 4.0.1 for
preparing the standard test conditions for Part 11, PCM/FM testing.
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4.0.2.1 FM Test Link:

Frequency deviation: Peak-to-peak
Predetection (IF) bandwidth: 3-dB points, kHz
Post detection bandwidth: 3-dB points, kHz

4.0.2.2 Figures 4.0.2-1 and 4.0.2-2 are block diagrams of the PCM/FM test setup. Two options
are shown. Figure 4.0.2-1 makes use of equipment normally used in connection with
predetection recording. The band pass filter (BPF) shown in figure 4.0.2-1 is used to confine the
noise bandwidth to the neighborhood of the predetection band of the discriminator to prevent
overloading the input circuits. The bandwidth of the BPF should be set to approximately twice
the bandwidth of the discriminator and centered on the band of the discriminator. Figure 4.0.2-2
makes use of RF equipment.

4.1 Partl. Testing with Gaussian Noise

Part | describes the test procedures to be used to determine if a selected bit synchronizer has the
required characteristics essential for telemetry applications when the input signal contains
additive gaussian noise.

4.1.1 PCM Test Set Calibration

4.1.1.1 Purpose - The SNR is an important parameter in many of the performance tests
conducted on PCM bit synchronizers. Calibration of the PCM test set is necessary for obtaining
an accurate SNR to allow comparison of performance in satisfying performance specifications or
evaluating competing designs.

4.1.1.2 Test Equipment:

4.1.1.2.1 Procedure 1:

Noise source - a flat frequency response from d.c. to > five times the bit rate
Premodulation filter - as required

Low-pass filter - cutoff frequency setable to the bit rate

True rms voltmeter

Oscilloscope

Frequency counter

Stable oscillator - as required

PCM test set

4.1.1.2.2 Procedure 2: Same as Procedure 1 test equipment except replace PCM test set with
summing amplifier and calibrated attenuator.
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PCM TEST SET | o) RF SIGNAL § ___ gf RECEIVER |————F SYNCHRONIZER RCVR SECTION
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l Linear IF

TRUE RMS
VOLTMETER

Figure 4.0.2-2 Test Setup Using Signal Generator and Receiver.
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4.1.1.3 Test Method:

4.1.1.3.1 Procedure | - Internal Noise Attenuator

4.1.1.3.1.1 Setup - Connect the test equipment as shown in figure 4.1.1-1.
NOTE

Refer to subparagraph 4.0.1 for standard test conditions for testing
with gaussian noise.

4.1.1.3.1.2 Make the following adjustments on the PCM test set to set the PCM level:

Set output signal for PCM only

Turn off noise source

Bypass or disconnect premodulation filter

Adjust the PCM amplitude with an oscilloscope or true rms voltmeter until the required
peak-to-peak signal voltage is measured at the PCM output of the test set.

cooe

4.1.1.3.1.3 Connect the premodulation filter into the test setup. Observe the peak-to-peak
amplitude of the filtered PCM bit stream with an oscilloscope. Adjust the output level control on
the tunable filter to maintain the peak-to-peak voltage of the signal as established in step
4.1.13.1.2d.

4.1.1.3.1.4 Make the following adjustments on the PCM test set to obtain the noise level:

a. Turn off the PCM signal

b. Turn on the noise source to the PCM test set

c. Set the noise source for a cutoff frequency equal to five times the bit rate selected.

d. Select the 0-dB SNR setting.

e. Monitor the input noise signal and the PCM output of the test set on an oscilloscope.

f. Set the noise source output level control to maximum. If noise amplitude limiting exists,
reduce the output of the noise source until the noise signal is not limited in amplitude at
either monitoring point as referenced in step 4.1.1.3.1.4 e.

g. Perform the noise amplitude limiting test for each bit rate selected.

h. Set the cutoff frequency of the noise source low-pass filter to a value which is equal to

the selected PCM bit rate, e.g., a 100 kb/s bit rate would require a 100-kHz low-pass filter
setting.

I. Adjust the noise input variable attenuator of the PCM test set until an rms voltage equal
to the rms voltage of the unfiltered PCM bit stream is measured at the tunable filter
output.

J.  Observe the signal at the PCM output of the PCM test set with an oscilloscope. The
noise signal must not be amplitude limited. If limiting is present, repeat all calibration
steps in subparagraph 4.1.1.3.1.4.
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Figure 4.1.1-1 Calibration of PCM Tést Set with Internal Noise Attenuator.
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4.1.1.3.1.5 Turn on the PCM signal. SNR calibration is complete.

4.1.1.3.2 Procedure 2 - External Noise Attenuator

4.1.1.3.2.1 Setup - Connect the test equipment as shown in figure 4.1.1-2.
NOTE

Refer to subparagraph 4.0.1 for standard test conditions for testing
with gaussian noise.

4.1.1.3.2.2 Select the desired logic at the output of the transmitter PN generator, i.e., transistor-
transistor logic (TTL), balanced, etc., and set the desired premodulation filter cutoff frequency
and output amplitude.

4.1.1.3.2.3 Set the cutoff frequency of the noise filter to produce a noise bandwidth (B,) of
approximately five times the bit rate. (A Butterworth type of filter with sharp rolloff can be
used, in which case the noise bandwidth is approximately 3 dB.)

4.1.1.3.2.4 Set the maximum attenuation in the calibrated noise attenuator (should be at least 40
dB below the PCM output). Measure the true rms value of the PCM at the output of the
summing amplifier.

4.1.1.3.2.5 Decrease the noise attenuation until the true rms voltmeter reading increases 3 dB.
At this point, the SNR in Bn is 0 dB. Record the noise attenuator setting. The level should be
set so that the noise attenuator setting is about 10 dB.
NOTE
Unless the summing amplifier is an operational amplifier, the

output impedance levels of the premodulation filter and the
calibrated noise attenuator must remain constant.
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Figure 4.1.1-2 SNR Calibration for the Case in which the Noise Attenuator
and Summing Amplifier are External to the PCM Test Set.
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4.1.1.3.2.6 Observe the waveform at the output of the summing amplifier to determine if
limiting is occurring. If so, reduce the PCM level and repeat the steps in subparagraphs
4.1.1.3.2.4and 4.1.1.3.2.5. A further check in linearity is carried out by the method given in
subparagraph 4.2.1.3.1.5 for the calibration of predection SNR in the PCM/FM tests.
4.1.1.3.2.7 The SNR in a bandwidth equal to the bit rate (fy,) is given in dB by

SNRf =SNR g +10 logso (B /fy)
b

For example, if B,=5f},, then 7 dB must be added to SNRBnto give SNR fy,.

4.1.2 Bit Error Probability (BEP) Test

4.1.2.1 Purpose - This test determines the BEP characteristics of a bit synchronizer as a function
of the input SNR.

4.1.2.2 Test Equipment:

4.1.2.2.1 Testsetup 1 - The following is used in the test setup shown in figure 4.1.2-1.
Noise source
Premodulation filter
Frequency counter
PCM test set (attenuator, PN sequence transmitter and receiver)

4.1.2.2.2 Test setup 2 (figure 4.1.2-2) - Same as test setup 1 test equipment except replace PN
PCM test set with summing amplifier and calibrated attenuator.

4.1.2.3 Test Method:
NOTE

It may be necessary to repeat the calibration procedure detailed in
subparagraph 4.1.1 periodically during this test.

4.1.2.3.1 Setup - Connect the test equipment as shown in figure 4.1.2-1 or figure 4.1.2-2.
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Figure 4.1.2-1 Bit Error Probability Test Setup.
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Figure 4.1.2-2 Bit Error Probability Test Setup for the Case in which the Noise
Attenuator and Summing Amplifier are External to the PCM Test Set.
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NOTE

Refer to subparagraph 4.0.1 for standard test conditions: for
testing with gaussian noise.

4.1.2.3.2 Calibrate the test setup for output SNR in accordance with the calibration instructions
detailed in subparagraph 4.1.1.

4.1.2.3.3 Adjust the test set to measure bit errors in the measurement intervals shown on Data
Sheet 4.1.2.1.

4.1.2.3.4 Set the test setup for an output SNR of 0 dB and measure total bit errors (sum of the Is
and Os in error). It may be desirable to individually measure the Is in error and the Os in error to
determine, the performance symmetry of the bit synchronizer. Calculate and record the BEP
from the relationship:

Number of Bit Errors Measured

BEP =
Number of BitsTransmitted During Measurement Interval

Repeat the measurement of bit errors and BEP calculations for the other values of SNR shown on
Data Sheet 4.1.2.1.

4.1.2.4 Data Reduction: - Record data on Data Sheet 4.1.2.1. An example of Data Sheet 4.1.2.1
use is shown in figure 4.1.2-3 and a corresponding sample data plot is shown in figure 4.1.2-4.
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DATA SHEET 4.1.2.1 BIT ERROR PROBABILY TEST

Test: 4.1.2 Bit Error Probability Test

Manufacturer Model Serial No.
Tested b SAMPLE DATA
ested by NOT TO BE USED FOR
Date EQUIPMENT
SPECIFICATIONS
Bit Synchronizer Input Signal Conditions
PCM Signal Noise Signal (Gaussian) |Premodulation
Filter
BitRate Amplitude |Code |WordPattern |Cal. BW. |Cal. (Vims) |Cutoff Freq.
(kB/s) “p-? (kHz) (kHz)
100 1.0 NRZ-L PR 100 | 05 75
Bit Synchronizer Settings
Detector Type Loop BW Tracking Range
(% Bit Rate) (% Bit Rate)
F/S 0.1 1.0
. . Measurement Interval *
SNR Bit Error Probability (Period 10" Bits)
(dB) Total I's 0's N
(1s +0')
0 1.1x10! 5.3x107? 5.5x1072 5
+3 4.2x1072 2.0x1072 2.2x102 5
+6 8.7x10° 4.0x10° 4.7x10°3 5
+9 6.4x10" 2.6x10* 3.8x104 6
+12 9.9x10-6 1.9x106 5.4x106 8

*Refer to Volume IV. Appendix IV-A for detailed explanation.
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Figure 4.1.2-4 Sample Data Plot Presentation of Data Sheet 4.1.2.1.

IV-4-17



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

DATASHEET 4.1.2.1 BIT ERROR PROBABILY TEST

Test: 4.1.2 Bit Error Probability Test

Manufacturer Model Serial No.
Tested by
Date
Bit Synchronizer Input Signal Conditions
PCM Signal Noise Signal (Gaussian) Premlt:)ﬂ}:elftmn
BitRate Amplitude |Code |WordPattern |Cal. B'W. |Cal. (Vrms) |CutoffFreq.
'\_.?"
(kB/s) Vp-p) (kHz) (kHz)
Bit Synchronizer Settings
Detector Type Loop B'W Tracking Range
(% Bit Rate) (% Bit Rate)
SNR BitE Probabili Measurement Interval *
it Error Probability (Period 10™ Bits)
(dB) Total 1's 0's N
(1s+0's)
0 5
+3 5
+6 5
+9 6
+12 8

*Refer to Volume IV, Appendix IV-A for details explanation.
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4.1.3 Bit Slippage Probability (BSP) Test

4.1.3.1 Purpose - This test determines the BSP characteristics of a bit synchronizer as a function
of the input SNR. There are two basic procedures given here for this test. Laboratory tests
comparing the two procedures indicate that both agree to within the limits of measurement error.
The choice of procedure will depend primarily on the test equipment available. Procedure 1
compares the phase of the reference clock with the phase of the bit synchronizer output clock. If
the phase difference exceeds £360°, bit slippage has occurred.

NOTE

In some commercially available PCM test sets which are internally
mechanized for this test, the criterion is £180°. Although it is
possible for the instantaneous phase to exceed 180° and then,
because of additional perturbation, to pull back without slippage,
tests have shown that the phase is most likely to subsequently
exceed £360°, thus producing bit slippage.

Procedure 2 uses the loss of PCM test set synchronization to indicate slippage.

4.1.3.2 Test Equipment:

4.1.3.2.1 Procedure 1:
Noise source
Premodualtion filter
Frequency counter
PCM test set

4.1.3.2.2 Procedure 2:
Noise source
Noise attenuator
Premodulation filter
Summing amplifier
PN sequence transmitter/receiver

4.1.3.3 Test Method:

4.1.3.3.1 Procedure 1:

4.1.3.3.1.1 Setup Connect the test equipment as shown in figure 4.1.3-1.
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Figure 4.1.3-1

Bit Slippage Probability Test Setup for Procedure 1.
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NOTE

Refer to subparagraph 4.0.1 for standard test conditions for testing
with gaussian noise.

4.1.3.3.1.2 Calibrate the PCM test set for an output SNR in accordance with the calibration
instructions detailed in subparagraph 4.1.1.

4.1.3.3.1.3 Adjust the PCM test set to measure bit (clock) slips for the measurement intervals
shown on Data Sheet 4.1.3.1.

4.1.3.3.1.4 Set the PCM test set for an output SNR of 0 dB, and measure the total number of bit
(clock) slips (both plus and minus). It may be desirable to individually measure the plus slips
and the minus slips to show performance trends. Most bit synchronizer designs exhibit a
tendency to slip only in one direction rather than randomly. Calculate the BSP from the
relationship:

Number of Bit Slips Measured

BEP =
Number of BitsTransmitted During Measurement Interval

4.1.3.3.1.5 Repeat the measurement of bit slips and calculation of BSP for the other SNRs
shown on Data Sheet 4.1.3.1.

4.1.3.3.2 Procedure 2:
4.1.3.3.2.1 Setup - Connect the test equipment as shown in figure 4.1.3-2.
NOTE

Refer to subparagraph 4.0.1 for standard test conditions for testing
with gaussian noise.

4.1.3.3.2.2 Calibrate the test setup for output SNR in accordance with the calibration
instructions.

4.1.3.3.2.3 Adjust the test set to count the number of restarts in the measurement intervals
shown on Data Sheet 4.1.3.1. A restart is defined as a valid resynchronization of the receiver PN
generator to the data.

4.1.3.3.2.4  Set the test setup for an SNR of 9 dB and count the number of restarts. Calculate
the BSP from the relationship:

BSP - Number of Restarts Counted
Number of Bits Transmitted During Measurement Interval
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Figure 4.1.3-2 Bit Slippage Probability Test Setup for Procedure 2.
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4.1.3.3.2.5 Repeat the count of restarts and calculation of BSP for the other SNRs shown on
Data Sheet 4.1.3.1.

NOTE

At high BEP, the number of restarts measured will be too large
because unsuccessful tries are counted and because in some test
sets it is also possible for errors to trigger the restart without
slippage. The counts of synchronization reacquired will give
results closer to the true value. Generally, the "plus slips" and

"minus slips™ count is not a reliable estimate of the number of
restarts.

4.1.3.4 Data Reduction - Record data on Data Sheet 4.1.3.1. An example of Data Sheet 4.1.3.1
use is shown in figure 4.1.3-3 and a corresponding sample data plot is shown in figure 4.1.3-4.
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DATA SHEET 4.1.3.1 BIT SLIPPAGE PPOBABILITY

Test: 4.1.3 Bit Slippage Pf"b"opﬁp.og 1\0&5

Manufacturer ___ w?\fp\ﬁeo \?\(_}Pj______ Serial No.
@
Tested by gp‘ 6?— 6?6
<0 \\\"
Date 0‘{ N\ﬁ
W \)\?
Q’O
Bit Synchronizer Input Signal Conditions
Premodulation
PCM Signal Noise Signal (Gaussian) Filter
Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal. (V rms) | Cutoff Freq.
(kB/s) (Vp-p) (kHz) (kHz)
100 1.0 HNEZ2-L PR 100 0.5 V3
Bit Synchronizer Settings
Detector Loop B.W. Trackng Range
Type (% Bic Rate) | (X Bit Rare)
F/s 1.0 10.0
. . Ca Measuremenf Interval *
SNR Bit Slippage Probability (Period 10" Bits)
TOTAL
&+ -
(dB) (+ and =) N
0 | 9.07RI0"* 3.0 X10"¢ | Q.04X10°* 7
¥ Je2qixo-? 48x10-% |2.90x10°2 7
+6 | 2.42Y10°5 6.0x10°7 |2.0x10°% 7
+9 [<1x10-7 <ixrio-?7 <im0~ 7
+12 | <I1x10-7 <1 hio=7 | <o 7
+15 | <Ini0™7 <1x1po-? | <ixo7? 7

*A measurement interval of 1 x 107 bits will provide reliable data
measurement repeatability for BSP »1 x 10-°%,

NOTE: Additional measurements may be required where the slope of the data

abruptlu. changes
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Figure 4.1.3-4 Sample Plot Presentation of Data Sheet 4.1.3.1.
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DATA SHEET 4.1.3.1

Test: 4.1.3

BIT

Bit Slip,age Probability

SLIPPAGE PROBABILITY

Manufacturer Model Serial No.
Tested by ’
Date

Bit Synchronizer Input Signal Conditions

Premodulation
PCM Signal Noise Signal (Gaussian) Filter

Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal. (V rms) Cutoff Fregq.
(kB/s) (Vp-p) (kHz) (kHz)

Bit Synchronizer Settings

Detector Loop B.W. Trackng Range

Type (% Bit Rate) | (% Bit Rate)
SNR Bit Slippage Probability ':;:i:::‘”:gﬁ ;22:;““ *

TOTAL
(4B) (+ and =) * - N
0 7

+3 7
+6 7
+9 7
+12 7
+15 7

*A measurement interval of 1 x 107 bits will provide reliable data
measurement repeatability for BSP >1 x 10-6.

NOTE: Additional measurements may be required where the slope of the data changes abruptly.
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4.1.4 Acquisition Test

4.1.4.1 Purpose - This test determines the average number of bit periods required to achieve
clock synchronization (ACQ) from the time data is applied. There are two procedures given for
this test. Laboratory tests have shown that the results obtained using either procedure are in
agreement to within the error bounds. The choice of procedure will depend mainly on the test
equipment available. Procedure 1 compares the phase of the reference clock with the phase of
the bit synchronizer output clock. When the phase difference remains within a range, such as
+90°, acquisition is achieved. Procedure 2 uses the drop of BEP from 0.5 to the value
characteristic of the input SNR.

4.1.4.2 Test Equipment:

4.1.4.2.1 Procedure 1:

Noise source
Premodulation filter
Frequency counter
PCM test set

4.1.4.2.2 Procedure 2:
Noise source
Summing amplifier
PCM data
Digital delay
Oscilloscope
PN sequence transmitter/receiver
4.1.4.3 Test Method:
4.1.4.3.1 Procedure 1:
4.1.4.3.1.1 Setup - Connect the test equipment as shown in figure 4.1.4-1.
NOTE

Refer to subparagraph 4.0.1 for standard test conditions for testing
with gaussian noise.

4.1.4.3.1.2 Calibrate the PCM test set for an output SNR in accordance with the calibration
instructions detailed in subparagraph 4.1.1.
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4.1.4.3.1.3 Set the PCM output SNR to 0 dB and set the PCM test set to measure the number of
bit periods required to achieve ACQ.

NOTE

Measures should be taken to assure that phase errors are not
introduced by the test setup, e.g., when the setup includes a
premodulation filter. Measurement difficulties may occur when
detection circuitry is phase sensitive.

4.1.4.3.1.4 Monitor the clock output of the PCM test set with a counter to assure that the bit rate
is correct. If the bit rate is not within the desired accuracy limit, use one of the methods
contained in subparagraph 4.0.1.2 to adjust the bit rate.

4.1.4.3.1.5 Repeat measurements of the number of bit periods required to achieve ACQ for other
SNR settings shown on Data Sheet 4.1.4.1.

4.1.4.3.1.6 Measure acquisition bit periods at selected SNRs for the bit rate offsets shown on
Data Sheet 4.1.4.2. Note that the premodulation filter is not used during acquisition tests with bit
rate offsets.
4.1.4.3.2 Procedure 2:
4.1.4.3.2.1 Setup - Connect the test equipment as shown in figure 4.1.4-2.

NOTE

Refer to subparagraph 4.0.1 for standard test conditions for testing
with gaussian noise.

4.1.4.3.2.2 Calibrate the test setup for output SNR in accordance with the calibration
instructions detailed in subparagraph 4.1.1.

4.1.4.3.2.3 Use an oscilloscope to compare the phase of the transmitter PN generator clock with
large SNR to the phase of the bit synchronizer clock output. Select the phase of the output bit
clock of the bit synchronizer which is within £45° of the transmitter clock.

4.1.4.3.2.4 Set the PCM output SNR to the minimum SNR indicated on Data Sheet 4.1.4.1
which can be acquired by the bit synchronizer. Note setting of noise attenuator.
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Figure 4.1.4-2 Acquisition Test Setup for Procedure 2.
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4.1.4.3.2.5 To obtain initial synchronization of the receiver PN generator, increase noise
attenuation to give a large SNR. Turn on the PCM gate to let the bit stream pass through. This
will lock the receiver PN generator. It will stay in lock regardless of PCM input because the
transmitter PN generator clock is fed directly to the receiver PN generator.

4.1.4.3.2.6 Disable the automatic restart function in the receiver PN generator.
NOTE

Since some PCM test sets do not incorporate a disable switch, it is
necessary to install a switch to break the automatic restart
command function. Generally, the manual "reset" button also
reloads and starts the PN generator on make or break.

4.1.4.3.2.7 Turn off the PCM gate.

4.1.4.3.2.8 Set the oscilloscope for single sweep and adjust the sweep rate for display of
acquisition. (See appendix IV-C.)

4.1.4.3.2.9 Set noise attenuator to the value given in step 4.1.4.3.2.4. Turn on the PCM gate.
Observe time of acquisition from the oscilloscope display and record in terms of the number of
bits on Data Sheet 4.1.4.1.

4.1.4.3.2.10 Repeat step 4.1.4.3.2.9 for the other SNR settings shown on Data Sheet 4.1.4.1.

4.1.4.3.2.11 Measure acquisition bit periods at selected SNRs for the bit rate offsets shown on
Data Sheet 4.1.4.2.

NOTE

By using a linear gate for the noise source in figure 4.1.4-2 and
bypassing the PCM gate, the circuit can be used to measure BSP.

4.1.4.3.3 Data Reduction - Record data on Data Sheet 4.1.4.1 or 4.1.4.2 as appropriate.
Examples of inputs to Data Sheets 4.1.4.1 and 4.1.4.2 are shown in figures 4.1.4-3 and 4.1.4-4
respectively. Corresponding sample data plots are shown in figures 4.1.4-5 and 4.1.4-6.
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DATA SHEET 4.1.4.1 ACQUISITION TEST
Test: 4.1.4 Acquisition Test ?\
S
" 0‘}" ovr —(\O\Q
anufacturer \’ i €O C/P -«1al No
“\? Wo \¢\

Tested by p‘ E €C’
Date ’5( ‘(O 2\“‘ 5?
WO et

Bit Synchromnizer Input Signal Conditions

Premodulation
PCM Signal Noise Signal (Gaussian) Filter
Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal. (V rms) Cutoff Fregq.
(kB/s) (Vp-p) (kHz) (kHz)
100 1.0 NRz-L PR 100 0.8 75
Bit Synchronizer Settings
Detector Loop B.W. Trackng Range
Type (% Bit Rate) | (Z Bit Rate)
F/s 0.l .0
SNR ACQUISITION BITS
Total Bits
(dB) (avg)* 1. 2. 3. 4, 5. 6. 7. 8. 9. 10.

0 [2.9X10% % % | %% [x% | %% | %% ¢ % * ¥ ¥ | ¥ * % * %

3 199XI0%2 wx | €% | %% | % | %% ¥ % * % % | %w I S

+6 | 8.4xXI10° 5418 |9.900 | 0.9 8 |09x10® | 4. 7110 | 5.2 x10? |2 53102 |99 10% |6.2110% 9.2¢10°
+9 526 367 | 294 |570 | 37 | 08 |545 |327 | 393 | 20 |572
+12 261 410 |416 (495 © 20! 0 514 {171 409 @]
+15 196 2451 O 182} O (412 | 24 O |239¢ | 4/0 {190
PCM only 33 204 11201 O 21 91 o (182 | 91 170 (474

I

[

*Record the calculated average for 10 discrete measurements.
**I,imit of test set readout.

NOTE: Additional measurements may be required where the slope of the
data changes abruptly.
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DATA SHERT 4.1.4.2

4.1.4 Acquisition Test

Test:

ACQUISLTTION TEST

N\

\O
Manufacturer ‘e‘?\’e\)seo \?\CP‘< -+1al No.
Tested by sp’ o) gﬁ ?ﬁc
Date 01 ) \\f&y\’(
- V\ \)\?
Bit Synchronizer Input Signal Conditions
T . Premod
PCM Signal Noise Signal (Gaussian) FiIcer SNR
Bit Rate Amplitude | Code Word Pattern Cal. B.W. Cal (V rms)| Cutoff dB
__(E\B/S) (VP—P) (kHZ) Freq (kHZ)
100 1.O NRZ-L PR 100 0.5 None I5
Bit Synchronizer Settings
Detector Loop B.W. Trackng Range
____Type (% Bit Rate) | (% Bit Rate)
F/s O.1 1.0
Bit Rate Acquisition Bits ]
70;fge; Total bits
(% Trackng (avg) * 1. | 2. 3. 4. s. 6. 7.] s. 9. |1o0.
Range) W | Xk JTRF
+1002 IR0 % logyiodleoxic®laanid] # % | % % | w% | €% | x% * ¥ * %
+80% 6.7x10>  {erxio® [e.ox |0t |aaxio? [s.exi0® lcoxio e rx10® [6axi03 |67x 103 l68x10®
+60% 3.7%xi03 3.7x0° |38x10%]|3.6%18 [4.2010° [39%:0° | 27%10? [3.8¢10® |3.cxi0? | x.50102 hr.swi0?
+407 1L7x 102 tano® [r.axio® [i.sx 10310 o | Lax i0? L xic L1.8x102 |1exi03 | 1.8x 10®
+30% l.2xio® 1.4x103 [q44 |q4) | 939 |[12x10®iaxio® ji.axi03 |1.2x103 [1ax103 [1.2x103
+20% 5¢4 456 | 440 |456 {4323B |533 | 730 {447 | 874 495 374
t +107 59 (@) 33 56 Q (o] 19| 147 S50 188 (o}
(074 78 156 (o] o o] (] 71 149 141 132 131
-10% 70 (0] o] O] 204 0| 350 o} (@] 70 84
-20% 94 (o] o} 0} le2 O| 446 | 282 (o) (o} 54
-30% 58 As 0| 258 o} o} Ol 201 83 (o] (@)
-40% 62 O| 81244} 78 o) (o] (s} 74 154 0
-60% 700 avo | 1x0>) 422 | 779 | 797|618 |e10 | 829 | 839 | 734
-80% IR0 |Lexio? 1exie?|1ax0® [1avio?|iexio® {1.axiw®]i.8vi0? [Laxio® [1axi0? Lex 10>
| -100z [ 3.7X103 |33 |s.exit|zaxid|rrxio szt faencdl w0 [s.x103 [ oxio® [1.ex/03

*Record the calculated average for 10 discrete measurements,
**,imit of test set readout.

NOTE: Additional measurements may be required where the slope of the
data changes abruptly.
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Figure 4.1.4-5 Sample Plot Presentation of Data Sheet 4.1.4.1.
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ACQUISITION TIME (bit periods)

ACQUISITION
VERSUS
BIT RATE OFFSET

SRR FETEYEERTE FENEE EEEE P o -
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B R S B R N SRR FEREE R
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10000
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|

Figure 4.1.4-6 Sample Plot Presentation of Data Sheet 4.1.4.2.
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DATA SHEET 4.1.4.1

Test:  4.1.4 Acquisition Test

Manufacturer

Tested by

ACQUISITION TEST

Model

Serial No.

Date

Bit Synchronizer Input Signal Conditions

Premodulation

PCM Signal Noise Signal (Gaussian) Filter
I _Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal. Cutoff Freq.
(8/s) | (Yp-p) (kHz) (kuz)____]
J
Bit Synchronizer Settings
Detector Loop B.W. Trackng Range
Type (% Bit Rate) | (% Bit Rate)
L
SNR ACQUISITION BITS W
Total Bits
(dB) (avg)* 1. 2 3. 4, 5. 6. 7. 10.
0
+3
+6
+9
+12
+15
PCM only

*Record the calculated average for 10 discrete measurements.

NOTE: Additional measurements may be required where the slope of the

data changes abruptly.
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DATA SHEET 4.1.4.2 ACQUISITION TEST (WITH BIT RATE OFFSET)

Test: 4.1.1 Acquisition Test (with Bit Rate Offset)

Manufacturer Model Serial No.
Tested by ,
Date _
Bit Synchronizer Input Signal Conditions
PCM Signal Noise Signal (Gaussian) Premod
V18 Filter SNR
Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal (V rms)] Cutoff dB
(kB/s) (Vp-p) (kHz) Freq (kHz)
None
Bit Synchronizer Settings
Detector Loop B.W. Trackng Range
Type (% Bit Rate) | (% Bit Rate)
Bit Rate Acquisition Bits
(70§£:e;n Total bits
- ‘rackng (avg) * 1. | 2 3. 4. | s 6. 7.] 8. 9. 10.
Range)
+1007%
+807 .
+607
+407
+307%
+20%
+10%

0%

-10%

-20%

-30%

-407%

-60%

-80%

~-100%

*Record the calculated average for 10 discrete measurements.

NOTE: Additional measurements may be required where the slope of the

data changes abruptly.

I\V-4-37




Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

4.1.5 Jitter Test

4.1.5.1 Purpose - This test determines the effects of bit jitter on ACQ in the bit synchronizer.
The criterion of performance is the BSP.

4.15.2 Test Equipment:

4.1.5.2.1 The following is used in the test setup shown in figure 4.1.5-1 (Method 1):

Noise source
Premodulation filter
Frequency counter

PCM test set

Signal generator

Noise source (jitter source)

4.1.5.2.2 The following is used in the test setup shown in figure 4.1.5-2 (Method II):

Noise source

Premodulation filter

Frequency counter

Signal generator (jitter frequency source)

Signal generator (external clock source which can be frequency modulated)
BER test set (transmitter and receiver)

Calibrated attenuator

Noise source (jitter source)

4.15.3 Test Method:

4.1.5.3.1 Setup - Connect the test equipment as shown in figure 4.1.5-1 or 4.1.5-2. (The test
method is the same for either test setup.)

NOTE

Refer to subparagraph 4.0.1 for standard test conditions for testing
with gaussian noise.

4.1.5.3.2 Calibrate the test setup output of SNR in accordance with the calibration instructions
detailed in subparagraph 4.1.1.

4.1.5.3.3 Adjust the test setup to measure bit (clock) slips or restarts in the measurement
intervals shown on Data Sheet 4.1.5.1.
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PREMODU -
'LATION FILTER

Input (b)

Filtered

Unfiltered

NOISE
SOURCE

PCM »
PCM TEST SET BIT SYNCHRONIZER

L UNDER TEST
: 0° Clock

(a) Terminate cable in characteristic
impedance.

(b) Refer to subparagraphs 4.1.5.3.5 and
4.1.5.3.6 and figure 4.1.5-3.

FREQUENCY
COUNTER

(for AOF)

Figure 4.1.5-1 Jitter Test Set '~ Using PCM Test Set (Method 1).
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CALIBRATED
NOISE NOISE NOISE
—’ '-__’
SOURCE FILTER ATTENUATOR
—
p—ee——p>
EXT XMTR PREMODULATION
———— PN —> FILTER
CLK ] GENERATOR

Figure 4.1.5-2

BASE-BAND OFFSET

SUMMING
AMPLIFIER

TRUE
METER

BIT

SYNCHRONIZER
UNDER TEST

DATA

. A

CLoCK
h 4

RCVR
PN

TEST SET

Jitter Test Setup for the Case in which the Noise Attenuator and
Summing Amplifier are External to the PCM Test Set (Method I1).
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NOTE
Measures should be taken to assure that phase errors are not
introduced by the test setup, e.g., when the setup includes a
premodulation filter. Measurement difficulties may occur when
detection circuitry is phase sensitive.

4.1.5.3.4 Adjust the test setup for the desired SNR and measure the total number of bit (clock)
slips (both plus and minus).

NOTE
The steps in subparagraph 4.1.5.3.5 and 4.1.5 3.6. describe two
methods which may be used to jitter the PCM output of tile test
setup. The equipment setup for each method is shown in figure
4.1.5-3.
4.1.5.3.5 For Method I, make the following adjustments to obtain the desired bit rate:

4.1.5.3.5.1 Connect the signal generator to the FM input of the PCM test set and set the
generator d.c. offset and output amplitude to 0.

4.1.5.3.5.2 Monitor the clock output of the PCM test set with a frequency counter.
4.1.5.3.5.3 Adjust the bit rate of the PCM test set until the counter indicates the desired bit rate.

4.1.5.3.6  For Method I1, make the following adjustments to obtain the desired bit rate when
using an external clock generator (square-wave signal):

4.1.5.3.6.1 Set the signal generator, d.c. offset and signal amplitude to 0 and connect to the
voltage control generator input of the external clock generator.

4.1.5.3.6.2 Monitor the clock output of the PCM test set with a frequency counter.

4.1.5.3.6.3 Adjust the frequency control of the external clock generator until the counter
connected to the clock output of the PCM test set indicates the required bit rate.
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. -
»
GEE&égx%R TO FM INPUT ON
_SYNC_ouT PCM TEST SET

FREQUENCY
COUNTER
(fm)
S |
METHOD I
T Veo [T T
STGNAL 'N’i EXTERNAL
GENERATOR - CLOCK —
_SYNC out « GENERATOR
TO EXTERNAL CLOCK
L————-~J | e ] INPUT ON TRANSMITTER
PN GENERATOR
N
FREQUENCY !
COUNTER
(fm)
METHOD 11 = —

Figure 4.1.5-3 Bit Rate Jitter (methods).
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4.1.5.3.7 Adjust the frequency of the signal generator for the desired rate of jitter (f,,). Measure
fm accurately with the counter.

4.1.5.3.8 Adjust the amplitude of the signal generator output until the peak deviation of the bit
rate (Af) causes a BSP in the range of 1x107° to 1x10™.

BSP= Total Bit Slips Measured
Number of Bits Transmitted During Measurement Interval

NOTE

The following method may be used to determine Af:

1. Adjust the output amplitude of the signal generator to zero.

2. Adjust the d.c. offset of the signal generator (use a direct-
coupled oscilloscope) to equal the peak amplitude of the
waveform which produced the BSP just measured.

3. Calculate Af from the change in the PCM test set clock
frequency.

4.1.5.3.9 Repeat the measurements for other combinations of f,, and Af as desired.
4.1.5.3.10 Repeat the entire test for other values of output SNR, if needed.

4.1.5.3.11 For the noise jitter test, replace the signal generator (a.c./d.c.) in figure 4.1.5-3 with a
shaped noise source to simulate jitter as required. (See appendix 1VV-C for suggested circuits.)
Replace the frequency counter (for fy,) in figure 4.1.5-3 with a true rms voltmeter. Use the
calibration determined in subparagraph 4.1.5.3.8 to calculate the percent of rms jitter of the bit
clock. For example, let V4.=0ffset from the signal generator required to produce Af. Then the
jitter is modulation sensitivity S;=Af/V4.Hz per volt. The rms jitter is then equal to S;VimsHz,
where Vs IS the voltage output of the shaped noise generator as read by the true rms voltmeter.
The percentage of jitter is given by 100 S;Vms/fs, where f, =bit rate.

NOTE

A flutter meter can be used to measure the percentage of jitter
directly.

4.1.5.3.12 Adjust the rms voltage at the output of the shaped noise generator to produce a BSP
in the range of 10° to 10 as in step 4.1.5.3.8.

4.1.5.3.13 Repeat the test for other values of the output SNR as required.

4.1.5.4 Data Reduction - Record data on Data Sheet 4.1.5.1. An example of Data Sheet 4.1.5.1
use is shown in figure 4.1.5-4 and a corresponding sample data plot is shown in figure 4.1.5-5.
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DATA SHEET 4.1.5.1 JITTER TEST qb
Test: i ‘4;$* (j‘\
st: 4.1.5 Jitter Test OP O?\ «
Manufacturer ?\,@ e(_,\? Serial No.
Tested by P"\ Q/ 6?
Date ‘x\ 9‘
\~\O \?
3%
Bit Synchronizer [nput Signal Conditions
: : Premod
» PCM Signal Noise Signal (Gaussian) Filter SNR
Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal (V rms)| Cutoff dB
(kB/s) (Vp-p) (kHz) Freq (kHz)
100 1.0 NRZ-L PR 100 0.5 95 q
Bit Synchronizer Settings
Detector Loop B.W. Trackng Range
Type (Z Bit Rate) | (Z Bit Rate)
F/78 0.3 3.0
Jitter BSP Measurement Interval * (Period 10H Bits)
£ Hold constant in range
m (Hz) Af (Hz) -5 > S -6 N
10 ~ — BSP — 10
0.1 3000 1210™ ¢ 6
1.0 2000 IYio=*< 6
10 2000 2xlo-® 6
20 3200 4XI0"¢ 6
20 2600 IX1I0™% 6
50 1500 7 X10”¢ 6
100 8lz 1 X10™% 6
300 456 IX10™ ¢ 6
700 | 1000 I X10~¢ 6 ]
1000 1700 1X10-% 6
2000 2400 VX INTS 6

*Measurement interval provides reliable repeatability for BSP >1 x 10-6,
NOTE: Additional measurements may be required where the slopc of the data changes

abruptly.
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DATA SHEET 4.1.5.1 * JITTER TEST

Test: 4.1.5 Jitter Test

anufacturer Model Serial No.
Tested by »
Date

Bit Synchronizer Input Signal Conditions

Premod
PCM Signal Noise Signal (Gaussian) Filter SNR
Bit Rate | Amplitude | Code Word Pattern Cal. B.W. Cal (V rms)| Cutoff dB
(kB/s) (Vp-p) (kHz) Freq (kHz)
Bit Synchronizer Settings
Detector Loop B.W. Trackng Range
Type (% Bit Rate) | (Z Bit Rate)
Jitter BSP Measurement Interval * (Period lON Bits)
Em (Hz) Af (Hz) Hold constant in range N
-5 > > -6
10 — BSP_ —- 10

6
6
6
6
6
6
) 6
6
6
6
6

Acasurement interval provides reliable repeatability for BSP >1 x 10-°F.

NOTE : A@ditiinal measurements may be required where the slope of the data changes
aoruptly.

IV-4-46




Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

4.1.6 Bit Stream Base-Line Wander and AM Test

4.1.6.1 Purpose - This test determines the effects of bit stream base-line wander and AM. Base-
line wander results from passage of the bit stream through devices lacking d.c. response, such as
tape recorders and capacity-coupled circuits, and from incidental PM or FM in transmitters. A
principal cause of bit stream AM is tape bounce.

4.1.6.2 Test Equipment:

4.1.6.2.1 The following are used in the test setup shown in figure 4.1.6-1.

Noise source

Low-pass filter

Signal generator (for base-line input)
Signal generator (for AM input)
Amplitude modulator
Premodulation filter

True rms voltmeter

Frequency counter

PCM test set

4.1.6.2.2 The test setup shown in figure 4.1.6-2 uses the same equipment listed in subparagraph
4.1.6.2.1 except it replaces the PCM test set with a PCM BER test set, a calibrated noise
attenuator and a summing amplifier.

4.1.6.3 Test Procedures:

4.1.6.3.1 Setup - Connect the test equipment as shown in figure 4.1.6-1 or 4.1.6-2.
NOTE

Refer to subparagraph 4.0.1 for standard test conditions for testing
with gaussian noise.

4.1.6.3.2 Calibrate the PCM test set output SNR in accordance with the calibration instructions
detailed in subparagraph 4.1.1.

4.1.6.3.3 Adjust the frequency and amplitude of the oscillator feeding the base-line input as

required. Adjust the frequency and amplitude of the oscilloscope feeding the AM modulator as
required. Use the oscilloscope to verify that the requirements are met.
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PREMODU-

LATION FILTER
(LINEAR PHASE)

AS—

' ! [ (b) I ‘
i i
OSCILLATOR AMPL I TUDE {  TRUE RMS
! (SINE WAVE) MODULATOR | VOLTMETER
| PCM (a
' BIT
= NOISE FILTER ) _
SOUREE O L ONABLE Noise | pcM TEST SET [qliR&=L——— SYNCHRONIZER
Signal LOW PASS Input UNDER TEST
| ' Base-Line o 09 Clock
l Input
2L
&
) (a) Terminate cable in characteristic
l ! impedance. .
I (b) Refer to appendix IV-C for
OSCILLATOR FREQUENCY suggested circuit.
(SINE WAVE) COUNTER
] !

J

Figure 4.1.6-1

Bit Stream Base-Line Wander and AM Test Setup with PCM Test Set.
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- CALIBRATED
NOISE NO »| NOISE
SOURCE ’ FILTER ATTENUATOR BT
e
SUMMING > SYNCHRONIZER
P> AMPLIFIER UNDER TEST
TRUE
AMPLITUDE
me > PRE??E#EQUON —4 MODULATOR %ET_
GENERATOR METER
] RCVR
OSCILLATOR PN
(Sine Wave TEST SET
OSCILLATCR
(Sine Wave
Figure 4.1.6-:

8it Stream Base-Line Wander and AM Test Setup for the Case in which the
“oise Attenuator and Summing Amplifier are External to the PCM Test Set.
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NOTE

Percent AM and base-line wander are defined as follows:

(Crest Ampl.)-(Trough Ampl. ) X

Percent AM= 100

(Crest Ampl.)+(Trough Ampl.)

. (p-p) Base-Line Wander
Percent Base-Line Wander = X1

(p-p) Bit Pulse Height

4.1.6.3.4 Perform the bit error test, the bit jitter test, the bit slippage test and the acquisition test.

4.1.6.4 Data Reduction - Record data on Data Sheets 4.1.6.1, 4.1.6.2, 4.1.6.3, or 4.1.6.4 as
appropriate. Examples of inputs to these data sheets are shown in figures 4.1.6-3 through 4.1.6-6
and corresponding sample data plots are shown in figures 4.1.6-7 through 4,1 .6-10.

NOTE
The results of Part | can be interpreted directly in terms of £4/2

PCM/FM with the carrier coherently detected if the SNR of Part |

is replaced with the SNR in a predetection bandwidth equal to the
bit rate.
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DATA SHEET 4.1.6.1

BEP TEST WITH BIT STREAM AM

Test: 4.1.6 Bit Stream Base-Line W>
Manufacturer ?\’a 60 % \CP:( M1 Serial No.
Tested by sb.“g X3 \)2?\3(,\?
Date o1 < g}“
€O
. ___Bit Synchronizer Input Signal Conditions |
PCM Signal FM Link Settings AM
Carrier Post
Premodulation Deviation IF Detection | % | Freq.
Bit Rate Filter Code| Word | Peak-to- | Bandwidth Filter % Bit
kB/s Bandwidth kHz Pattern | Peak, kHz kHz Bandwidth Rate
kHz
100 ©0 NRZ PR 140 180 70 50 Y _J
Bit Synchronizer Settings Sig. Gen. Mfg. DCS
Detector Loop B.W. Tracking Range Model GOV ~ 4 Serial No. 94386
T);:p; (% Bit Rate) | (% Bit Rate) Revr. Mfg. EMR
0.3 3.0 Model 4\A2 Serial No. 219
Carrier Freq. 450 KHz
IF Measurement Interval
SNR BEP (Period 10" bits)
dB Perturbed Not Perturbed N
3 9%10"% 9 x10°% 5
6 |2.5Y10°%2|2.3x10"% 5
9 L7 X073 1.4 % 10°3 6
12 |2.5%107% 5% 107° 8
15 8
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DATA SHEET 4.1.6.2 BEP TEST WITH BASE-LINE WANDER ADDED TO BIT STREAM

Test: 4.1.6 Bit Stream Base-Line W° P:‘h()?‘ \O\\\s
Manufacturer € ?,0 \C p:‘ Serial No.
‘}\ C.> C,\?
Tested by 5?
Date (’V\
\\\O \9“‘
Bit Synchronizer Input Signal Conditions
PCM Signal FM Link Settings BLW
Carrier Post
Premodulation Deviation IF Detection | % | Fr=q.
Bit Rate Filter Code Word | Peak-to- | Bandwidth Filter % zit
kB/s Bandwidth kHz Pattern | Peak, kHz kHz Bandwidth Ra-e
kHz
100 oo NR2 PR 70 160 70 50 0.25
. . apti
Bit Synchronizer -g:.tmgs Sig. Gen. Mfg. DCS
Detector Loop B.W. | Tracking Range Model GOV- & Serial No. 94—3?/
Type (% B8it Rate) | (% Bit Rate) Reve. Mfg. EMR
FS | -
Model 41472 Serial No. 219
Carrier Freq. 450 KH=z
IF Measurement Interval
SN
R BEP (Period lON bits)
dB Perturbed Not Perturbed N
3 Ju2xwt JLoxio”! 5
6 |1.5X10°%|1.2x10"% 5
9 |7.0%10°*|45%10°% 6
12 [53%107@|1.Tx 107® 8
15 ~ 8
18 8
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DATA SHEET 4.1.6.3

BEP TEST WITH BASE-LINE WANDER ADDED TO AM BIT STREAM

Test: 4.1.6 Bit Stream Base-Line ¥~ E\T Tnet
Manufacturer w?\,e EO FOED:‘\ONS Serial No.
S
Tested by _ sp‘;‘o BE \)SQEC’\F\
Date ot \(‘QN\?)\‘Y
TeoONY " _
_ Bit Synchronizer Input Signal Conditions
PCM Signal FM Link Settings BLW AM
Carrier Post
Premodulation Deviation IF Detection |% | Freg | % | Freq.
Bit Rate Filter Code Word | Peak-to- |Bandwidth Filter % Bit % Bit
kB/s Bandwidth kHz Pattern | Peak, kHz kHz Bandwidth Rate Rate
kHz
100 oo NRZE| PR 70 360 70 50| 0.25 |50 0.0
h - . 3
Bit Synchronizer Settings Sig. Gen. Mfg. DCS
Netector Loop B.W. | Tracking Range Mode] GOV-4- Serial No. 94386
1ype (% Bit Rate) | (% Bit Rate) Rovr. Mfg. EMR
#
F3S il Model 4142 Serial No. 219
Carrier Freq. 450 KHz
IF Measurement Interval
SR BEP (Period 10" bits)
dB Perturbed Not Perturbed N
3 5
6 5
9 |20¥v10°3]|45n0"% 6
12 |5.5%10°° | 1LTx%0"° 8
15 LIX 1075 | ; 8
18 1Y 1078
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BIT ERROR PROBABILITY TEST WITH AM PLUS BASE-LINE

DATA SHEET 4.1.6.4
WANDER PLUS JITTER

Test: 4.1.6 Bit Stream Base-Line "'0;\" PO?‘ \OV\S
Manufacturer ?»6 5?,0 ??\C’Pﬁ—— Serial No.
\
Tested by sb‘é\o 6?’;) 69?9
Date _ O“ 1 N\eﬁ '
\‘\ 0\)\?
© Bit Synchronizer Input Signal Conditions ,
PCM Signal FM Link Settings BLW AM
Carrier Post
Premodulation Deviation IF Detection | % [ Freq | % | Freq.
Bit Rate Filter Code Word | Peak-to- | Bandwidth Filter % Bit % Bit
kB/s Bandwidth kHz Pattern| Peak, kHz kHz Bandwidth | Rate Rate
kHz
100 bad NRZ| PR 70 360 70 50} 0.25 |50| 0.02
Bit Synchronizer Settings Jitter Jitter Sig. Gen. Mf DCS
. Gen. Mfg.
Detector | Loop BW{Tracking{ 6 dB % (rms) i .
Type | (% Bit | Range | Point | Bit Rate | '0de! GOV-4 Serial No. 94386
Rate) (%Bit (%Bit Rcvr. Mfg, EMR
Rate Rat
Fg =4 = ) ze) l Model 41472 Serial no. 219
Carrier Freq. 4350 XHz
S’I‘; Measurement Interval
BEP '
(Period 10" bits)
d8 Perturbed Not Perturbed N
3 5
6 5
9 |1.OX0"2% |4.5X\0°% 6
12 | .0%10°% [1.71107% 8
15 LBX 1075 8
18 2X107@
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Figure 4.1.6-7 Sampie Plot Presentation of Data Sheet 4.1.6.1.

IV-4-55




Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment

RCC Document 118-79

46 6463

SEMI-LOGARITHMIC 7 CYCLES X 60 DIVISIONS

KEUFFEL & ESSER CO  mantmusa

KE

BEP

10

10

10~

107

107

10°

10

BIT ERROR PROBABILITY VERSUS IF
SIGNAL-TO-NOISE RATIO WITH FM LINK
AND BIJ STREAM BASELINE WANDER

T T Ty rrIrrroer oot r

17 - NO 2w

50% BL WANDER OF FREQUENCY

X20.25% OF BIT RATE

) ] i
A 7
1

] SAMPLE DATA

([[[[T NOT TO BE USED FOR
N||| EQUIPMENT SPECIFICATIONS

g

aus

4444

»e

[+3)
T

-2 0 2 4 6 8 10 12 14 16 18
(IF) SNR (dB)
Figure 4.1.6-8 Sample Plot Presentation of Data Sheet 4.1.6.2.
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BIT ERROR PROBABILITY VERSUS LI
SIGNAL-TO-NOISE RATIO WITH FM LINK AND
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Figure 4.1.6-9 Sample Plot Presentation of Data Sheet 4.1.6.3.
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Figure 4.1.6-10 Sample Plot Presentation of Data Sheet 4.1.6.4.
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DATA Sheet 4.1.6.1

BEP TEST WITH BIT STREAM AM

Test: 4.1.6 Bit Stream Base-Line Wander and AM Test

Manufacturer Model Serial No.
Tested by ’
Date
Bit Synchronizer Input Signal Conditions
PCM Signal FM Link Settings AM
Carrier Post
Premodulation Deviation IF Detection Freqg.
Bit Rate Filter Code Word | Peak-to- | Bandwidth Filter % Bit
kB/s Bandwidth kHz Pattern | Peak, kHz kHz Bandwidth Rate
kHz
Bit Synchronizer Settings Sig. Gen. Mfg.
Detector Loop B.W. [ Tracking Range Mode] Serial No.
Type (% Bit Rate) | (% Bit Rate) Revr. Mfg.
Model Serial No.
Carrier Freq.
IF Measurement Interval
SR BEP (Period 10" bits)
ds Perturbed Not Perturbed N
3 5
6 5
9 6
12 8
15 8
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DATA Sheet 4.1.6.2

4.1.6 Bit Stream Base-Line Wander and AM Test

BEP/YEST WITH BASE-LINE WANDFR ADDED TO BIT STREAM

Test:
Manufacturer Model _Serial No. __
Tested by ’
Date
: Bit Synchronizer Input Signal Conditions v
PCM Signal FM Link Settings BLW
Carrier Post
Premodulation Deviation IF Detection | % | Freq.
Bit Rate Filter Code Word | Peak-to- | Bandwidth Filter % Bit
kB/s Bandwidth kHz Pattern | Peak, kHz kHz Bandwidth Rate
kHz
- Bit Synchronizer Settings Sig. Gen. Mfg.
Detector Loop B.W. | Tracking Range Model serial No.
Type (% Bit Rate) | (% Bit Rate) Revr. Mfg.
Model Serial No.

Carrier Freq.

IF
SNR

BEP

Measurement Interval

(Period 1ON bits)

dB Perturbed

Not

Perturbed

12

15

18

ittt | Z
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DATA SHEET 4.1.6.3 BEP TEST WITH BASE-LINE WANDER ADDED TO AM BIT STREAM
test: 4.1.6 Bit Stream Base-Line Wander and AM Test

Manufacturer Model Serial No.

Tested by s

Date

Bit Synchronizer Input Signal Conditions
PCM Signal FM Link Settings BLW AM

: Carrier Post
Premodulation Deviation IF Detection [% | Freq |%| Freq. |
Bit Rate Filter Code Word | Peak-to- |Bandwidth Filter % Bit % Bit
kB/s Bandwidth kHz Pattern| Peak, kHz |  kHz Bandwidth Rate Rate
kHz

B . .
it Synchronizer Settings Sig. Gen. Mfg.
Detector Loop B.W. | Tracking Range Mode] Serial No
Type ‘ (% Bit Rate) | (% Bit Rate) Revr. Mfg.
Model Serial No.
Carrier Freq.
IF ' Measurement Interval
SNR BEP (Period 10V bits)
ds Perturbed Not Perturbed N
3 5
6 5
9 6
12 8
15 8
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\TA SHEET 4.1.6.4

BEP TEST WITH AM PLUS BASE-LINE WANDER PLUS JITTER

Test: 4.1.6 Bit Stream Base-Line Wander and AM Test
Manufacturer Model Serial No.
Tested by ’
Date
. Bit Synchronizer Input Signal Conditions
PCM Signal FM Link Settings BLW AM
Carrier Post
Premodulation Deviation IF Detection Freq Freq.
Bit Rate Filter Code Word | Peak-to- | Bandwidth Filter % Bit % Bit
kB/s Bandwidth kHz Pattern| Peak, kHz kHz Bandwidth Rate Rate
kHz
Bit Synchronizer Settings | Jitter| Jitter Sig. Gen. Mfg.
Detector| Loop BW{Tracking| 6 dB % (rms) .
Type (% Bit | Range Point | Bit Rate Model serfal No. ____
Rate) (281t (%Bit Revr. Mfg.
Rate) Rate) Model Serial No.
Carrier Freq.
IF Measurement Interval
SNR BEP (Period 10" bits)
dB Perturbed Not Perturbed N
3 5
6 5
9 6
12 8
15 8
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4.2 Part 1l. PCM/FM Testing

Part 11 modifies the procedures of Part | and is to be used to determine if a selected bit
synchronizer has the required characteristics essential for PCM/FM telemetry applications.

4.2.1 Test Setup Calibration for Predetection SNR

4.2.1.1 Purpose - The SNR is an important parameter in many of the performance tests
conducted on PCM bit synchronizers. Calibration of the test setup is necessary for obtaining an
accurate SNR to allow evaluation of performance in satisfying specifications or for comparing
competing designs.

4.2.1.2 Test Equipment:

4.2.1.2.1 For procedure using test setup shown in figure 4.0.2-1:

BER test setup or PCM test set
Voltage controlled oscillator
Noise source

Band-pass filter

Amplifier

Discriminator

True rms voltmeter

4.2.1.2.2 For procedure using test setup shown in figure 4.0.2-2:
BER test setup or PCM test set
RF signal generator
Receiver
True rms voltmeter
4.2.1.3 Test Method:
4.2.1.3.1 Procedure 1 (using setup in figure 4.0-2-1.):
4.2.1.3.1.1 Setup - Connect the test equipment as shown in figure 4.0.2-1.
NOTE

Refer to subparagraphs .4.0.1 and 4.0.2 for standard test
conditions.

4.2.1.3.1.2 Set output attenuation on the noise source to —40 dB and set the variable output level
control to its minimum value.
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4.2.1.3.1.3 Set the output of the voltage controlled oscillator (VCO) to a convenient level in the
range of O.IV to 0.3V rms as read on the true rms voltmeter.

4.2.1.3.1.4 Set the output attenuator on the noise source to 5 dB and adjust the variable level
control so that the reading on the true rms voltmeter increases 3 dB. If the input circuits of the
discriminator are linear in the range selected, the signal power from the VCO is equal to the
noise power.

4.2.1.3.1.5 Check results against the following chart to test for linearity.

Noise Source dB Increase on True RMS
Attenuator Output Power Voltmeter (relative to S)
40 dB S --
5 2S 3
2 3S 4.8
0 4S 6

4.2.1.3.1.6 If the results do not check, reduce the output of the VCO and repeat. Having found a
linear range, SNR in the band-pass filter (BPF) output can be varied in 1-dB steps by the noise
source output attenuator. For example, when the noise source output attenuator is set for 18 dB,
SNR is 13 dB, etc.

BPF Output SNR (dB)=noise generator output attenuator (dB)-5 dB.
4.2.1.3.2 Procedure 2 (using setup in figure 4.0.2-2):
4.2.1.3.2.1 Setup - Connect the test equipment as shown in figure 4.0.2-2.

NOTE

Refer to subparagraphs: 4.0.1 and 4.0.2 for standard test
conditions.

NOTE
Here the noise source is the RF section of the receiver which has a
fixed noise level. Therefore, it is convenient to use the output
attenuator on the RF signal generator.

4.2.1.3.2.2 Turn the output attenuator to —130 dBm or less.

4.2.1.3.2.3 Disable the receiver AGC and substitute a bias which provides linearity over the
range N to 4N.
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4.2.1.3.2.4 Increase the signal generator output power (Ps) until the true rms voltmeter reading
increases 3 dB. Call this Pg;. If the receiver IF is operating in a linear range, Psi=N.

4.2.1.3.2.5 Test for linearity by checking results against the following chart.

Ps Output Power dB Increase (relative to N)
0 (or =130 dBm) N -
2P (Psi+3 dB) 3N 4.8
3Ps; (Psi+4.8 dB) AN 6

4.2.1.3.2.6 If the results do not coincide, reduce the IF gain (by adjusting AGC bias) until a
check is obtained. Restore AGC. The SNR in the linear IF can be varied by setting the output
attenuator of the signal generator (assuming that its calibration is maintained).

4.2.1.3.2.7 Express the performance of the bit synchronizer in terms of the SNR in a
predetection bandwidth equal to the bit rate (f ). Let the noise bandwidth of the IF be B,
(approximately equal to the 3-dB bandwidth). Let the SNR in B, be (SNR)B,, . Then,

Bn
(SNR)fb=ﬁ; (SNR)Bn

or, in dB,

B
(SNR)f, dB=(SR)g dB+10 log o 7~
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4.2.2 Frequency Modulation (FM) Sensitivity of the RF Signal Generator
4.2.2.1 Purpose - This test determines the modulation sensitivity of the signal generator, whether
itis at RF or IF. The modulation sensitivity is required so that the correct carrier deviation is

utilized during the performance tests.

4.2.2.2 Test Equipment:

Signal generator (RF or IF)
Low frequency signal generator
True rms voltmeter
Spectrum analyzer (or internal receiver spectrum analyzer)
4.2.2.3 Test Method:
4.2.2.3.1 Setup - Connect the test equipment as shown in figure 4.2.2-1.
NOTE

Refer to subparagraphs 4.0.1 and 4.0.2 for standard test
conditions.

4.2.2.3.2 Frequency modulate the carrier with a sinusoid of frequency (f.,) about half of the
desired peak deviation.

4.2.2.3.3 Increase amplitude of the sinusoid until the first carrier disappearance (as viewed on
the receiver spectrum display) occurs.

4.2.2.3.4 The peak carrier deviation is then fd=2.4fm.
4.2.2.3.5 Read the rms value of the sinusoid. Call this V ms.

4.2.2.3.6 The modulation sensitivity is:
Smes—r  Hz/volt
™ 2V s

4.2.2.3.7 Example: If it is desired to modulate the carrier 0.7f, peak-to-peak, where f,=bit rate;
the peak-to-peak voltage (v) of the bit stream is then:
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LOW FREQUENCY
" RF OR IF SPECTRUM*

SIGNAL I SIGNAL ] ANALYZER

GENERATOR R
(Siﬂe wave) GENERATO

*Spectrum analyzer may be either internal or
external to the receiver used in the test.

Figure 4.2.2-1 Test Setup for Frequency Modulation Sensitivity Calibration.
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4.2.3 Bit Synchronizer Tests

4.2.3.1 Purpose - These tests determine the performance of the bit synchronizer under test when
the input noise is obtained at the output of an FM receiver.

4.2.3.2 Test Equipment:

Test equipment required is described in subparagraph 4.2.1.2 plus any additional
equipment required by the specific test being conducted.

NOTE

Refer to subparagraphs 4.0.1 and 4.0.2 for standard test
conditions.

4.2.3.3 Procedure - Repeat the tests described in Part | vs. predetection SNR expressed in a
bandwidth equal to the bit rate.

4.2.3.4 Data Reduction - Record data on Data Sheet 4.2.3.1. An example of Data Sheet 4.2.3.1
use is shown in figure 4.2.3-1 and a corresponding sample data plot is shown in figure 4.2.3-2.
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DATA SHEET 4.2.3.1

BIT SNYCHRONIZER TESTS

Test: 4.2.3 Bit Synchronizer Tests p\"{b‘ Q \*5
M € 0 ?O ’(\O N
Manufacturer ?\’ \a \Cp. -1+ No.
§£§9\ C \)€5 Qg:)ﬁ?
Tested by S o) %) %
Date V\O W
O\Y
€Q .
Bit Synchronizer Input Signal Conditions _
PCM Signal FM Link Settings
Carrier
Premodulation Deviation IF Post Detection
Bit Rate Filter Code Word Peak-to- Bandwidth kHz Filter
kB/s Bandwidth kHz Pattern | Peak, kHz Bandwidth kHz
100 o NKRZ PR 70 i80 70
Bit Synchronizer Settings Sig. Gen. Mfg. 0CS
Detector Loop B.W,. Tracking Range Mode] GOV - 4 Serial No. 74386
Type (% Bit Rate) | (% Bit Rate) Revr. Mfq. EMR
FS 0.1 Model 4142 Serial No. 219
Carrier Freq. 450 ¥Hz
IF Bit Error Probability Measurement Interval
SNR (Period 10 Bits)
Total
(dB) (1's + 0's) 1's 0's N
-|
0 1.8 X 10 5
+3 b.b % 10”% 5
+6 .1 X107% 5
+9 4.3 %1074 6
+12 9 x10~7 8
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SIGNAL-TO-NOISE RATIO WITH FM LINK
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Figure 4.2.3-2 Sample Plot Presentation of Data Sheet 4.2.3.1.
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DATA SHEET 4.2.3.1

BIT SNYCHRONIZER TESTS

Test: 4.2.3 Bit Synchronizer Tests
Manufacturer _ Model Serial No.
Tested by s
Date
Bit Synchronizer Input Signal Conditions
PCM Signal FM Link Settings
Carrier
Premodulation Deviation IF Post Detection
Bit Rate Filter Code Word Peak-to- Bandwidth kHz Filter
kB/s Bandwidth kHz Pattern | Peak, kHz Bandwidth kHz
e Bit Synchronizer Settings Sig. Gen. Mfg.
W. ing R
Detector Loop B.W Tracking Range Mode] Serial No.
Type (% Bit Rate) | (% Bit Rate) Rcvr. Mfg.
Model Serial No.
Carrier Freq.
IF Bit Error Probability Measurement IntervaI
SNR (Period 10 Bits)
Total
(dB) (1's + 0's) 1's 0's N
0 5
+3 5
+6 5
+9 6
+12 8
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CHAPTER 5

FM DISCRIMINATORS
5.0 General

5.0.1 The FM discriminator evaluation is the acquisition and distribution of performance
information that will be useful to groups engaged in telemetry activities. To this end, uniformity
of test procedures used is important for obtaining valid comparisons of performance and periodic
checks on installed equipment or testing of new equipment.

5.0.2 Performance tests are recommended for all IRIG subcarrier channels intended for use with
the discriminators. Care should be taken to establish known environmental conditions such as
temperature and humidity to minimize the uncertainty in performance. In addition, the
equipment should be energized from a regulated line. Particular care should be taken in the test
setup design to avoid the error-producing effects of ground-loop currents.

5.0.3 Definition of Terms

5.0.3.1 Band Pass Input Filter (BPIF) - The channel selection filter centered at the channel
center frequency and with a 3-dB bandwidth corresponding to the channel bandwidth.

5.0.3.2 Center Frequency (f.) - The center frequency for a given channel as defined in IRIG
Standard 106-XX, Telemetry Standards, Appendix A, paragraph 5.4.

5.0.3.3 Deviation Ratio - The deviation ratio of a channel is defined as the ratio of one half the
defined deviation bandwidth to the cutoff frequency of the discriminator low pass output filter.

5.0.3.4 Lower Band Edge (LBE) Frequency - The frequency which corresponds to the lower
deviation limit defined in table 3-1, IRIG-106-XX, for a given channel.

5.0.3.5 Low Pass Output Filter (LPOF) - The output filter contained in or plugged into the
discriminator with its cutoff frequency (3-dB point) defined as the maximum data frequency.

5.0.3.6 Modulation Index - In angle modulation with a sinusoidal modulating wave, the ratio of
the peak frequency deviation to the frequency of the modulating wave:

m= A f/ fmax'
where Af = the maximum frequency difference between the modulated carrier and the
unmodulated carrier.

fmax = the maximum modulating frequency.

5.0.3.7 Upper Band Edge Frequency (UBE) - The frequency which corresponds to the upper
deviation limit defined in IRIG-106-XX, subparagraph 7.2.25.
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5.0.4 Standard Test Conditions - To ensure uniformity of testing, the following standard test
conditions and preliminary adjustments should be completed before individual tests are
conducted.

5.0.4.1 Input Signal Level - The standard input signal level for the specified procedures is 0.3
Vrms, except as modified in a specific procedure.

5.0.4.2 Output Load - The load placed on the discriminator shall be the maximum load
specified.

5.0.4.3 Warm-up

5.0.4.3.1 The discriminator under test shall be allowed to warm up prior to the start of a test
according to the performance specification.

5.0.4.3.2 Test equipment used in test procedures shall be allowed to warm up so that drifts and
other variations caused by the test equipment shall be minimized. Generally, a 30 minute warm-
up period is recommended.

5.0.4.4 Output Voltage - The output voltage shall be adjusted prior to the start of a test to
conform to the following requirements:

5.0.4.4.1 With the input signal set to the center frequency of the desired channel and
unmodulated, the output voltage shall be 0+10 mV dc.

5.0.4.4.2 With the upper (lower) band edge frequency applied to the discriminator input, the
output voltage shall be +10(-10) Vdc or the maximum specified for operation within £10 mV dc.

5.0.4.5 Tolerances - The measurements which are identified in the following test methods
should be made with sufficient precision to satisfy the intended purpose. It is recommended that
the maximum tolerance used conform to the following:

Frequency +0.1% or 1 Hz whichever is smaller
Voltage +1.0 mV
dB +0.1 dB.

5.0.4.6 An oscilloscope is connected to the discriminator output in most tests. It is used to
observe glitches and to identify anomalous behavior which may not be detected by other
instrumentation.

5.1 Deviation Sensitivity and Static Linearity

5.1.1 Purpose - This test determines the deviation sensitivity and static linearity of an FM
discriminator.

5.1.2 Test Equipment
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Signal generator
Frequency counter
Digital voltmeter (dc)
5.1.3 Test Method
5.1.3.1 Setup - Connect the test equipment as shown in figure 5.1.1.
5.1.3.2 Conditions
5.1.3.2.1 Set the discriminator low pass output filter to cut off frequency of interest.
5.1.3.2.2 Maximize output load according to specification.

5.1.3.3 Procedure

5.1.3.3.1 Set the signal generator frequency to center frequency and adjust output voltage to
zero.

5.1.3.3.2 Set the input frequency to LBU and adjust output voltage to specified maximum output
level.

5.1.3.3.3 Repeat steps 5.1.3.3.1 and 5.1.3.3.2 as necessary to achieve desired accuracy.

5.1.3.3.4 The test may be performed with either 5 or 11 data points. Generally the 11-step data
collection is used for acceptance testing, and the 5-step data collection is used for rapid
revalidation of discriminator performance.

5.1.3.3.5 Eleven Point Test - Record the input frequency and output voltage for frequencies
equivalent to the LBE deviation limit frequency f; — 0.8(Af), f.— 0.6(Af), f; — 0.4(Af),

f.— 0.2 (AD), fi, f. + 0.2(AD), f. + 0.4(AD), f, + 0.6(A), f;+ 0.8(Af) and UBE deviation limit
frequency on data sheet 5.1.1, where Af = f;— LBE = UBE - f.

5.1.3.3.6 Five Point Test - Record the input frequency and output voltage for frequencies
equivalent to the LBE deviation limit, f.— 0.5(Af) , fc fc + 0.5(Af) , UBE deviation limit on data
sheet 5.1.2.
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FREQUENCY

COUNTER

AM IN |FM IN

SIGNAL
GENERATOR

DISCRIMINATOR
UNDER TEST

BPIF

LPOF

DC DIGITAL
VOLTMETER

y
MAX,
RATED

LOAD

Figure 5.1.1 Test Setup for Deviation Sensitivity and Static Linearity.
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FM DISCRIMINATORS
DATA SHEET 5.1.1

TEST Deviation Sensitivity and Static Linearity (11 Point)

MANUFACTURER MODEL
SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kHz UPPER BAND EDGE XHz
LOWER BAND EDGE kHz I.OW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: I"lca !”lcp |_lother
TEST PERSONNEL DATE LOCATION
Calculate: Af = Center Freq - Lower Band Edge Freq = kHz
= Upper Band Edge Freq - Center Freq = kHz
Frequency

i Equation Calculated (kHz)

1 f- AF

2 £f.-0.8 Af

3  f-0.6 Af

4 f£.-0.4 Af

5 f£-0.2 Af

6 £,

7 £40.2 Af

8 £+0.4 Af

9 f£+0.6 Af

10 £.+0.8 Af

11 f+ Af

Record the actual input frequency and output voltage in the table
below and calculate the remaining information:

Input Output

i Frequency Voltage Af, = f, - £ (Afi)2 AE; x V,
(kHz) (Vdce)

1

2

3

4

5

6 L

7

8

9

10

11

Add columns:IV, = . = I AF)C = IAf, X V; =
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DATA SHEET 5.1.1 (Continued)

DEVIATION SENSITIVITY=

11 11 11
11( 2 Af; x V) =(L v )(L af,)
b = i=1 i=1, i=1 = volts/kHz,
1n 11
11( I ( Af)%) - (I af)?
i=1 i=1
and
ZERO OFFSET=
11 11
a=(LtV,-bx IAf)/11 =__  vyolts.
i=1 i=1

Calculate the following:

: : DEVIATION FROM
- LINEAR FIT

i Af, a tb Af, v; (a +b Af) -V,

1 R

2

3

4

5

6

7

8

9

10

11
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i

Gl W N

FM DISCRIMINATORS
DATA SHEET 5.1.2
TEST Deviation Sensitivity and Static Linearity (5 Point)

MANUFACTURER MODEL
SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF ' kHz
LOW PASS FILTER TYPE: 1" lca ) |”lother
TEST PERSONNEL DATE LOCATION
Calculate: Af = Center Freq - Lower Band Edge Freq = kHz
= Upper Band Edge Freq- Center Freq = kHz
Frequency
i  Equation cCalculated(kHz)
1 f- Af
2 fC—O.S Af
3 £
4 £+0.5 Af
5 £+ Af

c

Record the actual input frequency and output voltage in the table
below and calculate the remaining information:

Input Output
Frequency Voltage Af;=f;, - £, (Af‘-)2 Af, x V;
(kHz) (Vdc)

Add columns:

IM
]
7
>
h

T

I(Af)= IAf, X Vi=

IV-5-7




Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment

RCC Document 118-79

Calculate the following:

[C,F R gy

DATA SHEET 5.1.2 (Continued)

DEVIATION SENSITIVITY=

5 5 5
5( I A x Vi) - ( I V)(ZI Bf)
b = i=1 i=1 i=1 = volts/kHz,
5 5
S( I ( AfF; )% - ( zAf; )P
i=1 i=1
and
5 5
ZERO OFFSET=a = (5 V, -bx 1 Af; )/5= volts.
i=1 i=1

DEVIATION FROM
LINEAR FIT
Af a +b Of, v, (a+ b Af) -V,

i
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5.1.4 Data Reduction

5.1.4.1 Eleven Point Test. The best fit straight line is of the form

a+b(f-f)=V

where a is the center frequency output voltage offset in volts, and b is the deviation sensitivity in
volts per kilohertz. The coefficients a and b are obtained from the equations

11 11 11
11( ¢ Af, X V) =( I V,)( IAf, )
b = i=1 i=1 i=1
11 ) 11
11(z( AE)°) = ( ZALY)
i=1 i=1
and
11 11
a=(3yV,-bx gz Af; ) /11,
i=31 i=1
Where

Af; is the ith frequency difference (f;-fc)
V;j is the ith output voltage

The deviation sensitivity (b) and offset (a) should be compared to the specific value. The
difference between actual output voltage, V;, and that calculated from the best fit curve defined
by the coefficients a and be should be compared to the static linearity specification (see data
sheet 5.1.1 sample).

5.1.4.2 Five Point Test - The equations for determining a and b are

b = i=1 i=1 i=1
5 2 5 2
5z ( Af;)%) = ( & Af;)
1=1 i=1
and
5 5
a= ( IV, -bx Z Af, )/5,
i=1 i=1

Where a, b, Afj and V;are defined in subparagraph 5.1.4.1. The deviation sensitivity (b), offset
(a) and the deviation from best fit straight line should be compared to the specification as in
subparagraph 5.1.4.1 (see data sheet sample 5.1.2).
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FM DISCRIMINATORS

DATA SHEET 5.1.1 (Sample)
TEST Deviation Sensitivity and Static Linearity (11 Point)

MANUFACT!'RER_XYZ MODEL_DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY__ 70. kHz UPPER BAND EDGE 80.5 kHz
LOWER BAND EDGE 59.5 kHz LOW PASS FILTER CUTOFF 2.1 kHz
LOW PASS FILTER TYPE: I"lea 'Xlcp |”lother
TEST PERSONNEL DATE LOCATION
Calculate: Af= Center Freq - Lower Band Edge Freq = 10.5 kHz
= Upper Band Edge Freq- Center Freq = 10.5 kHz
Frequency
i Equation Calculated(kHz)
1 f - Aof 59.5
2 f-0.8 Af 61.1
3 f-0.6 Af 63.7
4 f-0.4 Of 65.8
5 f£,-0.2 Af 67.9
6 f 70.0
7  £40.2 Af 72.1
8 f£.+0.4 Af 74.2
9 £40.6 Af 76.3
10 £f+0.8 Af 78.4
11 £+ Af 80.5

Record the actual input frequency and output voltage in the table
below and calculate the remaining information:

Input Output

i Frequency Voltage Af.=f - f_ (8f£,)2 Af, x V,
(kHz) (vdc)

1 59.500 -10.012 ~10.5 110.25 105.126
2 61.600 -8.010 -8.4 70.56 67.284
3 63.700 ~-6.009 -6.3 39.69 37.8567
4 65.800 -4.007 ~4.2 17.64 16.8294
5 67.900 -2.006 -2.1 4.41 4.2126
6 £70.000 ~0.006 0 0.00 0.000
7 72.100 +1.995 2.1 4.41 4.1895
8 74.200 +3.996 4.2 17.64 16.7832
9 76.300 +5.997 6.3 39.69 37.7811
10 78.400 +7.998 8.4 70.65 67.1832
11 80.500 +9.997 10.5 110.25 104.9685

Add columns: ZLV;=-0.063 LAf =0 LA f)e= LAf. x V=

485.1 470.6142
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DATA SHEET 5.1.1 (Sample) (Continued)

DEVIATION SENSITIVITY=

11 11 11
11( g of x V) =(I V;)(Z Bf)
b = i=1 i=1 i=1 = 0.95282 volts/kHz,
11 - 11 2
11( ¢ ( A£)%) - (T Af)
i=1 o i=1
and
ZERO OFFSET=
11 11
a=(rV,-bx I Af, )/11 = -0.00573 _ volts.
i=]1 i=1

Calculate the following:

DEVIATION FROM

LINEAR FIT
i bE, a+b Af, v, (a+b Ag) -V,
1 _-10.5 ~10.010 ~10.0]12 0,002
2 __-8.4 -8,009 -8.010 0.001
3 __-6.3 -6.008 =6.009 | 0,001
4 _-4.2 ‘ -4.008 -4.007 =0,001
5 2.1 =2.007 =2.006 . ___=0,001
6 0 ~0.006 ~0.006 0
7 _2.1 1.995 1.995 | 0
8 _ 4.2 3.996 3.996 . 0
9 __ 6.3 5.997 5.997 0
10 ___8.4 7.998 7.998 0
11 __10.5 9,999 9.997 0.002
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FM DISCRIMINATORS

DATA SHEET 5.1.2 (Sample)
TEST Deviation Sensitivity and Static Linearit 5 Point

Frequency
i Equation Calculated(kHz)
1 £~ Af 76
2 £.-0.5 Af 78
3 f, 80
4 £+0.5 Af 82
5 £+ AP 84

Record the.actual 1nput frequency and output voltage
below and calculate the remaining information:

MANUFACTURER XYZ MODEL DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. IOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 80 kHz UPPER BAND EDGE 84 kHz
LOWER BAND EDGE___. .. _.76, kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: " lea 'X\cp |~ lother
TEST PERSONNEL DATE LOCATION,
Calculate: Af = Center Freqg - Lower Band Edge Freq = 4 kHz
= Upper Band Edge Freqg- Center Freq = 4 kHz

in the table

Input . .., Output . .
i Frequency . Voltage S AfE=f - £, (& fi)2 Af, xV,
(kHz) . (Vde)
1 76 8.953 -4 16. -35.812
2 78 4.476 -2 4., -8.952
3 ﬁc 80 0.001 0 0.0 0.000
4 82 " =4.475 2 4.0 -8.950
5 84 - =8.,951 4 16.0 -35.804
Add columns: Iy,= IAf.= , (b £.)°= IAf % V.=
- : 0.004 0 40 -89.518
(I M=
0
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DATA SHEET 5.1.2 (Sample) (Continued)

DEVIATION SENSITIVITY=

5 - 5 5
5( 0 M, xV )= ( IVy)( Iaf)) N
b= J'.=15 i=% i=1 = _=-2,238 volt/kHz,
5( I (af )Y - ( Do)’
i=1 i=1
and
5 5
ZERO OFFSET= a = (i): V‘ -bx . 21 Af, )/5 = 0,001 volts.
=1 1=

Calculate the following:
DEVIATION FROM

LINEAR FIT
i At a+h Af, v, (a+b At -V,
1 -4 8.953 8,953 0
2 -2 4.471 4.476 0.00}
3 0 ~0.001 0.003 0
4 2 -4.,475 -4,475 0
5 4 -8.951 _-8.95) 0
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5.2 Zero and Band Edge Stability Test

5.2.1 Purpose - This test determines the zero and band edge stability of an FM discriminator
over a one-hour period.

5.2.2 Test Equipment

Signal generator with frequency stability of +10°/day
Frequency counter
Digital voltmeter (dc)
Oscilloscope
5.2.3 Test Method
5.2.3.1 Setup - Connect the test equipment as shown in figure 5.2.1.
5.2.3.2 Conditions
5.2.3.2.1 Warm up all equipment according to specifications.
5.2.3.2.2 Set discriminator low pass output filter to cutoff frequency of interest.
5.2.3.2.3 Maximize output load according to specification.

5.2.3.3 Procedures

5.2.3.3.1 Adjust signal generator output level and discriminator balance and output levels in
accordance with paragraph 5.0 of General Procedures.

5.2.3.3.2 Apply LBE frequency to discriminator and record time, input frequency, and output
voltage on data sheet 5.2.1. Repeat procedure for center and UBE frequencies.

5.2.3.3.3 Repeat step 5.2.3.3.2 approximately one hour later, using the same frequencies
recorded earlier without adjusting discriminator balance and output voltage levels.

5.2.4 Data Reduction - Compare change in discriminator output voltages obtained at center and
band edge frequencies with specifications. Subtract voltage readings of second test from first
test and record in AV column on data sheet. Calculate percentage change and record in
percentage change column (see data sheet 5.2.1 sample).

NOTE

If uniform change in discriminator output voltage is noted between
groups of data and this change can be corrected by resetting zero
output at center frequency within drift specification, then
discriminator is operating normally.
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5 FREQUENCY 0SCILLOSCOPE
COUNTER
AM IN |FM IN DISCRIMINATOR | bc pisITAL
UNDER TEST VOLTMETER
N >
SIGNAL ,
GENERATOR BPIF LPOF MAX.
RATED
LOAD

Figure 5.2.1 Test Setup for Zero and Band Edge Stability.
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DATA SHEET 5.2.1

FM DISCRIMINATORS

TEST Zero and Band Edge Stability Test

MANUFACTURER MODEL
SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: " lca I—lcp ! lother
TEST PERSONNEL DATE LOCATION
Tinme:
Input Frequency Output
Frequency (kHz) Voltage (Vdc)
Lower Band Edge (L)
Center Freq.
Upper Band Edge (U)
Time:
Input Frequency Output
Frequency (kHz) Voltage(Vdc) Av

Lower Band Edge
Center Freq.
Upper Band Edge

Percent Change
Lower Band Edge
Center Freq.
Upper Band Edge

( AV x 100/ (U-L))
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FM DISCRIMINATORS

DATA SHEET 5.2.1 (Sample)

TEST Zero and Band Edge Stabilityv Test
MANUFACTURER XY2Z MODEL DEF
SERIAL NO. 70 IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO.

LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 70.0 XHz @ UPPER BAND EDGE___80.5 kHz
LOWER BAND EDGE 59.5 XHz IOW PASS FILTER CUTOFF, 2.1 KkHz
LOW PASS FILTER TYPE: 1" lca 1¥icp | lother
TEST PERSONNEL DATE LOCATION,
Time: 1300
Input Frequency - Output
Frequency (kHz) Voltage (Vdc)
Lower Band Edge _59.500 _ - 0
Center Freq. 70,000 =0.008
Upper Band Edge _80.500 =9.990 (U)
Time:_1400
Input Frequency Output
Frequency (kHz) Voltage(Vdc) AV
Lower Band Edge 59.500 -10.010 0.001
Center Freq. 70.000 =0.008 0
Upper Band Edge 80.500 +9,989 0.001

Percent Change
Lower Band Edge
Center Freq.

Upper Band Edge

( AV x 100/(U =L))
0.005%

0

0.005%
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5.3 Static Noise
5.3.1 Purpose - This test measures the amount of static noise at the FM discriminator output.

5.3.2 Test Equipment

Frequency counter
Signal generator
Oscilloscope
True rms voltmeter
Digital voltmeter (dc)
5.3.3 Test Method
5.3.3.1 Setup - Connect the test equipment as shown in figure 5.3.1.
5.3.3.2 Conditions
5.3.3.2.1 Warm up all equipment according to specifications.
5.3.3.2.2 Maximize output load according to specification.
5.3.3.3 Procedure
NOTE
Incidental phase or frequency modulation in signal generator will
affect test results. Generator used should contribute less than 10

percent to parameter being measured.

5.3.3.3.1 Place a low pass output filter in test discriminator to reflect the deviation ratio at which
the discriminator will typically be used.

5.3.3.3.2 Adjust signal generator output level and discriminator balance and output levels in
accordance with paragraph 5.0 of General Procedures.

5.3.3.3.3 Adjust signal generator to LBE frequency, measure discriminator dc and rms output
voltages and record on data sheet 5.3.1.

5.3.3.3.4 Repeat step 5.3.3.3.3 for center frequency and UBE frequency.

5.3.3.3.5 Repeat steps 5.3.3.3.3 and 5.3.3.3.4 for other deviation ratios as needed.

5.3.4 Data Reduction - Compare data obtained with specifications. Calculate percent noise by
dividing rms voltages by peak-to-peak dc voltage and multiply by 100 (see data sheet 5.3.1
sample).
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RMS
VOLTMETER
- FREQUENCY ~| 0SCILLOSCOPE
COUNTER
AM IN |FM IN DISCRIMINATOR DC DIGITAL
UNDER TEST VOLTMETER
SIGNAL - ' !
GENERATOR BPIF LPOF MAX
RATED
LOAD

Figure 5.3.1 Test Setup for Static Noise,
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FM DISCRIMINATORS
DATA SHEET 5.3.1
TEST Static Noise Test

MANUFACTURER MODEL,

SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY KHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: 1Tlca i_icp '~ 1other

TEST PERSONNEL DATE LOCATION
Specifications:

Dev. Ratio LPOF Freq. _Noise rms Band Edge Vdc Filter S/N

[T

Performance data:

Center Fregquency= kHz
Dev. Ratio BPIF BW LPOF dc Volts Noise Vrms % Noise
Lower Band Edge Frequency (LBE) = kHz
Dev. Ratio BPIF BW _LPOF V, ge_Vdc Noise Vrms % Noise
Upper Band Edge Fregquency (UBE) = kHz
Dev. Ratio BPIF BW LPOF Ve Vdc Noise Vrms ¥ Noise

To calculate % Noise use the following:
]IVI.IBE = Vigel
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FM DISCRIMINATORS

DATA SHEET 5.3.1 (Sample)
TEST Static Noise Test

MANUFACTURER XY2 MODEL DEF
SERIAL NO. ABC IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 70.0 kHz  UPPER BAND EDGE__ 80.5_ KHz
LOWER BAND EDGE 59.5 kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: I_lca 'X!cp | lother

TEST PERSONNEL DATE LOCATION
Specifications:

Dev. Ratio LPOF Freqg. _Noise rms _Band Edge Vdc Filter S/N
10.5 kHz
5.25 kHz
2.1 kHz

| [ bbE

Performance data:

Center Frequency=__70.0 kHz
Dev. Ratio BPIF BW LPQF dc Volts Noise Vrms % _Noise
1 21 kHz 10.5 kHz =0.004 0.007 0.035
_2 21 5.25 ~-0.005 0.003 0.015
_5 21 2.1 =0.008 0.001 0.005
Lower Band Edge Frequency (LBE) = 59.5 kHz
Dev. Ratio BPIF BW _LPOF V, e Vdc Noise Vrms _% Noise
1 21 kHz 10.5 kHz =10.000 _0.0093 0.045
2 21 5.25 -10.003 0.004 0.02
5 21 2.1 =-10.007 0.002 0.01
Upper Band Edge Frequency (UBE) =_80.5 kHz
Dev. Ratio BPIF BW LPOF Ve Vdc Noise Vrms % Noise
1 21 KHz 10.5 kHz +9.985 0.006 0.03
-2 21 5.25 +9.996 0.004 0.02
5 21 2.1 +9.989 0.002 0.01

To calculate % Noise use the following:

% Noise = —Nolise rms x 100.

-V

|
i Vige LBE!
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5.4 Harmonic Distortion

5.4.1 Purpose - This test measures the amount of harmonic distortion present at the
discriminator output.

NOTE

This test does not discriminate between distortion introduced in the
signal source and distortion introduced in the discriminator under
test. One method of verifying that the signal source is not
introducing appreciable distortion is to perform this test using the
same signal source settings and modulating signal but using a
wideband discriminator with excellent linearity. If the distortion
values from this test are significantly lower than with the
discriminator under test, the signal source can be eliminated as a
source of distortion. If, however, the distortion is sufficiently low
with the discriminator under test, there is no need to be concerned
about the cause of the distortion.

5.4.2 Test Equipment

Audio oscillator with all harmonics at least 60 dB below amplitude of fundamental output
frequency

Signal generator or voltage controlled oscillator which can be frequency modulated

Frequency counter

Distortion analyzer

Spectrum analyzer or wave analyzer

Digital voltmeter

5.4.3 Test Method
5.4.3.1 Setup - Connect the test equipment as shown in figure 5.4.1.

5.4.3.2 Conditions - Set the signal generator to the following (see paragraph 5.0 for general test
conditions):

Output frequency - discriminator center frequency
Output amplitude - 0.3 Vrms
Peak deviation - discriminator band edge

The discriminator LPOF should be chosen to reflect a deviation ratio of one, that is, equal to

peak deviation of discriminator. The audio oscillator output should be a sine wave at a
frequency of 0.1 times the discriminator LPOF cutoff frequency.
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SPECTRUM/WAVE
g ANALYZER
AUDIO FREQUENCY DISTORTION
OSCILLATOR - COUNTER i ANALYZER
AMIN FHIN DISCRIMINATOR DIGITAL
UNDER TEST . VOLTMETER
SIGNAL ! "
GENERATOR BPIF LPOF MAX.
RATED
LOAD

Figure 5.4.1 Test Setup for Harmonic Distortion.
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5.4.3.3 Procedure

5.4.3.3.1 Set the unmodulated input signal to the input center frequency and adjust discriminator
output voltage to 0 V. Apply modulation to signal generator to produce band edge peak
deviation. Adjust output gain to give maximum specified output voltage swing.

5.4.3.3.2 Measure total distortion using distortion analyzer and record on data sheet 5.4.1.
Measure output signal amplitude at fundamental and second, third, fourth, and fifth harmonics
using spectrum analyzer or wave analyzer and record on data sheet 5.4.1.

5.4.4 Data Reduction - Calculate distortion at second, third, fourth, and fifth harmonics by
subtracting amplitude (in dBm) at fundamental from amplitude (in dBm) at each harmonic.
Record these values on data sheet 5.4.1. Calculate percent harmonic distortion from

% harmonic distortion = (109%° ) x (100),
Where d = harmonic distortion in dB.

(See data sheet 5.4.1 sample.)
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FM DISCRIMINATORS

DATA SHEET 5.4.1
TEST Harmonic Distortion

MANUFACTURER MODEL

SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: I"lea )] !”lother

TEST PERSONNEL DATE LOCATION

Modulating Frequency : Hz
Total Harmonic Distortion dB %
Frequency Output Amplitude Distortion
Fundamental dBm

Second Harmonic dBm dB %

Third Harmonic dBm daB %
Fourth Harmonic dBm dB %

Fifth Harmonic dBm dB %
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FM DISCRIMINATORS

DATA SHEET 5.4.1 (Sample)
TEST Harmonic Distortion

MANUFACTURER XYZ MODEL DEF

SERIAL NO. ABC IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 70,0 kHz UPPER BAND EDGE 80.5 kHz
LOWER BAND EDGE 59.5 kHz LOW PASS FILTER CUTOFF 10.5 kHz
LOW PASS FILTER TYPE: I"lca IXlcp 1" lother

TEST PERSONNEL DATE LOCATION

Modulating Frequency 1050 Hz
Total Harmonic Distortion ~44.4 dB 0.6 %
Freguency output Amplitude Distortion
Fundamental -3.1 dBm

Second Harmonic -51.4 dBm -48.3 dB  0.38 %

Third Harmonic =~50.9 dBm -47.8 dB  0.41 %

Fourth Harmonic - dBm - ds 0 %

Fifth Harmonic -55.8 dBm -52.7 dB  0.23 %
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5.5 Line Voltage Sensitivity

5.5.1 Purpose - This test determines the effect of variations in ac line voltage on FM
discriminator signal output.

5.5.2 Test Equipment

Frequency counter
Voltmeter (ac)

Variable autotransformer
Oscilloscope

Voltmeter (dc)

Signal generator

5.5.3 Test Method

5.5.3.1 Setup - Connect test equipment as shown in figure 5.5.1.
5.5.3.2 Conditions

5.5.3.2.1 Warm up all equipment according to specifications.
5.5.3.2.2 Maximize output load according to specification.
5.5.3.3 Procedure

5.5.3.3.1 Adjust signal generator output level and discriminator balance and output levels in
accordance with paragraph 5.0.

5.5.3.3.2 Set the input frequency to the LBE frequency.

5.5.3.3.3 Record on Data Sheet 5.5.1 Input Frequency, dc output Voltage and ac Line Voltage as
ac line voltage is increased in increments of approximately 5 percent of normal operating voltage
from minimum operating voltage to maximum operating voltage. Observe output waveform
with oscilloscope and note any change on data sheet 5.5.1 as ac line voltage is varied.

Example: If normal operating voltage is 120 Vac and specified operating range is 105
Vac to 135 Vac, data points should be approximately 6 Vac apart.

5.5.3.3.4 Repeat step 5.5.3.3.3 for center frequency and UBE frequency.

5.5.4 Data Reduction - Calculate the line voltage sensitivity as indicated on data sheet 5.5.1 and
compare with electrical specifications. The line voltage sensitivity may be calculated for any
two data points on the data sheet at any input frequency. The ac maximum and ac minimum are
the upper and lower values of ac line voltage that determines the data points. The dc maximum
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and dc minimum are the corresponding discriminator outputs for the two different ac line voltage
values at a given frequency (see data sheet 5.5.1 sample).
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0SCILLOSCOPE

DC
VOLTMETER

MAX.
RATED
LOAD

FREQUENCY
e COUNTER
AM IN [FM IN DISCRIMINATOR
UNDER TEST
SIGNAL -
GENERATOR BPIF LPOF
4 4
AC -
VOL.TMETER -
AC AUTO
POWER TRANSFORMER
Figure 5.5.1 Test Setup for Line Voltage Sensitivity.
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FM DIS
DATA SHEET 5.5.1
TEST Line Voltage Sensitivity Test
MANUFACTURER

CRIMINATORS

MODEL

SERIAL NO.

IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO.

LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE - I_lca ) | _lother
TEST PERSONNEL DATE LOCATION
ac Operating Range Vac TO Vac
% Full Bandwidth Tolerance %
.Discriminator Inputs

LBE Center Fredq. UBE
Specified kHz kHz kHz
Measured kHz kHz kHz
ac Line
Voltage Discriminator Outputs (Vdc) Comments
Nominal (L) (U)

Line Voltage Sensitivity dc

—-—HA{(]—ic-MIN

X 100% per Vac

% per Vac
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DATA SHEET 5.5.1 (Sample)

FM DISCRIMINATORS

TEST Line Voltagqge Sensitivity Test

MANUFACTURER XYZ MODEL DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 70.0 kHz UPPER BAND EDGE 80.5 kHz
LOWER BAND EDGE 59.5 kHz LOW PASS FILTER CUTOFF___ 2.1 kHz
LOW PASS FILTER TYPE: I"lca !X!cD |_lother
TEST PERSONNEL DATE LOCATION
ac Operating Range 105 vac TO 132 Vac
% Full Bandwidth Tolerance 0.5 %
Discriminator Inputs
LBE Center Freq. UBE

Specified 59.5 kHz 70.0 kHz 80.5 kHz
Measured 59.5000 kHz 70.000 kHz 80.5000 KkHz
ac Line
Voltage Discriminator Outputs (Vdc) Comments
Nominal -9.328 (L) =14 mV +9.981 (U)

105 =9.328 -15 +9.982

112 =9.328 =15 +9.981

119 =-9.326 =15 +9.979

126 -9.326 ~15 +9.979

132 -9.326 =15 +9.980
Line Voltage Sensitivity = dc,,,_—

1

————*M{rjgshm~——— X 100 % per Vac

ac - acm"

MAX

-9.326 _+9.328
9.981 + 9.328
119 - 105

7.4 x 107

X 100 % per Vac

% per Vac
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5.6 Output Impedance and Current

5.6.1 Purpose - This test measures the output resistance and current drive capability of an FM
discriminator.

5.6.2 Test Equipment

Signal generator Frequency counter
Digital voltmeter (dc) True rms voltmeter
Variable load Ohmmeter

5.6.3 Test Method

5.6.3.1 Setup - Connect the test equipment as shown in figure 5.6.1.

5.6.3.2 Conditions

5.6.3.2.1 Warm up all equipment according to specifications.

5.6.3.2.2 Set up signal generator in accordance with standard conditions in paragraph 5.0.
5.6.3.3 Procedure

5.6.3.3.1 Set signal generator to center frequency and adjust discriminator to 0 V output.

5.6.3.3.2 Apply UBE frequency to discriminator input and adjust discriminator for maximum
output (see subparagraph 5.0.4.4.2).

5.6.3.3.3 Disconnect load and measure and record open circuit output voltage on data sheet 5.6.1
for UBE frequency.

5.6.3.3.4 Connect a resistive decade box set for maximum resistance to the discriminator.
5.6.3.3.5 Decrease resistance until the output voltage is one-half of the open circuit value.

5.6.3.3.6 Disconnect decade box from circuit and measure and record its resistance on data sheet
5.6.1. This resistance will be used to calculate the maximum output current of the discriminator.

5.6.3.3.7 Repeat procedure and record results using LBE frequency.
5.6.3.3.8 Set the signal generator to a frequency equal to the discriminator center frequency plus
1 percent of the UBE frequency minus the center frequency (f.+0.01(f use—f:) ) . Repeat steps

5.6.3.3.3 through 5.6.3.3.5. Disconnect decade box from circuit and measure and record its
resistance on data sheet 5.6.1. The measured resistance is the dc output resistance.
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A

TRUE RMS
VOLTMETER

AM IN |FM IN

SIGNAL
GENERATOR

FREQUENCY
COUNTER

Figure 5.6.1

DISCRIMINATOR
UNDER TEST

OHMMETER

BPIF LPOF

DC DIGITAL
VOLTMETER

VAR.
RES.
BOX

Test Setup for OQutput Impedance and Current.
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‘ FM DISCRIMINATORS
DATA SHEET 5.6.1
TEST Output Impedance and Current

MANUFACTURER MODEL,

SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz  UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF __kHz
LOW PASS FILTER TYPE: " lca e |_lother

TEST PERSONNEL _ DATE LOCATION

MAXIMUM OUTPUT CURRENT

Upper Band Edge Frequency kHz
Open Circuit Voltage Vdc
Resistance Ohms

Lower Band Edge Frequency kHz
Open Circuit Voltage Vdc
Resistance Ohms

Maximum Current = V/2R = mamp.

OUTPUT IMPEDANCE

Center Frequency +0.01 (UBE-f ) = kHz
Open Circuit Voltage = vde
Resistance = Ohms

Center Frequency -0.01 (UBE-f.) = kHz
Open Circuit Voltage = vdc
Resistance = Ohms
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5.6.3.3.9 Set the signal generator to a frequency equal to the discriminator center frequency
minus 1 percent of the UBE frequency minus the center frequency. Repeat steps 5.6.3.3.3
through 5.6.3.3.6.

5.6.4 Data Reduction - Calculate the maximum output current by dividing the open circuit
voltage by two times the measured resistance (subparagraph 5.6.3.3.6) (see data sheet 5.6.1
sample).
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. FM DISCRIMINATORS

DATA SHEET 5.6.1 (Sample)

TEST Output Impedance and Current

MANUFACTURER XYZ MODEL DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 70.0 kHz  UPPER BAND EDGE 80.5 kHz
LOWER BAND EDGE 59.5 kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: '"lca 'X!cD |_lother
TEST PERSONNEL DATE LOCATION
MAXIMUM OUTPUT CURRENT
Upper Band Edge Frequency 80.5 kHz
Open Circuit Voltage +10.083 vdc
Resistance 34 Ohms
Lower Band Edge Frequency 59.5 kHz
Open Circuit Voltage -10.084 vdc
Resistance 34 Ohms
Maximum Current = V/2R = 148.3 mamp.
OUTPUT IMPEDANCE
Center Frequency +0.01 (UBE-f) = _70.105 kHz
Open Circuit Voltage = __43 »vVdc
Resistance = 0.31 Ohms
Center Frequency -0.01 (UBE-f)) = 69.895 kHz
Open Circuit Voltage = __-104 mvdc
Resistance = 0.32 Ohms
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5.7 Amplitude Modulation Rejection Test

5.7.1 Purpose - This test determines how well a discriminator rejects amplitude modulation
which is present on its input signal.

5.7.2 Test Equipment

Signal generator
Sqguare wave generator
Frequency counter
Oscilloscope (dual trace) 2 required
Scope camera or plotter
5.7.3 Test Method
5.7.3.1 Setup - Connect the test equipment as shown in figure 5.7.1.
5.7.3.2 Conditions
5.7.3.2.1 Warm up all equipment according to specifications.

5.7.3.2.2 Set up the discriminator according to the standard conditions in subparagraph 5.0.

5.7.3.2.3 Set up the signal generator according to the standard conditions in subparagraph
5.0.4.1.

5.7.3.3 Procedure

5.7.3.3.1 Set the frequency of the square-wave generator to 5 percent of the LPOF cutoff
frequency.

5.7.3.3.2 Adjust the square-wave generator output amplitude and offset to apply a 20-dB step in
amplitude at the output of the signal generator. The peak-to-valley voltage relationship of the
amplitude modulated subcarrier signal should be a ratio of 10 (voltage peak = 10 x voltage
valley).

5.7.3.3.3 Measure and record on data sheet 5.7.1 the peak-to-peak discriminator output voltage.
Take a photograph of the oscilloscope trace and attach to the data sheet.

5.7.3.3.4 Repeat steps 5.7.3.3.2 and 5.7.3.3.3 for the UBE frequency.
5.7.3.3.5 Repeat steps 5.7.3.3.2 and 5.7.3.3.3 for the LBE frequency.
5.7.3.3.6 This test may be repeated for other signal levels as required by actual usage.

5.7.4 Data Reduction - Compare the data with the specification. (see data sheet 5.7.1 sample).
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| FrReQUENCY
g COUNTER
SQUARE
WAVE »>| OSCILLOSCOPE SCOPE CAMERA
GENERATOR I -
1 ]
AM IN |FM IN
DISCRIMINATOR 0SCILLOSCOPE
UNDER TEST
SIGNAL ‘
GENERATOR BPIF LPOF MAX.
RATED
LOAD

Figure 5.7.1 Test Setup for Amplitude Modulation Rejection.
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FM DISCRIMINATORS

DATA SHEET 5.7.1

TEST Amplitude Modulation Rejection
MANUFACTURER

SERIAL NO.

CHANNEL SELECTOR SERIAL NO.

MODEL
IRIG CHANNEL -
LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: I lca I_lep |_lother
TEST PERSONNEL DATE LOCATION
Vi = v
Vaax = V (10 x V)
Lower Band Edge Frequency = kHz Output Voltage = Vdc
Specification Measurement
Peak-to Peak
Output Voltage (V)
Center Frequency = kHz Output Voltage = Vdc
Specification Measurement
Peak-to Peak
Output Voltage (V)
Upper Band Edge Frequency = kHz Output Voltage = Vdc
Specification Measurement
Peak-to Peak .
Output Voltage (V)
Attach Attach Attach
Photograph Photograph Photograph
Here Here Here

Lower Band Edge

Center Frequency

Upper Band Edge
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FM DISCRIMINATORS
DATA SHEET 5.7.1 (Sample)
TEST Amplitude Modulation Rejection

MANUFACTURER XYZ MODEL, DEF

SERIAL NO. ABC IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 70. kHz UPPER BAND EDGE 80.5 kHz

LOWER BAND EDGE 59.5 kHz LOW PASS FILTER CUTOFF 2.1 kHz

LOW PASS FILTER TYPE: I"lca 'X!co | lother

TEST PERSONNEL DATE_____ LOCATION

Ve = 30.0 mV
wx = —300.  mV (10 x V)
Lower Band Edge Frequency = __59.500 kHz oOutput Voltage = _-9.424 Vdc

Specification Measurement

Peak-to Peak
Output Voltage (V) 613 mV

(See attachment 1 for lower band edge.)

Center Frequency = 70.000 XkHz Output Voltage = _-0.005 Vdc

Specification Measurement
Peak-to Peak
Output Voltage (V) 200mV 369 mV

(See attachment 2 for center frequency.)

Upper Band Edge Frequency = _80.500 kHz Output Voltage = _ 9.660 Vdc

Specification Measurement
Peak-to Peak
Output Voltage (V) 806 mV

(See attachment 3 for upper band edge frequency.)

Attach Attach Attach
Photograph Photograph Photograph
Here Here Here
Lower Band Edge Center Frequency Upper Band Edge
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Data Sheet 5.7.1 (Sample) - Lower Band Edge.
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e ey

BUF. A1

AMPLITUDE MODULATION REJECTION
CENTER FREQUENCY SIGNAL

I

SECONDS

Data Sheet 5.7.1 (Sample) - Center Frequency.
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BUF. A1

AMPLITUDE MODULATION REJECTION
___UPPER BANDEDGE SIGNAL

10. 4 4 :‘
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10. 0-1-
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|

I T
b
|

SECONDS

Data Sheet 5.7.1 (Sample) - Upper Band Edge.
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5.8 Signal-To-Noise Ratio

5.8.1 Purpose - This test measures output signal-to-noise ratio (SNR) to verify proper
performance of the discriminator in the presence of in-band input noise.

5.8.2 Test Equipment

Signal generator or voltage controlled oscillator
Voltmeter (dc)

White gaussian noise generator

Active summing network (see note)

True rms voltmeter

Oscilloscope

Frequency counter

Spectrum analyzer

NOTE

A passive summing network can be used if proper precautions are
taken to make sure that the summing network output amplitude of
the signal or noise, or both, do not vary if the other input is
connected or disconnected.

5.8.3 Test Method
5.8.3.1 Setup - Connect the test equipment as shown in figure 5.8.1.

5.8.3.2 Conditions - See paragraph 5.0 for general test conditions. Adjust the discriminator
output to 0 Vdc with an unmodulated signal at the discriminator center frequency applied to the
discriminator input. Set the signal generator to the discriminator UBE and adjust the
discriminator output to 5 Vdc.

Record on data sheet 5.8.1. Reset the signal generator to the following:

Output frequency = discriminator center frequency
Output amplitude = 0.3 Vrms at output of summing network.

5.8.3.3 Procedure

5.8.3.3.1 Remove the noise from the summing network. Measure the rms signal voltage at the
output of the discriminator bandpass filter. Record this value on data sheet 5.8.1. Measure the
rms voltage at the discriminator low pass filter output. Record this value on the line labeled
maximum SNR under the heading of low pass filter output noise volts.

5.8.3.3.2 Connect the noise generator to the input of the summing network and remove the

signal generator. Set the rms voltage of the noise at the output of the discriminator bandpass
filter to be 30 dB less than the rms signal voltage measured above. Connect the signal generator
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to the input of the summing network. Set up the spectrum analyzer to monitor the signal and
noise in the discriminator bandpass filter. Note the noise level for future reference. Remove the
signal from the summing network. The noise level should not change. If the level changes, a
problem exists. Some discriminators have changes in gain when the input signal is too small.
Increase the noise level and observe whether the BPIF output level suddenly decreases. If this
change occurs, increase the noise level by another 3 to 6 dB and note the level on the rms
voltmeter. Reconnect the signal generator and disconnect the noise generator. Set the signal
generator to a level 30 dB above the rms value of the noise. Measure the BPIF output voltage
and record in place of the value measured in subparagraph 5.8.3.3.1. Reconnect the noise
generator and note the noise level on the spectrum analyzer. Disconnect the signal generator.
The noise level should not change.

NOTE
If the noise level changes, the test probably cannot be performed.
Also check the BPIF output with the signal connected to verify that
limiting is not occurring. Limiting or automatic gain control
(AGC) will invalidate the results of this test.

Record the rms signal value on data sheet 5.8.1.

5.8.3.3.3 Measure the rms voltage at the output of the discriminator low pass filter and record on
data sheet 5.8.1.

5.8.3.3.4 Repeat steps 5.8.3.3.2 and 5.8.3.3.3 with the rms voltage of the noise 20, 15, and 12 dB
less than the rms voltage of the signal measured in subparagraph 5.8.3.3.1.

5.8.4 Data Reduction

5.8.4.1 Calculate the SNR at the discriminator low pass filter output from
SNR, = 20 (log (signal at UBE/noise at low pass filter output)) — 3 dB.
NOTE
The 3 dB is subtracted to convert peak to rms for sine wave.

Record on data sheet 5.8.1.
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- VOLTMETER
FRERQUENCY - TRUE RMS
8 COUNTER - VOLTMETER
AM IN |FM IN
DISCRIMINATOR
> r UNDER TEST R OSCILLOSCOPE
SIGNAL > > L
= — ’ BPIF LPOF MAX. |
RATED
LOAD
1( l
:g:;E TRUE RMS SPECTRUM
GENERATOR VOLTHETER ANALYZER

Figure 5.8.1

Test Setup for Signal-to-Noise Ratio.
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FM DISCRIMINATORS
DATA SHEET 5.8.1
TEST Signal-to-Noise Ratio

MANUFACTURER MODEL

SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz  UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: || cA |_1cD |_|Other

TEST PERSONNEL DATE LOCATION

Discriminator output voltage with UBE frequency input Vdc

Signal at output of discriminator bandpass filter vrms

Low Pass Filter Output

Approximate Noise Measured Calculated
Input SNR(dB) Volts SNR, SNR,

30

20

|r——-
o
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5.8.4.2 Calculate the expected SNR at the discriminator output from:

2
SNRT = w-l—.—

2(£,)
SNR, = 30(log uﬁf‘f—‘—fc ) + 4.77 + SNR, (AB)

o

Where B = Discriminator bandpass filter bandwidth = 2Af
p = SNR at bandpass filter output = SNR;
Af = Peak deviation
o = Low pass filter cutoff frequency
fc = Discriminator center frequency
UBE = Upper Band Edge Frequency.

Record SNR; on data sheet 5.8.1 (see data sheet 5.8.1 sample).
NOTE
The first quantity (30 log () in the previous equation takes on the

following values for commonly used deviation ratios (peak
deviation to low pass filter cutoff frequency):

Deviation Ratio 301og ()
1 0

2 9.03

4 18.06

5 20.97

The SNR values calculated from the above equation assumes that
the filters are ideal; therefore, the results are only approximations
for real world filters. Measured values will usually be a few dB
lower than the calculated values. The low pass filter cutoff
frequency is defined to be the frequency at which the output is
reduced by 3 dB relative to the amplitude at dc.
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FM DISCRIMINATORS

DATA SHEET 5.8.1 (Sample)
TEST Signal-to-Noise Ratio

MANUFACTURER XYZ MODEL____DEF

SERIAL NO. ABC IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 70.0 KHz  UPPER BAND EDGE___ 80.5 KHz
LOWER BAND EDGE____ 59.5 KHz LOW PASS FILTER CUTOFF_2.1 kHz
LOW PASS FILTER TYPE: |_1CA X! cD | lother

TEST PERSONNEL DATE LOCATION

Discriminator output voltage with upper band edge frequency input_5.06 Vdc

Signal at output of discriminator bandpass filter 90.6 mVrms

Low Pass Filter Output

Approximate Noise Measured Calculated
Input SNR(dB) Volts SNR, SNR,
0.94mV 71.6dB N
30 9.3mV 51.7 55.7dB
20 25.8mV 42.9 45.7
15 46 mV 37.8 40.7
12 65 mV 34.8 37.7
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5.9 Band Pass Input Filter Shape

5.9.1 Purpose - This test measures the discriminator bandpass filter frequency response. This
data can be used to correct the output frequency response for roll-off because of the
discriminator bandpass filter.

NOTE

Two test methods are contained in the procedure. The sine-wave
method is the preferred method but it will not work if there is
limiting or AGC before the bandpass filter output test point. The
sine-wave test consists of applying fixed amplitude sine waves of
various frequencies to the discriminator input and measuring the
amplitude at the bandpass filter output test point. The white-noise
test consists of applying a wide band white-noise signal to the
discriminator input and measuring the noise spectrum at the
bandpass filter test point. This method is immune to AGC action
because all input frequencies will be amplified by the same
amount; therefore, the output is representative of the bandpass
filter frequency response.

5.9.2 Test Equipment

5.9.2.1 Procedure 1 - Sine-Wave Method

Signal generator

True rms voltmeter

Spectrum analyzer with tracking generator - resolution bandwidth <10 percent of
specified discriminator bandpass filter bandwidth

Oscilloscope camera (for photographing spectrum analyzer display) or plotter

5.9.2.2 Procedure 2 - White-Noise Method

Spectrum Analyzer - resolution bandwidth <10 percent of specified discriminator
bandpass filter bandwidth. Video bandwidth <1 percent of resolution bandwidth
White-noise generator - noise generator with flat output spectral density (£0.5 dB) over

frequencies of interest.
True rms voltmeter
Oscilloscope camera for photographing spectrum analyzer display or plotter

5.9.3 Test Method
NOTE

Procedure 1 will not work for discriminators which have AGC or
limiting before the bandpass filter test point. This point can be
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checked by applying a center frequency sine wave with amplitude
of 0.3 Vrms to the discriminator input and measuring the bandpass
filter output using the true rms voltmeter. Call this value X dB. Set
the input to the following amplitudes and measure the bandpass
filter output:

Output (dB1
0.3 Vrms X
0.6 Vrms X+6
0.095 Vrms X-10
0.03 Vrms X-=-20

If the output values are within =+ 0.5 dB of the values in the table,
the system is linear and Procedure 1 can be used. If not, either try
a different input level or use Procedure 2.

5.9.3.1 Sine-Wave Method (Procedure 1)

5.9.3.1.1 Setup - Connect the test equipment as shown in figure 5.9.1.
5.9.3.1.2 Conditions - see paragraph 5.0 for general test conditions.
5.9.3.1.3 Procedure

5.9.3.1.3.1 Set the signal generator output amplitude to 0.3 VVrms and the frequency to the center
frequency of the discriminator under test. Measure the bandpass filter output amplitude using
the true rms voltmeter. Record this value on data sheet 5.9.1. Measure and record the bandpass
filter output amplitude at the other frequencies shown on data sheet 5.9.1. Keep the input
amplitude constant at 0.3 VVrms.

NOTE
Other input amplitudes should be used instead of 0.3 Vrms if they

are more typical of actual usage or if the system is not linear for
an input voltage of 0.3 Vrms.
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DISCRIMINATOR
SINEWAVE | UNDER TEST
) 4
GENERATOR BPIF LPOF AKX,
¥ (PRE-LIMITER RATED
. TEST POINT) LOAD
L—
TRUE RMS I J
VOLTMETER

Figure 5.9.1 Test Setup for Bandpass Inpu't Filter Frequency Response.
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DATA SHEET 5.9.1

TEST Bandpass Filter Frequency Response

MANUFACTURER

SERIAL NO.

CHANNEL SELECTOR SERIAL NO.

FM DISCRIMINATORS

MODEL

IRIG CHANNEL

LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz = UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: |"Ica I"1cp | lother
TEST PERSONNEL DATE LOCATION

f. = Center Freguency Af = Upper Band Edge Freq. - f = kHz

Frequency (kHz)

f

f+ Af/2
f - 0f/2
f+ Of
f- Of
f+2 Af
f-2 Af

oo

(o T = T T o T

EXAMPLE:

Amplitude (dB)

c

Relative Amplitude (dB)

Relative Amplitude at (f+2 f) = Amplitude at (f+ 4f) - Amplitude at f.

Spectrum Analyzer Settings

Vertical Scale (dB/div)

Lower Frequency

Upper Frequency

Resolution Bandwidth

Video Bandwidth

dB Attach
kHz

kHz Photograph
Hz

Hz Here
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5.9.3.1.3.2 Set up the equipment as shown in figure 5.9.2. Set the spectrum analyzer tracking
generator output to 0.3 VVrms at the discriminator center frequency (fc). Set the sweep limits at
fc-2.5 Af and fc+2.5 Af (Af = UBE frequency — fc). Set the spectrum analyzer vertical
sensitivity to 2 dB/division. Adjust the center frequency level to be 2 dB below top of display.
Photograph the spectrum and attach to data sheet 5.9.1.

5.9.3.2 White-Noise Method - (Procedure 2)

5.9.3.2.1 Setup - Connect the noise generator output to the spectrum analyzer input.

5.9.3.2.2 Conditions - Set the spectrum analyzer resolution bandwidth to a value <10 percent of
the specified bandpass filter bandwidth of the discriminator under test. Set spectrum analyzer
video bandwidth to a value <1 percent of resolution bandwidth. Set spectrum analyzer sweep
limits to f—2.5 Af and f.+2.5 Af respectively (see data sheet 5.9.1). The spectrum analyzer
vertical sensitivity should be set to 2 dB/division. Adjust the noise generator output amplitude to
0.5 Vrms. Set the noise generator output frequency response such that the noise is white over the
frequency range of interest.

5.9.3.2.3 Verify that the noise spectrum is flat within £0.5 dB over the frequency range of
interest.

5.9.3.2.4 Procedure - Connect the equipment as shown in figure 5.9.3. Measure and photograph
the spectrum at the discriminator bandpass filter output. Estimate the values at the frequencies
shown on data sheet 5.9.1. Attach the photograph to the data sheet.

5.9.4 Data Reduction - Verify that the values recorded on data sheet 5.9.1 meet the required
specification (see data sheet 5.9.1 sample).

TRUE RMS
VOLTMETER

3

DISCRIMINATOR
UNDER TEST

TRACKING il ' l
GENERATOR

BPIF I ] LPOF MAX.
(PRE-LIMITER RATED
TEST PODINT) LDAD
SPECTRUM 3

ANALYZER

SCOPE CAMERA
OR PLOTTER

Figure 5.9.2 Test Set-up for Bandpass Input Filter Frequency Response.
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DISCRIMINATOR
WHITE - UNDER TEST
NOISE Y
GENERATOR BPIF LPOF MAX.
(PRE-LIMITER RATED
TEST POINT) LOAD
SPECTRUM l
ANALYZER

SCOPE CAMERA
OR PLOTTER

Figure 5.9.3 Test Setup for Bandpass Input Filter Frequency Respanse.
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FM DISCRIMINATORS
DATA SHEET 5.9.1 (Sample)
TEST Bandpass Filter Frequency Response

MANUFACTURER XYZ MODEL DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 70.0 kHz UPPER BAND EDGE 80.5 kHz
LOWER BAND EDGE 598.5 kHz LOW PASS FILTER CUTOFF 2.1 kHz
LOW PASS FILTER TYPE: 1" lca |X|cD | "1 other
TEST PERSONNEL DATE LOCATION

f. = Center Frequency 4 f = Upper Band Edge Freq. - f = _ 10.5 kHz

Frequency (kHz) Amplitude (dB) Relative Amplitude (dB)

£, 70 14.6 0.00

fc+ Af/2 75.25 13.44 -1.14

fc- Af/2 64.75 14.06 -0.54

£+ 0f 80.5 10.64 -3.96

f-0f 59.5 11.6 =3.00

f+2 A f 91 1.73 -12.87

£.-2 01 49 2.5 -12.10
EXAMPLE:

Relative Amplitude at (f+ Af) = Amplitude at (f+ Af) - Amplitude at f,

Spectrum Analyzer Settings

Vertical Scale (dB/div) 10 _dB Attach
Lower Frequency 43.75 kHz

Upper Frequency 96.25 kHz Photograph
Resolution Bandwidth 1000 Hz

Video Bandwidth 10 Hz Here

(See attachments 1 and 2.)
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POWER (dB)

DISCRIMINATOR BPF CUTPUT
SINE WAVE INPUT
CF=70 kHz UBE=80.5 kHz LBE=6S.5 kH=z

-30 F .

-40 1 i 1 1 1 1 1 ]
43. 75 70 896. 25

FREQUENCY (kHz)

Data Sheet 5.9.1 {(Sample) - Bandpass Filter Characteristic - Sine Wave Input.
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POWER (dB)

DISCRIMINATOR BPF DUTRPUT
WHITE NOISE INPUT
CF=70 kH=z UBE=80.5 kHz LBE=69. 5 kH=z
RESOLUTION BW= 1 kH=z VIODEO BW= 10 H=z

T T T

-30 F : -
i
!
- 40 1 1 1 1 1 1 L 1 1 ___I
43.75 70 S6. 25

FREQUENCY dHz)

Data Sheet 5.9.1 (Sample) - Bandpass Filter Characteristic - White Noise Input,.
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5.10 Out-of-Band Frequency Rejection

5.10.1 Purpose - This test measures the frequency and amplitude of spurious signals at the
discriminator output when signals outside the discriminator pass band are applied to the input.

5.10.2 Test Equipment

Signal generator or voltage controlled oscillator which can be frequency modulated
Sine-wave generator with sweep capability

Sine-wave generator

Summing network

X-Y recorder True rms voltmeter

Spectrum analyzer

5.10.3 Test Method
5.10.3.1 Setup - Connect the test equipment as shown in figure 5.10.1.

5.10.3.2 Conditions - See paragraph 5.0 for general test conditions. Set up the spectrum
analyzer as follows:

Minimum frequency: 0 Hz

Maximum frequency: 10 times discriminator low pass filter cutoff frequency
Resolution bandwidth: <10 percent of discriminator low pass filter cutoff frequency
Vertical sensitivity: 10 dB/division

5.10.3.3 Procedure

5.10.3.3.1 Set the signal generator to the following:
Amplitude at input to discriminator: 0.3 Vrms
Frequency: Discriminator center frequency
Peak deviation: Discriminator band edge

Modulating frequency: One half of discriminator low pass filter cutoff frequency

Measure the discriminator full scale signal output level on the spectrum analyzer. Set this level
to be near the top of the display and record on data sheet 5.10.1.
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FROM Xy
SWEEP s
GENERATOR RECORDER
SINE WAVE FREQUENCY o TRUE RMS
BENERATOR 8 COUNTER > VOLTMETER
AM IN [FM IN DISCRIMINATOR SPECTRUM
: UNDER TEST ANALYZER
SIGNAL - : & -
BENERATON BPIF LPOF MAX.
RATED
} LOAD
BENERATORY TRUE RMS
VOLTMETE
SWEEP OLTHETER
GENERATOR

Figure 5.10.1 Test Setup for Out-of-Band Frequency Rejection.
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DATA SHEET 5.10.1

FM DISCRIMINATORS

TEST Adjacent Channel or Unwanted Frequency Rejection

MANUFACTURER MODEL

SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz UPPER BAND EDGE kHz

LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHz

LOW PASS FILTER TYPE: I"lca I_lcp I”lother

TEST PERSONNEL DATE LOCATION

Full Scale Signal dBm

Out-of-Band Fregquency Unwanted Frequency At Relative To Full

At Input Discriminator Output Scale Signal
kHz kHz dBm dB
kHz kHz dBm dB
kHz kHz dBm dB
kHz kHz dBm , dB
kHz kHz dBm dB
kHz kHz dBm dB
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5.10.3.3.2 Set the sine-wave generator to the following conditions:

Amplitude at input to discriminator: 0.3 VVrms

Frequency: Center frequency of the next adjacent usable channel below discriminator
under test

Modulation: Disconnected

Measure the amplitude of any spurious signals in the spectral display and record the frequency
and amplitude of these signals on data sheet 5.10.1.

5.10.3.3.3 Repeat step 5.10.3.3.2 with the sine-wave generator set to the following frequencies:

a. The UBE frequency of the adjacent usable channel below discriminator under test.
b. The LBE frequency of the adjacent usable channel above discriminator under test.
c. Center frequency of the adjacent usable channel above discriminator under test.

5.10.3.3.4 Remove the modulation from the signal generator. Set the sine-wave generator to
sweep mode and sweep slowly between the following frequencies:

a. The 100 Hz to UBE frequency of the adjacent usable channel below discriminator under
test.

b. The LBE frequency of the adjacent usable channel above discriminator under test to 1
MHz.

If any spurious output signals are detected, go to the frequency that caused the problem and
record the input frequency, output frequency and level on data sheet 5.10.1. The X-Y recorder
can be used to detect spurious signals.

5.10.4 Data Reduction - Subtract the full-scale signal level from each of the out-of-band
frequency levels and record under relative column on data sheet 5.10.1 (see data sheet 5.10.1
sample).

IV-5-62



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

FM DISCRIMINATORS
DATA SHEET 5.10.1 (Sample]

TEST Adjacent Channel or Unwanted Frequency Rejection

MANUFACTURER XYZ MODEL, DEF

SERIAL NO. ABC IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 64 kHz UPPER BAND EDGE 68 kHz

LOWER BAND EDGE 60 kHz LOW PASS FILTER CUTOFF 2 kHz

LOW PASS FILTER TYPE: "lca 'X!CD ! lother,

TEST PERSONNEL DATE LOCATION

Full Scale Signal _-4.3 dBm

Out-of-Band Frequency Unwanted Frequency At Relative To Full

At Input Discriminator Output Scale Signal
kHz kHZ dBm daB
kHz kHz dBm dB
kHz kHz dBm dB
kHz kHz dBm dB
kHz kHz dBm dB
kHz kHz dBm dB

No spurious signals detected.
All spurious signals at least
50 dB below full scale sine wave.
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5.11 Pulse Response

5.11.1 Purpose - This test measures the response of the discriminator to an input signal which is
modulated by pulses, for example, pulse amplitude modulation (PAM) or pulse code modulation
(PCM).

5.11.2 Test Equipment

Signal generator which can be frequency modulated
Square-wave generator

Frequency counter

Oscilloscope

Oscilloscope camera or plotter

5.11.3 Test Method

5.11.3.1 Setup - Connect the test equipment as shown in figure 5.11.1.

5.11.3.2 Conditions - See paragraph 5.0.

5.11.3.3 Procedure

5.11.3.3.1 Frequency modulate the signal generator with a square wave. The square-wave
frequency should be equal to 0.1 times the discriminator LPOF cutoff frequency. The peak
deviation of the signal generator should be 0.5 times the UBE frequency minus the center
frequency of the discriminator. Take a photograph of the oscilloscope display. Measure the rise

time, overshoot, and settling time, and record on data sheet 5.11.1.

5.11.3.3.2 Repeat step 5.11.3.3.1 with a peak deviation equal to the UBE frequency minus the
center frequency.

5.11.4 Data reduction - Compare the results with the specification (see data sheet 5.11.1
sample).
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SYNC SIGNAL

SCOPE CAMERA

Y

SQUARE FREQUENCY
WAVE il COUNTER
GENERATOR
AM IN |FM IN DISCRIMINATOR
UNDER TEST
SIGNAL L
GENERATOR - roF
Y
TRUE RMS
VOLTMETER
Figure 5.11.1 Test Setup for Pulse Response.

MAX.
RATED
LOAD

OSCILLOSCOPE
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FM DISCRIMINATORS
DATA SHEET 5.11.1

TEST Pulse Response

MANUFACTURER MODEL
SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz LOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: I~ lca I_lep | _|other
TEST PERSONNEL DATE LOCATION
Square Wave Frequency ___ kHz
Peak Deviation kHz
10 to 90% Rise Time ___ms
Overshoot % of peak-to-peak amplitude
Settling Time to Within
2% of Step —_  ms
Peak Deviation kHz
10 to 90% Rise Time ms
Overshoot % of peak-to-peak amplitude
Settling Time to Within
2% of Step I |1
ATTACH ATTACH

PHOTO PHOTO
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FM DISCRIMINATORS
DATA SHEET 5.11.1 (Sample)

TEST Pulse Response

MANUFACTURER_____XYZ MODEL DEF

SERTAL NO. ABC IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 80 KHz  UPPER BAND EDGE 84.0 kHz
LOWER BAND EDGE 76.0 kHz LOW PASS FILTER CUTOFF_ 1.0  KkHz
LOW PASS FILTER TYPE: I"lca 1X|CcD |~ lother

TEST PERSONNEL DATE LOCATION

Square Wave Frequency 0.100 kHz

Peak Deviation 4. kHz

10 to 90% Rise Time 0.3 ns

Overshoot 0.8 % of peak-to-peak amplitude
Settling Time to Within

2% of Step 0.600 ms

(See attachment 1.)

Peak Deviation 2. kHz

10 to 90% Rise Time 0.35 ms

Overshoot 0.7 of peak-to-peak amplitude
. Settling Time to Within

2% of Step 0.650 ms

(See attachments 1 and 2.)

ATTACH ATTACH
PHOTOGRAPH PHOTOGRAPH
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PULSE BESPONSE TEST
PEAK DEVIATION=BANDEDGE

N \ i [

VOLTS

J

-10 1
3

L !
S S O s W SN LT I R S S S SO S W |

SECONDS

Data Sheet 5.11.1 {(Sample) -~ Pulse Response Peak Deviation - &kHz.
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BUF. A1

PULSE RESPONSE TEST
PEAK DEVIATION=BANDEDGE/2

- e -

—_—

VvarLTs
O+

|
!
—10 -
I | I } 1 } i J

0. 0O Oo. D1 0. o2

SECONDS

Data Sheet 5.11.1 (Sample) - Pulse Response Peak Deviation - 2kHz.
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5.12 Acquisition and Settling Time

5.12.1 Purpose -This test measures the time required for the discriminator output to reach its
final value after the application of an input signal. The time includes bandpass filter,
discriminator and output filter delays.

5.12.2 Test Equipment

Signal generator with amplitude modulation or gate on/off capability
Square-wave generator

Frequency counter

True rms voltmeter

Dual-trace oscilloscope

Oscilloscope camera or plotter

5.12.3 Test Method

5.12.3.1 Setup - Connect the test equipment as shown in figure 5.12.1.

SQUARE
WAVE | FREQUENCY SCOPE CAMERA
GENERATOR COUNTER SYNC OR PLOTTER
)
/
AM IN [FM IN >
DISCRIMINATOR
UNDER TEST OSCILLOSCOPE
SIGNAL -
GENERATOR BPIF LPOF MAX.
RATED
LOAD
TRUE RMS
VOLTMETER
Figure 5.12.1 Test Setup for Acquisition and Settling Time

5.12.3.2 Conditions - See paragraph 5.0 for general test conditions. Set the discriminator output
voltage to 0 V with an unmodulated center frequency input. Adjust the discriminator output
voltage to +5 V with an UBE frequency input. Set the oscilloscope vertical sensitivity to 0.1
V/division on the channel monitoring the discriminator output.

5.12.3.3 Procedure

5.12.3.3.1 Adjust the signal generator output frequency to be equal to the center frequency of the
discriminator under test. Amplitude modulate the signal generator with a square wave such that
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the maximum signal level is 6 dB greater than the minimum specified input level and the
minimum signal level is at least 20 dB below the minimum specified input level. Measure the
amplitude modulation by setting the square wave frequency to approximately 0.1 Hz and reading
the amplitude of the two levels using a true rms voltmeter. Record the maximum and minimum
signal levels on data sheet 5.12.1. (A signal generator which can be gated on and off may be
substituted for the amplitude modulated signal generator).

5.12.3.3.2 Set the square wave frequency equal to 0.1 times the discriminator output low pass
filter frequency. Adjust the oscilloscope to synchronize on the square wave signal. Photograph
the oscilloscope display. Measure the time between the signal going to the high input level state
and the discriminator output Figure 5.12.1 settling to within one vertical division (1 percent of
peak-to-peak output voltage swing) of its final value. The square wave frequency and
oscilloscope horizontal time base may have to be adjusted to obtain the desired accuracy. A
sample oscilloscope display is shown in figure 5.12.2. Record the results on data sheet 5.12.1.

5.12.4 Data Reduction - Compare the results with the specification (see data sheet 5.12.1
sample).
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DATA SHEET 5.12.1

FM DISCRIMINATORS

TEST Acquisition and Settling Time

MANUFACTURER

MODEL

SERIAL NO.

IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO.

CENTER FREQUENCY

LOW PASS QUTPUT FILTER S/N

LOWER BAND EDGE

LOW PASS FILTER TYPE:
TEST PERSONNEL

kHz UPPER BAND EDGE kHz

kKHz LOW PASS FILTER CUTOFF kKHz
i_ica i_tcp |_{other

DATE LOCATION

Signal Generator Levels
Input to discriminator
Maximum mvrms
Minimum mvrms

With Amplitude Modulation
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Figure 5.12.2 Photograph of Oscilloscope Display for Acquisition
and Settling Time Test.

Center Frequency: 128 kHz

Bandpass Filter Bandwidth: 8 kHz

Low Pass Filter Bandwidth: 4 kHz

Horizontal Sensitivity: 0.1 ms/major division

Settling time to within 1% of full scale: 0.36 ms

Final value: 2 major divisions up from bottom of display
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FM DISCRIMINATORS
DATA SHEET 5.12.1 (Sample)
TEST Acquisition and Settling Time

MANUFACTURER XvZ MODEL___DEF
SERIAL NO. ABC IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 64 kHz  UPPER BAND EDGE 68 KHz
LOWER BAND EDGE 60 kHz LOW PASS FILTER CUTOFF_ 2 kHz
LOW PASS FILTER TYPE: I”lcA 'X!cD |_lother

TEST PERSONNEL DATE LOCATION

Signal Generator Levels With Amplitude Modulation
Input to discriminator

Maximum_20. mvVrms

Minimum_ 0.2 mVrms
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5.13 Data Frequency Response

5.13.1 Purpose - This test measures the data frequency response of an FM discriminator.

5.13.2 Test Equipment

Audio oscillator (sine wave)

Signal generator or voltage controlled oscillator which can be frequency modulated
Frequency counter

Oscilloscope

Voltmeters, rms, 2 required

Spectrum analyzer

Wave analyzer (optional)

5.13.3 Test Method
5.13.3.1 Setup - Connect the test equipment as shown in figure 5.13.1.

5.13.3.2 Conditions - See paragraph 5.0 for general test conditions. The signal generator should
be set to the following:

Output frequency = discriminator center frequency

Output amplitude = 0.3 Vrms

The discriminator output should be set to OV dc with an unmodulated center frequency
input.

5.13.3.3 Procedure

5.13.3.3.1 The first step in this procedure will be to set the signal generator peak deviation equal
to the (UBE frequency — center frequency) of the discriminator.

NOTE

The Bessel null method is described here. Other methods of setting
the peak deviation may be used if desired.

Set the audio oscillator frequency to the desired peak deviation/2.405 (first Bessel carrier null).
Decrease the audio oscillator amplitude to a minimum. Slowly increase the amplitude until the
first carrier null is observed on the spectrum analyzer.

Measure this amplitude using the rms voltmeter and record on data sheet 5.13.1. Increase the
audio oscillator frequency until it is equal to the peak deviation. Measure the difference (in dB)
between the modulated carrier amplitude and the amplitudes of the first sideband pair. This
difference should be 4.8 dB (sidebands lower than modulated carrier). If both sidebands are not
between 4.3 and 5.3 dB lower than the modulated carrier, the frequency response of the signal
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generator is not adequate for this test, and a different signal generator or voltage controlled
oscillator must be used.

5.13.3.3.2 Set the audio oscillator frequency to one-tenth of the discriminator low pass filter
cutoff frequency. Adjust the audio oscillator amplitude to be equal to the value determined in
step 5.13.3.3.1, that is, the value which results in the desired peak deviation. Measure the
discriminator output on the rms voltmeter and record on data sheet 5.13.1.

5.13.3.3.3 Set the audio oscillator to the frequencies listed on data sheet 5.13.1 while
maintaining the output amplitude constant. The highest audio oscillator frequency will be equal
to four times the discriminator low-pass filter cutoff frequency. Measure and record the
discriminator output on data sheet 5.13.1 for each frequency.

5.13.4 Data Reduction - Subtract the discriminator output amplitude (in dB) at one-tenth the
low-pass filter cutoff frequency from the amplitude at each of the other frequencies. Record on
data sheet 3.1 (see data sheet 5.13.1 sample).
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FREQUENCY
COUNTER
AUD10 RMS RMS
DSCILLATOR VOLTMETER VOLTMETER
T } —
AM IN [FM IN
DISCRIMINATOR
UNDER TEBT OSCILLOSCOPE
SIGNAL
[
GENERATOR BPIF LPOF MAX.
RATED
LOAD
SPECTRUM |
ANALYZER '
OR

WAVE ANALYZER

Figure 5.13.1 Test Setup for Data Frequency Response.
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FM DISCRIMINATORS

DATA SHEET 5.13.1
TEST Data Fregquency_ Response
MANUFACTURER

MODEL

SERIAL NO.

IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO.

LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz UPPER BAND EDGE kHz
LOWER BAND EDGE kHz ©LOW PASS FILTER CUTQFF kHz
LOW PASS FILTER TYPE: i_ica |”lcD I”lother
TEST PERSONNEL DATE LOCATION
Rms voltage at FM input of the signal generator vVrms

% of LPOF Discriminator Discriminator
Cutoff output Relative
Freguency Frequency (Hz Amplitude (dBm) Amplitude (dB)

10 0

40

70

100

200

300

400
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FM DISCRIMINATORS

DATA SHEET 5.13.1 (Sample)
TEST Data Frequency Response

MANUFACTURER XYZ MODEL DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 64 kHz  UPPER BAND EDGE 68 kHz
LOWER BAND EDGE 60 __kHz LOW PASS FILTER CUTOFF 2.0 kHz
LOW PASS FILTER TYPE: I_lca lX|cD | |other,
TEST PERSONNEL DATE LOCATION
Rms voltage at FM input of the signal generator _0.641 Vrms
% of LPOF Discriminator Discriminator
Cutoff Output Relative
Frequency Frequency (Hz) Amplitude (dBm) Amplitude (dB)
10 , 200 29.05 0
40 800 28.50 -0.55
70 1400 27.28 -1.77
100 2000 25.3 -3.75
200 4000 | 11.72 -17.33
300 6000 -6.89 -35.94
400 8000 -23.09 =52.14
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5.14 Tape Speed Compensation

5.14.1 Purpose - This test measures the performance of the tape speed compensation (TSC)
circuitry in an FM demodulation system.

NOTE

A reference discriminator and associated delay line are needed to
perform this test.

5.14.2 Test Equipment

Two stable signal generators with FM inputs
Reference discriminator and delay line
Baseband spectrum analyzer X-Y recorder

Baseband frequency sweep generator
Oscilloscope (preferably with dual trace)

5.14.3 Test Method

5.14.3.1 Setup - Connect the test equipment as shown in figure 5.14.1.

SIGNAL
REFERENCE
»{ OSCILLOSCOPE
GENERATOR ™ DISCRIMINATOR
am IN |Fm IN
J TSC
- IN
v
AM IN |FM IN DISCRIMINATOR
DELAY UNDER TEST
SIGNAL r—)- LINE
GENERATOR I l ,
BPIF LPOF Ty
RATED
LOAD
v
y
TRACKING SWEEP SPECTRUM > X-¥
FREQ. SWEEP |<-—THRTROL | ANALYZER PLOTTER
GENERATOR j
FEEDBACK LOOP
Figure 5.14.1 Test Setup for Tape Speed Compensation Test

5.14.3.2 Conditions - Disconnect the baseband frequency sweep generator from the inputs of the
signal generators. Set the output frequency of the signal generator driving the reference
discriminator to the center frequency of the reference discriminator and the output frequency of
the signal generator driving the discriminator under test to the center frequency of the
discriminator under test. While monitoring the outputs of the discriminators, vary the output of

IV-5-80



Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

each signal generator +3 percent of the center frequency and note the positions of the trace on the
oscilloscope. Set the signal generators back to the respective center frequencies and reconnect
the baseband frequency sweep generator. Adjust the output level so that the peaks of the output
signals from the discriminators are at the trace positions noted earlier. A voltage divider may be
needed on the FM input of the most sensitive of the two signal generators to create an equal,
percent deviation sensitivity on both signal generators. The spectrum analyzer should be set up
to the following conditions:

Start Frequency: Between 0 Hertz and discriminator low pass filter cutoff frequency/100
Stop Frequency: Discriminator low-pass filter cutoff frequency.

Resolution bandwidth: Less than or equal to stop frequency/100

Vertical scale: 10 dB/division

Sweep rate: If the baseband frequency sweep generator cannot track the sweep of the

spectrum analyzer, set the sweep period to 100 times that of the baseband
frequency sweep generator

Set up the baseband frequency sweep generator to the same start and stop frequencies as the
spectrum analyzer.

5.14.3.3 Procedure

5.14.3.3.1 Disconnect the TSC input from the discriminator under test. With the equipment
under operation, set the trace on the spectrum analyzer to the reference level of the log scale
while measuring the power spectrum of the output of the test discriminator. (If the frequency
sweep generator is tracking the spectrum analyzer, this trace will be a continuous line. If the
sweep rates are not tracking and are set up in a 1 to 100 ratio as described in subparagraph
5.14.3.2, the trace will be about 100 evenly spaced discrete frequency peaks.)

5.14.3.3.2 Reconnect the TSC input to the discriminator under test and record the spectrum on
the X Y recorder This trace will be the level attenuation versus tape speed variation frequency
for the TSC.

5.14.4 Data Reduction - Note the dB level below the reference level at 10 evenly spaced points
along the curve positioned to pick up both the best and worst case frequencies in the
discriminator's bandwidth. Record the approximate frequency and amplitude levels an data sheet
5.14.1 (see data sheet 5.14.1 sample).

5.14.5 Measurement Variation - The baseband frequency sweep generator and spectrum
analyzer may be replaced with a baseband frequency response level measuring set for this test.
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FM DISCRIMINATORS

DATA SHEET 5,14.1
TEST Tape Sbeed Compensatioh

MANUFACTURER MODEL

SERIAL NO. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO.__ - LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz  UPPER BAND EDGE kKHz
LOWER BAND EDGE kKHz LoWw PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: I—lea I—lcp | lother,

TEST PERSONNEIL DATE LOCATION

Reference Oscillator Frequency. kHz

Reference Digcriminator Model Serial No.

Delay Line Model Serial No.

Freguency (Hz) ISC Improvement (dB)
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M DISCRIMINATORS
DATA SHEET 5.14.1 (Sample)

TEST Tape Speed Compensation
MANUFACTURER XYz MODEL DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY 70 kHz UPPER BAND EDGE 75.25 KHz
LOWER BAND EDGE 64.75 kHz I1OW PASS FILTER CUTOFF__1.05 KHz
LOW PASS FILTER TYPE: I~ lca IX!co | lother
TEST PERSONNEL DATE IOCATION
Reference Oscillater Frequency. 100 kHz
Reference Discriminator Model Serial No.
Delay Line Model Serial No.__
EFrequency (Hz) ISC Improvement (4dB)

100 w31

200 24

300 20

400 18

500 16

600- 14

700 13

800 i2

_800 i1
1000 ' 10
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5.15 Discriminator Phase Response

5.15.1 Purpose - This test determines phase response characteristics of a discriminator including
bandpass input and LPOF. This test should be of value where phase distortion or nonlinearity is
the cause of data quality or phase-related processing problems.

5.15.2 Test Equipment

5.15.2.1 For Procedure 1 - Incremental Method

Audio oscillator

Oscilloscope with dual trace or phase meter

Voltage-controlled signal generator without filter

Frequency counter

5.15.2.2 For Procedure 2 - Quick-Look Spectral Method

White noise generator

Voltage-controlled signal generator without filter

Dual-channel spectrum analyzer with transfer function and display and plotting capability
5.15.3 Test Method

5.15.3.1 Procedure 1 - Incremental Method

This method involves measuring delay through the discriminator as a function of intelligence
frequency. The delay may be measured using either an oscilloscope or a phase meter.

5.15.3.1.1 Setup 1

Connect equipment as shown in figure 5.15.1.
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AUDIO FREQUENCY
DSCILLATOR > COUNTER
1
¥
AM IN IFM IN DISCRIMINATOR
UNDER TEST
SIGNAL ¢
EENERATOR BPIF LPOF MAX.
RATED
LoAap
OSCILLOSCOPE :
e st

OR PHASE METER

Figure 5.15.1 Test Setup for Discriminator Phase Response

5.15.3.1.2 Condition 1

Both procedures 1 and 2 depend on negligible relative contribution to phase nonlinearity by the
signal generator. This condition is ensured only through use of a small, central, highly linear
portion of the signal generator range, and both procedures are, therefore, less valid for large
percentage deviation cases. The discriminator should already be set for 0 V out at center
frequency and a nominal band edge voltage appropriate for the unit under test.

5.15.3.1.3 Procedure 1

5.15.3.1.3.1 Set the audio oscillator frequency equal to the discriminator UBE frequency minus
the center frequency. Set the audio oscillator amplitude to produce a band-edge-to-band-edge
deviation of the signal generator. This procedure produces a signal with a modulation index
equal to one. The two traces on the oscilloscope are the audio oscillator output and the
discriminator output. The delay of the discriminator output relative to the audio oscillator output
is the quantity being measured.

5.15.3.1.3.2 Measure the time difference between the zero crossings of the two traces and record
on data sheet 5.15.1 (see data sheet 5.15.1 sample). Repeat for other modulation frequencies as
desired. (Modulation frequencies of 0.25, 0.5, 0.75, and 1 times the peak deviation provide a
reasonable data base for most applications.) This test may be repeated for other peak deviations
as desired.

5.15.3.2 Quick-look Spectral Method (Procedure-2)

This method involves using a dual-channel spectrum analyzer/display to observe the phase
response curve given a white noise driven signal generator as input to the discriminator.

5.15.3.2.1 Setup 2 - Connect equipment as shown in figure 5.15.2.
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5.15.3.2.2 Condition 2

This method uses a dual channel spectrum analyzer with phase response plotting capability.
Resolution/accuracy of phase measurement will depend on dynamic range, numerical cursor
readout availability, and other features of a given analyzer. The discriminator should already be
set for 0 V output at center frequency and a nominal band edge voltage appropriate for the unit
under test.

5.15.3.2.3 Procedure 2

Use one channel of the dual-channel analyzer on the input to the signal generator and the second
channel on the discriminator output. Select the phase portion of transfer function or cross-
spectral mode of the analyzer. Adjust analyzer gain and white-noise amplitude to avoid
overrange or saturation. If necessary to avoid saturation, low-pass filter the white noise prior to
the signal generator. Any prefiltering of the signal generator input must be wider than the LPOF
in use and have linear phase characteristics. Select a frequency analysis range greater than that
of the discriminator LPOF in use. Observe and hard copy the phase versus frequency plot and
attach to data sheet 5.15.2.

WHITE
NOISE
OPTIONAL
LPF
4
¥
AM IN [FM IN DISCRIMINATOR
UNDER TEST
SIBNAL . \
GENERATOR peIF| ]LPOF o
; RATED
L DAD
DUAL  CHANNEL I
BPECTRUM B
- ANALYZER

Figure 5.15.2 Test Setup for Discriminator Phase Response
{Procedure 2} .
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FM DISCRIMINATORS

DATA SHEET 5.15.1

TEST Discriminator Phase Response (Procedure 1)

MANUFACTURER MODEL,

SERIAL NC. IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. IOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY kHz  UPPER BAND EDGE kHz
LOWER BAND EDGE kHz IOW PASS FILTER CUTOFF kHz
LOW PASS FILTER TYPE: "ica I"lep | lother

TEST PERSONNEL DATE LOCATION

Frequency at Modulation Index Delay (D) Relative Phase
Signal Generator (Peak Dev./ f;) Measured with Angle (Degrees)
Input = f, Oscilloscope (=360xDxf,)

1.0
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NATORS

DATA SHEET 5. Sanm
TEST Discriminator Phase Response (Procedure 1)
MANUFACTURER XY% MODEL DEF
SERIAL NO. ABC IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS QUTPUT FILTER S5/N
CENTER FREQUENCY 128 kHz  UPPER BAND EDGE 132 kKHz
LOWER BAND EDGE 124 kHz LOW PASS FILTER CUTOFF 4 kHz
LOW PASS FILTER TYPE: "t ca 1%!cn I”1other
TEST PERSONNEL DATE LOCATION
Frequency at Modulation Index Delay (D) Relative Phase
Signal Generator (Peak Dev./ £.) Measured with Angle (Degrees)
Input = £ Oscilloscope (=360xDxf.)

4 kHz 1.0 207 us 298.1

3 1.33 207 223.6

2 2 207 149,

1 4 207 ' 74.5

2 1 207 , 149.

IV-5-88




Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

- FM DISCRIMINATORS

DATA SHEET 5.15.2

TEST Discriminator Phase Response (Procedure 2)

MANUFACTURER

MODEL

SERIAL NO.

IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO.
CENTER FREQUENCY

LOW PASS OUTPUT FILTER S/N

LOWER BAND EDGE

LOW PASS FILTER TYPE: !
TEST PERSONNEL

kHz  UPPER BAND EDGE ___kHz

kHz _LOW PASS FILTER CUTOFF kHz
) |”lother

DATE LOCATION

Signal Generator

White Noise Generator

Spectrum Analyzer

Attach spectral plots with full annotation.
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NOTE

Procedure 2 does not involve incremental point collection but
provides an immediate response curve picture. The technique used
is the same as plotting the transfer function or phase
characteristic, or both, of a filter. In this case, the signal generator
discriminator combination is the "filter" under test.

5.15.4 Data Reduction

5.15.4.1 Procedure 1 (see data sheet 5.15.1)

The data in tabular form consists of an independent variable (frequency) and a dependent
variable (delay). These variables should be plotted on a large enough scale to show phase
nonlinearity (non-constant delay) to the degree required. Delay may be converted to phase angle
and entered on the last data sheet column. Convert delay to angle by multiplying the delay value
by the frequency of the audio oscillator sine wave times 3600 (see data sheet 5.15.1 sample) .

5.15.4.2 Procedure 2 - The analyzer provides the phase versus frequency plot directly. These
graphics should be attached to data sheet 5.15.2 (see data sheet 5.15.2 sample).
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DATA SHEET 5.15.2 (Sample)
TEST Discriminato

MANUFACTURER XYZ

FM DISCRIMINATORS

Proce
MODEL DEF

SERIAL NO. ABC

IRIG CHANNEL 10

CHANNEL SELECTOR SERIAL NO.___

LOW PASS OUTPUT FILTER S/N

kHz

CENTER FREQUENCY 5,400 kHz  UPPER BAND EDGE 5,805 ‘
LOWER BAND EDGE 4.995 kHz LOW PASS FILTER CUTOFF_0.081 KkHz
LOW PASS FILTER TYPE: - [X|CA X! | 1other

TEST PERSONNEL DATE TOCATION

Signal Generator LMN Spectrum Analyzer QPH

White Noise Generator RST

(Seé attachments 1 through 6.)
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C.F. 5.4  kHz
L.P.F. 81 Hz C.A.

+'I80"i } J } } } 1 '

S

| jusuyoelly

I} } } §
1 I 1 ¥ % :

P .

-180° e ;
0 20 40 Hz 60 80 100
Data Sheet 5.15.2 {Sample Number 1) (60Mz Noise) ~ Constant Amplitude Phase Response.
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C.F. 5.4 kHz
L.P.F. 81 Hz C.A.

J .
o
e
-
-
-

T | ! f 4 —— +180°

S S

I
MAG

p—
Z» I S
P d
&
g P
% P
-1
Lag B )
lasd —t

0 { |
1 | z e % | f g e
0 20 40 Hz 60 80 180

Data Sheet 5.15.2 (Sample Number 2) - Constant Amplitude Phase and Amplitude Response.
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C.F. 5.4 kHz
L.P.F 81 Hz C.A. 142 Hz
* — f 1 Pt Mt +180°
ﬁ - . 00
- 1 1800
+5v -

MAG e

(=]

H § i
1 H H % % }

0 40 80 Hz 120 160 200
Data Sheet 5.15.2 {Sample Number 3) - Phase and Amplitude Response (Wider Frequency Scale).
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+180°
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Data Sheet 5.15.2 (Sample Number 4} - Constant Delay Phase Response.
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Data Sheet 5.15.2 (Sample Number 5} - Phase and Amplitude Response.
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C.F. 5.4 kHz
L.P.F. 81 Hz C.D.
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Data Sheet 5.15.2 (Sample Number &) - Phase Response (Wide Frequency Scale).
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5.16 Two Tone Intermodulation Test

5.16.1 Purpose - This test permits the measurement of distortion produced in a subcarrier
discriminator independent of the harmonic distortion present in the modulation source or
produced in the FM modulated signal generator. The results of this test will indicate the effects
of significant phase nonlinearities of the channel selectors (BPIF) which are generally the cause
of increased distortion with higher modulation frequencies.

5.16.2 Test Equipment

Audio oscillator (modulation sources) (2)
Signal generators (2)

Double balanced mixer

Spectrum (or wave) analyzer
Oscilloscope

5.16.3 Test Method

5.16.3.1 Setup - Connect the test equipment as shown in figure 5.16.1.
5.16.3.2 Conditions

5.16.3.2.1 Warm up all equipment according to specifications.
5.16.3.2.2 Maximize output load according to specifications.

5.16.3.3 Procedure

5.16.3.3.1 Install LPOF in discriminator to reflect a deviation ratio of one or less if available.
Cutoff frequency of LPOF is equal to the peak deviation of the subcarrier channel under test.

5.16.3.3.2 Calibrate the discriminator/oscilloscope setup at the subcarrier channel deviation
limits, adjust the center frequency of the signal generators and the level of the modulation
sources to produce an indication on the oscilloscope that has an envelope shaped like a sine
overlaying a minus sine wave. In addition, the crests of the signal observed should extend to the
subcarrier channel edges. Under this condition, the input signal is being equally deviated by
each of the modulating signals and the peak deviation of the composite modulation is the rated
deviation of the channel. For this initial setup, modulation frequencies (f; and f,) of 20 and 25
percent of the LPOF frequencies are recommended.
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AUDIO | ——>{ OSCILLOSCOPE
OSCILLATOR
AN IN |FM IN jfc= DISCRIMINATOR SPECTRUM (WAVE)
UNDER TEST ANALYZER
- I» o
516 »>{ MIXER )
BENERATOR » BPIF LPOF MAX.
RATED
fea ) LOAD
SIGNAL AUDIO
BENERATOR OSCILLATOR

AM IN (FM IN

€3

Figure 5.16.1 Test Setup for Two Tone Intermodulation Test.

IV-5-99




Test Methods for Telemetry Systems and Subsystems, Volume IV: Test Methods for Multiplex Equipment
RCC Document 118-79

NOTE

The center frequencies of the signal generators (f;; and f.,) shall
be set such that their difference (f;1—fc.) is equal to the
discriminator center frequency.

The output of the double balanced mixer shall be set to 0.3 Vrms.

An alternate modulated signal source is a single FM signal
generator modulated by the composite of the two tones (f, and f2)
that have been linearly summed. This approach may be limited by
the intermodulation products in the input signal to the
discriminator.

5.16.3.3.3 Adjust the spectrum (wave) analyzer to individually measure the level of the two
modulation frequencies. Record these levels on data sheet 5.16.1.

5.16.3.3.4 Measure and record the level of the intermodulation (IM) component located at the
difference frequency (f—f;).

5.16.3.3.5 Measure and record any IM components located at 2f—f, and 2f,—f;.

5.16.3.3.6 Increase the modulation frequencies to 80 and 90 percent of the LPOF frequencies
and repeat steps 5.16.3.3.3 through 5.16.3.3.5.

5.16.4 Data Reduction - Express the IM in percentage or in dB with respect to the desired
modulation levels (see data sheet 5.16.1 sample).

NOTE

The IM to modulation ratio of the difference frequency product (f,—
f1) normally varies as the square of the modulation levels, whereas
the 2f,—f, and 2f,—f; components normally vary as the cube of the
modulation levels. Other modulation levels may be tried, if
desired, to determine if the discriminator under test follows these
rules.
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FM DISCRIMINATORS

DATA SHEET 5.16.1
TEST Iwo Tone Intermodulatjon Test

MANUFACTURER MODEL
SERIAL NO. IRIG CHANNEL
CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N
CENTER FREQUENCY kHz _  UPPER BAND EDGE kHz
LOWER BAND EDGE XHz LOW PASS FILTER CUTOFF . KHz
LOW PASS FILTER TYPE: t"ica 1"1ep !”lother
TEST PERSONNEL DATE LOCATION
£, = 20% of LPOF Frequency = Amplitude of f, = v,dB
£, = 25% of LPOF Freguency = Amplitude of f, = v.dp
Amplitude of f, - f, Freq. Component = v,dp’
Amplitude of 2f, - f, Freq. Component = v.dp"
Amplitude of 2f, - f, Freq. Component = v,dp’

High Frequency Test

f, = 80% of LPOF Frequency = Amplitude of f, = v,dp’
f, = 90% of LPOF Frequency = Amplitude of £, = v, dB’
Amplitude of f, - f, Freq. Component = v,dp’
Amplitude of 2f, - f, Freq. Component = v,dp"
Amplitude of 2f, - f, Freq. Component v.ap”

* Strike out unused units (either V or dB).
(See attachments 1 and 2.)
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FM DISCRIMINATORS
DATA SHEET 5.16.1 (Sample)

TEST Iwo Tone Intermodulation Test

MANUFACTURER XYz MODEL__DEF

SERTAL NO. ABC IRIG CHANNEL

CHANNEL SELECTOR SERIAL NO. LOW PASS OUTPUT FILTER S/N

CENTER FREQUENCY 64 kHz  UPPER BAND EDGE 68 kHz
LOWER BAND EDGE 60 KkHz LOW PASS FILTER CUTOFF__ 4 KHz
LOW PASS FILTER TYPE: " lca IX!cp ! lother

TEST PERSONNEL DATE LOCATION

Low Frequency Test

£, = 20% of LPOF Freguency = __800 Hz Amplitude of £, = _-9.1  Xv.dp
f, = 25% of LPOF Frequency = _1000 Hz Amplitudebof f, = _-9.1 Xv.dB’
Amplitude of f, - f, Freq. Component = xv.ds'

Amplitude of 2f, - f, Freq. Component = xv.ds’

Amplitude of 2f, - f, Freq. Component = -60.6 _ XV.dB

£,4f, -60.6 dB
High Freguency Test

£, = 80% of LPOF Frequency = _3200 Hz Amplitude of f, = __ -9.6 Xv,dp’
f, = 90% of LPOF Frequency = _3600 Hz Amplitude of f, = _ -9.7 XV, dB’

*

Amplitude of f, - f, Freq. Component = =62.9 Xv,dB
Amplitude of 2f, - f, Freq. Component = __-42.1 xv,dp
Amplitude of 2f, - f, Freq. Component = ~46,1 xv,dp’
£,+£, -49.1 dB
* strike out unused units (either V or dB).
(See attachments 1 and 2.)
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Data Sheet 5.16.1 (Sample} - Discriminator LPF Output Two Tone Test.
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Tata Sheet 5.16.7 {Sample) - Discriminator LPF Qutput Two Tone Test.
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Appendix IV-A
THE SPECTRUM OF AN NRZ-PN SEQUENCE
NOTE

Appendix IV-A addresses material contained in chapter 2 of this
volume.

The spectrum of an NRZ-PN sequence consists of a Fourier series of sinusoids with a
fundamental frequency equal to the sequence repetition rate with power values inscribed within
the random PCM NRZ power spectrum depicted in figure IV-A.l. The fraction of the total power
in each component near 0 frequency is approximately 2/m where m is the number of bits in the
sequence. Thus, when m is large, such as 2x10°, the spectrum is nearly continuous and has the
same shape as random NRZ. Similarly, for a split-phase PN sequence, the Fourier component
frequencies are multiples of the sequence rate with power value inscribed within the random
split-phase spectrum shown in figure IV-A.1.
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SPLIT PHASE

Figure IV-A.1 Random PCM Power Spectra.
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Appendix IV-B
CALCULATION OF BIT ERROR MEASUREMENT INTERVALS
NOTE

Appendix IV-B addresses material contained in chapter 4 of this
volume.

1.0 General

This appendix describes the selection of measurement intervals and provides samples of
experimental data and data plots. The description of interval selection is presented as a
theoretical treatment of the calculation of bit error measurement interval. The sample
experimental data and data plots are presented for illustration purposes only and are not to be
used for equipment specifications. Sample data and data plots are provided for each of the tests
indicated in the standard test procedures in chapter 4.

1.1 Measurement Intervals:

1.1.1 Select measurement intervals which will provide statistically significant data with
measurement repeatability equivalent to +0.2-dB SNR variation. Measurements over intervals
longer than the equivalent of 10” bit periods will require appropriate averaging of repeated
measurements or the use of an external counter and timing arrangement. Some combinations of
bit rate and SNR may require lengthy measurement intervals to obtain statistically significant
data. The usefulness of such performance measurements will be dependent upon such things as
the application in which the bit synchronizer is to be used and the purpose for which the
measurements are made.

1.1.2 The measurement interval required for specified BEP measurement repeatability is a
function of the BEP. However, the BEP can be expressed as a function of the signal energy per
bit-to-noise power spectral density and this relationship can be used to derive a specified
probability of a certain repeatability. The expression for the measurement interval (in bit
periods) required to achieve a 0.95 probability of a +0.2-dB repeatability is derived in this
appendix. The derivation also shows the substitution required for other probabilities.

1.1.3 The BEP for unfiltered NRZ-L with additive gaussian noise and an optimum bit detector
has been derived by Lindsey (see reference 1) to be:

1 1 = e
BEP:EerfC(\/ﬁ)=ﬁJ‘ﬁetdt

Where R=ratio of signal energy per bit to single-sided noise power spectral density in watts/Hz.
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1.1.4 Hoel (see reference 2) states the following corollary: "The proportion of success x/n will
be approximately normally distributed with mean P and standard deviation /Pq/n if nis

sufficiently large. Where P=BEP, g=I-P, x is the number of bit errors in the interval, and n is the
number of bits in the measurement interval for this appendix.” Hoel also states that it is a good
approximation when np> 5.

1.1.5 A normally distributed variable has a 0.95 probability of being within 1.96 standard
deviations (o) of this mean. Therefore, if the change in BEP, caused by a 0.2-dB change in R is
known and this change is forced to be larger than or equal to (1.96c), the probability of being

-R
within 0.2 dB of the actual BEP will be 0.95. Since the slope (dl:% = e—J of the BEP (linear)

Jz

vs. R (dB) decreases for increasing R, it is necessary only to consider the case of R+0.2 dB.

1.1.6 Therefore, the measurement interval required (in number of bit periods) can be derived as
follows:

1.96 6 < (AP) o = ‘/@:\Edl_ z\/g for P<<1
1.96\/%7§(AP)

(AP)>1.96 \/E

(AP) > 3.84(Ej

n

1.1.7 The BEPs calculated from BEP= 2 erfc (\/ﬁ) are:
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erfc (\/ﬁ ) determined from NBS table (see reference 3).

Expected Number of

R BEP n Min Bit Errors in n
3.0 2.29 x 10° 1.5 x 10* 350
3.2 2.05 x 107
6.0 2.39x 10 4.6 x 10* 110
6.2 1.94 x 103
9.0 3.37x10° 1.1x 10° 38
9.2 2.27 x 107
12.0 9.0x 10° 1.5 x 10° 13.5
12.2 4.17 x 10°
15.0 9.1 x 10'°

15.2 2.02 x 107%°

1.1.8 The measurement interval required for other probabilities within 0.2 dB can be calculated
by replacing 1.96 by the K listed in the following chart.

Probability K
0.90 1.64
0.95 1.96
0.99 2.58
0.999 3.30

1.1.9 The measurement intervals calculated for the theoretically optimum case will be longer
than those required for the practical case with a physically realizable bit synchronizer. A longer
measurement interval results in increased statistical accuracy.
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Appendix IV-C
DEFINITIONS AND SUGGESTED CIRCUITS FOR BIT SYNCHRONIZER TESTING
NOTE

Appendix IV-C addresses material contained in chapter 4 of this
volume.

1.0 General

This appendix provides the definitions used for bit slippage probability (BSP) and acquisition
testing and contains the suggested schematics for external delay and gate for procedure 2
(subparagraph 4.1.4.3.2) of the acquisition test.

1.1 Definitions

1.1.1 Reference Clock - The reference clock is the clock of the test set PCM generator suitably

delayed for phase coincidence with the bit synchronizer output clock when in stable locked
condition.

1.1.2 Bit Slippage - Bit slippage is the gain or loss of one or more bits by the bit synchronizer.

1.1.3 Bit Acquisition - Bit acquisition has occurred when the BEP drops from approximately 0.5
to the BEP characteristic of the input SNR. In practice, there may be base-line offset due to
logic, FM receiver mistuning, etc., which requires time to be balanced out by the bit
synchronizer and detector. Thus, it is necessary to specify offset conditions in connection with
this test.

1.2 Auxiliary Circuits for Acquisition Test

1.2.1 Figure IV-C.1 gives circuits for the PCM delay and PCM gate included in figure 4.1.4-2.

1.2.2 Figure IV-C.2 illustrates the use of procedure 2 for acquisition time and consists of two
photographs showing oscilloscope traces of eight acquisition tries for two different BEPs. Time
to acquire can be easily determined by the photographic method with BEP as large as 0.4, as
illustrated. Use of a storage scope would be faster because the times could be read directly and
logged for each try.
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PCM Data Delay and PCM Gate.
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Figure IV-C.2 Tllustrations of Procedure 2 of the Acquisition Test
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1.3 Suqggested Circuits for Amplitude Modulator and Noise Shaper

1.3.1 Amplitude Modulator

Figure 1V-C.3 is a suggested schematic for the amplitude modulator. This circuit, with some
minor changes, was taken from the Motorola application sheets. Approximate voltage ranges for
the two inputs are given. This circuit will work satisfactorily to at least 10° bits/sec.

1.3.2 Noise Shaper

Figure 1VV-C.4 is a suggested schematic for shaping the noise for the jitter test, subparagraph
4.15.3.11.

1.3.3 IF Bandwidth and Carrier Modulation for Base-Line Wander Plus Jitter Test

When base-line wander and AM are applied simultaneously to the bit stream, an IF bandwidth
wider than the optimum for unperturbed bit streams is required. As an example, for 50-percent
AM and 50-percent base-line wander, the IF bandwidth should be about 4f, and the carrier
modulation should be about 0.5f, at the lowest point of the AM, i.e., with no AM it should be f,
(where fy is the bit rate). For more details, see reference below.

REFERENCE
Nichols, M. H., Consultant, "Bit Synchronizer and Signal Conditioner Test Procedures Using Bit

Streams with Clock Flutter, Zero Wander and Amplitude Modulation,” TOR-0076 (6550-38)-6,
The Aerospace Corporation, Los Angeles, California, 1 April 1976.
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Figure [v-c-3 Suggested Circuit for Amplitude Modulator.
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Figure IV-C.4 Jitter Noise Shaping Circuit.
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