ADVANTEST.

ADVANTEST CORPORATION

INSTRUCTION

MANUAL

TR9407
DIGITAL SPECTRUM ANALYZER

MANUAL NUMBER OEDOO 9205

Before reselling to cther corporations

or re-exporting to other countries, you
are required to obtain permission from
both the Japanese Government under its
Export Control Act and the U.S. Govern-
ment under its Export Control Law.

@ 1986 ADVANTEST CORPORATION
All rights reserved.

First printing June, 1986
Printed in Japan

e r———————— e




TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

TABLE OF CONTENTS

TABLE OF CONTENTS

1., GETTING STARTED cscecccsssscsssesssasernssacsssssssosnssscssssnssnns
1.1 HOW TO USE THIS MANUAL ..cecasesssssessncssssssanssssscsssrnanses
1.2 GENERAL INFORMATION .secsvscccassssonscsssosscnssnanssssancancos
122,91 FEATURES +eevevosasasasacsoscessaesssscanasacsssssssssssnnss

1.3 PREPARATION AND GENERAL PRECAUTIONS .vcvesessncvevrsssnsssnannonns
1¢3.] CHECK .ooeecssovssvassnsassasssasosnsscnsstssansanasssnsssasssne
.3.2 Preparation and General Precautions ....cccececencassscacane
POWER ON AND SELF DIAGNOSTICS seecoccessssccscsssccsnassnnnntosses
4.1 Self DiagnOSLICS scavseasscnsssssssssssssssssccscsasssnssanns
4.2 Initializing the TRI407 .eucecactsoncsnsnnssssassnsnssnonens
SETUP IN THE INPUT SECTION ..vececstscscrccssnsnsnsvsetocasssnsasse
5
5

1
1.4
1.
1.
1.5
1.5.1 Differential Input Method and Single—ended Input Method ....
1.5.2 Switching of Input Coupling Mode scvsescssscscsscrsssvessasans

e b o ek b wmd 3 ed el d b~ ma
«©

2. FOR FIRST USER OF THE FPT ANALYZER ..ucscesssrnsvrccsnsacsosanascnns
2.1 HOW TO READ DATA ON CRT DISPLAY .sscccnssonssoscsornssoscscsssconnas
2.2 BASIC CAPABILITIES OF PANEL KEYS .ecascesccsestccsccssccsncsncsvens

1 Displaying and Observing WaveIOrm .....ceseacccccccsscncsane
2 Displaying Measurement State tsesceccsosssssccscresscsnnnens
3 CUTSOY eesscssesssassscssnssnssssnssassasnssssscsnsnsnessssssa
c4 DUAL DiSPLAY eseeecesecccsccsansnnensesassnasassansassonssae
5 Setting the TRI407 MEMNU scevcessssscnsacsasssarsnsrsoccsccsscns
6 Features of Keys in VIEW MOAE ceuvseesssssrrvsscccssninnesnns
FFT (FAST FOURIER TRANSFORM) ANALYZER IN A NUTSHELL ..e0ccescane
OUTLINE OF MEASUREMENT PROCEDURE sccecscosassvansvesssaassonnsons

2
2.

RN NN D NN NN
I

2
2
2
2.
2
2
3
4

3., MEASUREMENT OF TRANSFER FUNCTION ccceccnesencsssssssnsccssernnsoss
3.1 FREQUENCY RESPONSE ANALYSIS .ceescasesssnnsretoncccsosoascornnsy
F.1el OULLING cosceenssosasscosssvscscnsansscssassassssnssnsssssnsas
3.1.2 Flowchart for the General Procedure of
the FRF MeaSuUrement .ceeceecssscssssssasssssnsssanssnanvrssssss

.3 Setting for Frequency Response AnalysSisS scsuscioncescsssosns
+4 5ignal GEeNEeraLOr scscessssscsvscsssososensssnssssnsscssessncns
.5 Frequency Response Function Measurement .......cvecevencenes
(1) Precautions on logarithmic frequency analysis ...ccevcecees
(2} Linear. frequency analysis with multi-sine wave s.sescesssss
(3} Zooming when using multi-sine Wave ...vecesosaveccccacscass
{4) Logarithmic frequency analysis with multi-sine wave .......
(5) Linear frequency analysis with sine wave «..ovsvsccsnercces
(6) Logarithmic frequency analysis with sine wave ..cccecvceaas
{(7) Linear frequency analysis with Sweep of Swept Sine

(SS5S SCREeME) ceceacnsosanenrsasatssssssanssssessnsnansscassanss
(8) Logarithmic freguency analysis with Sweep of Swept Sine

(5SS SCREME) eesnesccssnsnncnsssssssacasssnanntssssasssssass 3 — 48
(9) Logarithmic (or liner) frequency analysis

by signal sequence method ....eesceessssvssssasssnsssesssss 3 = 51

W W W
Pt
W W

- 10
- 13
13
- 16
- 20
- 23
- 27
- 33

o W
-k —b

W oWl W W W w
1

W
§

37

c-1 May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

TABLE OF CONTENTS

TABLE OF CONTENTS (Cont'd)

3.1.6 SENS. sequence funcCtioOn .ceeeeeceeasessssssssrsccsnccsscsssssss 3 — 64
3.1.7 Phase Unwrapping and Group Delay cesccessssssecssacsvscsssanss 3 = 71
3.1.8 Observation of measurement result by using the LOCAL key ... 3 - 73
3.1.9 Peedback Control System {Transfer Function in Open Loop
£0 CloS@d LOOP) esevesseansnasacetscssssssacnsannnsancssassse 3 = 718
3.1.10 Observation of Damping Factor by Pre=envelope sccecaceseses 3 = 82
3.17.11 Amplitude CONErOl seceeesesvsscvssacssnscssnasacnsnsnssansss 3 — 86
3.1.12 Use of Memory Function of the Signal Generator .eacesrse-ss 3 — 91
3.2 TRANSFER FUNCTION MEASUREMENT BY IMPULSE METHOD cceeesssnveaseee 3 = 97
3.3 TRANSFER FUNCTION MEASUREMENT BY USE QF IMPULSE WAVEFORM ..¢.... 3 = 103
3.4 ZOOMING MODE FOR TRANSFER FUNCTION MEASUREMENT ..cccesssscssccscss 3 = 104
3.5 INTERCHANNEL DELAY COMPENSATION FOR
TRANSFER FUNCTION MEASUREMENT +.cceccsssnssccsnscnssssnssnccsssee 3 — 106
3.6 COHERENCE FUNCTION AND COHERENCE BLANKING .vsevsssscsascssanasss 3 = 107
4. 2-CHANNEL MEASUREMENTS cscesscecsasescsssasasnssorvrotascanncsaccness & = 3
4.1 TONE BURST covvevvnvesvssassaosasasassasessonracnssnsosnnonsssssas 4 - 3
4.2 PCM TRANSMIT/RECEIVE FILTER satscascecsasccsanssscensnnsnssassss 4 = 6
4.2.1 Measurement of Filter's bandwidth ssscecsccsscacsccsscnasssse 4 =10
4.3 CHEMICAL IMPEDANCE MEASUREMENT cveeavvncnaccnscsccansosnsassancss 4 = 13
4.3.1 Application of Chemical Impedance Measurement ..ecesececesses 4 — 15
4.4 MEASUREMENT OF DISPLACEMENT
{DIRECT READING WITH SCALING FUNCTION} scevcancocssosvosscascans & — 19
4.5 MODAL ANALYSIS cececevencenssssasassssascsasssssssssansnnannnans & — 26
4,5.1 Measurement of Transfer Function Of Paper .seessesssvesscenae 4 - 27
4.5.2 Measurement of Pisplacement at Each Point on the Arm ....... 4 - 31
4.5.3 Modal AnAlYSiS seeiescscsasovansrsssonsscasacsccassasancssasse 4 = 33
4,6 ACOUSTIC INTENSITY cecececonsassnsnsnsranssntrttssnannscansosssnneas 4 = 36
4.6.1 Measurement ProCedUre ..sstesrosssscssassancasansassssssnsns 4 = 37
4.7 TIME DELAY MEASUREMENT BASED ON CROSS-CORRELATION FUNCTION AND '
IMPULSE RESPONSE s.seccessccscansacscnssasasnsscsrsssarasnacscacss 4 = 44

5. 1-CHANNEL MEASUREMENTS .ccevevsssvsstscsccsssascssncsnsvannssnssnsnovns
5.1 ACOUSTIC EMISSION .esvvoeavsosasscsscsanssassnsonsaannsnssnnssssss
B5elel GENETAl cesvccacncsnscssanronotssasssasssasssssnsssssnessssns
5.1.2 Setting Up for Measurement ....ccecesvsevescsscssaccasanssnnas
5.1.3 Analyzing AE Waveform in Time DOMALIN +ecvecccssnsssnsscnsasnes
5.1.4 Cepstral AnalySiS eesevctsvsrsccsscssnsssssssnsssscssnssnsans

Luupuwuouu e ;o an
1
o

5.1.5 Preenvelope AnalySiS seeesceccccvocssvesesccnsasncsosscssanca - 12
5.1.6 AE System Modeling and Original Waveform Analysis ....ccee.n - 14
5.2 MEASURING PILOT SIGNALS (8 mm VIDEDO) ssceessssssesssssnsansasscs - 18
5.3 MEASUREMENT OF CROSSTALK cacecscccovsesrvsasssnssansssassassasacacas - 21
5.3.1 Setting Force Weighting Function c.iecieiicececencsanenrasansas - 24
5.3.2 Automatic Data Acquisition using Both AUTO ARM and

FLOPDY DiSK ceesescessnssnscncsnsnossnssvsasavacsncsssnssssass 5O = 25

c -2 May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

TABLE OF CONTENTS

TABLE OF CONTENTS {Cont'd)

]
i

26
26
29

ICE ANALYSIS .ccceevvcsvsscosccossononansnnasassenassnsssnsssnns

4.1 Acquisition of Voice Signals .ceeeceasecsssssscnascccsannnsns

+4.2 Displaying a Compressed Time WavefOorM ..csecencasvsarcscsanse
4.3 Observing Transition of the Spectrum (level

MoNitor FUNCLEION) ceeccssessserossacasncensnesansncscsnassans

4 Cepstrum analysSisS .ceecessssessssssssscssscsscssscsasssncncnsss

5 Three-Dimensional (3D) DiSPLAY eeeecssvessscscscnnsssasasase

NOISE MEASUREMENT ..cesvssecncssncarnsascssssscscsssssnanasnnmacss

1

2

s

(S0 ]
11

- 30
- 34
- 40
- 44
44
- 47
- 57
- 59

Measuring a Sound Level Using a Sound Level Meter ...eseeeecs
Third Octave and Full Octave AnalySisS .cececesscascscncsonan
TORTION MEASUREMENT .uccescosescsnscsnsnsscsnascsscnsssossnacsoanssaess
WOW-FLUTTER MEASUREMENT {(WITH WOW-FLUTTER METER) cscsveecccevsvss
MEASUREMENT OF NOISE LEVEL ACCORDING TO PSD

(POWER SPECTRUM DENSITY) seasccscescnsscssasssncsasssacrsvnsnasscns

i gnain onan
|

w
]

63

6. PANEL KEYS EXPLAINED ..cscuecnccscscssssasncsccssasessonsassasvsansonne
6.1 EXPLANATION OF FRONT PANEL ..ccssesssscscnssscnsasssanscnsasssasnae
6.2 EXPLANATION OF REAR PANEL cuescccsascncsncestsssssraasssnasnnnsca

6.2.1 Connectors on the Rear Panel ..ecevecessessssncsscscsancencns
6.2.2 EXT. TRIGGER CONNECLOL sscscovsccsocscssncssassnnvassnssnssasns

6.2.3 EXT. SAMPLE CONnecCtOr eccecccssreressssscsssasssssssansnnsnn

6.2.4 TOUCH SOUND CONCYOLl sseasassssncsansasssassanrssssanncssssssns

6.2.5 BEXT. CRT CONNECLOrS sesecscscsnscsnsnssvsresssssncssssncsssassanns

3 MENUS EXPLAINED .t.cescssenscsncennnscssssossssccsaccsssaosnanannanss

TR OV O
;
—_
h

6.

7« GPIB INTERFACE utvssccacccsasasscasscassnsonassnansenssstsssscsssssss
Tel INTRODUCTION suvceeccevccvsessssssasosnacsnnsssanncnnsnsnnsasssanse
7.2 SPECIFICATIONS cvescnsscsecscscsonsacncssesnsnsnnrsssssottsscsscsnnes

7.2.1 GPIB SpecificatiOnNs esssecccccacesnceossnssesscssnasssssnanss
.2=2 Interface FUNCtioNS c.ceccecsssssnnsnsscsssnsnsncsnncsonsassas

PIB SYSTEM OPERATING PROCEDURE ccucesocecansansttscscsscascssnss

«7 CONNECLION ssesasetscnsaoascoasnsssscnnansaansssssssssasannne

.2 GPIB Interface SeCtiOon .ceeecessctsssssasssanssansesassensnsnne

+3.3 Listener OpPeratiOnNS ceeceececesnsscsanscssnssasnsesssssnsnnns

(1) Set COmMMANG ssccssnssssssnssasssnsssssssssccssanasansncsnsssans
{(2) Read COMMENG eceesssssserrsansscascssssnssnnsnsasnsnasstsssnse

7.

»

7
3@
7.3
7.3
7

L B B B R B R B LS R |
t

(3) FOIMAL cevacsacaseassvasrssasssssssescssnsssnsncssasacsnsnsoes

c-3 May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

TABLE OF CONTENTS

TABLE OF CONTENTS (Cont'd)

7.3.4 Talker OperatiONs seesvsvsccstscencsssarssssansanssanscsssone
{1) 502 CUrSOL MOAE essescesesssascessssssncssesssstissscacsnnsss
{2) S03 block transfer mode {ASCII MOGE) eceeosrsssrnsccsscecsans
{3) Data Structure of 504 (binary block transfer) .eceecencsnees
{4) 8504 block transfer mode {binary mode) «ecceaescrvvecscssnss
{5) Notes on SQ3 and 504 MOAES .sseesesrsnssssssssassassnasassesns
{6} BOTH MOde (DO1) eeessssssvsssascssnsasescacnccnscssssoscncncs
{7) Notes on data transmission with command OS ..eeeeescnssvses
(8) SQ5 (time data read) MOAE «.eeeevessassnasasssonassacsncass
{9) Transfer of Mass—time data (S08, S0DY9) .cecsccecacnsnnnsoras
{10} 1/3- and 1/1-octave analysis and GPIB escssssansestrsnscsas
{11) How to read AUTQ RANGE measurement data over the GPIB .....
{12) How to read the measurement Statius scscvecoceccnscnnsssensae

7.3.5 Notes on GPIB Command EXeCUtiOn e..csvsssecsscssasasnnsasans

7.3.6 Read Command Output Format (Display Data Read) sececcccasens

7.3.7 Service REQUESE cuveceesarenssesssasassssassassssssssansnasss

7.3.8 Header Code LisSt .ceeacsesrssstosncsnasncsossesosscanscssrnssssse

7.3.9 GPIB Command LiSt ceseecsncecssncssosscnsnsasrnsvssccnssassssns

4 PROGRAMMING EXAMPLES .cececvesancsascnsssssssssassscssssssssssnan

L R B e e R B R B B I AN B [ BN S |
‘ |
w
=3}

7.

8. PERIPHERAL DEVICES AND USAGE .stsessasscssssssssncsosssannsssnasvsns
B.17 INTRODUCTION cecesvosconesesnanrsronrsansassasssananssnssssssnssass
8.2 HANDLING THE CLOSE-UP CAMERA .cccecsvncnsosassasnsnsncssssesransass
8.3 PERIPHERAL DEVICE SELECTION AND HANDLING .cceeevavrssssccascnses
8.4 OPERATING PROCEDURES OF DIGITAL PLOTTER ecccecessssssscnsncannsne

4.1 Connection and Preparalion .ccceeeresvsecssssacsssccassnsnnnscs
4.2 Description of the TRI9835/R Panels ..ccssvsvesesccesnrarsans
4.3 Panel Description of the TRI9832 .ievevscessecssacenccnceenns
4.4 Interface SeLUP csveacsresarcssccnccsassssosssosnansosnssssnn

.4.5 Automatically Divided Plotting on Ad-sized PaPer sesssesases

4.6

4.7

4.8

4.9
4.1

*»Xe
* T

Description of Plotter MEeNU .ceicessvissssrssossaccssansssnss
Plot BUffer .ssccecceacncecasesossencscaconsnonsnssssossnsnnans
Plotting ONLlY CLEXACES ceecsansssasvassaccsncancasnsssossssnansns
Superimposed PLOLLING sreccscsasessasssnonsssnssssnsassscnns
0 Plotter Control over the GPIB iciescsssnssassassesncnssnnsns
OPERATING INSTRUCTIONS OF X~Y RECORDER ..+r¢s0caccscccscnssnansans
5.1 X=Y Recorder CONNECLION ccccsncssccrnsossssscsssnssnsasssnscs
.5.2 Plotting on the Attached X—Y ReCOrder cecsecscsescssananssss
5.3 X-Y Recorder Control over the GPIB ..eviceseescccsacncscsssrs
OPERATING PROCEDURES OF FLOPPY DISK DIGITAL

ATA RECORDER weesecsaorsstnsscsasssosssssnanesasscsnsasnsnsnnssnss
.1 Connecting the TR98102 .ecesrenesssrrsricscertscsassnnncccns
2 Initializing the FLOPPY DiSK seecencscanerscsenenvsasscsssas
3 Description Of PAnel seeeeececsesssccessocsoscssncsrrvssanns
.4 Feature of Data Files .evciececnannss cesaeetneranasreaessn e
5
6
7

L X}
.
s X
-Xa

8.

GO GO Co Qo 00 OO OO 000 OO 00 OO OO GO 00 00 OD OO QO
1
[\ ]
—

4
8
8
8
8
8
8
8.
8
8
8
5
8
8
8.
8.6
- 67
- 67
~ 68
- 170
72
- 75
- 85

ORIGIN file; Creation and ReproductiOn sesveccessessaraascas
FIXED FLle tvencvnsocscssnannsscsnasnotasstasssssssssnsnnanse
GRAPHICS £ilE@ ceceseessasansassnnsrossnossrssnsnnaasassscnsnss

0o 0 oo 0o
|

cC -4 May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

TABLE QF

CONTENTS

9.

TABLE OF CONTENTS (Cont'd)

8.6.8 MASS TIME File .viuesesnsonssassscsanssnasassasasssassssasnnsns
8.6.9 Cataloging @ File .iuceeesecsanssssonssnssanssssnssrssonsnasncs
8.6.1
8.6.1

. 0 Editing a File D I A I A R I I I I A A I A I B I I B R A N I N A I

+6.11 Panel S@qUENCE ..veeeususoceeciscroasosscsisusosssasanasssas

PRECAUTIONS ON SHIPPING & STORAGE ..ccccnevecccssnnssvsecnnssnrnssnes

9.1 SHIPPING PRECAUTIONS ...cescensvessessonsnssssansasnsnsnonssnsnsns
9.2 STORAGE PRECAUTIONS ...cesevecenssossvsosossnsssnvsnvosssssssssses
9.3 CLEANING THE INSTRUMENT ..cvvetrersansorsscsntscasccascssnscansas

10, SPECIFICATIONS & ACCESSARIES ..ccicieensccacestassessassnssassnnas

10.1 SPECIFICATIONS LA A I I N I I I I I I I A B A R O AT I B B I B B R N B I N N A )

10.2 ACCESSORIES SUPPLIED .....eveccecesvasresvrrvsnsnrnerrsonsnonnnsas
10.3 PERIPHERAL DEVICES AND ACCESSARIES ..iceciusecsnsetsoavonscnsnnna

PEENDIX 1 Definitions and purposes of analyzing functions

(GLOSSATY) wsvsceaasassanssosuosssassassssansassasassssunnssas

APPENDIX 2 List OFf MENUS sevaccsssecssnsossossnsnsassssscassasnsssenses

APPENDIX 3 Frequency response analySis MENU ..veeveensrsrsssssnsnsnsnsas

APPENDIX 4 Comparison of powers of output signals of ! Vpp'..........

APPENDIX 5 Simplified error codes of the floppy disk Ceereecaenananas

APPENDIX 6 PresSet VAllUeS teiecsteccasesttsnsctosascsasessasesassscssasse

APPENDIX 7 Reliability of transfer function .....c.iceiiesicancssnnnes

APPENDIX 8 Automatic Scaling Plot .sieeeeeecetacsccnscasosscsssssscasaans

APPENDIX 9 Marker plot (plot oOf trace Only) ceseeccecssncsansceasnsss

C - 5%

= Qe e Qe o)

W WYY w

10

10
10

89
94
101
104

W www

1
12

12

14

15

16

17

19

20

21

May 19/92






TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

LIST OF FIGURES

LIST OF FIGURES

Figure No. Title Page
Figure 1-1 Line Voltage Plate and GND Terminal 1 -9
Pigure 1-2 Power Cable Plug and Plug Adapter 1 -9
Figure 1-=3 Grounding effect ({a): not grounded {(b): grounded) 1 -10
Figure 1-4 Connection of diplay unit and input unit 1 -10
Figure 1-5 CMV loop in a power supply line 1 - 12
Figure 1-6 Digplay during Initialization ‘1 - 15
Figure 1-7 Differential Input Example (both channels A and B) 1‘; 16
Figure 1-8 Common-mode Voltage when Signal Source is Floating 1 - 17
Figure 1-9 Signal Source Liable to Common-mode Noise ' 1 - 18
Figure 1-10 Balanced Signal Soutce 1 - 18
Figure 1-11 Connection of MI-77 Cable Dedicated to the

Differential Input 1 - 19
Figure 1-12 Signal source which allows single~ended mode 1 - 20
FPigure 1=-13 Single-ended Input 1 - 22
Figure 1-14 Wrong Usage of Single-ended Input Mode 1 - 23
Figure 1-15 Usage of AC, DC and GND Keys 1 - 25

TIME

Figure 2-1 Time Waveform Display (D) SPECTRUM _BOTH 2 -3
Figure 2-2 Spectrum Data Display Example ( } 2 -4
Figure 2-3 Optimum Sensitivity Range (Upper) and Improper

Sensitivity Range (Lower) 2 -5
Figure 2-4 Dual Display of Output Time Waveform and Transfer

’ Fanction 2 -8

Table 2-1 Relations of VIEW modes, Functions, Data Assignments, :

Readout Units and AVG/INST Data Types 2 -10
Figure 2-5 FFT Rnalyzer Configuration 2 -12
Figure 2-6 Antialiasing Filter Characteristics 2 - 12
Figure 2=7 Aliasing Error 2-13
Figure 2-8 Measurement Scheme Classification 2 - 15
Figure 3-1 Excessively Large (Upper), Appropriate (Middle),

and Excessively Small {Lower) Amplitudes of

Qutput Power Spectrums when Swept Sine

{40-1line WIDTH) is Applied 3 -15
Figure 3-2 Start and Stop Ranges in the 4-decade Log

Frequency Analysis 3 - 23
Figure 3-3 Explanation of 4-decade Log Fregquency Analysis 3 - 24
Figure 3-4 Comparison Between Step = 1 and Step = 7 of

Linear Sweep 3 - 31
Figure 3-5 Comparison Between Linear Sweep (Step = 1) '

and Logarithmic Sweep (Lines = 80/D) 3 -3
Figure 3-6 Phase Digplay of Nichols Chart 3 ~-77
Figure 3-7 Phase Margin and Gain Margin on Nichols Chart 3 -179
Figure 3-8 Transfer Function in Open/Closed Functions 3 - 81
Figure 3-9 Damping Factor Over the Full Frequency Span 3 - 82
Figure 3-10 How to Determine Pre-envelope 3 - 83

May 15/86



TRS407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

LIST OF FIGURES

LIST OF FIGURES (Cont'd)

Figure No. Title Page
Figure 3-11 Damping Factor at Resonance Frequency 3 -84
Figure 3- Setup for Comparison of Characterlst1cs

Between Microphones 3 - Bé
Figure 3-14 Transfer Function of Vibration Exciter 3 -9
Figure 3-15 Multi-Sine Time Waveform and Spectrum 3 -92
Figure 3-16 Computed Result of (COMPLEX SPECT)/(TRANS.FCTN) 3 - 93
Figure 3-17 IFFT of the Frequency Domain Data Recalled

from Memory 3 - 94
Figure 3-18 Application of Excitation to DUT 3 - 96
Figure 3-19 Transfer Punction Measurement by Hammering 3 - 97
Figure 3-20 Transfer Function Measurement by Impulse Method 3 -103
Figure 3-21 High Resolution Measurement of Transfer Function 3 -105
Figure 3-22 Coherence Blanking 3 - 107
Figure 4-1 Transient response characteristics test of a speaker 4 - 3
Figure 4-2 Typical Application of Codec and Filter 4 - 6
Pigure 4-3 Transmit Filter Transfer Characteristics 4 - 7
Figure 4-4  Transmit Filter Transfer Function by Swept Sine Sweep 4 - 7
Figure 4-5 Relative Values for Gain Value at 1 kHz 4 - 8
Figure 4-6 Phase and Group Delay of PCM Transmit Filter 4 -9
Figure 4-7 Transfer Function of PCM Receive Filter 4 -9
Figure 4-8 Dual List Mode Display 4 - 10
Figure 4-9 Peak Value Readout with Vertical Cursor off 4 - 11
Figure 4-10 Filter's Bandwidth Value Readout 4 - 12
Figure 4-11 Chemical Impedance Measurement Example 4 - 13
Figure 4-12 Impedance Measurement of Metal Corrosion Under Film 4 - 15
Figure 4-13 Cole—Cole Plot Change with Time (Metal Corrosion) 4 - 15
Figure 4-14 Cole~Cole Plot Change Over Time (Cell) 4 - 17
Figure 4-15 Constant Load Continuous Discharge Curve 4 - 18
Figure 4-16 Connection the FFT Analyzer with the TQ88091 4 - 19
Figure 4-17 Output Waveforms When Direct bias is insufficient 4 - 20
Figure 4-18 Characteristics of Actuator 4 - 21
Figure 4-19 An Example of Actuator Transfer Functlon 4 - 22
Figure 4-20 A Scaling Example of Actuator Characteristic o4 - 23
Figure 4-21 DISPLAY CTRL Menu 4 - 24
Figure 4-22 Connection of Eguipment 4 - 26
Figure 4-23 Floppy WRITE Menu 4 - 27
Figure 4-~24 Transfer Function of Exciter 4 - 28
Figure 4-25 Magnetic Disk Swing Arm 4 - 29
Figure 4-26 Frequency Response of Paper 4 - 30
Figure 4-27 ©Notching the Arm (Actual Size) 4 - 3
Figure 4-28 Setup Example of Signal Sequence 4 - 32
Figure 4-29 Characteristics of a Swing Arm Tip 4 - 33
Figure 4-30 Mode Shape of Swing Arm (Animation Display) {1) 4 - 34
Figure 4-31 Mode Shape of Swing Arm {Animation Display) (2) 4 - 35
Figure 4-32 Setup for Measuring Acoustic Intensity 4 - 36

May 15/8%



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

LIST OF FIGURES

LIST OF FIGURES (Cont'd)

Figure No. Title Page
Figure 4-33 Measuring Acoustic Intensity of Electric Cleaner 4 - 37
Figure 4-34 Contour Map Display (sound source: electric cleaner) 4 - 40
Figure 4-35 Intensity Ratio Represented by Circles

{sound source: speaker) 4 -~ 41
Figure 4-36 Vector Display (interpolated once) 4 - 42
Figure 4-37 Vector Display (interpolated twice) 4 - 42
Figure 4-38 3D Display before Viewpoint Change

{annotation display) 4 - 43
Figure 4-39 3D Display After Viewpoint Change

{45° rotation with reference to Z-axis) 4 - 43
Figure 4-40 Time-Delay Measurement of Two Signals 4 - 45
Figure 4-41 Time Delay Measurement by Cross-Correlation Function 4 — 46
Figure 4-42 Time Delay Measurement by Impulse Response 4 - 46

Figure 5-1 Setting Up the Monitor for Drilling
Figure 5-2 AE Sensor Frequency Characteristics
Figure 5-3 Compressed Display of Time Data

Figure 5-4 Exaplanation of Time Data Compression
Figure 5-5 Cepstrum of AE Wave

Figure 5-6 Lifter Types

Figure 5-7 Liftered Spectrum of AE Waveform

Figure 5-8 Preenvelope of AE Waveform

Figure 5-9 @ AE Measurement System Model

Figure 5-10 Transfer Function of AE System

Figure 5-11 Complex Spectrum of AE Waveform

Figure 5-12 Result of Operation of

~ Figure 5-13 AE Original Waveform

Figure 5-14 Measurement of 8 mm Video Pilot Signals
Figure 5-15% Pilot Signal Recording Pattern

Figure 5-16 Multirecording Frequency Spectrum
Figure 5-17 Pilot Signal

Figure 5-18 Measurement of Crosstalk of Telephone Line in

mumumupunupugoaaoaeooaaoo
|
L -1

Operating Room 5 - 21
Figure 5-19 Crosstalk Time Waveforms and Spectrum 5 - 23
Figure 5-20 Use of Force Weighting Function 5 - 24
Figure 5-21 Voice Analysis Example 5 - 26
Figure 5-22 Display in CATALOGUE Mode 5 - 28
Figure 5-23 Time Compression (Record of Pronounced "XYZ") 5 - 29
Figure 5-24 Setting the Level Monitor Range 5 - 31
Figure 5-25 Displaying SET REF. Set Values 5 - 32
Figure 5-26 Data Window Movement 5 - 32
Figure 5-27 Level Monitor Display (two screens superimposed) 5 = 33
Figure 5-28 Obtaining Cepstrum 5 - 35
Figure 5-29 Setting the Threshold 5 - 36
Figure 5-30 Displaying a Power Cepstrum {Caa) of "a" (lower trace) 5 - 37
Figure 5-31 Spectrum and Liftered Spectrum of Voiced "a" 5 - 38

F-3 May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

LIST OF FIGURES

LIST OF FIGURES (Cont'd)

Figure No. Title Page

Figure 5-32 Superimposing Spectrum and Liftered Spectrum
(The upper and lower traces in Figure 5-31

are superimposed.) 5 - 38
Figure 5-33 Rahmonic List for Cepstrum 5 - 39
Figure 5-34 3D Display Angle 5 - 41
Figure 5-35 3D Display on CRT Screen 5 - 42
Figure 5-36 Examples of 3D Display Output to Plotter 5 —- 42
Figure 5-37 Measuring a Sound Level Meter CAL Signal 5 — 44
Figure 5-38 Sound Level Meter CAL Signal 5 - 45
Figure 5-39 Setting Up the Noise Measurement System 5 - 46
Figure 5-40 Overall Value Measured in 20-kHz Range 5 — 47
Figure 5-41 C.0.P. Display Example 5 - 49
Figure 5-42 Result of Octave Analysis of the Data in the

above Figure (VIEW POWER mode) 5 - 49
Figure 5-43 Input Signal (white noise) 5 ~ 51
Figure 5-44 1/3 Octave Analysis of White Noise 5 = 52
Figure 5-45 1/3 Octave Band Filter Characteristics 5 = 54
Figure 5-46 A-Weighting Compensation Values 5 - 55
Figure 5-47 A-Weighting Compensation Value

(frequency compensation characteristics) 5 - 56
Pigure 5-48 Connections for Measuring Distortion 5 = 37
Figure 5-49 Harmonic Distortion List 5 - 58
Figure 5-50 Connections for Wow-Flutter Measurement 5 - 59
Figure 5-51 Wow~-Flutter Spectra 5 - 61
Figure 5~52 Wow-Flutter Waveforms and Spectra

: (through laser deppler and wow-flutter meter) 5 - 62

Figure 5-53 Measuring Noise Spectrum 5 - 63
Figure 5-54 Comparing Noise Levels in PSD 5 - 64
Figure 6-1 Rear Panel of TR9407 6 - 14
Figure 6-2 Probe Power Internal Circuit 6 - 15
Figure 6-3 EXT. TRIGGER Connector 6 — 16
Figure 6-4 EXT. SAMPLE Connector 6 - 17
Figure 6-5 TOUCH SOUND Control 6 - 17
Figure 6—6 EXT. CRT Connectors 6 - 18

Figure 7-1 Configuration of GPIB

Figure 7-2 Signal line termination

Figure 7-3 GPIB connector pin configuration

Figure 7-4 GPIB interface panel

Figure 7-5 GPIB facilities on rear panel

Figure 7-6 Data Structure of ransfer Function (Mag)

Figure 7-7 Data Structure of Transfer Function (Real, Imad}
Figure 7-8 Data Structure of Transfer Function (Phase)

Figure 7-9 Data Structure of Transfer Function (Phase Unwrapped)
Figure 7-10 Data Structure of Group Delay

B e e R I N B ]
I
—a
o

F-4 May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

"LIST OF FIGURES

LIST OF FIGURES (Cont'd)

Figure No. Title Page
Figure 7-12 Programming Example 1 7 - 103
Figure 7-13 Programming Example 2 7 - 104
Figure 7-14 Programming Example 3 7 - 105
Figure 7~15 Programming Example 4 7 - 106
Figure 7-16 Programming Example 5 7 - 107
Figure 7-17 Programming Example 6 7 - 108
Figure 7-18 Programming Example 7 7 - 108
Figure 7-19 SQ5 Mode Flow Chart 7 - 109
Figure 7-20 Programming Example 8 7 - 110
Figure 7-21(a} Time-domain data example using function SIN(X)/(X) 7 - 112
Figure 7-21(b} Logarithmic display of frequency domain data
converted from the above time domain data 7-112

Figure 7-22 Transfer function measurement

with sinusoidal sweep scheme 7 - 113
Figure 7-23 Programming Example 9 7 - 114
Figure 7-24 Programming Example 10 7~ 116
Figure 7-25 Example of 1/1-octave Analysis List Printout 7 - 118
Figure 7-26 Programming Example 11 7-120
Figure 7-27 Programming Example - 12 7 - 122
Figure 7-28 Programming Example - 13 7 - 127
Figure 7-29 Programming Example - 14 7 - 129
Figure 7-30 Typical Arbitrary Waveforms 7T - 131
Figure 7-31 Programming Exampie - 15 7 - 132
Figure 7-32 Programming Example - 16 7 - 133
Figure 8-1 Handling a Close-up Camera g8 -4
Figure 8-2 Assembly Illustration of M-085DII Polaroid Camera 8 -5
Figure 8-3 Peripheral Device Control Panel B - 6
Figure 8-4 Menus for Selecting Peripheral Devices 8 -7
Figure 8=5 Connecting TR9407 and TR9835/9835R/9832 8 - 10
Figure 8-6 QOperation Panel 8 - 11
Figure 8-7 Paper Feeder Panel 8 - 14
Figure 8-8 TR9835/R Rear Panel 8 - 15
Figure 8-9 Setting Leaf Paper B8 - 17
Pigure B-10 TR9832 Panel : 8 - 17
Figure 8-11 Examples of Plotting by V21 and V22 8 - 25
Figure 8-12 "PLOTTER" Menu ' 8 - 26
Figure 8-13 Plotting Area Set by "PLOT SIZE" Setup 8 - 3
Figure 8-14 Example of Scaling Plot with the HP-GL Plotter 8 - 34
Figure 8-15 Example of Scaling Plot on Roll Paper 8 - 35
Figure 8-16 Plot Buffer 8 - 37
Figure 8-17 Plotting Trace Alone within the Frame 8 - 38
Figure 8-18 Plotting only Trace between Cursors 8 - 39
Figure 8-19 Plotting Example (Superimposed Plotting) 8§ - 41
Figure B-20 -Programming Example for Plotter Control Over the GPIB 8 - 48
Figqure B-21 X-Y Recorder Outputs 8 - 50

May 15/86



TR9407

DIGITAL SPECTRUM ANALYZER

INSTRU

CTION MANUAL

LIST OF FIGURES

LIST OF FIGURES (Cont'd)

Figure No. Title Page
Figure 8-22 X-Y Recorder Setup Menu - 8 - 51
Figure 8-23 Spectrum Variation with Time Observed in the CURSOR

OUT Mode 8§ - 53
Figure 8-24 Plotting Example in the SINGLE Mode 8 - 54
Figure 8-25 Plotting Example in the ALL Mode 8 — 54
Figure 8-26 Plotting Example in the ALL Mode g8 - 54
Figure 8-27 Plotting Example in the FRAME mode 8§ ~ 54
Figure 8-28 Plotting Example Obtained at Each '

Plotting Speed 8 — 58
Figure 8-29 Calibration Value (SINGLE Display) 8 - 60
Figure 8-30 Calibration Value (DUAL Display) 8 - 60
Figure 8-3% Calibration Value 8 - 61
Figure 8-32 Programming Example for X-Y Recorder Control

Over the GPIB 8 — 66
Figure 8-33 Connecting the TR98102 8 - 67
Figure B-34 Keys for CATALOGUE Menu Setting 8 - 97
Figure 9-1 Removing the CRT Filter 9 -3

F - 6%

May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

LIST OF TABLES

LIST OF TABLES

Table No. Title Page
Table 2-1 Relations of VIEW modes, Functions, Data Assignments,

' Readout Units and AVG/INST Data Types 2 - 10
Table 3-1 Features of Signal Source of TR98201 : 3 -1
Table 3-2 Relation Between Output Signal and Weighting Function 3 - 12
Table 3-3 WIDTH of swept sine _ 3 - 44
Table 3-4 Relation Between Display Range (deg) and 7

Display Type ' 3 - 77

Table 4-1 Frequency Range, Microphone Sizes, and Spacer Llengths 4 - 38
Table 5-1 Frequency- and guefrency domain data correspondence 5 - 38
Table 5-2 3D Display Angles : 5 - 41
Table 5-3 Outputting 3D Display to Plotter (or XY recorder) 5 — 43
Table 5-4 Relationship between Filter Numbers, Center

Frequencies, and Set Freguency Ranges 5 - 53

Table 6-1 Combinations of AVG WHAT? and AVG MODE 6 - 23
Table 6-2 Weighting Functions 6 - 25
Table 6-3 Math Operations between Same Type of Data 6 - 27
Table 6-4 Math Operations between Different types of Data (1) 6 ~- 27
Table 6-5 Correspondence between (jw)} Operations and 6 - 28
Table 6-6 OVERALL/PARTIAL and Its Message 6 - 29
Table 7-1 GPIB interface functions 7-6
Table 7-2 Standard bus cables (optional) 7-8
Table 7-3 CO command and send level 7 - 13
Table 7-4 Precision Type and Byte Length 7 - 26
Table 7-5 Output Format for Code "1" 7 - 27
Table 7-6 Output Format for Code "2" 7 - 28.
Table 7-7 Output Format for Code "3" 7 - 29
Table 7-8 Read Commands 7 - 40
Table 7-9 Header Code List (FUNCTION) 7 - 47
Table 7-10 Header Code List (OVERLOAD) 7 - 47
Table 7-11 Unit Code List 7 - 48
Table 7-12 Fullscale and Coefficient vs. Input Sensitivity

in the "TIME" and "HIST." Modes 7 - 49

Table 7-13 Coefficient vs. Input Sensitivity in the "SPECT.",

"CROSS SPECT.", and "TRANS. FCTN" Modes 7 - 50

Table 7-14 Special Character Codes for Labels 7 - 51
Table 7-15 ASCII Characters 7 - 52
Table 7-16 TR9407 Command List 7 - 53
Table 7-16(a) Display Gain Setup 7 - 64
Table 7-16(b) Vertical Reference Setup 7 — 65
Table 7-17 Advanced Analysis Command List 7 - 73
Table 7-18 XY Recorder and Plotter Command List 7 - 78

T =1 May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

LIST OF TABLES

LIST OF TABLES

Table No. Title Page

Table 7-19 Floppy Disk Command List 7 - 80
Table 7-20 File Name Codes 7 - 86
Table 7-21 Signal Generator Command list 7 - 88
Table 7-22 GPIB Commands in Alphabetical Order 7 - 92
Table &-1 Required Plotting Time (PEN MODE: "ONE") 8 - 56
Table 8-2 Calibration Voltage 8 - 59
Table 8-3 GPIBE commands for X-Y recorder control 8 - 63
Table 8-4 File Enable/Disable Data in Each Mode 8 - 74
Table 8-5 ORIGIN Data Written in ORIGIN Mode 8 - 82
Table 8-6 Data Convertible from Each ORIGIN File § — 84
Table 8-7 Arm Length and Block Number 8 -~ %80
Table 8-8 File Creation/Reproduction by TR98102 8 ~ 99
Table 8-9 Reproduction of Data Recorded on Floppy Disk g8 - 100
Table 10-1 Accelerometers by Endevco (Recommended) 10 - 15
Table 10-2 Charge hmplifiers by Endevco 10 - 17

T - 2%

May 15/86



TRS407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

LIST OF EXAMPLES

LIST OF EXAMPLES

Example No. Title Page

(No example numbers are assigned in this manual.)

E - 1% May 15/86






TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

TABLE OF CONTENTS

TABLE OF CONTENTS

1. GETTING STARTED cevececcccsoessunssssvssssosnscsssesnssscssncsntssns
1.1 HOW TO USE THIS MANUAL ceasecsccvcosnsosssocronssasansnsasssonsnes
1.2 GENERAL INFORMATION cucevesscesasscresseascrnssranscnsoaacssscnsnns

142.7 FEATURES .ceacesscssssssntsosnsssnsosssiossnaroscosascnssasnanss
PREPARATION AND GENERAL PRECAUTIONS ceeeseccscsrssnnersssassansns

-3.

1.3
70307 CHECK evvvenncaroscsasasaascsassscsonssssasasasassasassonses
1.3.2 Preparation and General PrecautioOnsS ...c.cececeesccecssasscas

1.4 POWER ON AND SELF DIAGNOSTICS cvvenncocscscccscsctasasscssconnanse
1.4.1 Self DiagnosStiCs ..uieiecesescssansseransssscsnsassnsnansnses
1.4.2 Initializing the TRI407 cieeetosensrssncsavesanancsnnsssases
5
1
1

1.5 SETUP IN THE INPUT SECTION cetasscacsncnssernsscnrscrnsrsarnssacoscncnn

5.1 Differential Input Method and Single-ended Input Method ....
«5.2 Switching of Input Coupling Mode .s.ccessssccscsssossrnsvssannes

d ol 3 e ol et omud b ed —h ek =3 3
I
o0

1 -1 May 15/86






TR9407
DIGITAI. SPECTRUM ANALYZER
INSTRUCTION MANUAL

1.1 HOW TO USE THIS MANUAL

GETTING STARTED
HOW TO USE THIS MANUAL

This manual explains the TR9407 operation procedures with practical
examples. Section 2 explains the basic keys for operating the TR9407 and
how to read the data on the display screen. If you do not have experience
in the spectrum analyzer operation, please read Section 1 first, and then
Section 2.

Before starting measurement, guess the required procedure according to the
measurement outline chart given in Section 2.4 and read the relevant
explanation in this manual.

If you want to know the function of a certain key, read Section 6 or find

the page of interest referring to the index given at the end of this
manual. '
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1.2 GENERAL INFORMATION

TR9407 Dual-channel Digital Spectrum Analyzer combines high-speed,
high~-sensitivity analog technology plus a high level of signal processing
and computer technology (surpassing regular minicomputers) with an FFT
{(fast Pourier transform) system designed to make CRT graphic displays
easier to read and easier to use.

In addition to the basic analytical functions such as transfer functions,
the TR9407 is also capable of handling cepstrum, pre-envelope functions,
group delay, signal-to-noise ratios, and other new analytic parameters.
And with a capacity to measure transfer functions in excess of 120 dB plus
4-decade logarithmic frequencies, and by featuring the unwrapping function
which displays phase up to #£25600° without wraparound (these are the
world's first features since TR9406), the highly advanced TR9407
represents a completely new approach to measuring procedures.

Memory of 512K words can be enhanced in the new features such as the level
monitor in which time-varying spectrum can be observed or the resampling
in which the time data are decimated so that the whole memory contents can
be viewed without using the data window.

Spectrum zooming by up to 256 times from frequencies of 0.0025 Hz to 1 MHz
is possible, and a wide range of input levels from -120 4BV to +30 4BV

{1 uVrms to 31.6 Vrms) can be measured at high resolution and high
sensitivity.

The highly versatile TR9407 is thus ideal for use in a very wide range of
applications including vibration and noise analysis, structural analysis,
audio equipment analysis, chemical analysis, somatological experiments,
communication line analysis, and the measurement of noise in
semiconductors.

1.2.1 FEATURES
(1) Ample measuring functions include:

e Oscilloscope, transient memory (digital storage oscilloscope),
signal averager, time interval meter, digital voltmeter

® Correlator

Histogram meter (probability density function meter)

e Spectrum analyzer, octave-band noise analyzer, distortion analyzer,
frequency counter, frequency response analyzer (servo analyzer),
phasemeter, group delay analyzer, signal-to-noise ratio meter
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(2)

(3}

(4)

Ample analyzing and operational functions

Analyzing functions

Time domain data

Time domain averaged data

Complex spectrum

Power spectrum

Liftered spectrum (power spectrum envelope)
Cross spectrum

Transfer function

Group delay

Coherence function

Signal-to-noise ratio (SNR)

Coherent output power

Impulse response

ML {Maximum Likelihood; measurement of time delay depending on S/N
ratio)

SCOT (Smoothed Coherence Transform)
Amplitude probability density function
Autocorrelation function
Cross-correlation function

Power cepstrum

Pre-envelope function

Third octave and full cctave band analysis

Math operational functions

+, -, X, -, [4t, 4/dt, x (jwyh, V/EU, coherence blanking,
equalization, conversion from open-loop transfer function to
closed-loop transfer function or vice versa, Fourier transform and
inverse Fourier transform and trend removal.

Advanced functions and an entirely new approach to measurement and
analysis

e Transfer function measurements using 4-decade logarithmic
frequencies. )

e Transfer function measurements with dynamic range in excess of
120 dB by use of differential input and auto range with the aid of
the TR98201 Signal Generator.

® Sequence function —— an entirely new concept in transfer function
measuring procedures. Involves the use of the TR98201 Signal
Generator, and permits a high degree of freedom.

e Phase display without wraparound

High input sensitivity, wide frequency range and broad dynamic range
The TR9407 covers a frequency range of up to 100 kHz with input
sensitivity range from +30 4BV (31.6 Vrms} to -120 dBV (1 pVrms). The
broad dynamic range of 72 dB allows you to measure two dissimilar
strength spectra. '
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(5)

(6)

(7

Differential input measuring capability

The TR9407 has both single ended and differential inputs

capabilities, Differential input mode can be utilized to minimize the
errors due to the common mode voltage. This assures high precision
measurement.

Zoomed spectrum of transient record

The TR9407 contains 512K words time data buffer and can continuously

record up to 512K (256K x 2) words of single {dual) channel time data
for use in signal analysis. _

The TR9407 performs spectrum zooming in the frequency domain up to a

factor of 256 in binary sequence.

Ample display features

e Displays real part, imaginary part, magnitude, phase for Bode
diagram; real part and imaginary part for Nygquist diagram; phase and
dBMag for Nygquist diagram and Nichols chart.

e Variation with time of the peak values or the overall values of the
spectrum within the specified freguency range can be observed by
digplaying 1024 points of data over the time axis {Level monitor).

e Long-standing measurement results are decimated in the time domain.
Using the data window means the observation of the data piece wise
while this resampling capability allows you to grasp the whole data
at a glance. Time compression by a factor of 2 to 256 in binary
steps.

e The unwrapping function displays transfer function phase without
wraparound.

e Data at an arbitrary point on a signal trace can be directly read
out by pointing it with a cursor.

e The available spectrum display resolution is 800 lines for single
channel, 400 lines for dual channel, and 1116 lines for 4-decade
logarithmic frequency analysis mode.

® Combination of memory, dual display and superimposition features
permits accurate comparison between two sets of data or clear
understanding of the relation between the time and freguency domains.

e The display features also include At and AV in the time domain, Af
and dBR in the frequency domain, mathematical operations between
data, overall RMS readout, auto peak search, list of harmonics with
total harmonic distortion, etc.

e Ample trigger modes and flexible trigger condition setup capability
with the aid of cursors enable accurate observation and analysis of
transient phenomena.

® Readout units in the time domain and the frequency domain can be
converted into the desired engineering units with the scaling
function.

# Three—-dimensional display capability allows up to 14 lines of
arbitrary digplayed data to be stacked on the CRT (Three-dimensiocnal
display of Nyquist diagram (or Nichols chart) with frequency axis
and orbit diagram with time axis).
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(8) Signal generator interface included as standard accessory
When the TR9407 is used together with the TR98201 Signal Generator
(which has been designed to achieve optimum results in combination
with the TR9407 Dual-channel Digital Spectrum Analyzer),
high-precision transfer functions can be measured at speeds of up to
10 to 100 times faster than in conventional system.

When the TR9407 differential input and auto range are used, transfer
functions with a dynamic range in excess of 120 dB can be measured.
The TR98201 can also be used as a function generator capable of
generating a wide range of time data measured by the TR9407. That is,
the TR98201 can generate seismic waves which only occur once, and
other signals which are difficult to reproduce. '

(9) GPIB, plotter and floppy disk interface provided as standard
The TR9407 has the interface of GPIB, plotter and floppy disk as
standard feature. This enables you to put the TR9407 as an
instrumentation part of a larger system configuration. High-speed
data file or sophisticated recording function can be implemented by
interconnecting an optional digital plotter or floppy disk with the
instrument. TR9835R or TR9832 Plotter is available for continuous
data plotting or multi-color recording. The measurement data can be
plotted in flexible layout with respect to the size and orientation of
the plots. This feature greatly simplifies report preparation. The
plotter interface also supports HP-GL plotters (models 7470A, 7225A by
Hewlett-Packard). TR98102 Floppy Disk Digital Data Recorder may be
used to record the analyzed vibrations of rotating bodies or random
impact pulses. TR7200 Universal Scanner is provided to accept
multiple input signals.

(10) Third octave band and full octave band analysis
The TR9407 is capable of 1/3- and 1/1-octave analysis. Since the
instrument uses filters that comply with the international standard,
it produces 1/3- and 1/1-octave analysis data compatible with those
obtained from conventional analog type octave analysis. The 1/3- and
1/1-octave analysis feature is particularly useful for acoustic
research and engineering applications.
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1.3 PREPARATION AND GENERAL PRECAUTIONS
1.3.1 CHECK

Upon receipt of the instrument, examine it for any damage sustained in
transit, taking special note on panel switches, CRT display, and
terminals. If the instrument is damaged or does not operate properly,
contact your nearest Advantest representative.

1.3.2 Preparation and General Precautions

(1) Power supply .
The proper line voltage at which the instrument should be operated is
factory-set and indicated at the power cable outlet on the rear
panel. The operating voltage is selectable from 90-132 Vac or
198-249 vac, 50/60 Hz (see Figure 1'-1).

Before plugging the power cable into an AC source, check to make sure
that the POWER switch is set at the OFF position.

CAUTION

Never turn on or turn off the POWER switch while the incoming signal
is being applied.

(2) Power cable
The power cable has a three conductor plug at its end, the center pin
being for the ground. The instrument should be powered from a
three-conductor outlet as much as possible. If only a two conductor
outlet is available, use the supplied plug adapter for power
connection, In this case, be sure to connect either the ground lead
of the plug adapter or the rear GND terminal on the instrument to an
external ground or earth (see Figures 1-1 and 1-2).

Because of its wide-band, high-sensitivity design, improper grounding
may cause the instrument to be subject to noise interference. Be sure
to ground the instrument especially when it is used in a
high-sensitivity range (see Figure 1-3(a) and (b)).

In 409034, the two prongs of A and B have different width as shown in
Figure 1-2 (b). Therefore, before inserting the plug into the
receptacle, check the relative position between the plug and the
receptacle. If A09034 cannot be connected to a desired receptacle,
obtain the optional adapter KPR-13.
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Display Unit

Figure 1-1

Adapter AC2034

cable

Connect this pin
to the ground

(a)

Earth prong
3-prong plug
for the power

Input Unit

Line Voltage Plate and GND Terminal

To the instrument

Adapter AQ9034

(b)

_Figure 1-2 ©Power Cable Plug and Plug Adapter
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Connection of display unit and input unit.
Stack the display unit on the input unit and connect the AIO
connectors on the rear panels with the supplied cable (DCB-RR2057 x

01).
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{4) Fuse replacement
The line fuse is contained in a fuse holder on the rear of the
instrument. When replacing the fuse, remove the cap from the fuse
holder. The ratings of the fuse are shown below:

100-115 Vac 5A
200-230 vac - 2.5 A

CAUTION

When replacing the fuse, be sure to set the POWER switch to OFF and
unplug the power cable from its outlet.

(5) Operating environment
The instrument should be situated in a place where it will not be
exposed to excessive dust, direct sunlight or corrosive gas.
The operating temperature should be between 0°C and +40°C, with
relative humidity under 85%.

{6) Ventilation
The instrument uses two exhaust type cooling fans. Allow sufficient
space around the instrument, especially on the rear side of the
instrument. Do not place the instrument on its rear panel.

{7) Although the instrument is designed for immunity from AC line noise,
it should be operated from a line with the least possible noise
level. If the line power is contaminated with excessive noise, use a
line filter.

(8) When the instrument is to be attached to a controller or other
instrumentation equipment for system setup, study the instruction
manuals for each device carefully.

{(9) Do not situate the instrument in places where it will be subject to
excessive vibration.

(10) The storage temperature for the instrument is between -20°C and
+70°C. 1If the instrument is to be left unused for a long period of
time, wrap it with a vynil cloth or put it in a carton box.

The storage site should be free of direct sunlight or excessive
moisture.

{11} Halation on the CRT display
When the display trace is concentrated in a relatively small area with
high intensity, halation may result. If halation is intense, use the
INTENSITY control on the left side panel to reduce intensity.

.
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(12) Device breakdown due to the CMV loop formed in the power supply line:
The TR9407 can be used with various peripheral devices such as a
desk-top computer, floppy disk drive, digital plotter, and X-Y
recorder. When attaching any peripheral device to the TR9407, be
careful about the generation of common mode noise voltage (CMV) caused
by defective power-supply ground wirings.

If the power supply line is floated from the ground, an AC voltage
(CMV) of approximately 50 V will appear across terminals al and a2,
and b1 and b2 through the loop shown in Figure 1-5. At this time, if
terminals al and a2 are connected together with terminals b1 an b2
left open, the input circuit devices in circuits 1 and 2 may be
damaged or subject to serious degradation. To prevent this, the power
supply line must always be grounded. A similar CMV will also be
generated if the analyzer is turned on or off with its power cable
plugged in or out of the electrical outlet. The analyzer should
always be turned on or off with its front panel POWER switch.
If use of a floated power supply is unavoidable, establish the ground
terminal connections and all other signal cable connections before
plugging the analyzer into an electrical outlet and then switching it

Oli.
Interconnection
Peripherat device B cable : TRIAOT
Power _ | i
switch
Line filter a " Power switch Line filter
B Transformer 1 2z Transformer
acroov [ 10 0= - -0—] : —o”0 .
Circuit . Circuit _I_ AC100V
H e L ] 3 T
P | |= S~ o e
1+—o-G 0---0 7
: by ba —
O
@ nr

No ground connection -

Common mode voitage of about 50V will be developed

Figure 1-5 MV loop in a power supply line
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1.4 POWER ON AND SELF DIAGNOSTICS
1.4;1 Self Diagnostics

When the analyzer is switched on, a self diagnostics sequence is
automatically initiated. If everything is found to be nermal, the
instrument becomes ready for operation approximately 15 seconds after
power Ont.

In order to back up the internal memory against power off, the
analyzer contains a Ni-Cd battery. The battery is automatically
charged during power on, and backs up memory for about one week to
maintain measurement condition setup data intact during power off.

1f power off condition continues for more than one week, the contents

of the memory may evapolate. If this happens, set up the necessary
measurement conditions again after power on,

CAUTION

o Before switching on the analyzer, check to see that the operating
voltage indicated on the rear of the instrument agrees with the
local line voltage.

0 Once the analyzer is switched off, do not switch it on again
within 3 seconds after the power off. If it is switched on again
within 3 seconds, the power supply circuit may malfunction.

If this happens, switch off the analyzer, and then switch it on
again several seconds later.

If everything is normal, the self diagnostics sequence is completed
approximately 15 seconds later, and the analyzer shows the TIME data
on channel A on its display or is placed under the previous
measurement condition stored in internal memory (PANEL section) to be
ready for operation. Upon the end of the self diagnostics sequence,
"pip” tone will sound consecutively four times to alert the operator
for the end of the sequence, and then the LED indicators on the front
panel return to the normal condition.
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If the power to the instrument is left off for more than five minutes,
it takes approximately 30 seconds for the CRT display to warm up and
provide the normal information display. So no message pertaining to
the self diagnostic test will be observed on the display upon initial
power on. If you turn on the power several seconds after power off,
you will be able to see message

"SELF TEST IN PROGRESS !1!"
on the display. Upon the end of the diagnostic seqguence, message
"PEST COMPLETED !1"

will be shown for a few seconds, and the analyzer becomes ready for
operation after giving off audible "pip" tone.

If any defect or malfunction is detected in the internal circuit or
part, the display will show the function-classified defect locations
upeon the end of the diagnostic sequence.

Error message "FAIL GPIB" in the self-diagnostics is derived from:

(1} The status of the bus where other devices are connected with the
GPIB cable upon TR9407 power turn-on.
(2) The internal circuitry being damaged.

In case of (1), making the TR9407 run by pressing a front-panel key
will restore the instrument into normal condition. If it is not still
properly working, turn on the power without connecting interconnection
cables. When the error message still remains, it comes from (2);
contact your Advantest's local representative.
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1.4.2 Initializing the TR9407

(1) Initialization by panel keys LocK 1LOCAL
The TR9407 is initialized by pressing [:::] [:] while the message
CiR

SELF TEST IN PROGRESS!! is blinking during the self-diagnostics
routine just after power-on. The TR9407 produces the CRT display as
shown below.

{2) Initialization by GPIB controller
Sending the IN command initializes the TR9407.

ww TRSA4DY DIGCITAL SPECTRUM ANALYZER ww *TIME
03=-11—189868 0157 STH=ACINST>
SZERD START
OELTA 232. 422 MSEC 2. S20E-~-01V p=p *AC/DIFF
SFREE RUN
*AVG: OO0

FREQUENCY

1 M=
SENSITIVITY

As +30ABY CMAND
Br +30ciB Y CMAND

TRIGGER
SOURCEL - CH—A
SLOPE 1 =<+>
LEVEL

+~0. 000 “FS
POSITION
Xa - +300.00 X

+a4. 7F

WEIGHTING
RECT

AVERAGING
MODE & SUM N
WHAT
CRIOSS+PUWER
—4.4. 7] © NO 2
v} CHAN 1 CROSS

o TIME CUSES) - 40D ERTS ! NOBMAL

Figqure 1-6 Display during Initialization
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1.5 SETUP IN THE INPUT SECTION
1.5.1 Differential Input Method and Single-ended Input Method

The TR9407 permits both the differential input method in which signals
are applied to the (+) and (-} terminals (these two common mode signals
are removed through the differential amplifier} and the single-ended
input method in which one terminal is grounded.

When high sensitivity and wide dynamic range are required, use the
differential input scheme.

Figure 1-7 shows a differential input example in which the incoming
signal to the DUT is connected to channel A and the output signal from
the DUT is connected to channel B.

Jl by

Vaqauny

30
e
bk

2]
EIE]
[}

— Signal Generator
Red| * : + Red
_ put Load '
Black | — — Black
Bilue
Blue /
thr ™

Figure 1-7 Differential Input Example (both channels A and B)
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{1) Differential input method
Broadly speaking, the differential input method can be used for the
following three signal sources, which enhances high-sensitivity and
wide-dynamic-range measurement even if there is common-mode noise or
common-mode voltage.

a. The signal source is floating off the common ground. As shown in
Figure 1-8, signal source Es to be measured is floated by bias
signal Ec (common-mode voltage). This occurs when measurement is
made for the AC bridge output or at the intermediate point of the
feedback system.

TR9407
1
Vst+Vg v
VméP Vs —*- —
Ve :
}
I

Vm: Measurement voltage
Vc: Common-mode noise
Vn: Differential amplifier output

Figure 1-8 Common-mode Voltage when Signal Source is Floating

b. A long cable is required between the TR9407 and signal source, or
measurement is hindered by common-mode noise contained in power line
because the transducer or sensor is directly connected to a large
DUT.

In these cases, the ground current or the current flowing through
the DUT causes common-mode noise as shown in Figure 1-9.
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TR9407
e i
VY'Y ? .
’ R5 ~. Vl RLI VD
Vm ﬂ—
Re: - Y Rez
AN t Vo=Vm+Va
I Vo=V, —-V;
Rec
& —AA ] Vo=V -V,

v Ve RLI Re: Ve
( le ) "\ R, +RetRs  Ru:tRe

Figure 1-9 Signal Source Liable to Common-mode Noise

c. The output of the signal source is balanced.
This type is often found in the output of audio amplifiers or test

oscillators.
TR9407
Vn
2 Rs,
Vm
2
Ve Rs:
Rec
Balanced output Balanced input

Figure 1-10 Balanced Signal Source
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: Q
Red @ Input

Connector

| ) |
/
- Black
Red 1T Red  MI-TT
i (/“T__"__+ Ll /"T__‘“—_+
¥m Black‘ Vs @ Black '
GND " 1 -
Blue Blue
(a) (b)
TRO407
1 Red MI1-77
A AN VA
RS RC] +
Vm ~o
Black RG. B
: J AYAYAY, "/
Blue
Gfg; AYAYAY,
‘] Ve Rce %7
(c)
RS, Red N
AL
2
Yo (@)
Ve 2
Black
Ree Rsq _
@
Blue

Figure 1-11

Connection of MI-77 Cable Dedicated to the Differential Input

May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

1.5 SETUP IN THE INPUT SECTION

{2) Ssingle-ended input mode and its connection
All signal sources having a grounded return line can be measured in
the single-ended input mode.

The singled-ended input mode may be applicable to the cases wherein
common mode noise is extremely low in level, measurement is hardly
affected by the presence of common mode noise, or dynamic range may be
sacrified to some extent. An example of signal source measurable with
the single-ended mode is shown in Figure 1-12.

Rs {X________
+

Vm

Figure 1-12 Signal source which allows single-ended mode

Either the supplied cable (MI-77) or other compatible cables may be
used for input connection for the single-ended mode. For instance, if
a shielded input cable with BNC connectors at its both ends is to be
used for single-ended input connection (see Figure 1-i13 (a) or (b}},
connect one end of the cable to either the + or - input connector
‘on the TR9407. If it is connected to the + connector and the -GND
mode is selected as shown in Figure 1-13 (a), the input of the
instrument becomes an inverting input.

If the cable is connected to the - input and the +GND mode is
selected as shown in Figure 1-13 (b), the input of the instrument is a
noninverting input. When the single-ended input mode is used, the
input signal polarity is reversed, especially when making analysis of
phase information, cross correlation function or magnitude probability
density function.

NOTE

Be sure to use the +GND and -GND keys to ground either the + or
- input which is not used.
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If unused input is left open (see Figure 1-14), the input may be
affected by the other input due to induction (Figure 1-14 (a}) or by
external noise interference (Figure 1-14 (b)). This may result in
appreciable measurement error.

NOTE

The tradeoff in the implementation of the TR9407 in the
high-sensitivity range is that the single-ended input scheme may be
subject to line voltage noise in the system or peripheral device
noise introduced through the interconnection cables because of its
nature of high sensitivity.

In the system configuration, therefore, the least possible cable
connections are recommended to lessen the noise contribution.
{Disconnect the unused cables.) For the measurement under these
circumstances, differential input mode is recommended instead of
single-ended mode.

Display in the input section

Press and hold it
for 1 sec or more
to switch over
(So that the input
: | impedance is not
{(lamps on the subject to easy
display unit) change)

{Only 1MQ is
) effective in the

Overload in
the GPIB or
floppy disk

INPUT CHANNEL A '©3 +30dB sensitivity
range)
Input overload S o B o @
from the
A/D converter R
3 reomma
0 ww

(lamps in the input unit})
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(a) Single-ended input (noninverting)

] |

[ BaS5
IHPUT CHANNEL A SN I=2lg=t=r
van 00 TEST A gﬂ E
= @ o = leasda
Emploa
L3 vea
[ gg— T
: 3 wow T iaa
| B T
, Shielded wire !
3
e B g S L TR9407
1 !
| : 1 E
I ()Es L_.@_E.
: ) + INPUT
1 i l
! | -lngutin phase
| I 0°) with the

incoming signal

(b) Single-ended input (inverting input)

o ————

EEELID]

=

o
il
2y
[a]
D

e i —— —

-0c

o
[T ———

~“vEs

———

Shieided wire J(i
-------------- = J TR940T

]
; + INPUT
i @9“"‘ ér-

e T

ase {- _
EVith the incoming ! INPUT
signal

Figure 1-13 Single-ended Input
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INPUT CHANNEL A 1B

(a) The correct level is not obtained because eg leaks to (-) INPUT

Signal source

(+)
T T Tt T T "1 Output N
! —) £
| _JMSource N~ ".’/
| Rs impedance L
| souree |
l @ e Qutput’
] ® ] comman
[ |
| ? I
e e e — — e

(@

{b) The correct level is not obtained because -INPUT is directly
interferred with inductive noise

Signal source

(+

reT T Tt T T Qutput N
; VW Source é ‘:7 t
| Sourcs s impedance _
| £ s
| @e ® Qutput *
| | common 1
| | e n
S S
o
4 NOISE =)
€n

* 1f the input is left open, the noise level will be extremely high
due to thermal noise from the high input impedance {approx. 1M{l), as’
well as to signal leakage or external noise sources, especially when

the analyzer is in a high sensitivity range.

Figure 1-14 Wrong Usage of Single-ended Input Mode
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1.5.2

(1

(2)

(3)

Switching of Input Coupling Mode

DC coupling

The DC coupling mode directly couples the input signal to the input
amplifier, and is useful to capture transient signals and other
irregular signals. The AC coupling mode is unalternatively selected
when the TEST mode is entered. If measurement mode is switched from
the TEST into other measurement mode, check to see that the adequate
input coupling mode is selected.

AC coupling

With the Ac coupling mode each input connector is capacitively coupled
with input amplifier (Figure 1-15 (a) (b} (c)). The cutoff frequency
is 0.5 Hz {(at -3dB).

The AC coupling mode is useful to eliminate DC bias (or offset)
voltage from the input signals. It may also be useful for measurement
of steady signals whose mean level is always constant.

GND coupling

The +GND and -GND keys are used to ground one of the two differential
inputs of the instrument to obtain the single-ended input mode.

If the TEST mode is selected during GND mode, the input coupling mode
is forcibly switched into the AC mode. These input coupling modes are
shown in the top right display area on the display.

The usage of these four keys and TEST mode is summarized in :
Figure 1-15. Figure 1-15 (a) and (e} indicate the differential input
mode, while (b), (c), (f) and {g) indicate the usage in the
single-ended intput mode. :
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@ AC-ON

W NPUT CHANNEL A + INPUT
= |1 n
: |
- - - INPUT
| _
|

Both inputs are AC coupled

4+—0—0

{t} +GND-ON, AC-ON

+ INPUT
W 1HPUT CHANNEL A . Qo 1
AC‘?DCW':W!BII é - INPUT V
EJE- I | |
E] s

Only ~INPUT is AC coupled

{inverting input)

(c) -GND-ON, AC-ON

+ INPUT
il INPUT CHANNEL A E }
= ~ INPUT
£] — |
| v

J—0—0

Only +INPUT is AC coupled
{Noninverting input)

{d) +GND-ON, -GND-ON

+
+
+ INPUT
W INPUT CHANNEL A | o+
L Ay - - INPUT v
- =

+OND —~OND

G—0—0

Both inputs grounded

Figure 1-15 Usage of AC/DC and GND Keys
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(e) DC-OK

+ INPUT

B INPUT CHANNEL A

ovER
AC/OC TMO/508

=

— INPUT
&

+GND ~QND

7

00— 0

Both inputs are DC coupled

{(f} +GND-ON, DC-ON
+ INPUT

W INPUT CHANNEL A
]

- INPUT v

1
V.

Only —INPUT is DC coupled
{inverting input}

(® -GND-CN, DC-ON
: + INPUT

W INPUT CHANNEL A
a

- INPUT

Y

—
v

<J—-—-©—@

Only +INPUT is DC coupled
[Neoninverting input)

() TEST-ON + INPUT -
) { | +

E— ~ INPUT

Auncmnlw.wn i IE ~

£ |
+GHD ~GHD TEST v ]NTERNAL
] TEST
STGNAL

* The same applies to the input channel B. The TEST key is applicable to
both channels.

Figure 1-15 (Cont'd)
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2.

FOR FIRST USER OF THE FFT ANALYZER

2.1 HOW TO READ DATA ON CRT DISPLAY

Up to 40 cha-

racters per line «« TRE407 DIGITAL SPECTRUM ANALYZER /om
zaas

can be written
with the LABEL
key and green
character keys. he
(label mode}

Time difference
between two
cursors

Indicates
instant time
data.

) prr=tvi
The frame
time varies
with the set
frequency
range.

REF
DELTA

43, 75w usEC
91, 408 usEC

oz-28-1nas

—1. 31E~gav
a. 00E«-oOoVv

22, 4 v
mv

[

E =4
—22. 4
mv

101

jo[T T

T IME CUSEC)

M ERET

SRR

0. oda

Figure 2~1

M
LOG FRED MH=>

Time Waveform

ST IME
QCH=A CINST)
CZERO START
GAC/-GND
CAUTO ARM
CAVG D70

WEIGHTING
RECT
HANNING
MINTMUM
FLAT—-PASS

=% FORCE/RESPW¥w
Fa 111 (ST}

Timer indicator
— Input setup
conditions

F4FT <SP
R: 10 (ST
o3 E ey of
READ DUT Display of a
FRES UNIT menu selected
CP . .
VERT UNIT with a key in
N
PeA n= *  the SETUP
SCAL ING section
KEY
CURSOR
OEF
TIME/CH~A
pMEZCt-
+1. ODE+~DO V
TEUT =Eu .
Move [ with
{3 ana | H].

TIME

Display (@)
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Channel A
input spectr

~20
a8v

to modify the
amplitude
display unit
and the dB
value per
division,

Coa

108/
a8V

-
<dav

Channel B
input spectru

Gbk
aBMag

L./
FREQ.

LOG.
Press [:] to

display log.

1Qd8~/

-a0
a8y

dBMag

-110 [

UPSCALING
‘Press D to

enlarge the
trace by eras-—
ing the menu.

T 5 0S0)J0OH=z ! T

LIN FREQ(kHx)

L] T T T T

1 A 2 aosafion ol i

0. 030

LIN FREDQ (kHZ)

T44. 848V T
7 FREQUENCY
1 Press to
; . R | set the fre-
20 gquency range.
i .uln.umllﬁi.:
20

Frequency of the minimum resclution for

AC coupling.

"0.05 kHz" is displayed

because one channel contains 400 lines
(20 kHz/400)

SPECTRUM

Figure 2-2 Spectrum Data Display Example {

BOTH
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2.2 BASIC CAPABILITIES OF PANEL KEYS

2.2.1 Displaying and Observing Waveform

CH A/CH B MWG/INST,

TINE

== E5 &5

CH A/CH. B WG /INST. TIME

Input time waveform Xa

Qutput time waveform Xb

To achieve high-resolution measurement, select the sensitivity range
by which input/output time waveforms are generated to the full scale
so that the number of digitized bits by A/D converter is maximized.

~4, 47| DELTA F

K=y ARk

?14.§ysst‘ T

| .
B

7. BEE-BOV p-p

|

=4. 47 um Saneitivity Ranga Satting
v L L 1 1 L 1 1 i 1
Qu, TIME {mSECY 20
4.7 ° T T —T T T . a1 T T
v F ~
scea-» AN RIS o
- -
- -
—d4.4e T Incorract Saneftivity Rangms Satting -
v P T N S 1 N 1 L i L i
o TIME{mSEC? 20
Figure 2-3 Optimum Sensitivity Range (Upper) and

Improper Sensitivity Range (Lower)
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2.2.2 Displaying Measurement State

CH, A/CH, BUPPER/LOWER %s%::

Im I |c1 i FE'—]and others: When the characters of functions on the

keys are separated by the slash (/), the LED lights when
the function to the left is being used. -
W PROCESS

m : Averaging is in progress to measure transfer function.

EBovertoad :  QOverload state. (Buzzer sounds.)

GPIB status display:

REMOTE '

m : The TR940Q7 is under the control of the controller. Press

LOCAL

to change into the state in which the keys on the front
panel are '
effective.

mK - - » .

[ ] : This device is in the talker state to send the data. When
the TALK ONLY/ADDRESSABLE switch on the rear panel is set
to TALK ONLY and power is turned on again, the talker state
is entered. Waveforms or transfer function can also be
output to a plotter of HPGL type in the LISTEN ONLY mode.

LISTEN A -

= : Listener state ready to receive data

ﬁﬁ t+ Request for service, such as that on completion of

averaging, is sent to the controller.

In addition to the above information, various status information
(termination, process) is displayed as an annotation on the CRT
screen. Operational progress is confirmed with this information.
When your attention is required, audible tone is produced in addition
to a display.
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2.2.3 Cursor
)
: A maximum value is automatically searched for and the
positions of the peak values {positive and negative) are
indicated by the marks "A" and "V". (Auto peak search mode)

(T

[:::] <b i> : The displayed vertical cursor is moved. If the
gain of transfer function is displayed, the frequency of
the vertical.cursor abd dB value are output at the upper

portion of .the CRT.

SET REF.
ON/OFF  SET REF.

[:::): In addition to the vertical cursor, the reference cursor

is displayed. Information about the differences between
the cursor-specified data is output at the upper portion of
the CRT.

1:}‘ ~{:} ¢ When the horizontal cursor is not displayed, the
reference cursor is moved.

Positive and negative maximum values are detected in time domain data;
if the vertical cursor is turned on, the cursor is automatically
located in the position of the maximum value,

When the cursor is in the upper screen, the vertical cursor
is moved to a negative maximum value.

When the cursor is in the lower screen, the vertical cursor
is moved to a positive maximum value.
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2.2.4 Dual Display
Dual display is performed on the CRT display in the following steps:

Upper display: Time waveform of channel B (output channel)
Lower display: dBMag of transfer function
TRANS. FCTN ’

Press Ej. (Transfer function display)

MAG. )
Press [E] to display amplitude.

DISPLAY CTL
Press Ej to display DISP CTRL menu and set DISP MODE to dBMag.

In this way the setup for the lower screen is completed.
BOTH
Press Ej to enable dual display.

UPPER/LOWER
Press Ej to enable the setup for the upper screen parameters

(the lamp within the key lights).
TIME
Press E to display time domain data.
CH A/CH. B .
Turn off the lamp within E] to monitor channel B. Thus, the

e ©WE ©OC

time data is displayed in the upper screen.
When the lower portion is used in dual display for a transfer function
of 4-decade logarithmic frequency analysis, the menu display must be
erased by pressing "M before .

The dual display helps the usgser to simultaneously observe during sweep
averaging both of the output time waveform and transfer function.

Codec F{ltmm~

-4, 47 PR’ T8 17S.Onx 7 ! Tz todo
v

Figure 2-4 Dual Display of Output Time Waveform and Transfer Function
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2.2.5 Setting the TR9407 Menu

Setting items

The pointer and # mark are moved together

with {:}' and {:} and the item is set.

marked with #

Setting

{Example) Selection of frequency range

Only the pointer is moved by |{ »| and

{%|; when || is pressed, the # mark

is moved to the pointer position, then
the item is set,

(Example) Selection of AVG MODE

The pointer () blinks. The display item

is changed at each press of |swr] or qISP.

for setup.

Setting items not | |

marked with #

{Example) Selection of OUTPUT MODE of S5.G.

SET X

The = mark blinks. Characters and numeric
values are set. For a numeric value, the
setting place is moved left or right by

the general cursor sections [:) and

<:] , the numeric value can be incre-

mented or decremented by |4 p| and 4L

(Example) Entry of amplitude value of S5.G.

Setting by

By moving the horizontal and vertical
cursors and pressing the SET X switch, the
parameter of interest is defined by the
position of the cursor.

(Example) Fmin and Pmax of SINE and SWEPT
SINE
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2.2 BASIC CAPABILITIES OF PANEL KEYS

2.2.6 Features of Keys “in VIEW Mode

Table 2-1 Relations of VIEW modes, Functions, Data Assignments,
Readout Units and AVG/INST Data Types
Analyzing function
@ ey : ey . .
-g VIEW Analyzing Instant Averaging E Display unit
EE mode function Py ot afcn 8 oL A/CHL A L ajon X axis ¥ axis
[
£ )i B || B
TN - a
Time series
data Xa Xb ~<Xa> <Xb> Sac, msec v
Za Zb - - Sec, msSec v
Real Real
= Pre-envelo za o = -
Pl Imag Imag
Zaa Zbb - -
Mag Mag
Sa Sb <Sa> <8h> av, Vv, Vz 2
Mag Mag Mag Mag dasv/ Hz,v/{A8z, v /Hz
Sa sh <Sa> <8b>
Phase bhase Phase Phase degree
g::gt:ﬁm sa sb <Sa> <sb> 3;, kHz
w SPECTRUM Real Real Real Real v. V Hz
-J r
o E Sa sb <Sa> <Sb>
= Imag Imag Imag Imag
a Auto power dpv, Vv, V
spectrum Gaa Gbb <Gaa> <Gbb> av/ 8z, v/{6z, V2/Hz
Level Gaal GbbL - - %, sec dBMag
moniter
Auto
AUTO=CORR. .
correlation Raa Rbb <Raa> <Rbb> 222 nEec féiiensionl as)
function ' e
CROSS-CORR, Cross
E correlation Rab <Rab> Is‘:?: mse f:);.:ue sionless
function !’ < nsionliess)
Anmplitude
wsT. probability
E] density Pa b <pa> <Eb> | v, Wy 2
function
{histogram)
Cepstrum Ca Cb . _ Lag 1.0
Tfifff Real Real sec, msec {Dimensionless)
Caa Cbb - _
Mag Mag
2 - 10 May 15/86
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2.2 BASIC CAPABILITIES QF PANEL KEYS

Table 2-1 (Cont'd)

Analyzing function
Q G MET, N O/ mET. n :
T view Analyzing | IPStant @ averaging @9 |, Display unit
= mode function
g Ch A/CH. B O A/CH B CH A/CH. B [~ Y- %] i :
g I.-__I _[r::_] F-j = X axis . Y axis
Gab <Gab> daBv, Vz, V"l
Mag Mag : aBv/ Az, Vi/6z, V' /Hz
Gab <Gab> degree
Phase Phase Hz, kHz 9
Cross cPM
CROSS SPECT - Gab <Gab>
spectrum Real Real
' vz, VZ/Hz
Gab . <Gab>
Imag Imag
Gab Gab>
GDelay cf‘n:lay sec, msec, Usec
<Hab> dg, 1.0 = 0
. Mag {Dimensionless)
v Transfer - <Hab> degree
8 functiocn Phase g;;‘ kHz
T i S <Hab> +1.0
(&) Ej - Real (Pimensionless)
. <Hab>
Imag
- <Hab> sec, msec, uUsec
G.Delay ' '
Conerence Coherence - Hz, kHz 1.0~ 0
E function <coa> CPM (Dimensicnless)
2
Coherent - <C.0.P.> Hz, kHz dBv, Vv, Vv 2
@ output power e CPM dBv/{Hz, v/{Hz, V°/Hz
Signal~to— Hz, kHz - .
noise ratio <SNR> Pt (Dut_lens:.onless)
Impulse
- <IMPLS>
" 5
s response Lag £1.0
ML - : <ML> sec, msec {Dimensionless}
SCOoT - <SCOT>
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2.3 FFT (FAST FOURIER TRANSFORM) ANALYZER IN A NUTSHELL

2.3 FFT (FAST FOURIER TRANSFORM) ANALYZER IN A NUTSHELL

The FFT analyzer analyzes signals on the basis of the fast Fourier
transform (FFT) technology for converting time-domain data to
frequency-domain data {or inverse Fourier transform technology) and the
latest digital processing technology. Moreover, use of this analyzer
allows high-speed and accurate processing of data such as amplitude and
phase (not available with the spectrum analyzer).

1 Memory
l CRT
1 s ‘Antialiasin A/D con-
nput Amplifier filter ? verter CPu [ |
Slg#él - ' | | Peripheral
Fourier devices
t_| processor |

Figure 2-5 FPFT Analyzer Configuration

After the frequency components outside the input analog signal band are
truncated by filters, signals are converted to digital signals via the A-D
converter and sampled until the time buffer becomes full. The digital

data read from the input buffer memory is processed by the CPU for various
math operations.

. Upon completion of fast Fourier transform, signals are stored in the data
memory together with annotations and setup conditions, then displayed on
the CRT after D-A conversion.

To prevent an aliasing error, the sampling frequency must be twice or more
the maximum input frequency (Nyquist theorem). Thus, the foldout
components are kept outside the input frequency range.

Nyquist range {512 points)

Display
range

Dynamic
range

Aliasing error (fcldout error)
{Foldout components will cverlap
the frequency band of measure-
ment unless the filter rell off
is steep)

{400
points}
Dual

Q 1 1.28 1.56 4 2.%6

(FS)
400 points
512 points

Figure 2~-6 Antialiasing Filter Characteristics
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2.3 FFT (FAST FOURIER TRANSFORM) ANALYZER IN A NUTSHELL

Since the FFT analyzer cannot measure the originally infinite signal,
actual measurement is made using a finite window. FFT processing is
performed using periodicity (recursiveness) of signals. The cycle of each
signal must always be repeated within the time record truncated by the FFT
analyzer; however, most signal cycles are not periodic. Therefore,
weighting functions are used depending on the signal type and measurement
purpose to repeat signal cycles within the time record.

Number of points in Number of lines in
the time domain the frequency domain
1ch 2048 FEL > 1024 ~ 800
2ch 1024/1ch -« IFFT 512 -+ 400

For the TR9400 Series, aliasing errors occur in the 20% of the high
frequency range, so 800 and 400 lines (among 1024 and 512 lines) are used
to obtain spectra to assure the specified dynamic range.

Display -
| range

]
i
) Display range | | Not
! ¥f overlapped *j | displayed
: in the fold single'displayrl on the
, —————> [ 800 points . screen
i Dual display: FS '
1 400 points i
|
| ' 1
o | !
B - 1 1.28
0 - 128 0 _—
=Z (FS) ! L%
2.56 ' 2.56 T 3.5
x * 6
{Sampling) 7 &4 \‘w~3 ad
/4,.12/ :
5.12
\__

-
-

Figure 2-7 Aliasing Error
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2.4 OUTLINE OF MEASUREMENT PROCEDURE

2.4 OUTLINE OF MEASUREMENT PROCEDURE

Two—-channel
FFT analyzer

|
| |

Analyze correla- Cbserve only
tion of two signals one signal
l l i ]
tgpég.lﬂpgﬁasé%al Time Power Cepstry_
utput to ¢h.B waveform spectrum analysis
ith the differen-| |
Set input Set frecuency| | Octave
sensitivity range analysis
Set up input l I
couplina .
Set trigger et input
condition sensitivity

Set frequency l
range

Select average
[ condition and

While checking

- - welghting
level with Gbb Data Re : -
set the optimum window sampling Zooming | | function
input sensitivity]
l I Scaling
Overall
Display amplitude i Zoon
selgct_-.yweighting ' Fouriex .
functicn, and set transform Harmonics
laveraging contrcl. analysis

| 3D display
Level monitor
| | }

i Cross Crosscporrel-
Connect signa S on Pinc =
generator spectrum tion

[

Frequency .
response 'gran:‘fer Ii\c:ust.‘:.c
analysis unction intensity
Sweep
Preset average or
function zooming,
atc.
4-decade
588 log fre-
system quency
analvsis
Cecherence
Floppy
disk
Plotter
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3.1 FREQUENCY RESPONSE ANALYSIS

3. MEASUREMENT OF TRANSFER FUNCTION

3.1 FREQUENCY RESPONSE ANALYSIS

Conventionally, fregquency response analyzer is committed to the
measurement of transfer function while the FFT analyzer to the
frequency analysis in the fields such as acoustics, noise and
vibration measurements. The TR9407, combined with the dedicated
signal generator TR98201 or TR98202, accomplishes the capabilities
which the conventional FFT analyzer or frequency response analyzer
alone fail to achieve.

In linear frequency analysis, the transfer function is measured by
fast Fourier transforming (FFT) the 1024-point time waveforms sampled
at a constant interval to an equally spaced frequency resolution
spectrum of 401 lines.

The transfer function of the frequency range of up to 100 kHz can be
measured at high speed.

Moreover, by using running zoom capability, a high resolution
frequency domain analysis of up to %256 zoom factor can be conducted.

In analysis based on equal-space frequency resolution, £/f
{(resoclution-to-frequency ratio) varies in the range of 1 to 1/400. As
a result, the structure of a transfer function on the low-frequency
range deteriorates in resoluticn with a resultant lack of clarity.

The logarithmic frequency analysis utilizes the high-speed performance
of FFT and enables a sufficiently high frequency resolution over the
entire analysis frequency range. In other words, with the sampling
clock varied during measurement as follows,

Start range: Middle range: Stop range = 100 : 10 : 1,
high-resolution measurement is made over the logarithmic frequency
band extending for four decades by combining one or two decades on the
high-frequency side of the results of FFT of each range.

For description of the SERVO menu, see the rear of this manual.
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3.1.2 Flowchart for the General Procedure of the FRF Measurement

START

'

Connection of
equipment

|

Preset on
the TR9407

Check FRF of
DUT with
MULTI-SINE

Satisfactory
result?

Yes

No

range.

Select optimum signal
according to the
linearity or
nonlinearity of DUT
and required dynamic

See Section 1

See APPENDIX 6 Presettings

LOCAL  LOCAL

End

| ARG MOD

00O .

E SPECTRUM

o B

) ",
| J *’Y’.'.' -r-.-r.-l

BE_g

f
T A N

| L

Distorted
waveforms.
Dynamic range
up to 60 dB.

Linear system:
Lower the
voltage to be
applied.
Nonlinear
system:

Use RANDOM

or SINE wave-—
forms.

[ E ]

L by

No resonances.
Dynamic range
up to 70 dB.

MULTI-SINE
(P. 3 - 16)

There are
resonances.
Dynamic range
up to 70 dB.

MULTI-SINE
(SWEPT-SINE at
anti-rescnance
if necessary)
{({P. 3 - 186)

There are
resonances.
Dynamic range
up to 110 dB.

5585 scheme
(P. 3 - 37)

bynamic range
more than

110 dB.
Further
measurements
required at
low level.

Use S8S5 scheme
and signal
Sseguence in
combination
(P. 3 - 51)
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Measurement
result
Check the Confirm that coherence is more
reliability of than 0.8
the data
T i
NO Re-measure DUT
[ by changing the
setup conditions
YES
Save data

into floppy disk

Y

Analyze other Bode diagram, Nyquist diagram,
aspects of DUT Group delay, Impulse response,
as necessary Open/Closed loop transfer function
i _
Hard copy Output to the plotter
(1 to 6 plots are available on

A-4 sized paper with a simple
operation. See APPENDIX 8 at the
end of the manual.)
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3.1.3 Setting for Frequency Response Analysis
FREQUENCY

: Set the frequency range to be analyzed

mkmﬁsnxum
[::::][:::J SERVO menu is dlsplayed for the next settings.

AOVANCED SELECT Number of lines to be analyzed
SERVDO N s 3
~ENABLE> /////’ Linear frequency analysis: 400 lines
Logarithmic freguency analysis: 1116 lines

ANALYSIS LINE . ; ! . -
NORMAL, ,_,.,———"' Antomatic selection of optimum input sensitivity
SENS CTRL

CH-As AUTO range

CH-Bx AUTD Automati lection of optimum window functlon
WEIGHTING GTRL — ¢ futomatlc sele n P

AUTO corresponding to generated signal
SCG DPERATION — e Generation of signals only during measurement
NON-STDP AVG {averaging)

NON—-STOR . .
N RUMEER \\\\\\‘ {e.g., for preventing noise) .

2 I ified e
AVG PROCESS s measurement repeated by the specified averag

SWEEP number infinitely?
A e T ToR (e.g., adjustment on the production line)
CTRHDL%:ELCF) Average count {corresponding to integration time)
DQE%‘C%J%CaViig Is the frequency of generated signal swept for
CH—A:+02. OE~-DO averag ing?
CH-B.+02. DE~D ; X . . .
OVER & SERVICE Monitoring amplitude of a signal applied to a DUT.

® BEEP ON

AC /DT +GND —GND
[1:1 ][D ”D ]: Is the input AC or DC coupled?

® Single ended or differential input?

Differential input is used to reject the common mode noise.

@ i
Red @§> <:) Use the differential

\\ input scheme when
measuring the transfer

function of wide dynamic

i range.

v

Btack
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{1) Precautions on frequency response analysis

{a) When the "SERVO" menu is set to <ENABLE>, "OCTAVE," "CEPSTRUM," and
"P~ENVELOPE" are automatically set to <DISABLE>.

(b) When the ADVANCED ANALYSIS EXECUTE key is ON (with the lamp within

the key turned on), switching between <ENABLE> and <DISABLE> in the
"SERVO" menu is inhibited.

(c) Frequency response analysis is only valid when averaging is executed.
During the frequency response analysis,

"IN PROCESS : AVG"

is displayed on the CRT.
"SENS CTRL,™ "WEIGHTING CTRL," and "ANALYSIS LINE" updating is
inhibited during the frequency response analysis.

{2) Setup of the averaging conditions
AVG MODE in the frequency response analysis includes the following

setup.
AVG MODE : SUM (N)
AVG WHAT : CROSS + POWER

AVG CHANNEL : CROSS
(In the CROSS + POWER mode, CROSS is automatically
executed even when AVG CHANNEL is set to CH-A or

CH-B.)
The TR9407 will assume the SWEEP mode if one of the following menus of

AVG PROCESS in the AVG MODE menu
AVG PROCESS in the SERVO menu
QUTPUT MODE in the- SIGNAL G. menu

is set to the SWEEP.
The AVG No. is settable either in the AVG MODE or SERVO menu, but the

highest priority is given to the value set in the SEQUENCE menu when
connected with the signal generator TR98201.
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NOTE

In the SWEEP mode averaging, use the window functions of "RECT" or
"HANNING," :

When the WEIGHTING CTRL of the SERVO menu is set to AUTO with the TR9407

connected with the TR98201, the optimum window (RECT or HANNING)
according to the generated signal will be automatically applied.

Use of FLAT-PASS window will not give a correct measurement result in
the neighborhcod of dc level of the signal.

{3) Non-stop averading function
If the NON-STOP AVG is set to NON-STOP, the TR9407 will repeat the
averaging of the set up number infinitely. This is particularly
useful in the line to check the transfer function of the DUTs.

{a) STOP

When the incremental averaging number reaches the set up number the

averaging process is ended, with the IN PROCESS lamp turned off
followed by the several "pip" audible tones.

{b) NON-STOP

AVG NO. Audible tone
1, 2, 4 No audible tones

B, 16, ... 8192 | High-pitched "pip" tones are
continuously sounded several times

Use the following procedure to execute this function

Press the EXECUTE key for the ADVANCED ANALYSIS. (LED lamp
within the key turned on)

Set up the NON-STOP.
Set <DISABLE> to <ENABLE> in the SERVO menu
@ START

Press [:] in the AVERAGE CONTROL section to start the non-stop

averaging . The following display blinks for a couple of
seconds in the center of the CRT.

*START NON~STOP AVGING"

To stop this averaging process, press [:] .
) CONT.

When D is pressed afterward, the averaging process will be
resumed.
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NOTE

o If AVG PROCESS is set to "+1 AVG" in the SERVW) <ENABLE> state,

NON-STOP AVG is automatically set to STOP.

e If SERVO menu is set to <ENABLE> in the "+1 AVG" mode,

mode is automatically set to "STOPR."

e If the SEQUENCE averaging is executed, "NON-STOP" averaging is

automatically set to "“STOP."

"NON=-STOP" AVG

In other words:

Setup

Internal process

Execution of SEQUENCE average

"AVG PROCESS" is set to "+1 AVG"
with SERVO menu set to <ENABLE>,

SERVO menu is set to <ENABLE>
with "AVG PROCESS" in "+1 AVG" mode

NON-STOP AVG :
STOP
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3.1.4 Signal Generator
o EXECUTE

CIE]

10 SELECT

SIGNAL G. Setup
FUNCTION :
% SWEPT SINE-"""SwePts”1e
FREQ <LINE> _ { Unnecessary
MANUAL.},---"
200 | 2mVpp -30 Vpp
AMPL ITUDE g
D2. DE~3 Vpp~- [-10 V to +10 V
OFFSET -
~Q0. OE-0 V~© ] LINE SWEEP LOG SWEEP
OUTPUT MODE _-~~7
LIN SWEEP” Unnecessary
SYNC OoUT !
PER 1 -FRAME'] 0 to 999.9 sec
INTERVAL TIME 7/
.0 SEC ————— 7 J Unnecessary
rd
OUTPUT FRAME 7 11 to 400
LINE CTRL /
Emim o 1 }///, 4 to 100 20, 40, 80/D
Fmax ADD,"/L_).U'U_).L
WIDTH:, 20~ .~
DIREC: L=U7 NORMAL
RANGE:s NORMAL
SEQUENCE - — —- Unnecessary
D,E,.F-—""
OPERATE
- H

Starts signal output

3 - 10

(Type of output signal)
(Output signal amplitude)
{Sweep of sine/swept sine}
(Delay time during sweep)
(Frequency span for sweep)

(Lines (steps), Lines per decade)

(Sweep direction)

The output of the signal
generator cannot be internally

connected direct with the TR9407.
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Table 3-1 Features of Signal Source of TR98201
SIGNAL
from Features Application Remarks
TRG§201
e Signal source of a conventional | e Dynamic¢ range is the widest. ® Measurement time is

Sine

frequency response analyzer.
e Small crest factor.
@ Large power in the frequency
components.

the longest {esp.
in the low
frequency band}.

# Response is
susceptible to dis-
tortion at resonance
because the energy
is concenktrated to a
single freguency
line.

Swept sine

o Intermediate between sine and

multi-sine.,

¢ Sweeping the swept sine

achieves shorter measurement
time than sine and wider
dynamic range than multi-sine.

e Flexible in that {(e.qg.)
number of generated signal
lines is changeable (WIDTH is
used)} to meet the regquire-
ments of measurement time or
accuracy-

e Fast and high-
precision
measurements in
combination with
the signal
sequence technigque.

Multi-sine

o Synthesized 400-line sine waves

to meet the frequency
resolution.

@ Used to grasp the overall
response of the DUT.

@ Being band-limited, power is
larger than random waves.

@ Wider dynamic range measzure-—
ment in short time for DUT
having resonances.

Weighted ® Multi-sine weighted in the time
multi-sine domain, band-limited in the
frequency range being selected. ,
Random e There are RANDOM (band- # Used to measure the nonlinear
unlimited), BAND SELECTED, transfer function or
PERIODIC and BURST signals coherence function.
(band-limited).
Impulse ® Measurements of time response e Vibration analysis and
and frequency response of a response analysis of
system made easy mechanical system
Memory ¢ Time data either obtained from {e Reproduction of seismic waves

the TR9407 or externally
transferred wvia the GFIB are
stored in the TR98201 memory
and they can be output in
various simulated modes

that happen only once;
reproduction of car

wvibration and its estimate of
contribution to the parts.
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If the "WEIGHTING CTRL" is set to "AUTO", the weighting function is
automatically selected as shown in Table 3~2, according to the
generated signal from the TR98201.

Table 3-2 Relation Between Output Signal and Weighting Function

Signal waveform Optimum window

Sine Rectanqgular s
Swept sine
Multi-sine

Weighted multi-sine
Impulse i
Memory
Periodic \
Random [Burst .
Random .
H
Random [Band select anning

KD

alm o T

HANMTHG HINDDH  HIT)
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3.1.5 Freguency Response. Function Measurement

Measurement method

Output signal used

(n

Precautions on logarithmic frequency

analysis

(2)

Linear frequency analysis

(3)

Zooming

(4)

Legarithmic frequency analysis

Mylti-sine wave

{Used to grasp the
confiquration of DUT)

(5)

Linear frequency analysis
Linear sweep
Log sweep

(6)

Logarithmic freguency analysis
Linear sweep
Log sweep

Sine wave
(Measurement takes long
time, but precise)

(7

Linear freqdency analysis
Linear sweep
Log sweep

(8)

Logarithmic frequency analysis
Linear sweep
Log sweep

Swept sine wave
{Most flexible in
measurement procedures)

{9)

Logarithmic frequency analysis
Linear fregquency analysis

Signal sequence

(Frequency range is divided
according to the
characteristics of DUT to
uniguely vary the setup
conditions.

3-13
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(1) Precautions on logarithmic frequency analysis

(a)

(b)

(c)

(d)
(e)

(£}

The lowest frequency range in 4-decade mode (4-decade logarithmic

frequency analysis) is 100 Hz. - Therefore, if a value below 50 Hz is
set, no 4-decade servo analysis is executed.

STCORE
Data stored in memory by the [:::] key is erased from the memory

when a 4-decade logarithmic frequency analysis is executed. In this
case,

"RELEASED: STORED MEMORY"

is displayed (in blinking format) for several seconds in the center
of the CRT screen.

If 4-decade logarithmic frequency analysis is followed by

averaging of other analytical data,
storage of analytical data in memory.,
running zoom, or

heold zoom,

* % % *

the 4-decade logarithmic freguency data is erased from the memory.
In this case,

"RELEASED:4 DECADES LOG FREQ ANALYSIS"

is displayed {in blinking mode) for several seconds in the center of
the CRT screen.

4-decade logarithmic frequency analysis cannot be executed if
"SAMPCLK" is set to "EXT" in the frequency range setting menu.

No capabilities in the FUNCTION menu are applicable to the result of
the logarithmic frequency analysis.

STOP
If, for example, the AVERAGE CONTROL section [ ] key is pressed

in the 10 kHz range while 4-decade frequency response analysis is
being executed with the frequency range set to 100 kHz, that

analysis is stopped and the frequency range is switched back to
100 kHz.

CONT.

If the [:J key is then pressed to resume the analysis, that

analysis is continued in the 10 kHz range.
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CH. A/CH. B AVG/INST. SPECTRUM

!' ][47 ]E‘ ] l I Input power spectrum Gaa dBMag

CH, A/CH. B AWG/INST. SPECTRUM

- Er_-: ”n I [I ] Output power spectrum Gbb dBMag

AMPLITUDE OF APPLIED SIGNAL
Output time waveform and output power spectrum are observed while measuring
the transfer functionm.

Amplitude of applied signal is too large:
Harmonics are produced because of nonlinear operation.

Amplitude of applied signal is too small:
Resulting signals derived from source signals are buried in extraneous
noises.

Appropriate amplitude of applied signal:
Only resulting signals generated from source signals are observed.

Lergn Sigrel - mmas Ly
2o DT Hm -1, AWV

Opeiwuw Stgrmi + Cons Bt
ABC. SOT M —-L, GV

1.9
-y

-] LN FAES Chmd t

mm—u WLgre v Sema St
P WA, O - dalEY

a—=m= = | el

LEM FREC Cwiim)

I S

T M‘ i :
2 e

Figure 3-1 Excesgsively Large {Upper), Appropriate (Middle),
and Excessively Small (Lower} Amplitudes of
Output Power Spectrums when Swept Sine
{40-1line WIDTH) is Applied
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e [ 2 EEa S oo
EB=C %@@gg;

hd TN e i

DUT | Load

Black

Blue Blue

Connect a DUT.

® ©

Preset

LOCAL  AvG MODE
a. Presettings with the panel switches: l I

A

Presettings:
Frequency range = 100 kHz

Signal generator output waveform = MULTI-SINE
AMPLITUDE = 02,0E~3Vpp

AANED  EXECUTE

SERVO = ENABLE, [:} E.:’I

ANALYSIS LINE = NCORMAL
SENS CTRL = AUTO
WEIGHTING CTRL = AUTO
5G OPERATION = ON-KEY
AVG NUMBER = 8
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FREQUENCY
@ Frequency range D : Displays the "FREQUENCY" menu.

FRED RANGE
SAMP CLK
INT #

EXT

AC/DC ' AC/DC ~GND w1 Mz W
(4) Input coupling or E [as necessary] I =
SENS. A SENS. B %ED
@ Ayto range D serer | ©OF D ‘sgrup [with the "SENS" o
-4
1
menu displayed] PANEL  seemon S9g W=
/o RECALL STORE A
C) Output amplitude L_ 1, lﬂ ][E 1: Displays the Zg
2
1
"MULTI-SINE" menu. FRAME TIME
OPERATE

AQD pSET
]

O O

: S5G generates a signal.

Move the pointer () to AMPLITUDE with
these keys.

"

Yellow

Shift a digit of a setting value with the
right or left arrow key, and increment or

decrement a numeral with the up or down
arrow key.

{The keys with a green numeral at lower

left of each key can also be used for
numerical entry.)
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SSPECTRUM
Lin Frmyg Analyete with HMulti=Gire SCH—B CINST>
*ZERO START
Pie 4 BOC. OHx T BBV SAC/OLFF
SFREE RUN
SAYG O-T

B | I A 1/0_SELECT
v b SICNAL G.

FUNETION
MULTI—~SINE
K-+ AMPLITUDRE
aemEE e
1. wiEEfﬁ;EE" Nonlinear operation is
v .
svne out caused by overload with
=20
- TNTERVAL TIHE a consequent ragged
OUTPLIT FRAME output spectrum.
j—1=1-] RANGE CTRL
daMag NCIRMA
SEQUENCE
105 ] kd
—-80
aBY I 2 i L L L 2. i i
3. 125 LIN FRERCkiHE> . B0
SSPECTRUM
Liv Freg Anslyweiw with Multi-Sine SCH=B CINSTY
%ZERO START
P 4 S00. OHx ) ~10. 9d8Y *AL/DIFF
*FREE RUN
‘.AVB [=Pgn]
1-g seLecT Proper amplitude. The

SIGNAL G.

FUNCTIDN ocutput spectrum 1s
MULTI-SINE

AMPLITUDE smooth.

+~QQ,. QE=-0 vV
QUTPUT MODE
CONT

a PER 1 FRAME
dasv [ T INTERVAL TIME
L =1 « O SELD
-1 nU‘{PUT FRAME
[=-1-] 4 RANGE CTRL
dBMag NORMAL
. SEQUENCE
108 o hd
-100 i
agBY L i i 2 1 A L i L
0. 125 LIN FREGQCkkz> sQ
<> : Move the pointer ()} to FUNCTION.

START
@ Frequency response analysis D: Measurement starts.
IN PROCESS

- goes ON.

During measurement :

Measurement end : The buzzer sounds.
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Viewing the result of measurement

+GND

LWOCAL LOCAL
Lin Freg Arnalywie with Multi-=-Sine o ] .
-=a00 TR T I Soolon= ¥ T 9. 2245 T 4 *

dag

DisplaYs a Bode diagram.
The gain and phase of the

transfer function are displayed.

= ek
Phowe

2

—a0o -
dag 'l I 1, L L L 1 1 L
0. 125 LIN FREQ<kH=)

LI I L M ¥ |
I I N T
t

®
a

30
=8

~tffeabyn-
“BMag

10dBR

-850
aB

Q. 12% LIN FREQCKHZ> =0

LOCAL LOCAL AC/DC

Lin Fregq Analywis with 'Multi=Sira

TR T 1EEIo0E T - BESESEE T T [ ]DID ].

L

Displays the coherence function
for checking the reliability of
the measured transfer function.

L1 1 1

=iy
dBMag

108/
(=]

B2 J 1 I3 L . L 1 \ 1
Q. 12% LIN FREQ{kMzY =0
2. 00| Ll L} T . Ll T 1 ml T L

= OH=

< 1 ;

o. tas LIN FREQCkHx> =0
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(3)

SSPECTRUM

Lirnn Freg Analyeis with Muelitli-Sine ” :%E;gc;ﬁf;::r
By using the zoom, a transfer Ph 4 SO0. OHz ~10. gaBv *AC/DLFF

function near a resonance

point ¢an be measured at a

*AYG QOr0

=1, 41 T ¥ T T T T T T T /0 SELECT
v

high resolution. [ 1 SISNAL &
FUNCTION
: MULTI-SINE
’ . X -  AMPLITUOS
Note that the data is erased aresET. L VPP
from the memory if the ~ta a2l 1 ouTeut MeoE"
v N T S T CONT
results of the 4-decade g TIME (mSEL> ) SYNC QUT
% T T ¥ T T T T T PER L FRAME

logarithmic frequency
analysis are zoomed..

INTERVAL TIME
-0 SEC

QUTFUT FRAME
L

RANGE CTRL

NORMAL
SEQUENCE
-

T |

L i L L i i i L
8. 125 LIN FREQCCHZ> sQ

C) Selection of the center for zooming
There are two following cases.

C e

)

.
H

Zooming with respect to the peak frequency
{Auto peak search mode is entered with the
vertical cursor OFF)

Specify the center of zooming with the vertical
curser.
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ZOOM
ON/OFF
SSPECT
Zoam Meoswraomant with Multi-Sine ﬂ:H-B(?ggTb @ ZOOM D
SRUNNING ZO0M
Pl 4 408, PHE =1l. 2dBV :SgéEG:BN .
SAVG 8.8 Zooming with a set zoom
et [ 1,0 SELECT factor (bmafy step) starts.
v SIBNAL G Zoom factor is displayed
FLt +
MOLTTmsTNE below the x-axis as x64 (x2
WEawwl AMPLITUDE . .
: = 0S. 0E-1 Ve to x256 in running zoom).
a1 BUTROT GonE indicates the zoom factor
M svHe BUT for the lower screen.
20 T PER 1 FRAME
o8V INTER;AE TIME .
r OUTPUT FRAME @ Output amplitude
s W RANGE CTRL
aRMag NORMAL
F 41 SEQUENCE .
1oaest 1 - Since the energy of the
anY N i N L N N . ) : : 2 :
poepym P rg— e %nput signal is cc-mcentrated
in a narrow band in the
4 109. 37 Hx dusd 4 890.082 Hx .
zooming mode, the output
signal waveform may become
ragged. Output amplitude
Zoom Maaeuremens with HULei-Bine :EE'Z:E"E?EQTEW adequately set demonstrates
- + sou. OHx ~7.zamv  SACS-GND that the peaks are adjacent
oAvG BB to each other.
-ldo 4 LA S S S S S B 1/0 SELECT
v : : S5IGNAL C.
WJ"MW FUSE:;?ES INE Ove r 1oad
Az - AMPLITUDE
r = 03. 0E-1 Vpp
- - CFFSET
L - +00. DE-Q V¥
=i Lt - OUTPUT MODE .
v N 2 N N L N . . L CONT
] T I ME, CmBES [TE! SYNE OUT \
20 T T T T ¥ T T T T PER 1 FRAME .
asv | g 1 INTERYAL Tike Input of a proper amplitude
L - OU‘{PUT FRAME
Tl M RANGE CTRL
cB8Mag L - NORMAL
r 41 SEQCUENCE
13«8/ -
=70 L -
agay " n — a1 N . " i
START LIN FREQ sTOF
4 109. B7 Hx IuBSd 4 890.82 Hx

START
@ Frequency response analysis D: Measurement starts.
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(:) Viewing the results of measurement
Bode diagram

LOCAL 1LOCAL

DOE ] -

Zoon Macsuremeant with Mulcil-Sine

+GND

With a high-resolution measurement, the gain
and phase vary gradually.

=200 L T 4 soo aHz T ! 20, 9948
cdag |- -1
=Hk mep = -
Phoes | ot
—20a I =
dag % L 1 ] L i L L L
START LIN FREQ STOP
B0 ha T L) L3 5 T LY T T
L= _l
= [~ 4
dBMag
108/
~-30
=8 1 J L 2 1 1 1 1 I
START LIN FREQ sSTOP
4 10W. 37 Hzx Twma 4 D50, 082 Hx
4 108, B7 Hx Latat 4 BUO. &2 Hx

510,60

Zoam Measuraement with Mulei—Sina

Start frequency, zoom factor,
stop frequency for the upper

screen

Start frequency, zoom factor,
stop frequency for the lower

sCcreen

Coherence function -

aG TPk T [ Y-T-Rpy] LEPY =] 00T T
o8
- -
odBMag
10|/
-z
== L " L )\ L s L " L
START LIN FREQ sTor
2. o T J T T T L} T T —
- -
- -
- -
=COIH>
L -
~2 L i
. nnr 1 1 1 L A L L i
START LIN FRED sTOP
4 10%. 27 H=x Tuma 4 BEO.BZ Hz
4 LOG. F7 Mz Insa 4 827,82 H=x

3~ 22
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0.01

(4)

Connect a DUT.

®
@

Preset

LOCAL LOCAL WGT/SCALING

a. Presettings with the panel keys: I ]

Presettings:
Frequency range = 100 kHz

AMPLITUDE = 02.0E-3Vpp

aovancep EXECUTE
ANALYSIS

R . |

ANALYSIS LINE = 4-DECADE
SENS CTRL = AUTO
WEIGHTING CTRL = AUTO
SG OPERATION = ON-KEY

AVG NUMBER = 8

Signal generator output waveform = MULTI-SINE

B0 100kHz

002 005 01 0.2 0.5 1 2 10 20 &0 110 200 800Hz 1 1] 20
& 5
& 4
o o +
o— — ¢
o . —e
o o ¢
I |
1
> o
Q —
7 1 )

Figure 3-2 Start and Stop Ranges in the 4-decade Log Frequency Analysis
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4-Decode Log Freg Analyeis

REF 1 0cc. QHz . S0dB
=g T
=8
4
<HakE>
dBMag | i
2ﬂdB/- )
=120
<8 S W ENEET IR U R NET] (A R ET L1 v byl
0. 010 1.0G FREQ{kHxEY iono
36
LINES/DECADE 360
360
i 360
RANGE START MIDDLE [—STOP—
Qut of 400 lines: | 4 400 | 41 400 41 400

10Hz 100Hz tkHz 10kHz 100kHz

\ \

Start range Stop range

Figure 3-3 Explanation of 4-decade Log Frequency Analysis
{STOP range: 100 kHz)

4-DECADE frequency response analysis is executed by switching the
frequency range into three stages.

As can be seen from the "FREQ RANGE"™ menu, the frequency is
switched to 100 kHz, 10 kHz, 1 kHz when the frequency range is,
say, 100 kHz, and a 1116-line logarithmic frequency spectrum is
averaged and displayed.

And when the frequency range is set to 50, 20, 10, 5, 2, 1 (kHzj,
500, 200, or 100 {Hz), the frequency is switched in 1/10ths, and a
logarithmic frequency spectrum of a total of 1116 lines is
averaged and displayed.
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FREQUENCY
t Displays the “FREQUENCY" menu.

(]
@o

ACIDC AC JDC ~GND
Input coupllng [as necessary]

Frequency range

SENS A SENS a
Auto range se*rur or ﬂ[wu:h the "SENS" menu

displayed]
PANEL
/0 RECALL STQRE

Qutput amplitude[ l [ﬂ ]FJ ]:

® @6

Displays the "MULTI~-SINE" menu.
QPERATE

il
S

5G generates a signal.

Move the pointer () to AMPLITUDE with these
keys.

Yellow Shift a digit of a setting value with the
right or left arrow key, and increment or
decrement a numeral with the up or down arrow
key.

<> : Move the pointer (D) to FUNCTION.

START
frequency response analysis [:]: Measurement starts.

® @

Viewing the results of measurement

The results of the logarithmic frequency analysis cannot be shown
in dual display mode.

NOTE

e Logarithmic frequency analysis is always carried out in the
STOP-MIDDLE-START range sequence.

e The three ranges are each provided with the gradations of intensity on
the x-axis facilitating the recognition of the boundaries between the
ranges.
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Log Fraeag AnGlywis with Multi-Sine

Pk 4 S00. OH= z2%. i8dB
s [TTEIT TF—TTTTTT T T TTITIT =t R T T
B
e
gy
eiBMag L
108t
—esg
<8 [ raa [ S I ERIT] b bt R KAL) 1t L lLbed bend L
0. oos LOG FREQCRH=zY w0
Log Fraeg Analysis with Mulci-Sire
Phe 4 J00. OHz 108, B4deg
A0 ~TTTT fr——TTTT T T T T =T
chag
- -

= b

Phoes
2
- =
—400
dag nan L i3 33413l I ERRTT] L1 b i.Lbrid MR
0. ous L-0G FREQ Gk 1=
Log Freg Aralysis with Multi-~Sirm
P . OH= 1. DOQE~GO
2, oot =TT TTITT T YT TT T T

= COH T
2
0. 00L il N N RTIT L3 L Jitlky S N R NI P Y
Q. Q05 LCG FREQChHE> =50

TRANS, FCTN  MAG. :
Gain of transfer
function

"

TRANS. FCTN PHASE
: Phase of transfer
function

COHERENCE
: Coherence function
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(5}

+ : Red
- : Black
Red N Red
+
DUT Load
Black - Btacly
Blue Blue
”r mr
(1) connect a DUT.
@ Preset
a. Presettings with the panel switches:
FUNCTION
LIN SWEEP
LOCAL LOCAL | ¢
G D DISPLAY CTL
[:} LOG SWEEP
D

By the above key operation, the following settings are made:
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ONONO;

Presettings:
Frequency range = 100 kHz
Signal generator output waveform = SINE
AMPLITUDE = 02,0E-3Vpp
CUTPUT MODE = LIN SWEEP
STEP = 7
or OUTPUT MODE = LOG SWEEP
( LINES = 80/decade )

ADvancED EXECUTE
ANALYSIS
SERVO = ENABLE, [:::] [:::]

ANALYSIS LINE = NORMAL
SENS CTRL = AUTO
WEIGHTING CTRL = AUTO
SG OPERATION = ON~-KEY
AVG NUMBER = 2

FREQUENCY

Frequency range l:] Displays the "FREQUENCY" menu.

G| (O

=GND AC/DC AC/DC

Input coupling l- |, |- |or _\ [as necessary]

SENS. A SENS. B
Auto range D seTup jOr D scre | [with the "SENS" menu displayed]

Output amplitude

PANEL
RECALL €. Q. P

I Voj [I:l ”;:: I;. Displays the "SINE" menu.

QPERATE

"

— SG generates a signal.

: Move the pointer (L)) to AMPLITUDE with these

{:} {:} ) keys.

Yellow Shift a digit of a setting value with the
right or left arrow key, and increment or
decrement a numeral with the up or down arrow

key.

Move the pointer {Z»} to FREQ (LINE).

L3

<&
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Lim Freg Analywie with Sirm
13, 7dBY

P 3 550. GH=

SPECTRUM .
*CH=-B(INST>
SZERD START
*AC/OIFF
SFREE RUN
*AVG Q/0

/0 SELECT
SICGNAL G.

FUNCTION
SINE

Ni
FREGD (LINEY
MANDAL
7

1
AMPL ITUDE
= 07.0E~0 Vpp
QFFSET

=00, OE—-g ¥V

Lin Freg Analyesie with Sina
PR 2 ST0.0Mx

—12. 1dBV

OUTPUT MOOE
LIN SWEEF
SYNC OUT

PE!
INTERVAL TIME
. 0 SEC
QUTPUT CYCLE

LINE TTRL
Fmimn » 1
Fmax a 400
STEP » 7
DIRECs L=

RANGEs NORMAL

SERQUENCE
7

SSPECTRUM
*TH-BCINST?
*ZERC START
*AC/OIFF
SFREE RUM
SAVG /0

447
mv

s ‘

/0 SELECY
1 STGNAL G.

i FUNCTION

" s INE
i bl FREQ <LINED

MANUAL
7

: 1
li AMPLITUDE
| = 03, 0E-2 Vpp

R i CYCLE

Nonlinear operation due to
overload.
Harmonics are generated.

Input with a proper amplitude

" " i i " N OFFSET
o ' TIME CmSE 20 =00, OE~-0 V
T T J \J T T QuUTPUT MODE
LIN SWEEF
SYNC DuT
PER L CYCLE
INTERVAL TIHE
SEC

o .Q
afMag OUTPUT CYCLE
1
1048/ LINE ETRL
-110 " ; mie n
aBv st g o PR AL AR i Fmo 3+ 400
LIN FREQCkHEZD =0 STEPR +

7
DIREC: Wl
RANGEL NDRMAL,
SEQUENCE
- f
START

(:) Frequency response analysis[::]: Measurement starts.

Viewing the results of measurement
LOCAL LOCAL +GND

[__JLnszf__J: Bode diagram
EIEET:

Coherence function
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Ltn Frag Analyeis with Sine

Lin Freg Amnalyeis with Sine

+200 | ' 5. 2548 ' sg TPh  ° T solouz ! 1. OOOE 0w ' T
deg =1
-
=i - -
Phose 4 dBMegy
4 -y
BF:i=i=] 7 s [
dag - L 1 | ! 1 L 1 =8 i 1 I 1 1 L 1 L 1
g. aso LIN FREQCRHZ) ac d. Osg LIN FREQSRHX> iy
2. aa‘ ) T L) T ¥ T T T L]
=COH>
0. oo
0. oso LIN FREG(RH=Y 20 o osa LIN FREQCkHZY 20
. .
Linear Sweep (Step = 7)
Lin Freqg Analywetis with Simse Lim Frag Analyeim with Sine
=200 ag [T T TFr L= N CE=ol
deg a8 |
Mo - =i
PHass - £BMag r
] 10aB/|
-200 - T -ao [
gy ] i 1 P11 s L 1 1 L Jd T 1t o8 A 110 X Fl g ) 1ty 1 1 b3l t 1 141
a. osg LOG FREQ<RHZ? 20 0. ose LOG FREQ(kHx =0
ag T T T T Tt T =TT T 2. oo =TT T T TTTTY
ag [ I
ek =COH>
dBMag - -
1oce/| sa |
—ar [ o
=B Lt il 1 L 1. 4 1 1ty L 1 2 af ol .00l bt 1 I Loy k1 1Ll -
o. asa LOG FREDGHZ? 2c Q. ose LOG FREDQ<RHZ 20
. . .
Logarithmic Sweep (Lines = 80/D)
° Lln Fragq Aralyeis with Sinm Lln Fracg Arnclywie with Sina
-z 26, ado ¢ '] 20 Thk T SolgH=z T T, GoOE~oE | T
dag B8
-t
=Hob=— + =Hao=
Phowa . edBMag
N 1008/
-200 E 40 1
dag 1 1 i =] L F 1 1 1 1 1 L 2
0. oso LIN FRED<HZ =g
a0 Z.DD’ T T T T T T T T T
= o 5
- i
=Hab™ =L OH=
ciBHay b= -
10a8 /] sz | 4
—a = —
aB 1 Il L 1 L 1 1 1 L 0. OO, 1 L 1 ' 1 L i L 1
0. 050 LIN FRED CkH=Y =0 o, 050 LIN FRED(kHZ? 2c
Linear Sweep (Step = 1)
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Lin Freg Analysiw with Sife Linm Frag Anclyeie with Sine
P 8 SO0.0H= 2m. agas Pl B8 S00. OHz 20, IS dB

-4 T T T T T T T r T 29 T T T ¥ T T T T T
B \ =]

5 a ] |

aenes | 1 s -
- }
28/ 28y | J
=401 C] 14 !‘
=8 i I Il 1 1 I 1 1 L 8 k. i . I} L " L
Q. oS0 LIN FREQCRH=Y =0 Q. 050 LIN FREG<kH2Y. 20
Antiresonance freguency Resonance frequency
Figure 3-4 Comparison Between Step = 1 and Step = 7 of Linear SweeP
it Freag Analysis with Sinae Litm Frag Amalywis with Sina
PRk B 450, DHx 2%, 2548 P 8 450. Oka 25. 25d8
-4 =TT T =TT T ™ T=TT*rT =8 T T =TT TTTT T T T T T
8 =]
- i &l
» ‘ = R . -
e b 1 oo a
- 2des | 4
—a <:I i4
=i} 12 L) El 4 A0 3 b LNl Il 1 I B N I ) = =] S ! L T T A L 1 L1 i
0. o0 LOG FREQCRHZ2 20 o. OS50 LOS FREQCRHE> 20
Antliresonance frequency Resonance frequency

Figure 3-5 Comparison Between Linear Sweep (Step = 1)
and Logarithmic Sweep (Lines = 80/D)

By sweeping with the sine wave, measurements can be made at a high

resolution with the coherence function close to 1.0. Conversely, the
sweeping frequency is known from the coherence function.
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When a transfer function with sharp resonance and antiresonance
frequencies undergoes a logarithmic sweep, for example at 80
lines/decade, the following results are expected:

At resonance frequency ..... Measured value (1) is smaller than true

gain (4)

At antiresonance frequency ... Measured value ({I) is larger than true
gain (4H)

To cope with this situation, use one of the following measures to get
high-resolution and high-speed measurements.

® Sweeping with a swept sine wave about 40 lines wide

e Sweeping only near sharp resonance/antiresonance points with a sine
wave using the signal sequence method

The following sweeps are effective for measuring a transfer function
without a sharp dip.

o Linear sweep in arithmetic steps
e Logarithmic sweep in geometric steps

When AUTO SCALE function is used

When AUTO SCALE in the DISP CTRL menu is set to ON, the frequency
domain data is displayed at the appropriate gain on the CRT; the
transfer function measured in combination with the sine waves {log

sweep, or linear sweep in 2 steps or more) is always displayed at the
gain of 140 dB.
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(6)

AR AT |

— e LX! TTaHa
‘ S e e

s

B e g

ElaE=EELEE
OED.a

folcE=
a

8
&
2

e T
-0 Bep

77
=
| 2= 2T
P LTI EE N
[——
Red . feg
+
) DUT Load
8lack - Black }
@ Connect a DUT. ”Blue ”am
@ Preset
a. Presettings with the panel switches:
/o
LIN SWEEP
LOCAL LDCAL E
U O e
|:] LOG SWEEP
F

By the above key operation, the following settings are made:
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Presettings:
Frequency range = 100 kHz
Signal generator output waveform = SINE
AMPLITUDE = 02,0E-3Vpp
OUTPUT MODE = LIN SWEEP
STEP = 9
or QUTPUT MODE = LOG SWEEP
( LINES = 80/Decade )

ADVANCED EXECUTE
ANALYSIS

SERVO = ENABLE, [:::] [:::]

ANALYSIS LINE = 4-DECADE
SENS CTRL = AUTO
WEIGHTING CTRL = AUTO

SG OPERATION = ON-KEY
AVG NUMBER = 2

FREQUENCY
Frequency range[:::]: Displays the "FREQUENCY" menu.

& |

AC/DC ACDC —=GND

Input coupling [- ]FEV ] or [- ] [as necessary}
SENS. A SENS. B .
Auto range setep | O seee | [with the "SENS" menu
displayed] AL
/0 RECALL C.0.P
Output amplitude I | |EJ lID |: Displays the "SINE" menu.
OPEFETE 3 i ' p play
" : S5G generates a signal.
{:} {:} + Move the pointer ([)) to AMPLITUDE with these
keys.

Shift a digit of a setting value with the
right or left arrow key, and increment or
decrement a numeral with the up or down
arrow key.

Yellow

(The keys with a green numeral at lower left
of each key can also be used for numerical
entrv.)

ﬁ::ﬁ Move the pointer ()} to FREQ(LINE}.

ETART

(:) Frequency response analysis [:j : Measurement starts.
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TRANS. FCTN MAG,
Viewing the results of measurement E E:

Gain of transfer function

Libg Freq Anclystis wikhk Stnae
PR B 428, OHx 23. GAcSE

When a logarithmic sweep, for
example at B0 lines/decade, is
performed in a logarithmic
frequency analysis, the
following results are obtained
as was the case with the
linear frequency analysis:

wane [~
=BHag

Measured value iz smaller than
_ true gain at resonance
-70 . frequency

e AT TN RTTIT L vaun Ledania
o.a1e LOG FREQCkHx} oo and

Measured value is larger than
Linear sweep (step = 9) true gain at antiresonance
frequency

108 -]

Leg Freg Anolysis wibh Bine
L) B 425, OHx 24, LZa ’

AT In this case, too, high-

' resolution high-speed
measurements are achieved by
either of the following:

L

Elal-
dRMay

® Sweeping with a swept sine
wave about 40 lines wide
oeas ® Sweeping only near sharp
resonance/antiresonance
- VP R Y points with a sine wave
o-aa Los FREdh 1ee using the signal sequence
Log sweep (Lines = 80/D) method

Log Freg Analywis with Sins

Ph o 478 OMx 25, e The following sweeps are
o= AL AR effective for measuring a
transfer function without a
sharp dip

e Linear sweep in arithmetic
steps

“Hab» [
dBMag

e Logarithmic sweep in
geometric steps

108 /|

-70

k101 PEE R TELTY]
LOG FREQ<xHEY too

Linear sweep (step = 1)
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TRANS. FCTN  PHASE

L.og Frucg Ancalyeie with Sine : Phase Of transfer
Pis B 475.0H= 95, 2ldag function

=400 T =TT TTTTT T T T TTTOIT T™—T T TTTRT =TT r T
clog

B 4

- -

-
e = ~Eod i

Phaea
72
-S40

dag 41 1 L ragre P d b b L I A N EEET] ddd b 1§

Q. gtg LOG FREG<kHZY i0a

COHERENCE
Log Frag Ancglysis with Stinae H Cocherence function
Pk 1. CHx 1. COQE-QQ

2. ag T T TR T T T CTTTY T T
=0

L A
re

[ -

Q. 09 I3 11 eian Lop oy pigre ol 1At bl L L 1Py

0. 310 LOS FREQCKHZY 100
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(7

-+ Red
+
DUT | Load
Black - Black
8l Bi
(1) connect a DUT. R ke

@ Preset

a. Presettings with the panel switches:

SENS. A

LIN SWEEP
LOCAL

oo L
D U SENS. B
L]

H

LOG SWEEP

By the above key operation, the following settings are made:
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Presettings:

Frequency range = 100 kHz

Signal generator output waveform = SWEPT SINE
AMPLITUDE = 02.0E=-3Vpp

OUTPUT MODE = LIN SWEEP

WIDTH = 80

(?r OUTPUT MODE = LOG SWEEP)

LINES = 20/decade
apvancep EXECUTE

ANALYSIS
SERVO = ENABLE, [::::][:::J

ANALYSIS LINE = NORMAL
SENS CTRL = AUTO
WEIGHTING CTRL = AUTO
SG OPERATION = ON-KEY
AVG NUMBER = 4

-FREQUENCY '
(3) Frequency range[:::], Displays the “FREQUENCY" menu.

<) (O

AC/DC ACDC ~-GND
(:) Input coupling |I ||E lor I- I[as necessary]
SENS. A SENS. 8 .
(5 Auto range D b | or [-_—] qne] [with the "SENS" menu
displayed]

PANEL
. /o RECALL  AUTO-CORR.
@ Output amplitude r—]' [,—:,'j [Ej
u .
: Displays the "SWEPT-SINE" menu.

QPERATE

ol
O G

5G generates a signal.

Move the pointer {C)} to AMPLITUDE with these
keys.

"

Yellow Shift a digit of a setting value with the
right or left arrow key, and increment or
decrement a numeral with the up or down arrow

key.

{The keys with a green numeral at lower left
of each key can alsc be used for numerical
entry.)

{:} : Move the pointer () to FREQ(LINE).
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SSPECTRUM
Lin Freq Analyeis with Swept Stna SCH-B CINSTY
SZERD START
Pl 1 800. JOH= 0. BV SAT /=GND
SFREE RWN
*AVE 474

ok, YT I/0 SELECT
v SIGNAL O

FUNCTION
SWEPT SINE
FREQ <LINEY
CURSOR
73

K-

mad: 7] % 20.0E-1 Ypp —e— _

+00. 0E-D_¥
OUTIN swess generated.
SYNC OuT

FER 1 FRAME
INTERVAL TIME

.0 SEC
SUTPUT FRAME
LINE CTRL

Fmin s« 1

Fmax =« 400
o. oz2s LIN FREQCkHZ? 1a WIDTOe B2

RANGE: NORMAL
SEQUENCE

»

=
By

Shb
dfibag
Qa8

-7
By

.SPECTRQMT)
Lin Freg Anclyetis with Swapt Sina SCH-B8 {INS
= Y i SZERTD START
Pie 1 8%0. DOHx ~0. BaBY AL /~GND
SFREE RUWN
PAVD 474

I/0 SELECT
SIGNAL G.

SWERFT SINE
FREQ <LINE? -
CLRSDR -

73
AMPLITUDE
= 14.0E-~1 Vpp
OFESET

-0, UE-O V
OUTPUT MODE

LIN SWEEF
SYNC OuY

PER 1 FRAME
INTERVAL TIME

-9 S
auTRUT FRAME

1
LINE ETRL
EFmirn a 1
Fmow 1 400
WEDTHs 80
. 02s LIN FREQ{RHzY iQ OIRECs UwL
RANGEs NORMAL
SEQUENCE
>

START
@ Frequency response analysis D : Measurement starts.

AMPL L TUOE Nonlinear operation due to
OFFSET overload. Harmonics are

FUNCTION Input with a proper amplitude.

May 15/86



" TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

3.1 FREQUENCY RESPONSE ANALYSIS

LOCAL LOCAL +GND

Viewing the results of measurement | I = : Bode diagram
2
Lin Freq Anclywiw with Swept Sine
=200 [ TPk T 1 850, GoHZ | T T4, 2ud8 ¥
chag
¢Hah'--o-

Phowew

N T N A B
L

”
]

S T

0. 025 LIN FREQ<{kHz) 10

LOCAL +GND
Coherence
function

L

Lin Frag Anuly-i. witty Swapt Sine

= TR T '730. QOHx 1. OOOE+OD
g

kb
dBMag

1009,
=70

I N W Y |

1 1 L 1 L 1
LIN FREQ{kHz? 1

2. oo L T T T T T T T

Q

“COH=

2

. . |

2. oo 1 L L s L 1 L s :
O. J2% LIN FREQCkHZ? 10
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Frequency responseé analysis measurement example (SSS scheme)

START

Interconnect devices

See the setup on page 3-37.
OPERATE

Presetting

LOCAL LOCAL AVG MORE

A

output.
Observe approximate
frequency response
with MULTI-SINE.
*SPECTRUM
. MFD BY ARDVANTEST - Py TS SCH-B CINST>
¢ZERD START
Pk 4 500, OH=x —38. 5dOv SAC/OIFF
¢FREE RUN
*AVG O/R

I/0 SELECYT
SICNAL G.

FUNCTION
MULTI-SINE
AMPLITUDE
* Q3. QE-2 Vpp
OFFSET
+00. DE-QO V
OUTFUT MODE
CONT
SYNC ouUT

PER 1 FRAME
INTERVAL TIME

. 0 SEC
QUTPUT FRAME

1
RANGE CTRL

NORMAL
-SEQUENCE
i

LA ddy i) 4

-20

Ghiby

1 dBv

dBv

dBMag [

10481
-110 |

ioo

4SPECTRUM

bt d MFO BY ADVANTEST b datulid SCH-B8 (INST?

*ZERO START
4 SO0. OHz —358. OdbBVv *AC/OIFF

SFREE RUN

SAVG O/2

FREQ RANGE
SAMP CLK

- .
INT L
EXT
- 10 kM=
S0
= 20 L
" "

TIME CmSECY 20 1
v : - v T T 500 Hz

FRAME TIME
20 mSEC

3 = 47

- : Signal generator generates a signal.

| II I | l(when TR9407 panel switches are used),

the multi-sine of the following setting values is

Fregquency range:
100 kHz

Amplitude:
02.0E-3Vpp

SERVO: ENABLE,
EXECUTE

WEIGHTING CTRL:

AUTO

SG OPERATION: ON-KEY

ANALYSIS LINE:

NORMAL

AVG NO.: 8

Judging from the
spectrum of channel
B in the above
figure, change the
frequency range to
20 kHz.
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Is the
result of multi-sine
satisfying?

When a MULTI-SINE does not give a
clear trace by adjusting

End AMPLITUDE, or dynamic range is not

- Select the signal accord-
ing to the linear or
nonlinear BUT or the
required dynamic range.

sufficient, use SWEPT SINE or SINE.

For sine wave, all you have to do
LOCAL LOCAL FUNCTION

istopress[ ][] [ ]

DISPLAY CTL

Gain Smooth
of smooth transfer

function?

Sweep sine wave,

(c:rD } and change frequency

range and AMPLITUDE setting.

Sharp configuration

Preset the output signal
to swept sine.

4

Select frequency fange.

[When the TR9407 front panel switches are used]
SENS. A

LOCAL LOCAL
U [__]Gi l For linear sweep

LOCAL LOCAL  gENsS, B

L_JL_] ! I For logarithmic sweep
H

FREQUENCY
Change frequency range to 20 kHz.
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As shown below, signals of the same amplitude in
time axis produce larger level on the frequency axis

when the bandwidth (WIDTH) of the signal becomes
narrow. For this reason, WIDTH should be set first,

Set WIDTH. before setting (via AMPLITUDE) the optimum level of

signals applied to the DUT.

waae -

HY  ADVANTRET ———
T T

CO00. BHx T

\ N N N M i
o TIME {mBECY 20
o T T T
aBv
Gao - - faa | 4
dBMag dBMag
1008~ s 1=
—ap -80
dayv - . i Fl T L . 1 a8V k1 I L
o LIN #HEQ et 20 o LIN FREQCHH=? 20

In the range where the transfer function has smooth
frequency characteristics, apply the signal with
bandwidth extended as wide as possible (to reduce
measurement time), and in the range where the change
is rapid and the level difference is large, set it
so that the peak and notch are in different WIDTHs.

{ How to szet up the bandwidth (WIDTH) of swept sine by cursoE)

WIDTH in the swept-sine menu can be set up either by
DISP (or SETUP) key or cursor. Use of the cursor
will facilitate setup of WIDTH, especially the

configuration of spectra is characterized with the
abrupt level changes.

(:) Display the frequency domain data, such as the
transferwggfction. on the CRT.

RECALL AUTO-CORR,

/
(:)1 N ], Ef__J [D |Display the "SWEPT SINE" menu.
u
C) {:} {:} (SETﬂP section) Move the pointer

(T>) to WIDTH:XXX

C
@E Activate the vertical cursor.

SET REF.
@ OM/OFF  SET REF,

[:::j [:::] Set the curscor-defined freguency to

: the reference.

Now, the reference cursor is set.
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C) Move the vertical cursor until the difference
with the reference cursor is equal to WIDTH to
be set.

SET X

At completion of setting,

"SET:WIDTH"

blinks at the center of the CRT for several
seconds.

CAUTION
Do not measure the transfer function with the
same sensitivity when the level difference is
large. SENSITIVITY set to auto range complies
with the peak value but not to a lower level
area at the same time.

Table 3-3 WIDTH of swept sine

Measurement The left table gives

. WIDTH
dynamic range a general rule of
thumb. In actual
measurement, when
Up to about 70 dB 50 there are many

coherence function
Up to about 100 4B 25 values of 0.8 or

System

Linear system | Up to about 50 dB 100

100 dB or more 210 less, set a smaller
Non-linear Up to about 50 4B 40 zii::azz WIDTH to
system Up to about 70 dB 25 reliability.

70 dB or more 210
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=30

abv 1

Goa
dBMog

10048 A

=1i0
dev

oo |
cBMag |

1008

-=q
aBv

L=

Display the power

spectrum of B channel
in the upper region of

CRT

e MFD BY AOVANTEST -

[FEAC T aa

1 N e A
LIN FREOtAHZ? 20
T T T

Y\ aonitiom ool das. 4 v il s 54

L2

PO B T T T 1

P MFD

LIN PREQD CHE) 20

BY  ADVANTEST - -

Gl ohx CEEPRLT. ) T

L i M N
LIN FREQ(RH=EY 20
T T T T

i "

N
G, asn

[

answ MFO BY AQvANTEST ndndadnd
T T TG Gvia T T O, A T

) i
LIN FREO(HH=E) 20

In frequency response
analysis, perform averaging
after settings and confirm
the reliability of the
results by the COHERENCE
function.

The upper trace in (:) shows
the waveform at the second
sweeping with WIDTH=100.
Comparing the flat portion -
with the input waveform of
channel B in the lower trace
reveals that not only the
peak value near 4.5 kHz but
the level at notch
approximately 60 dB below
the peak is measured at the
same time.

Consequently, as shown in
;, coherence at the
anti-reasonance frequency,
where the cursor is
positioned, is low.

Example when the coherence of measurement results
is degraded because of a large WIDTH setting

=)
a8y L

Gbib

aBMag

10des|
-80 I

g8y

L
a, aso
¥

"
IN FREQH® 20
T T T T

o. 030

L { " "
LIN FRED thHz) a0

3 - 45

Gbb is displayed in the upper

UPPER/LOWER CH. A/CH. B SPECTRUM
area by (% ] [=_J[(=_)-

Confirm signal-to-noise
ratio by monitoring the
spectrum ocutput from the DUT.
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——— wrd BT AQVANTEST itrdied
B.

! Determine the maximum signal

] level applied to DUT. ({Too

i small an input amplitude

X T % degrades the signal-to—-noise
Increase signal level

10m8/T

= 1 ratio.)
1 gradually up to the level just

before distortion appears in

Adjust AMPLITUDE,

i

Is
transient noise
present?

Yes

Set interval time.

A}

Execute averaging.

{Measurement is started.}

o. 3o Lir RMEG omreay 20

(Display the time
data of channel B in
the upper area for
monitoring.)

Set by INTERVAL TIME
(corresponding to the
delay time of
conventional frequency
response analyzer);
the time until averag-
ing is started after
frequency is switched.

Frequency
averaging
number of
coherence
cannot be

is performed.
averagings.
of 1; the rel
determined.

DUT response.

Too high level, as shown in
the left figure, causes
distortion at lower level,
then at the higher level.

[Why is an interval time

. necessary?]
] When sweep frequency is

stepped up during sweep, the
output level changes rapidly.
the full scale value of input
level is exceeded, and over-
load occurs because the way
the frequency is switched is
not analog. At that time,
auto range reduces sensitiv-
ity, however, the transient
response is long, depending on
the DUT, so it takes a long
time to reach the stationary
state. Accordingly, if ave-
raging is started with sensi-
tivity smaller than the
optimum range for measurement,
an error occurs. Then, if
interval time is used,
meansurement is stopped for a
specified time, and measure-
ment is automatically resumed.
This is useful when a system
with large time constant is
measured.

response analysis is effective only when

Specify 2 or more as the
Setting to 1 always causes
iability of measurement result
From 4 to 16 is OK as the

STOP ERASE START

number of averagings

3 - 46
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a

Confirm the reliability
of measured data by
coherence.

Rl

cese MFD BY ADVANTEST il
. T

3.1 FREQUENCY RESPONSE ANALYSIS

After fregquency response analysis, confirm the
reliability of measurement result by coherence.

UPPER/LOWER COMERENCE )
PressE to display coherence function in
the upper screen. Data closer to 1.0 has a higher
reliability.

The left figure shows

C & PooroRE T =35 %738 v ] coherence at 6.7 kHz and
[ 1 18.3 kHz is reduced a
A little.

) 1
LIN FREQ {=H=> 20
T T ¥ T

X
0. a3

L i 1 X
LIN FREQthH=) 20

[Example of coherence function datal]

No

Use swept sine or signal
oK? sequence by two or
more signals.

Yes

Write data to floppy
disk.

3

Perform another analysis
as required.

{Fast, high-accuracy}

If necessary, further process measured data to get
detailed data.

® Determination of stability (Nichols chart gives a
better stability criterion than Nygquist diagram
DISPLAY CTL
or Bode diagram. Use C] switch.)
FUNCTION

o EQUALIZE (use [:]) Cannot be used
during 4-~decade

e Interchannel delay log freguency
analysis.

e Operation of open +»closed loop

® Unwrapped phase display [phase display without
wraparound (periodicity}]

® Group delay
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(8)

@ Connect a DUT.

@ Preset

Qe

Presettings

A ————————Y —
——alE=—T R
bl FREA Aty |

o
ﬁ' =t
EEEERER Sy
BEooosSols
ElSE=El =N ]

T Té + : Red
77 sSSP - :Black
| @z [2222
138845
St
Red N Red
+
DuUT Load
Black - Black
Blue Biue
”»r r

LOCAL

G0

with the panel switches:
TRIG. MOOE .

LIN SWEEP
]
ADVANCED
ANALYSIS

LOG SWEEP
J

3 - 48
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By the above key operation, the following settings are made:

Presettings:

Prequency range = 100 kHz
Signal generator output waveform = SWEPT SINE
AMPLITUDE = 02.0E-3Vpp
OUTPUT MODE = LIN SWEEP
WIDTH = 80

or OUTPUT MODE = LOG SWEEP
( LINES = 20/decade )
SERVO = ENABLE
ANALYSIS LINE = 4-DECADE
SENS CTRL = AUTO

WEIGHTING CTRL = AUTO
SG OPERATION = ON-KEY
AVG NUMBER = 4

FREQUENCY .
(:) Frequency range[::::]: Displays the "FREQUENCY" menu.

2 O

AC/DC  AC/DC

=GHND
@ Input coupling E or [T_—] [as necessary]

SENS. & SENS. B . " "
(:) Auto range e | OF sErgp [with the "SENS" menu
displayed] AN
7] RECALL  AUTO-CORR.
(© output amplitude [ |,[@ ] [° |: Displays the "SWEPT-SINE"
v menu.
OPERATE

SG generates a signal.

E_]
o1&

Move the pointer (L)) to AMPLITUDE with these
keys.

Yellow Shift a digit of a setting value with the
right or left arrow key, and increment or
decrement a numeral with the up or down arrow

key.

Keys with the green numerals are also usable.

{3 : Move the pointer (C)) to FREQ(LINE).

START
@ Frequency response analysis D: " Measurement starts.
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Viewing the results of measurement

Log Freg Aralysis with Swept Sitwe
Pk 1 85S0. OH= 18. 2GdB

=Hab= |

dBMag

208/

=2

]
T ¥ T 1 TT70 T =TT TTTIrIT T T 1T TTTI7

Nl Lol d L P11 Lt 1 1 1abst [ RN

o.010

LOGS FREQkH=) 100

Log Freqg Ancalysis with Swapt Sine
Pk 1 BS0O.0H=x =100. Jd4dag

~400
dag

T
T T T T TTYrIr L B L] T T TTTIT

-

= Lo =]
Phasw

2

=400

R IT [N WEEETS Ly (sl S e

oy

0. 010

OGS FREQ<hH=Z> } ==

Leg Freag Anclysis with Swept Stine
P 842, SH= 1. OCOE+00

2. Q0

“CTH=

r2

0. 09

3
T TTTTT7I T T T UrTTT T TTTTTTLY T T T TTTTT

11 11111 RN W ST Jomrmd ot L L EEIL L1l

g. oio

LOC FREOO<HZEY 1499

50

TRANS. FCTN _ MAG.

: Gain of transfer

function

The same DUT as for linear
frequency analysis. The
structure on the low-frequency
range is measured more clearly.

TRANS. FCTN PHASE
: Phase of transfer
function

COHERENCE
: Coherence function
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(9)

[
o
=111
ggggmamagg
BROSODERE]
alnizt=r=t=p=
u L
s Eagg T
_B‘:”""’ =) [=1=)
- pEwaa|sas|ee||
[J 3 By —— prm—
l[ J I-:Iil l-:lll +:Red
| S i o=
— : Black
—f et = 0
| a= 2323
- :lé'aE-J
 — [—
Red + Red
+
( [ DUT Load
Black = Black)
Blue Blue
”r 7

Connect a DUT.

ORO

Approximate frequency response of DUT

Logarithmic frequency analysis is performed by sweeping with a
swept sine with an 80~line bandwidth.
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*TRANS FCTHN

Log Frag Armlysis with Sweps Sine :gE;g/g;:;g)c“’ I:n the figure on the left' the

o 7es. sh= 18- Zmem AS/DIFE cr-a portion at -90 dB or below is
AUG v not measured correctly. The
tsg SELECT method for measuring this

20 ML RLLY = A .

=8 FUNCTION portion must be improved.

» SWEPT STINE

FREQ <LINEY
CURSOR
400

AMPLITUDE

=Hab>

CUTPUT MOOE
dBMay

LIN SWEEP
PER 1 FRAME

INTERVAL TIMZ When "RANGE: NORMAL" is set,

DUTPUT FRAME this signal is used for all

LINE ETRL . .

o= TR NP, ~ Frmom + 400 three ranges of the logarithmic
-1V LOG FREQCkHZ> 100 e, S frequency band.

RANGEs NORMAL
SEQUENCE
?

zoas/|

Small AMPLITUDE of

Apply the signal of large

S5.G. output level is amplitude to the region
enough for the high of low level signal.
level response {Improvement of S/N ratio)

@ Preset

a. Pregettings with the panel switches:

AVG/INST,

Linear frequency analysis
LOCAL

DE]E
E)

Logarithmic frequency analysis
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By the above key operation, the following settings are made:

Preset conditions for measurement:

3 - 53

Freguency range 100 kHz
Signal Sequence A: | Setting item | Lin. frequency log. frequency
sequence Swept-sine analysis analysis
(A=>B~>C) AMPLITUDE 02 .0E-3Vpp
OUTPUT MODE LIN SWEEP
WIDTH 80
{Fmin, Fmax) {(1,120) {41,400)
RANGE NORMAL, L->U STOP, UL
Sequence B: | AMPLITUDE 02.0E-3Vpp
Swept-sine
OUTPUT MODE LIN SWEEP
WIDTH 80
{Fmin,Fmax) (121 ,240) (41,400)
RANGE NORMAL, LU MIDDLE, U~+L
Sequence C: | AMPLITUDE 02.0E-3Vpp
Swept-sine
OUTPUT MODE - LIN SWEEP
WIDTH 80
(Fmin,Fmax) (241,400) (4,400)
RANGE NORMAL, L-+U MIDDLE, U—+L
SERVO menu ENABLE
ANALYSIS LINE NORMAL 4~-DECADE
SENS CTRL AUTO
WEIGHTING CTRL AUTO
SG OPERATION ON-KEY
AVG NO. 4
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FREGQUENCY

(:) Frequency range

3,

'

AC/DC  AC/DC

(:) Input connection[- :] Fﬁ ] or Pi 4]{&5 necessary]

PANEL
1/0 RECALL CROSS SPECY

(:) Output amplitudel

|l

<

I/0 SELECT
SIGNAL T

&

FUNCTION
SERQUENCE

SEQUENCER

- A

As SWEPT SINE

AMP Od. DE-1 Vg

MCDEs LIN SWEEP

RANGEs

Fmirn » A1

Fmawx » 400

AVG N 4

B: SWEPT STNE

AMPx D4, OE-~1 Yp@

MOCE:s L IN SWEEP

RANGE: MIDDLE

Fmim s« 41

Fmcne s 400

AVG HOw 4

Ce SWEPT SINE

AMPa Bd. OE-1 Vpp

MODE: LIN SWEEP

RANGEs START

Fmirn s 4

Fmox » 400

AVID N 4

Yellow

(:) Changing the seque

(i) Recall
PANEL
RECALL AUTO=

these keys.
intensified.)

: Move the pointer {2} to
AMPLITUDE of each sequence with
(The brightness is

Display the "FREQUENCY" menu.
=GND :

Display the "SEQUENCE" menu.

Shift a digit of a setting wvalue
with the right or left arrow key,
and increment or decrement a
numeral with the up or down arrow
key.

Set an output amplitude here in
viewing the approximate frequency
response of DUT in step (D .

nce settings

CORR.

CIOEET

2

PANEL
RECALL

3]

AvG MODE

A

I/0 SELECT
SICNAL .

FUNCTION
SWEPT SINE
FREQ CLINE>
CURSDR
4aL
AMPLITUDE

QUTPUT MDDE
LIN SWEERP

SYNC OUT
PER 1 FRAME
INTERVAL TIME

.0 SEC
QUTPUT FRAME

LINE CTRL
Fmim o« 1
Fmax « 400
WIDTHe 80
DIREC,:
RANGE=s

SEQUENGE

2 A 8.5

[,
NORMAL

(1]

bottom row.

Display the "SWEPT SINE" menu.

Since the setting of swept sine of the
stop range is changed, call sequence A

from the sequence file.

.._.>

Recall

54

/2 SELECT
SIGNAL G.

FUNCTTION
SWEPT SINE

FREGZ <CLINE>
CURSOR

=56
AMBL I TUOE
= Q4. Q0E-1 Vpp
OFFSET

+00. OE-O ¥
oUJTPUT MODE

=R 1 FRAME
TNTERVAL TIME
- SEC
DJUTPUT FRAME
1

LINE SZTRL
Fmim » 41

Fmox o« A0D
WIDTHY 8C
OIRECY UL
RANGE: STOP
SEQUENCE
A.B. C

May

Move the pointer () to SEQUENCE in the
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{(ii) Setting the WIDTH
) C (9

]

L

g
g

SET REF.

o

”»

MSP.

Display the vertical cursor.
Set the reference cursor.

Move the reference cursor by the space to
be set as the desired width.

Move the pointer ()} to WIDTH.

Set the width.
displayed.)

("SET:WIDTH" is

Make a fine adjustment of the above set
width as necessary with the menu.

*TRANS FCTN

Log Freg Analywis with Swept Sthe

PCH-B8/A CAYGY

SZERC START 4>

REF 14 000. OH= ~77. 20dD SAC/OLFFE CH—A
DELTA -2 SD0.0H=z= 4. 38dBR S*AC/OLEF CH~0
SFREE RUN
SAYG 4/4
I/C SELEGT
20 SIGNAL Ga
== FUNCTIGN

~<Hein=
SBMag

200/

—i20
(= 1=]

P A NI A h e ddl Al

LOGC FREQCRHZY

g.olo

SET REF,
ON/OFF

E]

SWEPT SINE
FREW <L.INED
CURSOR

a8
AMPLITUDE
04. DE~1

LIN SWEEFP
SYNC OUT
FER 1 FRAME
INTERVAL TIME
.3 SEC
OUTPUT FRAME
1
LINE CTRL
Fmin a« 41
Fmax a3 400
= WIOTH: 10
NIREC: U=l
RANGE: STOP
SEQUENCE
A.B, T

Delete the reference cursor.
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{iii) Setting amplitude

{:} {:} : Move the pointer () to FREQ (LINE).

SETUP oIsP. Change MANUAL to CURSOR.

a8

Yellow

Move the vertical cursor to a resonance
freguency to be examined.

Move the pointer (C)) to AMPLITUDE.

i

A

Yellow Shift a digit of a setting value with the

right or left arrow key, and increment or
decrement a numeral with the up or down
arrow key.

(The keys with a green numeral can also
be used for numerical entry.)

) SSPECTRUM
Log Frag Anclyeis with Signal Saquanca CH-BINST
$ZERO START

18 2T0. OHz -70. DcBY *AC/OIFF

SAVG O/78

|

Al i1l

/0 SELECT
SIGNAL G.

FUNCTION
SWEPT SINE

FREQ <LINE>
CURSDR

+141
my

Whsort

73
AMPLITUDE
=» lE. OE~0J VYRR
QFFSET

+~0g. QE-0 V

=141
my

[+ ] L

i

: L " s
TIME <mSEC?

—20 T T J T T T v Y T QUTPUT MOGE
gy b LIN SWEEP
SYNS OUT

PER 1 FRAME
INTERVAL TIME
Gok
dBMag -

1
18/ LENE CTRL
—120 mew Fmin s 41
aBY X 1 A 1 L N Fma= = 4C0
WIDTHs 10
0. 2s0o LIN FREOCkKH=? 100 OiREm UL
RANGE: STOR
SEQUENCE
A. B, C

.0 SEC
OUTPUT FRAME

T
L ad 1l
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(iv) Saving altered datar

G &

AvG MODE

Move the pointer () to SEQUENCE.

Return the altered data to the original sequence
IIAIl. R

I/0 SELECT
STGNAL G.

FUNCTION

73
-AMPLITUDE

18.0E-O Vpp
DFFSET

PER 1 FRAME
INTERVAL TIME
- S

- O SEC
QUTPUT FRAME

LINE CTRL
Fmaim &« 41
Fmam &« 400
WIDTH: 10
DIREL: U=l
RANGE: STOP

SEQUENCE

o A B. T

START
Servo analysisD: Measurement starts.

Log Freq Aralysie with Signal Segquenca i 3
REF 27 ?780.0HM=z ~114. 15d8 Wider dynamic range (approx.

20 = 130 dB) is achieved as
== compared with the result of
the original measurement

=Hb>
d8Hag

2008

-i20
-] 11 a1l b heel L1 11 [ T R
a.010 LG FREQCkMZY 100
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(:) Remeasurement

Measure only the antiresonance frequencies whose gain can be

further improved by sweeping with the sine wave.
C.0. P

1/0 RECALL
(i) Signal G. menuL ][E ]_[E’ ]:

The "SINE" menu is displayed.

{ii) (Ffmin, Fmax}

Siue;

Move the pointer () to FREQ (LINE) with
these keys.

SETWP | or DISP.

O O

st | O | oise.

Change MANUAL to CURSOR.

Move the pointer () to OUTPUT MODE.

"

Set the sweeping mode to LIN SWEEP.

STRANS FCTHN
Log Freg Anclywis with Signal Segquencs SCH-3/A CAVED

*ZERD START <42
REF 40 250, OH= ~g9S. 22d8 *AC/OLFF CH=A

DELTA =30 00Q.0H= 48. SS4dER *AC/OLFF CH-B
SFREE RUN
*AVC £4/4

1/Q SELECT
SICGNAL G.

FUsTe A: Sequence A for the first sweep
FREQ cLINEY
CURSOR

=20
g

AMPLETUDE D: Sequence D where 5.G.
| ©FESET condition has been changed
| o sweme for further sweep ‘

PER 1 CYCLE
«4 INTERVAL TIME

.3 SEC
|~ ouTPUT croLE
t

i 1 wine eTrL

-=Hcabk =
dBMag

zoas|

-120 = Fmin s 41
1=} FEEEYETIT P IR TTITS L Ty P Fmax » 161
a.ole LOS FREQCkHz? 100 STER » L

DOIRECs LU=
D A RANMGEs STOP

SEQUENCE

C 9 =

: Display the vertical cursor.

SET REF.
ON/OFF  SET REF.

el |

Yellow

Display the reference cursor.

Move the vertical cursor.

Move the reference cursor.

Move the pointer to "Fmin:" (or "Fmax:")
with these keys.

2

SET X

:+ Set (Fmin, Fmax).
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You can confirm the successful setup with the blinking display
of

SET: Fmin
SET: Fmax

When setting is inhibited with "SAME? : FREQ RANGE" displayed,
move the vertical cursor or reference cursor to set the both
cursors within the same frequency range. In this case, a
vertical cursor value is displayed at the FREQ (LINE) posgition.

SETUP DISP.

Make a fine adjustment of the setting if
necessary.

SET REF.
ON/OFF
Delete the reference cursor.

X

(iii) Output amplitude
SPECTRUM AVG/INST. CH. A/CH. B MAG.

[- ][D ] [D 1L- J: Display the output power spectrum.

FREQUENCY
: Display the "FREQUENCY" menu.
{:} {:} : When the stop range is 100 kHz,
select the following frequency range:

10 kHz for middle range setting

t kHz for start range setting

S*SPECTRUM
Log Freg Analywie with Signal Ssgquanca SCH=-B CINST>
SZERD START

21 OoQ. OHz -89, 2da8Y ®AC/DLFF

*AVG O/4

1,0 SELECT
80 —r————r—— ey SIGNAL G.

i FUNCTION

SINE
| 1 FREQ <LINED
CURSOR
104
4 AMPLITUDE
% 14.0E-0O VYpp
OFFSET
Q0. OE~0 ¥
AUTPUT MOOE
LIN SWEEP
. SYNC auT
= PER 1 CYCQLE
INTERVAL TIME
104/ R

Cbhb -
dBMag

. O SEC
OuTFUT CYCLE
1
LINE CTRL
Fmin 3+ 41
Fmenc v LB1
STEP + 1
0. 25a LIN FREJCKkHzZ> 100 OIRECs Ui
RANGE: STGPF
SEQUENCE
-

|
=120 I
[=1=4% I 1
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i1/0 SELECT
SIGNAL G.

FUNCTION
SINE
FREQ CLINES>
CURSOR
104
AMPLITUDE
14, 0E-0 Vpp
OFFSET
+~00. OE-O ¥
CUTPUT MODRE

CYCLE
INTERVAL TIME

. O SEC
DUIPUT CYDLE
LINE CTRL

Fmim « 41

Fmae » 1lE&1

STEF » 1

DIRESs LU=l

RANGEs STOP
SEQUENCE
= P

1/0

)

Yellow

Yellow

{iv) Saving into seguence

L

1

DISPLAY CTL

D

L

D RE

Display the "SINE" menu.

Move the vertical cursor to a resonance
frequency to be examined.

Move the pointer (C)) to AMPLITUDE.

Shift a digit of a setting value, and
increment or decrement a numeral with
these keys.

Increase the AMPLITUDE to enhance the S/N
ratio at the antiresonance frequencies
where the signal level is low.

Maximize the amplitude level, not so much
as the level of harmonics of channel B
will rise.

file

Move the pointer ()} to SEQUENCE in the
bottom row of the menu. ’

Saving the above analysis conditions
into sequence D.

Return the pointer () to "RANGE."
{Move the pointer out of the SEQUENCE
item.)

Press this key to display the
"FREQUENCY" menu as necessary.

Return to the frequency range setup
corresponding to the STOP range.

3 - 60 May 15/86



TRY407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

3.1 FREQUENCY RESPONSE ANALYSIS

(v} Signal seguence

—— Placing the pointer
to this position,

Yess
p SETUP

nise.

the menu.

I/0 SELECT
SIGNAL G.

FUNCTION
SEQUENCE

SEQUENCER

et it v

MODEs
RANGEs STOP
Fmin s« 181

RANGE:
Fmirm « 41
Fmee «» 400
AVE NCIs B

AMP O04. OE—1
MODE
RANGEs
Fmirm ¢+ 4
Fmawx « 400
AVG NOa 4

— 0000 O 00000000001

to scroll up

A SWEPT SINE
AMPy 1m, CE-0 Vi
LIN SWEE

B SWEPT SINE
AMP O, DE—1 ¥
MODE: LIN SWE
MIDILE

3 's

T SWEPT SINE

Ve
LIN SWEE';"
START

or down

”~
A SWEPT SINE A
AMPs 18 DE=0 Vpp
MODEs LIMN SWEEP
RANGE: STOP
Fmin 3 181

Fmene 3 400

AVE N« B

B: SWEPT SINE
AMPy O4. DE=1 Vp
IN SWEE
MIDDLE

AVE Nw &

Ca SWEPT SINE
AMF. 04, OE-1 Vop
MODE: LIN SWEEP
RANGE: START
Fmin « 4

Fmawx » 4830

—

AVG NOa 4

D STNE

AMP L4, OE=-Q Yo

LIN SWEEI
sSTOP

Fmim s 41
Fmeox & LEO
AVE N 4

Setup for the items marked with ©
can be changed on this menu.

CIEIE )

1<

<&

SETuP

QIse.

SETUP

Disp.

SETUP

DISP,

s

Display the "SIGNAL
SEQUENCE" menu.

Move the pointer
(C>) to SEQUENCER
in the top row of
the menu.

Set up the sequence
A-+B-+C->D

Move the pointer to
llmin= " of NA= L] .

Set "Fmin" to "161"
to prevent sweeping
ranges from over-
lapping because

the sweep range of
sequence D is "41"
to "160". (See
Figure on

P,.3 - 58.)

Move the pointer to
"AVG NO:" of "A:".

Increase the
averaging number.
Also increase the
averaging number
of sequence B in
the same way.

Since ocutput signal of SINE has a good
S/N ratio with its energy concentrated
on a single line, a small number of
averagings is enough.

Increasing the number of averages
causes longer measurement time.

AVG NO. set up in the SEQUENCE menu
has the highest priority over the
values set up in the SERVO or AVG MODE
menus.
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START
Frequency response analysis D: Measurement starts.

At this time, the “"SIGNAL SEQUENCE"™ menu is always displayed.
TRANS, FCTN MAG, .

[Z] : Gain of transfer function

The gain at an antiresonance freguency is more precisely
measured.

A wide dynamic range measurement of about 135 dB is
achieved.

Log Freg Andlywtis with Sigral Sequarnss
REF . 27 800. OHz ~118. S7d8

20
o8

T=tTTTT

diEiMag

ZS0oB /|
=120
=] A L b 1 itirs L1 ) 8 dabit oo bt l Ll [ (AN ENT]
0. 0Ly LOG FREQCHZY j=i=]
TRANS, FCTN  PHASE
E :+ Phase of transfer function
l.og Frog Analyets witch Stighnal Sagquance
P 782. SHz =85 SSdag
-3, 1 T — T T T T =TT
dag
B -
~Hab= [
Piawesa
,2
-73g
oy S RTAT] L R RN bl 3 b1 13d
. 010 LAOC FREQ<CRH=> 100
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COHERENCE

Log Frag Analyeis with Stgral Saguenos H Coherence function
Pk 10. GH= 1. DOOE+QQ
2. og T TTTTTIT T rTTIT T T TTTTe T
- -
r -
2
o ..
0. 00| S A b1a13d1 Loo»oyoprtppg Al ) LILIEY L2 3 atri)
Q.10 LOS FREQOsH2> LQD
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3.1.6 SENS. sequence function

(1)

(2)

For the signal sequence preset function mentioned in Section 3.7.5
{9) , AUTO range is set for the input sensitivity, that is, all
sequence settings are the same (nSQ mode). If the input sensitivity
range is known in advance (on the factory line), the sensitivity range
can be incorporated into each sequence instead of the AUTQ range. Use
of the s50 mode makes the measurement time shorter, typically
one-third that of the nSQ mode.

Setting input sensitivities when signal sequence technique is used:

NORMAL SEQUENCE (nS{ mode)

‘A fixed sensitivity or AUTO range is set for all sequences.
SENSE SEQUENCER (sS50Q mode)

A sensitivity is set for each sequence block.

There are two different input methods, {4} and (5), below using the
label area.

Determine the input sensitivities for each signal sequence in the nSQ
mode. '

(:) Display the transfer function and the power spectrum Gbb in the
dual display mode.

(2) Display the SWEPT SINE menu of the SIGNAL G. and set the FREQ
(LINE) to CURSOR. (Cursor position is monitored as a line number
in the menu)

(:) Confirming that the signal is not overloaded by observing the
power. spectrum Gbb, define the sweep freguency range and input
sensitivity setup values.

Setting the s50 mode

(:) Display instant data.

LABEL

@ Press E to select the label input mode. (The LED for the
_ LABEL 1 goes on.)

(:) The beginning of the label area blinks. Enter green characters
DATA WINDOW

s:uD ’ sE]r sl? rJD_]:eF_L and_,E.

Then the following will be displayed in the label area:

sSQ! TR9407 DIGITAL SPECTRUM ANALYZER **
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LABEL

(:) Press the [:::] key again (the LED goes off} to exit the label
input

mode and set the sS0! mode.

s5Q! <AS> 0 -0 -0 -0 ->0—->0 <BS> 0-0->0=>0-0-—20
I |

l—-Indicates channel A L—“Indicates channel B

The above SENS., seguence information is displayed on the instant
display screen. Thus, the nSQ mode has been switched to the s50Q
mode and data (code 0) representing +30 4BV range has been input
in sequence blocks A to F.

Note: The s5Q information is displayed in the label area by
averaging for the averaged data such as <Hab>, <Gaa>, and
<Gab>.

(3) Set up the floppy disk record mode as necessary. Use the WRITE mode
for the FLOPPY MODE.

{4) Modifying sensitivity information. (s5Q mode) {modifying only the
sensitivity condition in the sequence block)

Like GPIB codes, 0-9 displayed in the label area correspond to +30 dB
to -60 dB and AUTO, and they are displayed for the data in sequence
blocks.

Sequence block A B C D E F A B C D E F

Label contents [sSQ! <AS> 0 - 0—-+0-0->0-0 <BS> 0-0->0-0—-0->0

Marker location|a b c d e f g h i J k 1 m
at modification
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Sensitivity range and codes (same as GPIB codes)

SENS code Range

0 +30dBV
+20d4BV

-

+10dBV

0dBV
-10dBV
-204BV
-304BV
-404BV
-504BV
-60d4dBV

AUTO

O 00 - S b W N

LABEL

@ Press the key to set the label input mode. {(The LED goes
on.}

&)

In the label mode, the market is lit. Move the marker to the
desired position (a to m) corresponding to the wvalue to be
modified by

Pressing the yellow key <:] or [:> {(general cursor section}.

e When the marker is at position "a"

Each time or is pressed, the display changes as
ISP SETUP

S 2> N = S ssre

This setting can be made by pre551ng the green key SMALL (for
lower case and N or S keys.

When the marker is at a position other than "a"
Move the marker to the desired 9051t10n by pressing the yellow
key

Q| o | D

Every time| pop Or | ¢y | is Pressed, the display cyclically

changes: 0 = 1 - -2 csesesd : - 0.
A green character (0-9}) and : may be input directly.
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EXECUTE LOCAL
In either of these cases, the [:::] (I/0) and [:J keys can be

used at this stage of procedure.
LABEL

@ El When the LABEL 1 LED goes on, change the display as follows:

s5Q! <as8> 1>2-2>22—+5->1>1 <B§> 7= 7 27 ~=2~>7>7

Thus, the modified sensitivity information has been set in the
segquence blocks.

Correspondence between the sequence blocks and the sensitivity
values set in the above is given as below.

*TRANS FCTN
SCH=~B/A CAVGY
*ZERO START C4)
P 13, OH= 27. 9348 CAL/OIFF CH=A
T *AC/OIFFE CH-B
S*FREE RUN
*AVG 272

1/0 SELECT
» SIGNAL G.

FUNCTION

7 SEQUENCE

SEQUENCER
A=S=C*0

Ar SINE
[ B A | AMPs 14. CE- V
J MODE: LIN SWEES
RANGE: STOP
- Fmim » 3220
“Hab= | 1 Fmewx 1 Q40O
<BHag . AVG NG 2
L ] B SINE
AMPy10. DE-Q Vpp
MODE: LIN SWEEP
aoda st 4 RANGE2 STOP

Fmirm 2 41
Fmax 1 20

3 AVG NOW 2
-130 Ca SINE
o N T Al Al e b Ldisiil TR N AMP: U9, DE=1 Eg
0. oo LOG FRERD (=D 2m MOOE: LIN SWE

RANGEs MIDDLE
Fmtn s 41
Fmaw 1 390
AVC NGO 2

Sequence A B C D E F

Input sensitivity range CH.A | (dBV) +20 {+10 | +10 | -20 | +20 | +20
settings in the sS850 mode code ] 5 2 5 ] ]
CH.B | (dBV) -40 | =40 | =40 | +10 | =40 | =40

code 7 7 7 2 7 7

(5) Modifying sensitivity information together with other sequence
information :

LABEL
(:) Press [:::] to select the label input mode. (The LED goes on.)

(:) Enter s50Q! at the beginning of the label area.

LABEL
(:) Press [:::] again. (The LED goes off.) Thus, the s50 mode has

been set.
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(6)

(N

SENS. A
(:) Press [:::] to display the channel-A sensitivity menu and set a

range.
SENS. B

(:) Press [:::] to display channel-B sensitivity menu

and set a range. 7 I/grgﬁkﬁcé.
(+]
. . TIGN
(:) Press [jf:] to display the signal generator :Ugﬁng SINE
FREOQ <(LINE>
i MANUAL
function menu and move AN

. AMPLITUDE
} B2. DE-3 V
the pointer (L)) to SEQUENCE at the bottom of OFFSET il
+-Q0. DE-O V
QUTPUT MODE

the menu. : LIN SWEEP
sSYNC OUuT
PER 1 FRAME
(:) Press the keys (green characters A to F) INTERVAL TIME

.0 SEC

corresponding to the blocks into which the OUTPUT FRAME

sensitivity information set in steps (:) and 1
above is to be stored. The sequence of LigiigT?Ll

steps (:) to can be taken in any order. Fmax » 400
WIDTH: 20
DIRECY L=U

Start measurement RANGEs NORMAL
SEQUENCE
. o.E.F
Switching modes from sSQ to nSQ
LABEL
(:) Display instant data and press[:::] . (The LABEL 1 LED goes on.)

LABEL
Averaged data display is inhibited if [:::] is'pres5ed.
(:) Enter four characters nSQ! at the beginning of the label area.
LABEL

(® rress [°_] again. (The LABEL 1 LED goes off.)

The label input mode is exited, the nSQ mode is selected, and the
label area for the instant data display is initialized as follows:

{Example)

** TR9407 DIGITAL SPECTRUM ANALYZER

(This processing is performed only when the sSQ mode is switched to
the nSQ mode. It is not performed when the nSQ mode is switched to
the sSQ mode.)
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{8) Notes on nSQ ﬁode

®

©)
®

Before recalling a sequence, set the free run state. In the HOLD,
ARM., or AUTO ARM state, the sensitivity information is not
recalled.

Note that the auto range may be reset depending on the signal
state if the auto range is recalled as a sense range.
STORE
To save sequence blocks D, E, and F, press the [:::J key (the LED
AVG MODE

goes on) in the PANEL CONTRCL section and press the [::::]key
A
before switching the power off.
The information in sequence blocks D, E, and F is not saved in
C-MOS (nonvolatile memory). If the power is switched on without

performing the above operations, the current sensitivity range is
set for the blocks D, E, and F.
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Setting the
850 mede

Setting the
nSQ mode

Press El to ON.

U
o T T T T e e e e e e T e e 'j
; *% TR94(07 DIGITAL SPECTRUM ANALYZER ** |
b o e A

O

Enter sSQ! at the beginning.

'y
[ T T T T T T T T T T e s e e e e e 1
: sSQ!TR9407 DIGITAL SPECTRUM ANALYZER ** |
L o o e _

9

Press the % key to OFF

o
T T T T m e — |
| S5Q! <AS> 0 123 >: >5 <BS> 6-5->4->3>0 1
b e e e e e e e e e e e e e e e e e e J

LABEL
Press the to OFF,

v
[T~~~ T T T T T T T T T T s s s e — 1
| sSQ! <AS> 0 >1=>2=>3>:>5 <BS> 6>5->4~—>3->0>1
D e o e e e e e e e e e — —

iy

Enter nSQ! at the sSQ! position.

v
T T T T T T T T e e e -
,nSQ! <AS> 0 >1 23 >:>5 <BS> 6—>5->4>3->0-> :|
b o o e e e e e e e e e e e o o T o o e e e N

LABEL D
Press [:::] to OFF.

v
e —
: ** TR9407 DIGITAL SPECTRUM ANALYZER ** !
L e e -
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3.1.7 Phase Unwrapping and Group Deléy

(1} Measurement of transfer functionu

14 250. OH=

-7, 4aDdB

dB

wHeis™
ciBMay

20dB/

-120
dB

Kb L L A LB

T T T

L1

Ll 1 1LILL [ R

(2) Unwrapped phase display

TRANS. FCTN  PHASE
Display the phase of
the transfer function
Reduce display gain

REF./GAIN

>

. 210

Pi=

1
LOG FREQD CHx>

14 230, OHx

i0a

~113 S3dag

+~200
dag

- 1 ko ]
Phasa

—-2900
dwy

™ T T TTTTIT

™ T T TTTTTT

[ I R T ET)

1

Q. 010

P

[S=]-3

14 250Q. OH=

FREQ {hHz>

—4 0O68. 7Sdeg

+Z5. 2
E+3dmg

Unwrapped phase, not folded due
to periodicity, is displayed.

=tab=
Phomwes

7128

—-28. 0
Ew3dag

T T T T TT7TFr

T T TrTTeT

T I RN 1T]

L

T T T TTTT

1118114 "

3~-7

- 010

LOG

FREQ CHx>

Sl
palul
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(3) Group delay
Group delay is obtained by differentiating the phase of the transfer
function Hab or the cross spectrum Gab with respect to the
frequency. The group delay is uneven in the portion where the phase

does not change linearly.

ADVANCED PANEL ADVANCED SELECT
ANALYSIS  RECALL C. 0. P ~ B-BOELAY

Display the "G-DELAY" m . <ENABLE>
[ J [ ]P[D ] = ADVANCED LIST

.G G : Move the pointer (C)) to <DISABLE>. BeTAVE D

. SERVD s

G-DELLAY E

SNR L u]

SETUP Bisp sSoT =

N : Set to ENABLE . SOl imuM i B

apvancep EXECUTE _P—ENVELOPE: D

MDM D : Group delay is computed.

PER/oA G - : Expand the display gain appropriately.

Pi= 19, OH= 48, S47 mSEC

-73. 3 T T T T T T
mSEC

=Hab=
Toal ay

-

—Z&7F. 7|
mEED

1 L PP ket 1 a1s
a.oie LOG FREQ tkH=> " 100
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3.1.8 Observation of measurement result by using the LOCAL key
LOCAL LOCAL AUTO ARM

Output time waveforms and output power spectrum: | Il Iglm |

Application:

Optimization of SG amplitude (checked by Gbb)

L. 41 Pkt
v

4 SO0, DHzTT !

F'—-iogaav¥

=}
BV

Gk
B Mag

109/

—-100
aByv

L.

L.

o
gV

Chb
<BMag
108/
-t00
<Jav

a3a
<8

=t H ey >
HBMag
10cB s

—&0
a8

Output power spectrum and transfer function:

Application:

LIN FREQCH=Y

B s0oF0h=z | T

f=1=1

2a. 2248 T

L1 ) 1)

LIN FREQCkH=Y

3-73

Inlnl:n

The progress of sweep measurement checked by Gbb.
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LOCAL LOCAL +m;
Bode diagram: D DZE

Application:

NOTE: In the logarithmic frequency
analysis, only gain is cbserved.

Observation of the gain and phase of transfer function

+400 TPR ¥ 4 sSoQfaHz t T

3. 2240

T

f— -1 -
L i
dag 1 1 1 I F] 1 Il I L
. 12% LIN FREG =) b=i=]
so T T T T
B 1
4
a1 b
ciEMary
10483/ -
-0 i
a8 1 Il '
0. 125 LIN FREQCkHZ> s
’ LOCAL LDCAL AC/OC
Coherence function and transfer function: I ]I IalD I
Application: Verification of reliability of measured transfer function

NOTE: Not used in the logarithmic

fregquency analysis.

Ti2slIaMz T

=Hab>

Ti_oooe~+ag |

=B Mag

1008/

T T 7T

—B0

a8 L L. L L L] Il 1 1
0. 125 LIN FREQ<kHZ> s0
Z.DB' T T T T T T T T
= -4
.— -
- -
=COH:>
vz [ Y ]
O. O, 1 1 1 i i 1 1 1
Q. L3S L.IN FREOCRH=? s0
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Nyquist diagram of transfer function (dBMag-phase display):

O0ED

Application: Observation of transfer function 4 S00.OHz MG 29 2208
. . PH 108, 57 dag
in polar coordinate system ) 30
a0 30
k=]
CENTER:. ~B8C«B NYQUIST cdB>

i i : 4 SoE. OH Ra-§. 222E+00
Nyquist diagram of transfer function *32.::;:; To 2. 7A1E~01

(Real-Imaginary display):
LOCAL LOCAL  HOLD/REL.
O0ED

~32. OE~0.

-32. OE+O
NYQUIST L IN>

4 S00. OHz Ra—8. 222E-0Q0
+~a2. CE-1 Im 2. 741E-CL

Nyquist diagram of transfer function
(Real-Imaginary display)

LOCAL  LOCAL ARM
D DEE (Cole~-Cole plot)

+32. OE~+T

—32. E~Q
Cola—Cola
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LOCAL LOCAL +GND

Nichols chart: L*J L_thi__J

Application: Stability criterion in feedback system. (Stability
check of the gain whether the transfer function gain in

the open loop is less than 0 dB at -180°)

{(when closed

loop transfer function is.measured from open loop)}

4 SO0. OHx MG 29. 2248
a0 r - - T —EH AlS.Fddag
<8
o -
B =
=HoD»
d8Mag | i
1084 N
I -
-0
<8 n ) 1 1 J 4 E 1 1
~A400 Phaose (dag? +400

3 - 76
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-dBMag
n (dB)
Phase 0 - . -
(deg) . -2n n 0
-n //,//z Phase {deg)
Frequency (kHz) (Type 1)}
dBMag \\\\\&
(dB)
Frequency (kHz) dBMag
(dB)
— Bode diagram
-n 0 n
Phase (deg)
(Type 2)

Nichols chart

Figure 3-6 Phase Display of Nichols Chart

Table 3-4 Relation Between Display Range (deg) and Display Type

Display range (deg) | Gain factor of phase | Display type
=25 to  +25 x 8 Type 2
=50 to +50 X 4 Type 2
-100 .to +100 x 2 Type 2
=400 to -0 X1t Type 1
-400 to +400 / 2 ' Type 2
-800 to +800 /4 Type 2
-1600 to +1600 /8 Type 2
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3.1.9 Feedback Control System (Transfer Function in Open Loop to Closed Loop)

Hab —o0

Open loop system

He

Ho

+400
dag

Phoas

<2
=400
dag

=3
=8

-Helkam
d8Mag

1048

-2
=8

Closed loop system

Oparn—Loap FRF

The characteristics (=Hc) of closed loop are

estimated when feedback of unity gain is applied
to the open loop system shown in the left figure.
He
Ho

Ho/(1 + Ho)
Hc/(1 -~ Hc)

|

(1) Measurement of transfer function

To measure a high-resolution transfer
function, linear frequency analysis is
performed by sweeping swept sine of 80 lines
wide.*

LOCAL LOCAL +GND
[ ]mz[m ]: Display a Bode diagram.

T 7EOIOn= T T

L i

| L
LIN FREQCRH=x>

N
o

T T T T

LIN FREOCRHz>

* Punction, Open/Closed, (jw)®, Coherence blanking, and Equalize cannot
be performed on the results of logarithmic frequency analysis.
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(2) Nichols chart
LOCAL LOCAL  +GND

[_] Uvim I : Display a Nichols chart.

C

Ej yvellow

Display the vertical cursor. Check the
gain margin near -180°.

(Stability chec@

If open loop transfer function has Open-Lasp FAF
gain of 0 dB or less at -180°, it - . 14 4PB-AR= B ge-oees
iz stabilized when converted to == ' N

closed loop. - B |

el

dBMag
108/
—-20
=B i L L 4 1 L L 1 1
e Phose (dag) 400
1006 T T "3 -t T T T T T T
=B ¢
- L = -
|
om
]
o ! ﬁ -
3
; ;B -
Q
1
o
- ) -
| &=
. 1 A
_page [T TS e e —r e =
dBMag Gain margin -
- 4 -
1
- i -
i
20J8/ 1
- 1 -
1
]
=3 ’ =
]
=100 ]
1"} 1 L 1 1 L L L 1
—-403 Prose (dag? = -0, 0T

Figure 3-7 Phase Margin and Gain Margin on Nichols Chart
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(3} Transfer function from open loop to closed loop

LOCAL LOCAL +GND
OCE ]
FREQUENCY

C ] :

L

<>

SETUP oi5P
& [
TR uise,

13

Bode diagram
Display the "FUNCTION"

Move the pointer ()
Select "Ho/({1 + Ho)".

Move the pointer (L)

Set it to ON.

menu

to "OPEN/CLOSED".

to OFF.

The transfer function in loop

is computed and displaved.

If closed-loop transfer function
Hc is obtained from the
open~loop transfer function,

the data is annotated with <HZy>
on the leftmost graticule. You
can confirm with it that the
complex operation has been
executed.

If open-lcoop transfer function
is derived from the closed loop,
<HEy> will be displayed.

*400
dmgg

-Hay

Clomwd~Loop FRF

TER 12 oootfaH= ¢ =353

Piiasa

2
—400
dmy

S0
B

anSyn
=HBMagy

10dB.|

—-20
d8

3 - 80

/

L Il 1 1 A

I

N
Q

LIN FREQ CeH=z>
']
\

1 1 L I " N L

T T 1 T T

L 1
LIN FREQCC(H=>
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+
T Ho
Hc
Hc = Ho/ (1 + Ho) (1)
Ho = Hec/ (1 - Hc) (2)

(a) Direct-coupled feedback control system

1<} Ho
o
He
Hc = Ho/ (1 + Ho - Hm) (3)
Ho = He/ (1 - Hc « Hm) {4)
(b) Feedback control system Hec: Closed-loop transfer function

Ho: Open-loop transfer function
Hm: Transfer function of
feedback element

Figure 3-8 Transfer PFunction in Open/Closed Functions

Measurement of transfer function in the feedback control system, but

not in the direct-coupled feedback control system, requires in advance

the measurement of feedback element Hm and its saving into the buffer
STORE

memory by pressing [:::] in the VIEW section. Without this, complex

operation will not be executed even if OPEN/CLOSED is set to "ON,"
with the following displays blinking:

"NO TRANS FCTN IS STORED IN MEMORY"
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3.1.10 Observation of Damping Factor by Pre-envelope

e 4 S50. 0OHx 27. 2048

30 T ¥ T u T T * T T
B

(1) Measurement of transfer function

Transfer function is measured by
linear frequency analysis by
sweeping sine waves or swept
sine waves.

=Hab=

d8Mag TRANS. FCTN MAG.
: Gain of transfer
p—— , function. _

1ga8s D :" Stored in memory to
set the sweep fre-
st quency range at the

== o. |:|5|:|l ’ ' l.lIN FF!IEuckle) l I I 20 next measurement

Lmpeies Heaspomes <+ Pre—Envalops
ik okt _mTETes e (2) Damping factor of energy in the
' i full frequency span
MPUL, RESP.

: Impulse response.
. Inverse Fourier
. transform of

. PANEL transfer function.
AMALYSIS RECALL IMPUL, RESP.

1 It _JE_J):

4 Display the

SELECT LLE > "
| ADVANCED SEL P-ENVELOPE" menu.

anISAPLE™

-1. 00 1 L 1 1 A 1 1 1 1 . ANALYSIS CHAN
=10 LAG CmSECD 1= ] Ciri=A L
oAt
VIEW
DOMAIN
TIME *
Impulas Resporee + Pra—Envalopa FREGUENCY
P % 273. 4 uSEC 7. DEOE—-OBY
14, 1 r T T T ¥ T T T T
my
| ] {} Q : Move the pointer
i i (C>) to <DISABLE>.
- 4 Sefue ose. | 3 Set it to <ENABLE>,
42;\:’:- r
=3 O {} SETeP | ¢
- EXECUTE Set "ANALYSIS
2 AHALYSISD uT CHAN" to VIEW.
L : Pre—envelope for
sesl full freguency

o TIME (mSELY 10 span is displayed.

Figure 3-9 Damping Factor Over the Full Freguency Span
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DISF CTRL
~LOWER=
AUTD SCALE . .
= ot
oron moas ib_dlsplay Mag, press the following
TIvMe switches. '

Mag MAG.
Mag?
dEftag  Le

NICHOLS DISPLAY CTL
CISP GAIN

<dg/nxv> D: "DISP CTRL" menu

s -
10 o
DATA WINDOW O G SETUP {3
AUTG “
MANUAL
T - 1
STES Tad fnoow Move the pointer (C)) to Mag of

"DISP MODE".

Impules Rasporas * Pre—Envalops

-l . D0 T T T T T T T T
i ) Pre-envelope is defined as
- 1 Za (t) = Xa (t) + jXa (t)
1 where,
S IMPL G - -
u 1 Real part: Original time series.
- . In this example, impulse response.
i 1 Imaginary part: Hilbert transform
T of original real time series
—1. 0D, 1 1 Fl L L 1 1 1 t
10 LAG ¢mSEC> io (Xa (t)).

I Xa (£)

xa (8) = 5/ Pk aE

IMpulea Raspornse * Pre—Eoveloeps

Mag of pre-envelope, as shown below,

;4;1 T T T T T T T t T
i ] Za (£)2 = Xa (£)2 + Xa (t)?
- . uniquely gives the energy envelope
_ J of the original time series.
“«Zoow= [T -1
Mayg
D.BO- 7
v ey 1 ' ‘ 1 1 L L
a TIME CmSECY 10

Figure 3-10 How to Determine Pre—envelope
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(3) Damping factor for each "
resonance frequency <8

(:) Measurement of transfer
function
RECALL
: Display on CRT the_
transfer function aemeg

stored in memory.

SET REF.
ON/OFF

E : Set a sweep range

o using the cursors
SET AE - (See page 3-58).  -eo

LIN FREQ x> 20
Display the SINE or SWEPT
Impwl Ramn mEm * Pres~-Ervelopa
SIN_E menu. Move ti:le . maLTA Pnav.v;;sec 1. asERec PP
pointer to the "Fmin" item -1. 0O — R .

in the menu and place the L
vertical cursor to the
desired position to set
Fmin. i
Press SET REF key to make -
it the reference cursor.
Move the other cursor to
the Fmax position and
press SET X key to define
the sweep range between
the Fmin and Fmax.

~1. O
@ Damping factor of each ~10 LAG tmS2EY o
rescnance frequency Impulma Resporeas ¢ Pre-Ervelospa
[ s 097, 7HSEC a, oOosg—-04v

1. 41 T T T T —1F T T T T

Almost the same result is by
obtained in Figure 3-11 (a) i 7
as is the case of the full = .
frequency span measurement
(Figure 3-9). No great
difference is seen for the
impulse response between e
(b) and (c) in Figure 3-11 -
while the difference in L
energy damping is clarified
by the pre-envelope.

Vi L

s 1 L]
=] . TIME CmSEDD 10

Figure 3-11 (a) Damping Factor at
’ Regsonance Frequency
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Pk 7 VSQ. DH= 3. Q7<=
20 ¥ T T s T T T T
o8
==
dBMag i 4
IR-EEV 4
=-a0
dB 1 L ' 1 I 1 L L
3. QS0 LIN FREQCRH®D =20
Impulas Rospomesa + Pre—Esavoalopa
DELTA 58, AuSEC 1. S7sE+00 PR
1.0 u v v T ¥ Y T r v
- -4
g B !
= IMPLS: .,.T'f“"‘ I#Jm'l-
» +
—1. 00 1 1 1 1 Ll 1 L i
-1c LAG ¢mSELD 10
Impulea Raspones -+ Pra—Envelopa
Pi= S Aasl. GuUSEC 7. ARL4E=-04V
1. &1 T T T T T T T T T
my
=Zaas -
Mag
2. Q0|
v i Ji e ] 1 - V.
Q TIME CmSECS 1a
Figure 3-11 (b)

Pk 13 8S0O. CH= 11. 80d8
[ T T T T T r T T T
=8
o=
dBiMag L -
108/ -
-80
dB 1 1 A A
Q. Os0 LIN FREGCRH=> 2a
Impulesa Reaspornass + Pre-Ernvalopa
PEL.TA Ie. L RSEC i. 9S9E~QQ0 p-p
+1. OO T T T - T T T T T
* = tMPL S
—1. 00 1 1 i 1 1 I 1 I 1
-10 LAG CmSECY ta
Impwles Ruapasnes < Pre-Enrvalopa
Lad ol S 138, 7uSEC 7. SDEE-Q4 Y
1. 41 T T T T 12 T T T T
myV
~Zoar [ N
Mag
. o
W 1 i 1 L 1 1 1 A
a TIME CmSERD> 1S
‘
Figure 3-11 {c)
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3.1.11 Amplitude Control

The AMPLITUDE CTRL function controls the amplitude of the sine wave
{or swept sine wave for sweeping) from the TR98201 signal generator.
By controlling- the amplitude, the power spectrum being observed

" through a specified.channel is made constant and flat.

By making the input amplitude constant, a transfer function of DUT,
which is sensitive to the measuring conditions, can be observed with a
good reproducibility. Also a transfer function at a specific
amplitude of nonlinear DUT, which depends on the amplitude of the
input signal, can be measured.

(1) Comparison of Characteristics Between Microphones

A differential gain and a differential phase between the standard
microphone and a microphone to be tested are obtained. 1In this
measurement, measure a transfer function while making the power
spectrum to be observed with the standard microphone flat with
AMPLITUDE CTRL.

TR9407

Mic to be Speaker
measured

: '\Q\

Standard Mic

)]

Power amp

Figure 3-12 Setup for Comparison of Characteristics Between Microphones
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(:) Input sensitivity range
{i) Generate a multi-sine wave from the signal generator.

(ii) Determine the measuring sensitivity range by averaging.

-447 P! T Sa. bRz ' T ToaE, 5dav N
my The power spectrum of the multi-
" sine wave itself is almost flat.
st dui] -
% | | il
wda?
mv L L 1 1 1 I 1 1 1
D TIME(mSEC) 40
-ID s T L] T T L) T T L] T
ey | -
Saa i 7
=BMag
1048 7
=80 8 1
d8yv a Al L L 1 L i L
0. 025 LIN FREQ (xH=> bR =]
SSPECTRUM
SZERD BTART
. 4 GO0, GOM= 50, 918y Sheroenn The output power spectrum from
v an-Sz the microphones are ragged,
varying by about 13 dB.
p— v v T v T t g T I1/0 SELECT
dBv | 4 = SIGNAL .
- - FUNCTIamN
MULTI-SIMNE
=Cbbo» | 41 AMPLITUDE
cBMay W 20. GE-2 Vpp
I DFFSET
10:}5/_ ] -0G. DE—-O V
-120 QUTPUT MODE
aBv N . . . . . . \ N CONT
n. 02% LIN FREDHHE 10 SYNC OuUT
—-s0 ¥ T T T T T T FER 1 FRAME
«<BY L . J INTERVAL TIME
« 2 SEC
b - QUTPUT FRAME
“Gaaw [~ - RANGE CTRL
dEMay W"/.\/\«-’N——\ NORMAL
L, b SEQUENCE
1 OB -
-120 | b
[=i-1" L L i
Q. g2s LIN FREQ (GoH=) 10

Take measurements with a sensitivity range of —-60 dBV for both
channels.
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(:) Measuring the transfer function of the analyzer

To prevent the analog system
of the analyzer itself from
influencing the measurements,

measure the transfer function EEEETeo:
of the analyzer for the later Egggﬂﬂdﬂéi
execution of EQUALIZATION. e
@D@anﬂl

[t
{i) Make the.connection shown - ‘ éggggpg;ggh
on the right. h

{(ii) Measure the transfer < =

function of the FFT L I x| = EﬂL
analyzer. i

TRANS. FCTH T — “I
(111) (B_]: Display a s,
measured transfer —

function.
STORE
(iv) E (MEMORY)

: Store the measured transfer function in MEMORY.
{v) Return the connection to the original state.

(3) AMPLITUDE CONTROL Aoyancen seLecT

PANEL =ENADLE>
ANALYSIS RECALL CCOHERENCE ANALYSIE LINE
(1) CJ1E 1F |° sena s
o Shima: MANAL

Display the "SERVO" menu. YEI g NG ETRL

SC QFERATION
ON—AVE

g . | N
i) [ 5 14 5 s | | oo | AvE Nomazn

A
AVEG PROCESS

Set "SENS CTRL" to "MANUAL" AMPLITLOE cTRL
to perform "EQUALIZE". : STRL LEvEL

-62, DxZ. O «Aav
OvER LEVEL ¢Vpg)
CH=A:+02, DE~3
CH—8x+03. DE~3

(iii) O G ' SETUP i OVER % SERVIGCE
SKIP

Set "SG OPERATION" to "ON~AVG". (The signal is made to
generate only during averaging to ensure quiet operation.)

{iv) 'O {} , |SEw| [ ose|: Set “"AMPLITUDE CTRL" to "CH-A:CONST".

(v) .{:} {:} : Use the keys with green numerals.

Enter the following data in the frequency domain for
"CTRL LEVEL(F)".

First 3 digits for Control amplitude value;

2 digits after + for Error allowance
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(vi) {} G SETUP ase. } :  Set "OVER & SERVICE" to "SKIP".

Measurement of those frequenciés whose amplitude
cannot be controlled is skipped.

(vii) {} G , | S USh... Set SERVO to <ENABLE).

1/0 RECALL C. 0. P .
(viii) | ”l:l ] [r:: ]: Display the "SINE" menu.
P .

ADVAMCED EXECUTE Set Fmin, max' and STEP.
ANALYSIS START

(ix) DE}: D: Measurement starts.

SSPECTRUM

SSERS “START Power spectrum of input channel is
Pl 7 450, 0O0OMH= -80. 748V WAL S =GN

eFREE RLN almost flat.

*AVE 44

=50 N N v M N 1/0 SELECT
odByY » SIGNAL G.

A FLUNCTION
INE

=
=G = = FREQ <LINE>
dBMag CURSOR

1
10a8-] AMPLITUDE

~120 43, 1E—~1 Vpp
dav " L " i

parYe ] T T
«=Bv L LIN SWEEF

3 . 4 PER 1 CYCLE
el et i S f It it Bl TMTERVAL TIME
“Caox -2 SEC
dBMayg OUTPUT CYCLE
1
108/ LINE CTRL
=120 [ . Fmin s 1
d8v - Fmax « 400
STEF « 1
BIREC: L=L DISPLAY CTL
RANGE: NRRMAL

szgusm:s D. Display the "DISP CTRL n
menu. ’

DISF CTRL UPPER/LOWER
*UPPER™

AUTO SCALE E Change the display gain
Ve for the lower screen

Mag

';'E;%‘.Z.g um G Q stwe | . 2 @B/div

NICHOLS
QISP GAIN
CA8-0IVY
- 2

PPER/
L 3 LOWE: Change the display gain

=
ie for the upper screen

CATA WINDOW

AUTD " !

MANU .
STEP <B. W L NOGW) SETWP | 2 2 dB/div

81024
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Pk

7 [+30. fon= —gG. o7 J=v

3.1 FREQUENCY RESPONSE ANALYSIS.

GRATICULE

. Display the graticules to
use the scale for
verification.

Flat, within + 2 4B

Bode diagram of transfer function
Display the "FUNCTION" menu.

Set "EQUALIZE" to "ON".
<HRy> is displayed at the left of

The influence of the transfer function of
the measuring system, which is stored in

is removed from a measured

transfer function.

«B3Y
i N PN \
I AW w VI 1A
ZdBs 1 AL | Y
~ad
da8ay
C. O=% LINM FREQChkH=z? e
~74 #
<8V
<caon N Ty
dBMag w W [w1 llvl-\,l i ‘H
2d8s
~-ea
a8y
0. D25 LIM FRERQ CxiHa) 1o
(:) Equalize
LOCAL LOCAL +GND
wJOE] -
FUNCYION
(ii) :
(1i1) | LB [ ] | sene |
graticule.
the memory,
FUNCTION
oFF
-l
OPE:;CLQSED _:Eéu o

Ha/ ¢1=Ha

Kt

OFF ATH=A
OFF/CH-2

P P
AFF/CH=—A
OFF/CH-8

W CVIEW € jwd " -

ECQUALIZE

= QN

COH BlLANK

OFF
OVERALL
OFF

TRENO REMOVAL
QFF /A CTH—A
OFF /CH~B8

SMOOTHING

aFrF

TIes. BoH= | 4 TZ. OodB

wHEy
dBMag
adas

—=
i)

LIN FREQC=H=> 1a

Difference in gain and phase between the microphones is now

ohtained.
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3.1.12 Use of Memory Function of the Signal Generator

As an example of using the memory of the signal generator (TR98201).,
this section describes equalizing the frequency response of an
exciter. For the generation of signals computed in the computer, see
GPIB programming example in Section 7. ’

mpnt ) o]l

,Bﬂtxﬂﬂﬁczg
o o)

{1) Equalization of an Exciter

(:) Measurement of transfer function

The frequency response of
trangfer function of an
exciter is not flat.

—

Apply the input reverse in : - aaji“;?__i
response to keep the transfer 30865
S—) [l

function of the exciter flat.

FRF af Vibrasiamn Exdsitarc
Fix 21 3A7SE, OH= ~?t. D248

-10 . r . S . . Channel A: Input to the exciter
8

L 4 Channel B: Excitation power

Figure 3—-13 Measurement of the
Transfer Punction of
the Exciter

o=
dBMag

1048/

=70
<8 1 L i 1

L . £
a.- 12% LIN FREQC=Hz> =0

Figure 3-14 Transfer Function of Vibration Exciter
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(@ Equalization

(i) Output multi-sine wave via the signal generator.

a0TH
(i) E: Dual display FUNETION
DISPLAY  ¢h a/CH. B avG MODE SPECTRUM _ REAL Sy
(111) UPPER/LOWE? [- ] [ ] [. ] , l- I . . upggé:;nsen
A
Upper screen: Real part of input spectrum ' _dg’%z%g:é
JUPPER/LOWER TRANS. FCTN OF F/SH—A

OFF /TH—8

w0 B ) E): g

2 . COH BLANK
Lower screen: Gain of transfer function ==
FUNCTION Tﬁgﬁg REMOV AL
) [_]: "FuNCTION" menu is displayed. ' o Jer-a
SMOQTHING

OFF

{vi} O G s | semoe otsp. | 3

Move the pointer ()} to "FUNCTION". Select <U/L>.
Sx is displayed to the left of y-axis as a result of operation of
{complex spectrum Sa)/{(Transfer function <Hab>}.

(vii) G O g | sEue| | mse g:

Change "FUNCTION" from "OFF" to "ON".

Multi=Sina

+4 47 Pl T 250, 8RR T T —ad4f7dBV
mv

1 WWWW
—dd47T
my I 1 1
o TINECMSEC3 a
-10 =T T T T T T T T T
dBY -~ =
b o
Gaog
d9Mag [~ .
108/ = -
=100 7 -
<BYv . L L L L L 1 L A
o, 125 LIN FRED{kHEY =0

Figure 3-15 Multi-Sine Time Waveform and Spectrum

3 - 92 May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

3.1 FREQUENCY RESPONSE ANALYSIS

FFT Muitri=Sinad /-Hab=
+~@. 89 Tk T 21 375 axx T —=Z1.oza8 |
v

= PN

0. 12% L.IN FRED(th) L 1=1
d L T T

lIiIllIl.L

dB L 1 : L L L L l i
. 125 LIN FREQCCkH=23> =0

FFTMulei-Sirad A~sb-
-3 aa " P ¥ 44 125.0H= ' T TZ1. 8dev !

L | Al J
Reverse sa I(\ ]
characteristics R=ad ' Aol ! 1

P S ST s T
t
>

SO
dBay

1 '
D. 125 - LINM FREQCHRHZ) . E1=3

= A/B
Figure 3-16 Computed Result of (COMPLEX SPECT)/(TRAN_S.FCTN)

STORE
{(viii) E Store the data in memory
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C) Inverse Fourier transform

To recall the data from memory and transfer it to memory in the signal
generator, it must be converted to time domain data for display.

MECALL
(i) [:::] {MEMORY) : Display the data stored in memory. ‘arse ertRL
DISPLAY CTL A:#EWEE:LE
[=10]
{ii) | : Display the "DISP CTRL" menu. Risk Mooe
, Meg,
3o+ I
(i) (LW [ snwl os | : Set "DISP MODE" to TIME. =
: | NIEHOLS
UISF GAIN
AR -/OTVY
2
5
IEFTRFET (Multi—-51nad /=sHab») 1o L
RBELTA B01l. SSEUSET 2. 44E-O2V p—p DATA WINDOW
AUTD o

MAMNUAL
STER (T. WINDOW>
10241024

1 1 L L
TIME ¢mSECY a

Figure 3-17 IFFT of the Prequency Domain Data Recalled from Memory

NOTE

If complex spectra Sa and Sb are to be stored in memory, and then
recalled from memory for an inverse Fourier transform, the data stored in
memory must be real part, imaginary part, or phase data. If magnitude
{Mag) data from a magnitude (Mag) display {in the lower display if in
dual display mode) is stored in memory, inverse Fourier transforms cannot
be performed on the corresponding frequency data recalled from the memory.
In <Hab>, Gab, or <Gab>, the data stored in memory may be real part,
imaginary part, phase, or magnitude data. If an inverse Fourier
transform is to be executed on Erequency domain data <Sa> or <S8b>, it is
necessary to first set the averaging mode to "COMPLEX SPECT" and execute
averaging.
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1/0 SELECT
SIGNAL G.

@ Transfer to memory in the signal generator FUNCTION
PANE] > MEMORY
[7{s] RECALL TRANS, FCTN AMPLITUOE

) . . 3. BE—~1 V
(i) G e O |w|:' I : "MEMORY" menu is dlsplayed- ur-'gggiE_o :p

auTPUT MOGE
aONT

Ci
(ii) O G s |sewe] | ose |t Set "READ/WRITE" to WRITE. STRERTT _Frame

INTERVAL TIME
=)

.0 SEC
OUTPUT FRAME
P EXECUTI
(iii) 1/0 UTE : Transfer RE:D/WRITE_
—-WRITE
FILTER
. . OFF
@ Generation of signal RANGE CTRL
OPERATE SEEUENCE
i- : Start to generate signals transferred to the memory.
Gbb: Exciter output is almost flat.
IFFTAFFET (Multi=S1inad /<Hah=)
-10 TP 21 Sch.0H= T T IgE aaev | |
cav
Gaa
dEMag
10,
-100
aBY " L N " L i " .
o.12s | LIN FRED ChHx) =0
- T T T % T T T T T
<aBv - -
L i
Gbi W
BMay =
1oda/L ’ 4
-1m0 [ 4
oav ) : ; ; . . .

. ;
o. 12 LIN FREQD Mz

a
a

Using transfer function sweeping only in the narrow band increases the
degree of flatness. ' :

IFFTCFFT CMulti-Simal /=<Hab>)

-10 TPR T 17 375/ oHx T T ~Ed, acav !
BV

Tac
dBHag

10d8~

=-10a [
dav 1 L ) 1 1 I i i

. 125 LIN FREQ GxH=)

ma r r —f— T T v ¥

anv

Gbha
JBMag

1048/

4
llgtllllﬂ[_

1

~-150 [~
dBv

[= P -1 ] LIN FREQ GeH=> S0
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(6) Application of excitation to DUT

P et DDE‘J&I&E
=nsniial R
@,Eli:n’:sx:tlﬁ-’ﬁlz:v
[l el fe ! i ||
ﬂ - 2 (ELOAAn T
. Eﬁ =g 3] E,'J-ﬂ'ﬂ

@5 @@@ﬂﬂ 2 |
r-ouannali T ] e e
= ponios|SEgles

T :fa:’1 = ——e
ﬂ i DN RN
b ol Y

I

Figure 3-18 Application of Excitation to DUT
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3.2 TRANSFER FUNCTION MEASUREMENT BY IMPULSE METHOD

START

Preparation for measurement

{Setup of equipment: See below)

See averaging conditions

Set frequency range

Set input sensitivity

Set trigger conditions

Charge amplifiers

Start averaging with AUTO ARM

Execute averaging by applying

impulses with hammer -

END

F

OEELH

o~
=
-

o] CABE Tl
= ”@@@ﬁi"é’%
= (O Yy
[ateegee =T =) (ol olat ESEH
Bom|oeEosia

AT fetriy i sase i

=

b i el T g9

?ﬁ —— [

l 2573 % T I aa

CH=-A CH-B

""""" i

] ]

Vo]

1 O :

n LR J T

. 1 g ]
Mechanical 1 1
structure — i
under test \ '5" '
{DUT) H '
LX) ’

H 1

] ——— 1

L }

Load cell

Hammer {pulse source)

Figure 3-19 Transfer Function Measurement by Hammering
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START

BOTH
mode for dual
display?

e -
YES Se sxnglemgjsplay mode by

pressing E:::]in VIEW
section

TIME

Press E in VIEW

section.

CH A/CH. B X
NO DPress in VIEW section

displ d ight
splayed at upper rig to switch its lamp on

ON/OFF ) .
Press to switch its
in ZOOM section

set toc OFF? lamp off. (Zero Start mode)

o
FREQUENCY

NO Press[:::Jin SETUP

section

FREQ
RANGE menu being
displayed?
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Change frequency range

using ﬁi}l >

in SETUP section

Optimum
frequency range?

Press o™ in SETUP

section

To check CH. A
sensitivity, strike
DUT with hammer

CH. A

f s YES Press 'y in SETUP?
input sensitivity too ‘

high? section
. cH. A YES Press [~| in SETUP
input sensitivity too
low? section

SENS. 8

Prass G in SETUP

section

3 - 99 May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

3.2 TRANSFER FUNCTION MEASUREMENT BY IMPULSE METHOD

To check CH. B
sensitivity, strike
DUT with hammer

Press |5 key in SETUP

input sensitivity toco

section

Pressl4:} key in SETUP

gsection

input sensitivity too

If BEEP ON TRIGGER is. set to CN,

FFT analyzer, when triggered,’
trigger condition _ will sound the audible tene. You can
increment an averaging using

' "+1 AVG" in the AVG MODE menu

ARM |

(when is used).
Set cursor intersection
using ¢ C fen)

TRIG. MODE
Press then set

Note: Position the wertical cursor
as close to the left graticule
border as possible to enable
longer observation of response
in the frame time.

- SET X
Press

L]

Presg MIOAM {n DRIG—

GER section to switch
it on
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For averaging in combination

ARM
Press NGMODE - onTup with El , set "AVG PROCESS:
+1 AVG."

secticn and set average
mode [normally SUM (N)]

Position pointer under-

CROSS+
POWER set for AVG
WHAT? i

NO
neath AVG WHAT? using

< iC’ in SETUP section.

YES

Repeatedly press'mm or

g« {until CROSS+

POWER is displayed
|

Position pointer
underneath
AVG NUMBER

Proper
AVG NUMBER?

YES
Set required number by
WGT/SCALING | using
PressB in SETUP
. {mﬂ' or[ﬁw
section
]

Set pointer to RECT

u‘1sj_ng ‘G Lgl

RECT set for
WEIGHTING?

Set RECT by pressing

SETUP
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SAVING DATA ON FLOPPY

Use the following procedure to repéat the

Start averaging by measurements in loops in which averaging

EMASE START is started with AUTO ARM and, each time )
pressing D Din AVER- the averaging is ended, the transfer function
AGE CONTROL section is written to the floppy, and the averaging

is started again. .

C) set up floppy menu.
MODE: WRITE

WRITE MODE: ORIGIN
WRITE TRIG: AVGED
AUTO ARM

Averaging
ended (for example,
AVG 64/64
displayed)?

Display transfer function.

TRANS. FCTN START .
Press E in VIEW D START averaging.
section

@
C) Setup on the floppy disk recorder.
@
®

Strike DUT with a hammer. -,
AUTO START/STOP WRITE .
|- I |I I ]

|
BOTH
Press E] in VIEW LOCAL  LOGAL +GNO

section (] [ [F_]moce ;iiagra'm display.

Press 22— in DISPLAY

section (magnitude is
selected for display on
lowerhalf screen)

UPPER

SLOWER . m—
Presslﬁ:] in DISPLAY Press % in DISPLAY

section (UPPER ON) section (phase is

selected for display on
upper-half screen)

i
TRANS.

FCTN .
Press E] in VIEW

secticn END

l
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3.3 TRANSFER FUNCTION MEASUREMENT BY USE OF IMPULSE WAVEFORM

AC /DG =GND
@ E:] Select DC coupling for both channels A and B
WGT/SCALING
() Move the pointer to RECT (for rectangular}, then select
G T the rectangular weighting function by pressing the SETUP
key-.
TG MODE Move the pointer to CH.A (for channel A) under TRIGGER
@ SOURCE, then press the SETUP key.
] cis) Also, set SLOPE to <+>.
C) Display the horizontal cursor and vertical cursor on the
CRT. '
{:} Move the two cursors to the proper trigger level and
trigger position by manipulating the four arrow-marked
SET X keys in the GENERAL CURSOR section. .
C) Set the cursor trigger values {The cursor | frequenay range | Pulse width (T)
intersection represents the trigger point.) 1 Mz 590 na
(D apply a pulse, taking note of the pulse width (width 500 ktiz T

equivalent to 1 to 2 points in the time data) 200 kiz 28 ue

100 kHz 5 us
determined by the frequency range (see the table on 50 kHe 10 us
the right.) 20 iz 25 us
AUTO ARM . ARM 10 kHz 50 us

E {or E if "+1 AVG" mode has been set} 5 kiz 100 us

2 kHz 250 p=

AYG MODE 1 kHz 500 us

© [:) Select CROSS + POWER for AVG WHAT?, and

500 Hz 1 ms
— CROSS for AVG CHANNEL. 200 b2 2.5 ns
(0 [:j Start averaging. : 100 B 5 ma

50 Hz 10 ms
FTRANS. FCTN
20 Hz 25 ms

Display the transfer function.

Pilse width having /2 T (Hz) band

SFATE YARIABLE BANOPRSS OUTFUT
STRTE YARIAGLE BANDPASS AUTPUT aam

Ll 1 B87_SGHx ~1.3dsy Fk 2 000.00Hs -8.0dsy

Mttt

i ok
'ig SﬂU.HCE IS IMPULSE (AYG=84) 'ig i SOURCE 18 1WPULSE (AVE=1? ]
-200 -300
dvy L L L " 1 : ! 2 N day " . " L L s L L L
0.012 LIN FREUL(kHz) H 0.012 - LIH FREGIkNz] 5
Transfer function display by Transfer function display after
application of one pulse 64 ensemble averages

(magnitude and phase are
super imposed.)

Fiéure 3-20 Transfer Function Measurement by Impulse Method
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3.4 ZOOMING MODE FOR TRANSFER FUNCTION MEASUREMENT

A complicated structure has various resonances and antiresonances. By use
of the zooming mode, transfer function of high resolution can be measured
with the resonance frequency being centered, which has been identified by
cursor in "Zero-Start" measurement.

@ With 2ZOOM set to OFF, make 16 averages (CROSS + POWER) and measure the
transfer function of the entire frequency range. (Set the BOTH mode
to display the magnitude on the top trace and the phase on the bottom
trace.) (See the plots on the following page.)

SPECTRUM
@ E] Present spectrum display

screen and move it to the peak of the spectrum. (If the

UPPER
SLOWER
@ E] D Let the vertical cursor appear on the upper half of the
[:> cursor key is off, the peak is automatically searched.)

Set trigger condition as ARM LENGTH

AVG MODE
® | | AVG WHAT?: CROSS + POWER
: AVG CHANNEL: CROSS

@ ZOOM ON. The vertical cursor is positioned at the center of the CRT.

EFAND WIDTH

@ Set the zoom factor, for example, to x4; the resolution

) . .
is expanded four-fold on both sides of the cursor.
START

D Start averaging.

TRANS. FCTN

9 zooM OFF

@ Set the vertical cursor on the upper half of the screen to the minimum
gain of the waveform (in the same way as explained in step 3).
SPECTRUM

@3 Set zOOM to ON, then set the proper zoom factor.
AUTO APM
STAAT

@ D Perform averaging.
TRANS. FCTN

Ol il
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L]

20 8 /3l UHz !

dB

<Hub>
dBMug

1048/|

~80.
d8

- ]

' ~od.2deg

1

LI

LIN FREO(kHz)

™

L

+200 v
deg

<Hab>a

Phuss

o

-200

K} L i

T ¥

i

dep

0.057

Zooming on in the
resonance frequency

1 1 1
LIN FRERI(kHz)

/

Zooming on in the
aitiresonance

L 1
\\\\\\\33\\

20 T T T JSUTURR ! T L1 T Cr R 20
atubr =
dAneg L : ::;::
1040/ ] 1048/
=80 | p -
48 . " . . " “
ATART LIN FREQ sTor
+200 r T v T ~r T 2
deg L -1 .J?s
<Hab bl - -
Ph:.o"\\ ] ;::::-
=100 }F [ ~200
dee " N . " . . L N dey
START LIN FREQ sTor
4 250.00 Hx Tad 6 250.00 M2
¢ 250,00 He dnd 9 250.00 Mz

Figure 3-21
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3.5 INTERCHANNEL DELAY COMPENSATION FOR TRANSFER: FUNCTION MEASUREMENT

If there is a time lag between the input and output signals, a portion of
each signal corresponds to data in the other signal outside the frame
time, resulting in -an erronecusly low estimate of the coherence function
and random error in transfer function measurement becomes large. To
correct such a time lag and make accurate transfer function measurement,

shift one of the signals in time domain by proper interchannel delay.
AUTO-CORR. IMPUL. RESP,

CROSS SPECT
or |- I or l- I
- Normally, because the waveform peak value is set as the
interchannel delay, press this key with the cursor off (which
assumes the auto peak search mode). To set a different value
than a peak value, switch the vertical cursor on, move it as

SET X
desired time lag, then press [:::].

SEY X

If the frequency analysis range is changed, the interchannel
delay is reset to 0.

Interchannel delay can also be set up by the "INTERCHAN DELAY" in the TRIG
MODE menu.

Use | oise. | or | s=mwr ] to set the values between the points -1024 to 1024.
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3.6

COHERENCE FUNCTION AND COHERENCE BLANKING

When measuring a transfer function, it is important to check the coherence
function as well. Coherence function is a value lying between 0 and 1.0

that gives an unambiguocus indication of the cause-and-effect relationship
between input and output.

The coherence function is particularly useful when investigating
cause-and-effect relationships in multiple-input systems. It gives a

measure of how much output power at a frequency can be attributed to each
input source.

A value of 1.0 indicates a perfectly linear relation uncontaminated by
noise between input and output.
BOTH

™ E’ Set the BOTH mode

UPPER
@ : The same
display is
) T Display the transfer function on the | obtained if
top trace LOCAL LOCAL AC /DC

D s e

@ COHERENCE Display the coherence function con the
bottom trace.

@ [mf'i Display the FUNCTION menu, move the pointer to COH BLANK

{the pointer blinks), then press the SETUP or DISP key to
set the COH BLANK mode.
cis)

@ Let the horizental cursor appear on the CRT, then move it
to the value where coherence blanking is to be made.

B Press this key to set the coherence blanking value; the
portions of trace under coherence function blanking value
are eliminated from the display.

*COERENCE
SCH—B /A CAVE)
*ZERD START

—cam Ao omx oy EEEEEIEE_‘E::; Coherence blanking is started
AVE Barpe Only the transfer function portions
0 [d
“h ] e above the coherence of 0.746 are
— | ] wép:?é:es:n displayed with the lower-cocherence
oy e emes - Dortions eliminated (top trace).
':2 L ] -J;;g:En-a
Q. 230 LIN FRED Cnmz) 1 OO -33:.:;',:_:-" . . .
s Y 7 T arrien-a Coherence function with portions ncot
] ; = T'yiFe 77t higher than 0.746 eliminated ({bottom
- WAL T
i b 592‘:._...‘ trace).
- b an:ALL
I orE
-3 TREWND REMOVAL
o, 230 LIN FRED Cmmmy 00 DFF /CH-A

SMOCTMING
CFF

Figure 3-22 Coherence Blanking
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4,1 TONE BURST

4.

2-CHANNEL MEASUREMENTS

| TONE BURST

Two conventional methods for evaluating the transient characteristics of
acoustic devices such as speakers are:

{1) Tone burst
(2) Cumulative spectrum

These methods have several drawbacks. Generating the tone burst is not
simple and measurement is ambiguous because of the relativity of wave
positions for determining rise and fall characteristics; the cumulative
spectrum method is poor in reproducibility and difficult in quantitative
analysis.

{3) New measurement method by tone burst and pre-envelope

Sine waves are applied to the speaker from the signal generator and
pre-envelope is determined from the output waveforms. The energy envelope
uniquely determined from the pre—envelope information is self-explanatory
like the power spectrum, easy to obtain, and its rise and fall
characteristics are c¢learly definable.

In the production line, the energy envelope can also be checked for
predetermined frequencies,

nn i
0 4 vl

o
it

o)

STlEse
e =

-a= aangiﬁéﬁiga [*C:::j( ) <§§§
| fﬂ__ﬂﬁ — ?§;§7§D Mu#ophone‘
by s =&S = @L Speaker
el . L__:Lfich. ]

om } 218 =
el
ach. L] Stgnal Generator Qutput

Ioui! {3
i)
EEEE]
15|u’8
Ao
n0g

|

Figure 4-1 Transient response characteristics test of a speaker
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4.1 TONE BURST

Perform 4-decade logarithmic frequency analysis by sweeping swept sine
{3SS scheme)} in the narrow band.
ADVANCED

LOCAL LOCAL  ANALYSIS
[ ][ ] [ _J (For logarithmic sweep) [3.1.5 (8}]
SENS. A 4 SEMS. B

- Set to auto range.

PANEL.

/0 RECALL auTo-cOmA.  Set up amplitude.
[ II- I‘Ju I
START

) a
l I Measurement is started. i

Spearer
P 14 2EQ, Q= -7, 40adB

(a) throuagh (c) shows the transfer
function of the speaker.

Group delay is important since '@l .. e e
an abrupt change Of Phase [~ -5 Lo FREQ CGxH=x) i1ao
exerting a large affect on sound
quality can be detected. _ {a) Amplitude characteristics
. "TRANS. FCTN MAG.
Epmaer Sawcrt
(o] 1S, Okx 48, 547 =EEC : L] 14 ZS0O.0OH= =4 QU8. 7Scag
e, PTTTTTTIT T YT T T +a2%. a LI s T YT TP Tt
—SEC E-aceg |-
a1 -1 o ey: -
Glhmlay Ea CT Y
" - -
e -t -
si1aa
-a7. 3 ' ’ ’ —zs.s-
mEET — i PSRRI erded L1 L FETT E=3ciag b bk 2 Likid Ll b i
o @0 LDG FRER Cimd 100 g. 010 LOG FREQ Cit=) 168
{b) Group delay (c} Unwrapped phase

(Set to <ENABLE> with TRANS. FCTN  PHASE  REF/GAIN

e WS .. EJEIJEDLD)
CIEJE]

and execute.)
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4.1 TONE BURST

@ Generate tone burst (i) m E c.o.p

Display the sine menu.

-l.-;l_ [+ A 17 1a :nns = T A BPE—BLY pmm i
- ' 4 (ii) Set fregquency range and amplitude.
* A 1+ (iii) O {}  OUTPUT MODE:
L < MANUAL
r . PHASE : Set start and stop
L e 1 phases.
a TIME CmSESD -~
——u T APM AUTO ARM
i ] w B B
. h| Set trigger conditions by the
- - cursors.
casr b : {v) Set output cycle (8 in this case).

mv

. N ; :
TIME CnBREED 4

PAUSE
(vi) E Pressing the PAUSE switch in the signal generator outputs
sine waves of the specified cycle. The upper figure shows
the input waveforms of a tone burst and the lower shows the
output waveforms.

@ Determining pre-envelope from the above waveform gives the damplng

time and distribution of energy in the time domain.
ADVANCED

(i) D E] E::] Displays P-ENVELOPE menu.
v
(ii) G l{}l Set ANALYSIS CHAN to CH-B and <DISABLE> to <ENABLE>.

{iii) Press the EXECUTE switch of ADVANCED ANALYSIS.

Spapas
|1 OIS, BZUSEC A= —i.SLE-01V
Im 8. BERE-0ZV

Spmolrme

Lo rd
my

-kl T
my

I -
Real

™1 Ui%, SEuREC ' V=13l Saav w2 Edry

L
TIME <mSECY 2

-7
aav

o
dBMag
1QeaB.-|

—a7
L=\

o

i I —Z Rl
TIME CmEECY = UNITs v NYQUELST L TN

Pre-envelope Nyquist display of pre-envelope
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4.2 PCM TRANSMIT/RECEIVE FILTER

In telephone line, the voice of analog quantity passes through a transmit
filter (band-pass filter), then it is converted into PCM codes by the
encoder (A/D conversion) of codec and transmitted., The received PCM code
is D/A converted into analog signals via the decoder of codec and returned
to voice signals through a receive filter (low-pass filter).

The transmit filter is a bandpass filter comprising of a low-pass filter
providing the anti-aliasing capability necessary for the B kHz sampling
system and a high-pass filter eliminating the ham components of 50/60 Hz.

The receive filter is a low-pass filter for smoothing the decoder output
(PAM output of D/A converter) of codec, '

PBXICentral Exchange/Channal Bank

—— — — = — — = = = = = = = — — =
|
| S
l Off-hook/Dial pulses . T /1
|
| Supervision I N
Protection } N l
I Hybrid T:mxmft filver I
| awiaw 1—1 :' CODER I " l
g (Comvertee] V| — ——] l
| Power Recelve filter | l
: il - 1| DECODER J |
l - | |
L | |
| _
I Ringing l
I PGCM Highways
Ring control . l
L o L o o o 4
@

Figure 4-2 Typical Application of Codec and Filter

Figure 4-3 shows the transfer characteristics of transmit filter. For a
bandpass filter whose pass band is 300 to 3200 Hz, the gain values
relative to gain at 1 kHz are given.
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~0.125dB. 0. 125a8,
300H: i SN I D A I e S A000HE .0.034R g
%] ' 2308 A Joane £
stoMs \.6.\‘\25\;;?\\\:\\\\\‘-- RCECRCNE R gty *0. 148, 3400HT E
1=} 300Hz B
[
b
2 -1.848, 20041 TypiCAL TRANSMIT FILTER  3400HL
’ } TRANSFER FUNCTION
- AR ANRANNNANN L S S e NN
- ] SIS, o T T T S TTTI s
r 4 p
i z,
o p
L 9
' -10= “ ]
< Y
) 7 .
] -2008. BOHI 7
- . . 1668, 100Mzf/ :
g P N 1848, :é 7
E ) /
£ \wmm TRANSMIT FILTER A
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l
.40 7 z
7
74
A
50 7
7 %
Z 7
e T T T I
so[m ‘|0IOH: 260": ; ' Coh lllulm AkHz : 1DMMI
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Figure 4-3 Transmit Filter Transfer Characteristics
o Traeawmit LESS T o
1 0Tg. OW=

10 YT TTTIT

LS FREQ Cmta) 100

Figure 4=-4 Transmit Filter Transfer Function by Swept Sine Sweep
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4,2 PCM TRANSMIT/RECEIVE FILTER

Figure 4-4 shows the transfer function the transmit filter measured by
sweeping swept sine wave.

(:) Set the engineering unit so that the gain value at 1 kHz is 0 ABEU.

Position the vertical cursor at 1 kHz.

K

:

J

Set DISP MODE to dBMag.

5
:
]

Set to the CURSOR mode,
Move the pointer () to CURSOR = and set 000.0 4dBEU. Set
CURSOR OFF to CURSOR ON. (Figure 4-4)

Move the cursor to the frequency of (frequency, gain value) in
Figure 4-3 from the high—-frequency side and set it to
SET REF.

reference with [:::].

O O

List the relative values for gain value at 1 kHz. (Figure 4-5)
Figure 4-6 shows the phase display (unwrapped phase} and group
delay of the same transfer function.

5

## TR9407 DIGITAL SPECTRUM ANALYZER ##
TRANS FCTN
Frequency dBMag
HzZ dBEU

SET NO. 1 60.0 -31.49

2 100.0 -16,55

3 200.0 -1.28

4 300.0 ~-0.09

5 3000.0 0.02

6 3300.0 -0.05

7 3400.0 -0.45

8 4000.0 -15.02

9 4600.0 =-62,63

Figure 4-5 Relative Values for Gain Value at 1 kHz

LOCK S
@ Press I: l to all clear the set references (with the state of E).
[o X ]

Figure 4-7 shows the transfer function of receive filter.
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4.2 PCM TRANSMIT/RECEIVE FILTER

wla B0
Evicwg

I Y

1o

o. gic

PCM Traremits Filese
IG. OMm S, a1l 4

LRASL] =TT T T T

- -4

= )
i, S
mEEC L

Q. 918

Tl [ W EE T Al 302 20228 4

LOT FRED Chbtmd

hd A S bAL

100,
Figure 4-6 Phase and Group Delay of PCM Transmit Filter

LM Rmeomive il
3 273 Okx

T=TTTTTTr T =TTy T

L 2. 30ae

3
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wiilvagy
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R YT

Figure 4-7 Transfer Function of PCM Receive Filter
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4,2 PCM TRANSMIT/RECEIVE FILTER

BOTH
Press D to digplay both amplitude and phase of the transfer function

SUPERKAPOSE . .
to superimpose them. Dual list display

. LIST
will be obtained by following the above procedure with [:::].

of Codec filter and press |

Caodas Filtar

REF 1 00Q. A0H=
Ol TA 4 Q00 OO0k —J4. BELES
—«-500 T T —1 . T T
_Eﬂﬂﬂ
s -
g8 N
<>
Phasa
=Ho >
odBMag
_—a
1048/
-800 |- .
dag
-75
I-1= e i ) i L ] L
Q. 025 LIN FREQ{kH=) 10
CoaQec Filtar
TRANS FCTN TRANS FCTN
Fraegquancy dBMag Phoea
) H=z )= dag
SET NO. 1 1 Q0C. OO0 2. 93 -383, 4
=2 1 500. a0 2. 95 -4185.8
3 2 000, 00 2. 99 -448,. 9
4 2 Sc0. oo 2. 95 —484. 8
= 3 000. QO 2. 82 -529. 4
8 3 So0. oo 1..33 -808. 2
7 4 Q00. 00 -12..79 -885. 8
a 4 S0a., oo -40. 62 ~-714.8
S S 000, 90 -31. 965 -357.8
10 S soo. ao ~32. 79 -S70. 5
11 8 gCco. ag -37. 33 -380. 0
12 8 S00. 0D —47. 38 -S85. B
13 7 0QQ. 0Q -489. 39 -423. O
14 7 S00. 00 —-40. 52 -—425. 7
15 B 0QC. 0Q =-37. 12 —429, 4
18 8 500. 00 —-35. 32 -435. 3
17 8 000. Qo0 —-34. 17 —439. 7
18 9 S00. 00 —-338. 41 -443. 9
19 138 0oo. 0o =32, 94 —d447,. 6

Figure 4-8 Dual List Mode Display
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10

May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

4,2 PCM TRANSMIT/RECEIVE FILTER

4.2.1 Measurement of Filter's bandwidth

When the horizontal cursor is displayed, the two closest points to the
intersection between the horizontal cursor and the data to the right
of the vertical cursor position of the peak indicated by the "y" mark
are detected and intensified by ".". The procedure for finding filter
bandwidth using this function is described below.

(:) Suppose transfer function dBMag is displayed on the CRT.
C tesd

Press the[:::Jkey {LED lamp goes off) to set peak search mode.
Read the maximum value of the bandwidth gain. (See Figure 4-9).

BANDWIOTH - 3dB8 dowmn

Pl 2 17%. Q0H=x 3. O%g8
- T T :-'rclspr—r T T ™T T T iITr GT';G’CI!EI L S |
de o~ AY

=rimin=
wd8Mayg

j =1 1-Vg

-85
<8 PSR N W R TR i 1 i

Ll L I 8} 1

0. 923 LDG FREQ{kHZ>

Figure 4-9 Peak Value Readout with Vertical Cursor off

cis
(:) Press the[:::]key {lamp comes on) to display the horizontal cursor,

(:) Press the key to move the horizontal cursor.

Stop the curscor when the

H.CSR x.xx dB
display on the CRT screen reaches value 3 dB below the maximum
value of the bandwidth gain.

C ot .
(:) Press the[:::]key (lamp comes on) to display the vertical cursor.
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4.2 PCM TRANSMIT/RECEIVE FILTER

() Press the

ey to move the vertical cursor to the left of

the "first intersection betwsen the display data and the

horizontal cursor”.
SET REF.

. ON/OFF
@ Press theEkey {lamp comes on) to switch to reference mode.

The bandwidth is displayed on the CRT screen as:

H. CSR XX .Xx Hz
(See Figure 4-10).

X.XX dB

BANDWIDTH - 3d@ dowe

100. OOz . -1ld. L4dB
= r—r—HahSi; + T =TT~
<8 o~ Y
=ttty -
dEMag
L .
ito0das
-85
o8 PR TS B S A i IS SUNE S T I W 1 [T B T
Q. 028 LOG FREQ GxH=x> 10

Figure 4-10 Filter's Bandwidth Value Readout
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4.3 CHEMICAL IMPEDANCE MEASUREMENT

Since the TR9407 permits high-speed, high-accuracy measurement,
measurement can be done quickly before any chemical change takes place.

(1) Connection of devices

i mmr : _ _
| EIEEEEEEEH
- - F R T
s L1 M= |
—_— T |prwmgn|meega .
-tz mojealEeTing|h
e T | T | Reference
! 1z = L electrode
} L e l'eL;_'n i E@i
] [ —
— | - R -
- HER .| e ;
"-_ a8 1 i'ECh. Anti-electrode .+ f Working
1} 3 .
e — L electrode
5.G.Output
Ach. Eiectro-chemical

cell

The lithium cell yiélds better frequency
response than the mercury cell.

Figure 4-11 Chemical Impedance Measurement Example

(2) Setting

é. Potentiostat
MODE: P-STAT
SETTING: Set INT and EXT2 to ON.

CURRENT RANGE: Select theOO.0OOmA range with A v .

EDITOR: Set the INT SET voltage to the voltage of the measuring cell or

to a slightly higher voltage with A v <] D .

FUNCTION: Connect the cell and set OFF to TO CELL. Make sure that the

OVERLOAD lamp does not light. If this lamp lights, reset the
CURRENT RANGE wvalue again.

b. Setup in the measurement sectiocn
Frequency: 20 kHz '
5.G. function: Multi-sine
amplitude: 0.2 Vp-p
Offset: OV
AVG number: 16
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(3) Measurement
START
a. Press D to start measurement.

During measurement, the IN PROCESS lamp is lit. When measurement is
completed, the audible tone sounds.

b. Observing the measurement result
Display of Bode diagram.

LITHIUM <ERS) 3.8V
-100 T EN T T TY TR, OBz T T T 7 =5, 185 T T’ Gain and phase Of transfer

ag
function are displayed.
LOCAL LOCAL +GND

-Qga..l

i —tatel
Smawa

=180

=.9 L] | S S Y L L I TR - L L Pl bt 2t
S. c23 LOC FREGS T te

———TT T T T Y Y LA B L T LS a e a an

=3 i P VU W0 O I 3 1 1 e el L L S T T B )
S C2% LOG FREQ=MZ> 1o
LITHIUM. <ERZ> 3.8V Cole-Cole plot (real,
23. 00n= te o iae_oa ~imaginary display)
«1. QIE~C - LOCAL  LOCAL ARM

O O]

—-1.01 -1. Q1E~D

-ggBE—3
Cola-Cola
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4.3.1 BApplication of Chemical Impedance Measurement

(1) Evaluating metal corrosion

Time-varying evaluation of metal corrosion under the film (coating)
{detection of correction).

(a) First step (measuring impedance)
The system containing the TR9407, TR98201, and P-STAT is used to
measure the impedance to evaluate the corrosion of the coated metal.

cB
RE
Eiectrolyte

= (0. HHHacl)

Coating

Figure 4-12 Impedance Measurement of Metal Corrosion Under Film

Figure 4-13 shows Cole-Cole plots indicating the impedance
measurement results.

Bloating due to corrosion

S~

Re Re Re Fe
About 2 hours About 75 hours About 230 hours About 335 hours

Time

Figure 4-13 Cole-Cole Plot Change with Time (Metal Corrosion)
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{b) Second step (presuming the equivalent circuit)

The following equivalent circuit is presumed as a result of the
first step.

Cf cf - Cd. )
Rsol Rsel —]
Lo R Wy S
B AVAVe
R : R Rd
——
Time

{c) Third step (physical correspondence with actual DUT)

(d)

Rsol: Solution resistance

Cd: Capacity of electric double layer when corrosion occcurs
Cf: Film capacity

Rd: Corrosion reactive resistance

Df: Film resistance

Fourth step (obtaining the desired result of analysis)

Metal is not corroded at first, so the normal film resistance and
film capacity are obtained. As time lapses, corrosion is caused and
a semicircular impedance curve is displayed in the low-frequency
range.

As corrosion progresses, the film resistance is reduced. :
Therefore, corrosion can be found by checking the semicircular
impedance curve in the low-frequency range.
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(2) Evaluation of the cell

(:) Cell change over time (constant load continuous discharge
characteristic)

{a) First step (measuring the impedance)
When a constant load (10 k@) is connected to the cell
{lithium/manganese dioxide cell), the impedance change with time
is measured using the following connection.

The system including the
TR9407, TR98201, and
Potentiostat is used for this

- measurement.
T«

Figure 4~14 shows the Cole-Cole plots indicating the above
measurement results.

~ —

- Re } Re ! Re Re
2H 83H 1884 290H

Figure 4-14 Cole-Cole Plot Change Over Time {Cell)

{b) Second step (presuming the equivalent circuit)
It is presumed that the circuit is equivalent to basic electrode
reactions connected in series (positive/negative electrodes).
The Walburg impedance of the negative electrode is omitted because
the result of the first step indicates that the influence by
negative electrode diffusion is negligible.

Cd, Cd.
——— p——— Rsol i
A — AW H F

B: 6. . 0 » E.
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(c) Third step (Physical relationship with actual DUT)
The circuit is equivalent to the basic electrode reaction,
Cdy, Cdp: Electric double layer capacities of negative and
positive electrodes
01, 89: Charge migration resistance
Wp: Walburg impedance of positive electrode
Rsol: Sclution resistance
Rp: Limit resistance (Resistance component of Walburg impedance
at low-frequency range at finite diffusion)

{d) Fourth step (analysis result)
Figure 4-15 shows the changes of Rsol, 61,'82, and Ry,
plotted together with the cell's constant load discharge curve.
61, 82, and Ry, are constant during the middle of discharge,
but they start increasing at the end of discharge.
The Cole-Cole plot shows, a large vector locus in the beginning of
discharge, shows a small coastant locus in the middle of
discharge, and shows a locus greatly shifted to the right at the
end of discharge.
According to the above changes, it is possible to estimate the

life of the cell.

E

3v

VL

Rsol

18

g . 1 L ! L Lt

s08

oﬂ .1 1 . L L Al;t
1pp 52

50 k

o . 1 R ] . I

200

loR

0q . I . i . . ¢
1008 2008 3008

Figure 4-15 Constant Load Continuous Discharge Curve
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4.4 MEASUREMENT OF DISPLACEMENT
(DIRECT READING WITH SCALING FUNCTION)

TR9407, if combined with the T(88091 optical Actuator Test Head and the
TR98201 Signal Generator, gives a wide dynamic range measurement of the
magnitude of response or displacement (4 mm to 0.0014 wm; 130 dB} of the
vibrating body whose DC to 50 kHz displacement being converted into

voltage.
2ch FFT analyzer and the signal generator TO82091
3
o _?1']
E‘r—.—“ﬁ-.-.—.-izig
] I
& 77 ol 2030 =1
= Fafa |
edsieazE2!
= CEETE
T
ro
MI-77
L Coil
QUTPUT
Acturator

Figure 4-16 Connection the FFT Analyzer with the TQ88091
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(1) Connect the TR9407 with the TQ880%91 and the signal generator.

{2) Determine signal level applied to the actuator coil

%

e ©e e

Set the mode selector to the MEAS position.

Generate and apply about 0.5 Vp- signals from the frequency

response analyzer {signal generagor) with the actuator frequency at
about the first resonance point. (The level varies with the actuator.)
Observe the signal level for the channel B (TQ88091 output) (<Gbb>) by
using the frequency response analyzer.

Alter the signal frequency to search for the frequency of the maximum
output in channel B.

Adjust the signal level from the frequency response analyzer so that
the channel B output level ranges from 2 to 8 dBV {magnitude of
displacement is between 1.4 and 3.0 mm).

At this time, observe the channel B signals in the time domain and
confirm that the upper or lower portion of waveforms are not clipped
or distorted. For focus direction measurement, especially, if the
applied direct bias from TQ88091 is improper (insufficient), the
channel B output waveform will be distorted as illustrated in Figure
4-17. Apply the direct bias voltage so that the vibration amplitude
range always goes over the section A as shown in (a) of Figure 4-17.

Optical beam

e

Vibrating
Vibration o~ portion
ampiitude
......... A
Actuator
(a) Insufficeient forcus bias {(b) Waveform distortion due to

insufficient bias

Figure 4-17 OQutput Waveforms When Direct bias is insufficient
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(3) Measurement with signal segquences
The previous subsection described how the signal level to be applled to
the actuator could be specified. The characteristics required for the
actuator are depicted in Figure 4-18. From Figure 4-18, it can be seen
that the larger the signal frequency is, the smaller the response level
becomes. When the frequency is 5 kHz or more, the response will be below
the system noise level. For the measurement of the actuator, therefore,
in wide dynamic ranges from 120 to 130 4B, use the signal sequence method
of the TR9407.

STRANS FCTN
wGaaw—10 . 208V SLIT=2.0X0.9mm Vo==10Vdce SCH=8/A (AVG)
) SZERAQ START (4)
P 47 . SHz 148 .30a8 SAG/DIFF CH—A
SAC/=0ND CH—-8
SFRAEE AUN
SANG 2/2

_ I/0 SELECT
20 [~TTTTTIV—r—rr T SIGNAL G.

as FUNCTION
SEQUENCE

SEQUEMNCER

» A=

Al SINE

AMP: 26, 08~0 VYRp

mMOOE: LIN SWEEPR

RAANGE: STOP

Fmin : 4

Fmax :@: 4QQ

AVG NO: @

8: SINE

AMP: 18.0E-0 VPR

MCODE: LIN SWEEP

RANGE: MIDOLE

Fmin : 4

Fmax : 400

<Hab>
daBMag

2008/

AVG NO: 2
-l 40 C: SINE

aB Lo bk LAddl LA FEEPETTIVe AMP! Q4. 0E=Q VDR

MODE: LIN SWEEPRP

a.002 LOG FREG {(kHZ) 20 QANGE: STAAT
Fmin @ 4
Fmax : <400
AYVG NO: 2

2 |

Figure 4-18 <Characteristics of Actuator

When the analysis range is between 2 and 20 kHz (4 decades)

(:) Low freguency range (2 to 200 Hz) level
Apply the signal level (reference level) determined in 5 in subsection
{2} . When there is a considerable amount of light disturbance, divide
the fregquency range into more regions, say, 2 to 100 Hz, and 100 to
200 Hz. If the response decreases for the 100 to 200 Hz range, apply
a signal level which is four to five times higher than the reference
level.

(:) Middle frequency range (200 to 2 kHz} level
Apply a signal level which is approx. 10 to 20 times higher than the
reference level. '

(:) High freguency range (2 to 20 kHz) level
Apply a signal level which is approx. 20 to 40 times higher than the
reference level.
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(4) Converting measurement results into displacement values
Shown in Figure 4-19 is a plot of the frequency response (transfer
function) of the actuator yielded by the TQ880621 and the TR9407.
The transfer function is expressed by the output Fourier spectrum <Sb>
ratio against the input Fourier spectrum <Sa> as follows:

<Hab> = <Sb/Sa>
or

Sb - Sa *:> <Gab$
< > = =
Hab <Sa - Sa * <Gaa>

That is, the transfer function can be expressed by the cross spectrum
ratioc against the input power spectrum.

Since the measurement is performed when the coherence function is "1" (the
transfer function is the least susceptible to noise), this function can
also be expressed as follows:

RESERE —

By testing the actual input level applied to the actuator, output level
Gbb for each frequency can be obtained as follows:

<Gbb> = I <Hab> ]2 *+ <Gaa>

Levels in the low frequency range applied from the signal generator to the
actuator are displayed on menu C: of the signal sequence in Figure 4-18.

This value incorporates a load of 50 . Since the actual value applied to
the actuator wvaries according to the actuator, measure the actual value of

Gaa .
Opaiesl Aosuatars Coasparvy A
LY AW 3rtm 0, HEal
” T I TTeeT L T l‘illll T L) T T PR T L Kllill‘l
L

I

-130

[ ] e L d JElit f ekl i L I U ST 1 bt L ALE

O SOX LIS MRS Owim> aa

Figure 4~-19 An Example of Actuator Transfer Function
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A practical example of scaling

Try actual scaling by using the measurement data shown in Figure 4-18.
Suppose the <Gaa> measurement value in low frequency range "C" is
~10.2 dBV. Since the actuator value of | <Hab>| at the frequency of
47.5 Hz is 10.3 4B, then:

<Gbb> = 10,3 + (-10.2) = 0.1 (dBV)
Where voltage gain = 0.1 dBV = 20log X. This can be linearly expressed as

<Gbb> = 1.01 Vims = 2,86 Vp_p

The basic sensitivity of TQ88091 is 0.4 um/mV,,_.,, therefore, the
magnitude of displacement amplitude is 1.74 mm. This is illustrated in
figure 4-20. To perform scaling, the scaling factor must be entered with
the WEIGHTING menu of the analyzer. This is described as follows:

STRANS FCTN
*Gasa==10_ 24BYV SLIT=2.0X0.5mm Vo=—10Vdcox $CH-B/A (AVE]
*ZERAQ START (4)
Pk 47  BHzZ 1.144E+00mm CAC/TIIFF CH=A
*AC/—-GND CH-B
* SEREE RUN
*AVG 2r2

- WEIGHTING
=TT —rTJrree T RECT w
+1.11 k HANNING
- 4 MINTIMUM
FLAT-FPASS
L i FOACE/AESP
. F: a0 {8T)
- 15 (SP)
R: 10 (37T)
i =31 {SP)
. +0 . 250 wF3
<H=0> READ OUT
Mag 1 FREG UNIT
(mm) Hz F
. CEM
VERT UNIT
4 MOAMAL *
PEA Hz

s/a
SCALING

+0 .00l 1 1 T TTh TR = ON
0.00=2 LOG FREG (kHz) 20 FOREGZEN-E

. «5 TAE+QQC Vrms
"EUT =EU

Figure 4-20 A Scaling Example of Actuator Characteristic
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Operating the TR9407 on scaling

@
@

®

]

DISPLAY CTL

D ,

WGT/SCALING

CH A/CiL. B

Display the transfer function.

Display the DISPLAY CTRL menu to display the amplitude
in MAG (linear display).

DisPF CTRL
»_OWER»
AUTO SCALE
ON
DISP MODOE
TIME
#® Ma )
. Magn
dBMog
NICHOLS
ISP CAIN
g otV
2
=
10 .
DATA WINDOW '
UTI

=]
STEP (O, WINDOW?
-7yt

RE-SAMPLING
LINIFORM

LEVEL MONITOR
OFF

CURSOR

Pigure 4-21 DISPLAY CTRL Menu

Displays the scaling menu to perform scaling. Set
SCALING:KEY (move the pointer () to the KEY position,

and press | ST |,)

CH-B is displayed on the scaling factor display field in
the menu. Calculate the linear wvalue for input
corresponding to 20 dB to key in.

<Gbb> = 14 dB + (-10.2) dBV = 3.8 4BV

As X = 1.55 is obtained by substituting 3.8 dBV = 20logX
for the above equation, then:

3.8 4BV = 1.55 Vrms = 4.37 VP'P

Since the TQ88091 basic sensitivity is 0.4 um/mVp_ '

the displacement wvalue becomes 1748 um. Accordinggy,
1.75 mm corresponds to 20 dB. That is,

2048 ..... 10 Vrms ..eee 1.75 mm

Where 0 dB = 1 Vrus.

Therefore, 10/1.75 = 5.71 Vrms/mm is obtained. Finally,

1EU = 5.71E + 00 Vrms can be entered (refer to the menu
display in Figure 4-20.) as the scaling factor for CH. B.
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SETUP

- key.

Set channel A to display CH-A in the menu of the scaling
factor, Then, enter EU = mm. The channel A value does
not need to be changed from its initialization value:

1EU = 1.00E00 Vrms

@'Move the pointer ([2)) SCALING OFF position and set SCALING ON by the
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4.5 MODAL ANALYSIS

As an applied example of the measurements with the TR9407, this section
describes modal analysis of the swing arm in combination with the TQ880%31.

Deskiop

TQ88091
computer Test Head
O Swing arm
SIG.oUT [ [F—=
[}
§ &
C:b;:!ﬁ
— L " Exciter
Amplifier

Figure 4-22 Connection of Eguipment

Note: In setting up the system, be sure to use the differential input
method for the TR9407 channel B. Alsc, do not mistake the
polarities of the exciter and channel B.

(1) General procedure for measurement

(:) You expose the paper sealed on the arm edge to the optical beam to
measure the magnitude of displacement of the swing arm. To do this,.
first confirm that the paper has no influence on the measurement.

(:) Next, measure the transfer function at each test point on the arm

delimited into equal interval segments. Note that the transfer

function of the reference point at which the swing arm vibration is
the least should also be measured. Then, store the test results on
the floppy disk using ORIGIN mode.

Set up the coordinate points according to the scale of the test

points, and enter the display sequence to the computer.

Store the reference point transfer function, and equalize it with each

test point transfer function read out from the floppy disk.

Enter these data to the computer to perform modal analysis. For

details, refer to the modal analysis reference manual.

©®©
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4.5.1 Measurement of Transfer Function of Paper

Check the frequency response of the paper (the aluminum foil label is
useful) to be used for the measurement of the swing arm displacement
to confirm that it is flat.

®

@

®

®
©®©

Fixing the arm to the exciter

Pick out the secticn of arm of the least vibration as a reference
point, and fix it to the exciter. Move the fixed section (reference
point) to be left in the beam.

Measure the transfer function of the reference point and store it on
the floppy disk with the WRITE MODE:ORIGIN (See Figure 4-23.)

Exciter vibration (displacement)

> o=
<Hab Input to exciter m

I/0 SELECT .
FLOPPY

FLOPPY MODE
READ

= WAITE
EDIT
CATALDGUE

DISPLAY SOURCE
FLOPPY w
PANEL

gaTA QUT
CAT

UVERLAY NUMBER
Q

Figure 4-23 Floppy WRITE Menu

Attach the paper to the edge of the fixed point of the arm. Seal it
at a suitable position where it blocks 50% of the beam in the focus
direction. (Figure 4-17)

Measure the transfer function of paper, and store the result to the
floppy disk.

Paper vibration (displacement)

<Hab> = :
Input to exciter

(2)

Read the reference point transfer function from the floppy disk to
store the value to the analyzer memory.
Read the transfer function of paper from the floppy disk.
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FRF of Vibratiom Exoitee .
ey 5, OOM= - =28, AEdag

o

-0 T—T=TTT T T T T ™
L 1

—&T
cog Lo 1 [N O S SR o L L I A A
&. ogx LES FRED x> 2
FRF af Viberaotton ExctiSas
[aind =, O0H= 132. SQ<tB
20 L i —T =TT TTT T T
- ) )
-
LT o -
dEMag
' J
1Ca@ T
@0y
oB Ll i T S SR W 1 P L3
a. oo LS FREDR Skbixd 2

Figure 4-24 Transfer Function of Exciter
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(:) Display the menu by pressing the FUNCTION key. Then, set EQUALIZE
function from OFF to ON with the SETUP key. This equalized transfer
function corresponds to the following equations:.

Exciter displacement
Input to exciter

Equation (2) _ Paper displacement
Equation (1) = Input to exciter

_ Paper. displacement

"~ Exciter displacement

<Hab> =

/

With these equations, only the characteristics of paper ({removing
the influence from the exciter) can be obtained as illustrated in

e
Figure 4-26. “Hxy~ in the leftmost position of the figure indicates
that transfer function is being equalized, Figure 4-26 shows the
paper characteristics is almost flat.
Use lighter paper with strong adhesive capability.

In normal measurement using an exciter and an accelerometer, data may
fluctuate according to how the accelerometer is installed. This
fluctuation may cause unreliable measurement result, This method, on
the other hand, using paper lighter than accelerometer,. enhances
reliability on top of high precision of the TQ88091.

Figure 4-25 Magnetic Disk Swing Arm

NOTE

Analysis resolution in Modal analysis uses 400 lines. Set the
ANALYSIS LINE: NORMAL to set the servo menu.
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FRE af PAPER

L] L OB0. CGH= 11, SWaiay
=200 F
clmey
-ty
Prasa
-0
iy
o, oas LIOS FRESD k) =
FRF waf PAPER
[ aia] 1 CBO. a0k=x 2. S8cm
1= Fm
9
st |l L N
-ty v) I
“BMoy
Saas
-15
il
. SoN LOS FRED Gt =2

Figure 4-26 Fregquency Response of Paper
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4.5.2 Measurement of Displacement at Each Point on the Arm

(1) Marking a scale
To set the coordinate for the object to be tested, modal analysis
requires data to be read at equal intervals. Therefore, mark the arm

at equal intervals (1 cm in this example) to seal paper on each point
before measuring the transfer function in order.

Figure 4-27 Notching the Arm (Actual Size)

{2) Measurement at test point
First, check the whole transfer function, and adjust the signal
generator output amplitude if necessary. Second, observe the spectrum
of output spectrum Gbb to set the appropriate amplitude in the signal
generator menu to prevent burial of signal in noise. Use the signal
sequence at the most complicated configuration of trace. Store the
data on the floppy disk at each test point. For a reliable data

acqguisition to the floppy disk, press the WRITE key twice to cobtain
two screens of data.
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{3) Setting signal seguence
Figure 4-28 illustrates the swing arm magnetic head characteristics.
Signal seguence in this example divides the freguency band into four
regions of A, B, C, and D. Each region is tested on different
conditions.
After setting the conditions with each menu {a) through (d), set the
pointer () to SEQUENCE in the bottom line, and press each key A
through D. This setting stores the signal sequence to the segquence
file as shown in (e). Conversely by setting the pointer to SEQUENCE
and, for example pressing the PANEL RECALL key and A {(AVG MODE key),
the signal sequence from the sequence file A is recalled.

BWING=ARMs Gl 4imipml

L) 10N, OQMs 7., 748
B [T .y gyl v Y p——
i
L
'—
i
- Set the pointer () to
iy this position to §croll
L. A through D by using
and .
-2a < <
L

A - B- c SISNAL G-
D FUNCTTONM
SESUENCE
I/0 SELECT Lig-s T ot As SWEPT SINE
- SICNAL Go SIGNAL G - SIGNAL Ge - ITTHNAL Go Amis QZ, CE-Q Vo
PUNCTION FUNCTION oD, I Sweks
_ FUNCTION FUNCTION RANGEs  NORMAL
SWRHPFT SING SN awErT SINE SWEPT SINE Fmirm « 1
FRED L INEY FREQ oL LNE> FREG  CLINGD FRES  CLINEY Fomne o 4D
MANUAL MANUAL MANUAL MANLUAL, ;:-'ct rOe @
STHE
Aw_ L TUDE AMELITUOE AMPL_LTUDE AMSL T TURE AMPy 31, OE-1 ¥
o2, -0 Vew L1 o 1E-G Vpe 0. 1E-1 vYpp MOCEs LIN SweEe
~CxT, OE—T ¥ ~00. SE~Q v BANGE,  MORMAL
o auTeO -0, -G ¥V ~O0. QE—S Vv Fmim & 41
e mOoE CUTPUT MOOE qUTPUT e WO
LIN SWEEP LIMN SWEEPR WIN SWEEP LIN SWEEB AVG MO 4
penmirr EHAME e min- ’*%RC"{‘T FRAME neRTeT ARAME E:«i:'g;f 2In=
PER 1L A 1E=Q v
INTERVAL TIME "“"'%’W’“- Tine INTERVAL TIME IMTERVAL TIME MODE. LIN SWEER
TRUT FRAME TRUT = Py 5, T5E DANGEs  MERMAL
“-"_ - crols CUTPUT FRAME QUTPUT ERAME Fmim ¢ AL
L Frwrse o 24n
LINE STRL LINE CTRL LINE STRL LINE CTRL AYVE N &
Fmtre 0 1 Fatrm o« 41 Fain ¢ 81 Fairm ¢ 241

QIREC, Ll
. RANGEs NORMAL

Aa S D

- (a)

(b)

()

(d}

Oe SWEPT STNE
AMBy 20, 1E=Y V@
MODE: LINMN IWEEP
AMANCREs MNIORMAL
Fmim « 241

Figure 4-28 Setup Example of Signal Sequence
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weay Lo i U T T U R Y i P S S R ST )
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Figure 4-29 Characteristics of a Swing Arm Tip

4.5.3 Modal Analysis

Modal analysis is performed after each test point data on the arm is
stored on the floppy disk. The data is analyzed on the desk-top
computer using MODAL 3.0 software.

Enter CHART in the desk-top computer to display the procedural menu.

Press |[ENTER| in order from top to bottom for each row to execute the
= marked items as follows.
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(1} Determine the coordinate of each measurement point and input the data
into the desk-top computer.

{2) pefine and input the display sequence for the measurement points
referred to in the above. '

{3} Equalizing each measurement point data with reference point data
To remove the influence of the exciter from the test results for each
measurement point data, equalize the data recalled from the floppy
disk. Note that no equalized data can be stored on the floppy digk.

(:) Read the reference point transfer function data, and then store it.
to the analyzer memory.

() Set the DISPLAY SOURCE of floppy READ menu to PANEL. Setting
conditions at the time of reproduction are made to conform to the
panel setting conditions at the time of reproduction.

Since input sensitivities (SENS.A, SENS.B) have been cancelled
with the egualize function, set both channels A and B to 0 dB.

(4) Perform analysis on the computer

Transfer data from the analyzer to the computer.
Curve-fit the transfer function.
Perform animation display for the swing arm mode shape.

Mode 4 1 Damp : 2.398 X
Freg: 285 .63 H=z View :¢<-5,3,2>
Zz
N
¥

Figure 4-30 Mode Shape of Swing Arm (Animation Display) (1)
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Damp:

Mode # 2 4.12 =
Freg: 438.49 Hz View :¢-5,3,2>
z
x
A d
Mode # 3 Damp : 2.75 =
Freg: 1837.88 H= View :1¢-5,3,2>
rd
x)
Y
Figure 4-31 Mode Shape of Swing Arm (Animation Display)
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4.6 ACOﬁSTIC INTENSITY

Acoustic intensity is the vector quantity indicating the magnitude of
energy and direction of the sound that passes through the unit area at the
specified place within the unit time, It is expressed by the time average
obtained from (acoustic pressure) x (particle velocity). The acoustic
pressure can be measured with ease; however, it is difficult to measure
the particle (air) wvelocity. With the progress in digital conversion
technology and availability of high~precision microphones, employment of
fast Fourier transform (FFT) realized approximate acoustic intensity to be
obtained from the imaginary part of the cross spectrum. That is, analysis
using an FFT analyzer and dedicated software are enabled without using
unique equipment., Refer to "Acoustic Intensity Analysis Software Manual”
for further details,

2ch FFT Analyzer

A LI HPA000 series
7 L 200 computer

Probe DC battery

=—mg—{ |

1
1
i
'
i
L
]
1
!
1
)

Graphic printer

HPGL piotter

Figure 4-32 Setup for Measuring Acoustic Intensity
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4.6.1 Measurement Procedure

{1) Setting measurement conditions with the computer
Store the following conditions in the computer tables.

(a) Creating a SYSTEM table
Set the GPIB addresses for the FFT analyzer, plotter, and printer.
(b) Creating a MIC table

Specify the types, sensitivities, and spacer length of two
microphones.

(¢) Creating a MESH table
Specify the numbers of mesh points arranged in X- and Y-directions
on the acoustic intensity measuring plane, the width and length of

each mesh (Ax and Ay in Figure 4-33), and the measurement direction
(X, Y or 3).

(1.2)

(1.3

(1.4

a5

(1.6}

Figure 4-33 Measuring Acoustic Intensity of Electric Cleaner
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(2) Determining the mesh size (n x m}
Specify the number of meshes (9 X 6 in Figure 4-33) and the size of
each mesh {6 ¢m x 6 ¢m in Figure 4-33).
FREQUENCY

(3) D Setting the Frequency range

The relationships between frequency ranges, microphone sizes (inch),
and spacer lengths {(cm) are listed in the following table. Select the
optimum microphone,

Table 4-1 Freguency Range, Microphone Sizes, and Spacer Lengths

FRERQ RANGE
SAMP CLK

Frequency | Microphone size | Spacer length é_§¥ »
range (Hz) {inches) {cm)

= i MH=
it

200 - 10 k 1/4 0.6 308 =

1090

100 - 5 k 1/4 1.2 -38

10

100 - 5 k 1/2 1.2 s

20 - 1 k 1/2 5 écu iz

TIME SENS. A SENS. 8
{(4) E D . andD Setting input sensitivities,. 1

:  FRAME TIME
The outputs from the microphones are connected to 400 psEC

channels A and B of the FFT analyzer. Display two
pieces of time domain data (Xa and Xb) of channels SENSITIVITY

A and B on the dual screen and set up the input MAX INPUT
sensitivities. Ar £ 44,7 VvV

. : . HE .
Slowly move microphones over all measuring points 2 44.7 v
{shown in Figure 4-33) to set optimum sensitivities HCH—B»

h i . NORMAL B
that will not cause overload INVERT

ACTIVATE

AUTO
(dBvV)
= +30 B

+20
+10

Q
—-10
-20
-30
—-40Q
-850
-&0
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AVG MODE .

(5) [:::J Setting the Average numbe

AVGE MOOE
= SUM (N} #
SUM (L)
OIFF
EXP
PEAK
SUM (T)
AVE WHAT 2
CROSS+POWER
AVGE NUMBEHR
2
CAVG CHARNNEL
CH=A
cH—8
OuUAL
CROSS #
. AVG PROCESS
NORMAL
+1 AVG
SWEEP w
QVERLAP
o % R
HO%
OISPLAY
ALL. g
1/2
END

(6) Measurement of the intensity distribution

(:) Insert the floppy disk (for storing the measurement data) in the
disk drive selected as a data disk, then enter the measurement
execution command MEASURE (which can be abbreviated as MES) from the
keyboard. '

MES/INT/KEY filename |ENTER

Start measurement with the key on the computer
keyboard or FFT analyzer.

{If this qualifier is not specified, measurement
will be started with the trigger switch on the
microphone probe.)

Measurement of intensity (= INTENS)}

() Executing measurement
Place two microphones at right angles to the measuring plane.

(a) Press the key on the computer keyboard (softkey K5 for start) or
START ) _
the [:] (average start} of the FFT analyzer (when /KEY is

specified).
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{b) Press the trigger switch on the microphone probe (when /KEY is not
specified).

Start measurement with either of the above methods and repeat
measurement for all measuring points,

Upon completion of measurement at all measuring points, press the
soft key K9 (for exit) on the computer keyboard to exit from the
measurement mode. From the measurement data, a contour, intensity
ratio, vector, and three-dimensional (3D) maps can be displayed.

CONTOUR MAP

Figure 4-34 Contour Map Display (sound source: electric cleaner)
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MESH ™MAP

|
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Figure 4-35 1Intensity Ratio Represented by Circles (sound source: speaker)
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VECTOR MAP

Figure 4-36 Vector Display (interpolated once)

VECTOR MAP

Figure 4-37 Vector Display (interpolated twice)
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3D MAP ADVANTEST AL SYSTEM

DEMO DATA

10009 . a0 19902.000 H=x
HMESH NUMBER (4%d4)
nIsp LIN HWrAm~Z

QATA Al
SCALE AUTOo

1 T

_ L.

Figure 4-38 3D Display before Viewpoint Change (annotation display)

3N MRP
ADVANTEST AX SYSTEM

DEMO DATA

1233 .ava 19092 .208 H=
HESH NUMBER (4#4)
nrs/~ LIN Wema2

oATRA (22
SCALE AUTO

<= |

Figure 4-39 3D Display After Viewpoint Change
(459 rotation with reference to Z-axis)
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4.7 TIME DELAY MEASUREMENT BASED ON CROSS-CORRELATION FUNCTION AND
IMPULSE RESPONSE '

The cross~correlation function provides
“time ‘delay between input and output for the
measurement of relationship and causality.
AN /\ A\ ~ SN

For the special case where input = output, o) " t
the cross-correlation function is vy v v\/-J \/ Mo
equivalent to autocorrelation function. T

Typically, the argument 7 that maximizes

cross-correlation function provides an

estimate of time delay. Suppose the two @ t
signals are uncorrelated with each other,

then the cross—correlation function nears

zero, The impulse response is given by the
inverse Fourier transform of the transfer 3 r
function and linear time-invariant system

is completely characterized by its impulse o r
response,
1 2 : Input signal
Improved resolution of correlation peaks 3 : Cross-correlation function
can often be achieved by using an impulse
response measurement rather than direct
cross—correlation analysis especially in
multiple path problems, where input signal
can propagate through several possible
paths to yield an output signal.

AL/ DC
(:) AC coupling is preferable for cross—-correlation measurement.
CROSS-CORR. :
() (Press this key to make cross~correlation measurement.)
IMPUL. RESP.
{Press this key to make impulse response measurement.)
AVG MODE
(:) AVG WHAT?: CROSS-CORR (for cross—correlation)
AVG WHAT?: CROSS + POWER (for impulse response)
START
(:) Start averaging.
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2-channel FFT Analy

zer

=

o e i e
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W2 o nau]

Reflecting surface

5EE
=

o
[0 15}

r{‘“’ “,
iy

DO

=
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|
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eoleas
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Figure 4-40 Time-Delay Measurement of Two Signals
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Cross-correlation function for
time delay measurement (AVG
WHAT: CROSS~CORRELATION;
number of averages: 64)

(Two correlation peaks at
5.859 ms and 28.125 ms are
observed. SET REF. was used.)

REF 5. 859 wSEC 8.67E-03

DELTA 22.2686 =3EC =-7.85E=-02
+1.00
L P
L PR P W ArP S W SN o Mylprtinet ot
o
" -
-1.00 i~

[.AG{mSEL)

too

#CRO3S-CORA
*CH-B/ALAYE)
#2ERT START
SAC/-GNR CH=R
#AC/-GND CH«B
*FREE RUN
*AYG 64/64

AVG HMOOE
SUMINE
SuM(L}

AYG NUMBER
AVG CHANNEL
CH=A

CH-8 L}
= QuAaL
CROSS
AYGC PROCESS
NORMAL »

Figure 4-41 Time Delay Measurement by Cross-Correlation Function

Impulse response for time
delay measurement (AVGWHAT:
CROSS + POWER CORR; number of
average: 64) It can be seen
that the characteristic
obtained is the same as that
measured by the
cross—correlation function,
but the averages are
normalized in the impulse
response measurement.)

Figure 4-42 Time Delay

REF 5.858 wSEC 1.0CE-D0
DELTR 22.266 =SEC ~1.80€E=-0)
+1.00
<IMPL3>
«~1.00 o
-100 LRAG(aSEC 100

Measurement by Impulse Response

4 - 46*

*InPLS RESP

R
*AVG §4/54
AYG RODE

AVL NUMBER
AYG CHANNEL
=R
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5. 1-CHANNEL MEASUREMENTS

5.1 ACOUSTIC EMISSION

5.1.1

5‘1‘2

(1)

General

Generally, a non-destructive inspection method is used as an effective
means for assuring safety of a construction. Typical non~destructive
inspection methods are: acoustic emission (AE) and ultrasonic
inspection methods.

When a substance is deformed or destroyed, the internal breakage
produces energy and elastic (ultrasonic) waves, The AE method is a
dynamic passive inspection method, that is, the elastic waves are
received with a sensor to detect the destructicn itself.

Conversely, the ultrasonic inspection is a static active inspection
method, that is, ultrasonic waves are sent into the material and
reflected waves are received.

The advantage of the AE method is that the dynamic change of
microscopic crack inside the substance can be detected instantaneously
(real-time). The AE method is the only method available.

Setting Up for Measurement

Mounting a pulser and AE sensor

TRI4OT
Arbitrary waveform -
1MHz SG . N
) 9 o
Pseudo-breakage signai .
Drill ] {AE MONITOR terminal}
Pminat )| TOOL M
Puiser A terminaf ONITOR
K7A-A . Alarm
Material
to be drilled = 4
Vice : 1—‘-
. < 5
Z Y T AE sensor
Table N

'Propergation of sound

Figure 5-1 Setting Up the Monitor for Drilling
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If the inside of a drill is abnormal on drilling a substance, a
frequency different from that during drilling is generated. Ideal
pseudo-breakage sound to be fed into a pulser is made available by
feeding the AE wave monitored on the FFT analyzer to the 1 MHz
arbitrary wave generator.

3

Attach the pulser to the substance to be drilled.
Generate from the tool monitor a false signal whose level is set
according to the drill gauge.

Drill gauge | Pulser level setup value
1 06
2 13
$3 29

{No cutting oil)

(3 Attach the AE sensor with a magnetic bracket where the breakage
artificial sound from the pulser can be accurately detected, then
finely adjust this position.

(®) After the above adjustment, fix the AE sensor with dedicated
screws, (Unless the AE sensor is fixed by a pressure greater than
4 kg, the contact impedance will increase.)

{(2) Measuring frequency characteristics of the AE sensor
Measure the frequency characteristics of the AE sensor with the
TR9407. Even if the frequency response is not flat, the original
waveform of the. AE can be obtained because the transfer function of
the measurement system is cancelled for compensation.

AE Sensor FRA

Cl1-28—-1S88 22, 48
+3. 20 TFw T F57 SO0HT | 8. 23 48 ¥
E+3dmgy ) : -

=HaD >
Phase
s18

-3, 20
E+3deg 1 1

1 Il 1 1 L Il

T N N T T T W |

=iIN FREQ (MHx)
T

20
a8

“Hgl =
dBMearg

¥-I1- 0 M

© _am
<8 1 :

T T T

1 1 1 1 3

:
LIN FREQ {MH=z)

Figure 5-2 AE Sensor Freguency Characteristics
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(3) Setting the tool monitor sensitivity

(:) Adjust the amplifier gain with the SENSITIVITY switch of the tool
monitor so that the damping of AE sound can be detected accurately
{while observing the AE MONITOR level indicator lamp).

Note: When two or more types of drill gauges are used, do not change
the AE sensor mounting position. Use the AE SENSITIVITY
switch,

The AE SENSITIVITY switch accurately reamplifies the elastic
wave signal at drill breakage or pulser signal which damp as
passing through the material being cut, the vice, and table in
that order.

(:) After the above settings, remove the pulser from the material to be

‘cut, then start drilling.

© 5.1.3 Analyzing AE Waveform in Time Domain
In the 1-channel measurement mode {Select DEACTIVATE instead of
ACTIVATE on the SENSITIVITY menu), the TR9407 has a 512K-word memory

and the AE signal can be continuously measured for about 20 ms.

“{1) Setting tkigger conditions

FREQUENCY

Set the frequency range to 1 MHz (frame time = 0.4 ms).
SENS, A
[:::] -20 dBV range {(depending on the actual trigger level}
TRIG. MODE
D ARM MODE: ADVANCE

ARM LENGTH: 64K or more (128K or 2536K)
BLOCK NUMBER: Depends on the ARM LENGTH.

ARM LENGTH | CH-A (256K) | CH-B (256K) | CH-A or B (512K)
8K or less | 0-31 blocks | 0-31 blocks 0-31 blocks
16K 0-15 0-15 0-31
32K 0-7 0~7 0-15
64K 0-3 0-3 , 0-7
128K 0,1 0,1 0-3
256K 0 0 0,1
512K 0
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C o)
E:::] Activate vertical and horizontal cursors, and move them to
c )

the trigger point to be set using the yellow arrow keys in
SET X
the general cursor section, then press the [:::] .

%,

SET: TRIGGER will be displayed for confirmation.

%

On completion of the above settings, start drilling.
When the incoming signal meets the trigger conditions, the data

displayed on the screen is held (ﬁ) R

{(The data has been stored in the buffer memory, sc the screen data
will not change if the input cable is disconnected)
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{2) Compressed display of time data

BOTH

Select the dual screen mode.

TIME

F;——1 Display the same data on the upper screen as the held

B HO O

G

data on the lower screen.
RESAMPLING: Set the UNIFORM.

Display the time-compressed data on the lower screen. This
technique allows the display of not only one frame but the
entire memory.

(ZOOM)

Every time this key is pressed, %/2, Y/4, ¥/8..., and /256
are displayed on the bottom of the screen and the time axis
is decimated to expand the display range. /2 indicates that
sampling is carried out every 2 points (of 1024 points) in
the 2-channel mode. /4 indicates that sampling is carried
out every 4 points.,

The upper screen in Figure 5-3 shows ordinary waveforms, and
the lower the decimated waveforms. '

+1., 4% DELTA ' 100. 000" GSEE T . Zl0E~B0V p-p
v

TIME (RSECY 4c0
1. 41 T T T T T T T T T
v I pu
)tu-o‘—\ i -
I -4
-1, 41pF -
v a—L It L i L. L 1 1 H
START TIME ) STOP
0. 00 asSeEC RYe ¥ 2% B00. 0C USEC

Figure 5-3 Compressed Display of Time Data

C oo}
[:::] Display a vertical cursor on the lower screen and

move it with yellow keys . ‘The upper

waveform corresponding to the cursor position also
moves. Thus, the waveforms of interest can be found
in the whole AE wafeforms.
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»w TRE4O7 OIGITAL SPECTRUM ANALYZER ==
o3=il=1i988 11 45

-707 T 2 S87. SEMSEC 2. BZAaE-B2V
mV ) '

2

«— The entire time data is not
grasped from this display.

L i )

=707 .
my L L Fl 1 i L X L |

=]
"
(sl
k4
]
~
E
"
m
n
4
B
o
]

=354
mv

«Time—compressed display by
sampling 1 point out of every 16
points (of 1024 points).

~
Xt

x4

T
-1
. 3
¥
. r
S R R N (YT TR W N |
t

-354
mv

1 ' 1 L 1 1

TIME /18 sTOP

+ 8 398, 81 uSECc

e TRS4O7 DISITAL SPECTRUM ANALYZER ==

T QI=11-1w88 13, 48

+707 T T F18. 7S uSEL —EIsEaE-d2V
mv

w2

-707

™ o et I !Truscnssc> 400
~as4 = T d T " " " " ] The waveforms equivalent to 1K
. words on both sides of the lower
: ] cursor are displayed in the upper
Iy

lHNW%WNMMM&wﬂMmmuaum~w—=n screen. Decimated data will be

- annotated with "r" (resampled) at
the extreme left of the CRT
display.

x4

LI RS UL L L]

[

—2T4

mv 1 A 1 1 1 I L L 1

L)
START TIME 718 ) sTOoP

0. 0O psEC 4 s 399. 81 uSEC

Figure 5-4 Exaplanation of Time Data Compression

8OTH
Select the ZOOM OFF mode and press D {the LED goes off). Then,

the time data will be displayed on a single screen. Since this data
HOLD/ RES,
is stored in the memory ( ) , a spectrum is displayed simply by
SPECTRUN

pressing [:::] with a Fourier transform.
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CAUTION
The data held at triggering must be saved on a floppy disk or output
HOLD/REL.
to a plotter because pressing the {the LED goes off) will

destroy the displayed data and set the ordinary instant display mode.

5.1.4 Cepstral Analysis

The cepstrum is obtained as the logarithm of the power spectrum (Gaa)
iz inverse Fourier transformed. It can extract the fundamental
frequency of the AE wave.

(:) Display the power spectrum whose cepstrum is to be obtained.

ADVANCED PANEL
ANALYSIS AECALL AGTO-CORR,
@ [ I F ] [;:; ] Display the cepstrum menu.
u

ADVANCED SELECT
= CEPSTRUM
<DISABLE>

ANALYSIS CHAN
CH—A w
CH-B .
DUAL. -

VIEW

DOMAIN
RUEFRENCY w
FREQUENCY

THRESHOLD
OoFF

774 dBFS
LIFTERING
SHORTPASS W
LONGPASS.
MEMORY CA/ED

orS11

(3) | mwe | or | ose | CEPSTRUM: Change <DISABLE> to <ENABLE>.

(4) ANALYSIS CHAN: Select VIEW.

G’ DOMAIN: Select QUEFRENCY (Ca or Caa display for cepstrum).
. lo
Select FREQUENCY to display the liftered spectrum (Gaa)

(:) Set the threshold for specifying the data to be used for the cepstrum.

[
Move the cursor to the threshold setting position. (Set the
SET X level readout at the intersection with the waveform.)
[:::] The above intersection is set.
SET: THRESHOLD is displayed.
SETUP THRESHOLD: Change OFF to ON.
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If the power spectrum value at a given frequency is less than the

threshold value set here, log (Gaa)

EXECUTE'
@ E data.

REAL IMAG.
@ (ch):
=] =

+1. 41
v

-1.41
v

0.

Display the cepstrum.

Display the power spectrum.

AE Oota

03-25— 15890

14, O3

{adjacent to ADVANCED ANALYSIS key) Display the cepstrum

230
E-3

Cao

L 1

AR T S T T T N |

QUEFRENCY (USECY

Figure 5-5 Cepstrum of AE Wave

5

10

200
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c
Lifter the cepstrum data to obtain the liftered spectrum Gaa

11— 1 © : 1
. Arbitrary
| : |
of T 511 0| 511 0 | 511
Setup values
<SHORTPASS> <LONGPASS> <MEMODRY>
Between -1 and 1

Figure 5-6 Lifter Types

C oo
Display the cepstrum (Ca) or power spectrum (Gaa), press the D to

display the vertical cursor, and move the cursor to the desired
SET X

, then press D .

AE Datoao
03-29—-1988 14y QF

TP Tig OGLH=z T —Ti.8adBv '

=}
a8V

=g,

.W‘f“ “ Wil et ]
i wm*umwww!luﬁdm
Q. Qg2 LIN FREQMH=Z) 1

o l* T T Y T T T T T T
d8av

aBav

Gam
dBMag

10«8/

-80C

0. ogz LIN FREQCMHA=> 1

Figure 5-7 Liftered Spectrum of AE Waveform
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5.1.5 Preenvelope Analysis

® ©

®
©®

The AE energy damping time and the degree of energy concentration in
the time domain can be known by obtaining the preenvelope of the AE
waveform.

Display the time data of the AE waveform whose preenvelope is to be
obtained at the center of the screen. (Since the preenvelope is
obtained from the central portion of the original time series data,
trigger conditions be set up so that the waveform is displayed at the
center of the screen, or select the dual screen mode and move the
vertical cursor so that the waveform is displayed at the center of the
compressed time data display screen.)

Display the P-ENVELOPE menu. ADVANCED SELECT
ADWNCED  PANE ~+ P—ENVELOPE
ANALYSIS RECALL IMPLL. RESP, =DISABLE>

! I [ =] ANALYSIS CHAM
"] CH=A L

CH—-8
I l , BUAL
Press | gro | O] pee to change DISABLE to ENABLE . ey
. . DOMAIN
’ TIME w

Set the analysis channel. FREQUENCY
CH-A: Preenvelope of time data of channel A (Xa)
CH-B: Preenvelope fo time data of channel B (Xb)
DUAL: Preenvelopes of time data Xa and Xb of channels
A and B (Xa, Xb)
VIEW: Preenvelope of displayed time data
(In the dual screen mode, time data displayed on the lower
screen)
Set the domain
TIME: Display the preenvelope.
FREQUENCY: Display the result of FFT of the preenvelope. .
Display the preenvelope or the result of FFT

EXECUTE
[:::] {adjacent to ADVANCED ANALYSIS key)
REAL
DOMAIN: TIME is selected. [:::] : Display the real part of the
IMAG. preenvelope.
[:::] : Display the imaginary part of the
MAG. preenvelope.

Display the envelope.

-

=

5~ 12 May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

5.1 ACOUSTIC EMISSION

AE Omes

Q3=-29« 1385 i14. O3
Pl 53. 516 uSEC 1. 445E--O0QV
2.83 T T F— T T T T T T
v
Zaa [~ =
Mag
s2
|
Q. 00
v L L I L A 4 1 1 L.

[, - | TIME CHUSECS - 200

Figure 5-8 Preenvelope of AE Waveform
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5.1.6 AE System Modeling and Original Waveform Analysis

S(t): Transfer function of the measurement system
Id ™

Preamplifier
. f—\ (49]

B.P.F,

AE sensor

TR9407

7777777777

G(t): Green function of media

< D{t): AE original waveform
Crack

IR NENENN

Signal generator

Figure 5-9 AE Measurement System Model

Measurement waveform V(t) is obtained from:

V{t) = D(L)*G(t)*S(t) )

Therefore, AE original waveform D(t) can be obtained if the AE system
transfer function, G{t)*sS(t}, can be measured.

@ OQutput a simulated sound from the signal generator as a pseudo-sound
source .to measure the transfer function with the TR9407. The result

is R(t).
gl1-29-1588 13, 26
-3, 20 TP ! 260 odoM= ' ' I5. o= dB T
K=Icag .
ity e - -
Phasws -
718 pd
-3. 20 1
E-~Jdag L f L L ! i 1 1 I
[=} 1
tQ
<8 | g,
<ty
dBMag
1048/ r
. -@0 7
13

o. oc2 . LIN FREQMH=Z) ) i

Figure 5-10 Transfer Function of AE System
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@ Obtain the complex spectrum (Sa) of the AE waveform V(t).

Xa = (FFT) — Sa

AE Qeta
03-—29-—1955 145 03

‘1.41 DELTA . 8877 uUSE i Z 4ABAE+~DOV p—p

L

i

L

<

.
lllf
e

Q TIME(ASEC) 400

0. 0o2 LINM FREQ{MH2) ) X 1

Figure 5-11 Complex Spectrum of AE Waveform
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Select the dual display mode to display a complex spectrum in the
upper screen, and the transfer function (see Figure 5-10) in the lower
screen.

vV (t) '
Press the [:::J key to obtain R () and select <U/L> in the FUNCTION

menu.

Press the | ose | or | gt | and change FUNCTION OFF to FUNCTION ON.

vV _(t)

R (t)
lower trace will change to Sx.
TRANS.FCTHN (upper)

Then, will be obtained and <Hab> at the vertical axis in the

£ is tried, the operation is disabled.
T COMPLEX SPECT (lower) ’ peration
Sb (f)
= a
Sa (£) = b S%a (t)
AE Data
03-29-~10a68 14,03
4-12\-.;. TPk T Tcs ocoorz T T T&. 1ad8v |
Sa - WWUme*wmv~ww~n~namn_n,; -
‘Raal -
=8 :
-12% . -
mYy 1 5 L b L 1 1 L 1
: 0. ooz LIN FREQ{MHzZ 1
20 p . . . r : .
gaBv | .
Sx i b
d8Mag - l
1age] MWMW)W ! M
-s0 [
a8V 1 L 1 ] 1 L L
0. ooz LIN FREQMHZ 1

5b
<Hab>

o]
Hh

Figure 5-12 Result of Operation
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(:) Perform inverse Fourier transform on the above result. Then, D (t)
will be obtained.

In the TR9407, the result of inverse Pourier transform of memory
recalled or averaged (Hab), Sa, Sb, <Sa>, <Sb>, Gab, or <Gab> can be
observed in the time domain.

DISPLAY CTL
Display the DISPLAY CTRL menu.

Move the pointer (C)) to TIME, then press | SETWP |,

AE Daca
o3-29-1088 14, O3

BELTA 22. a%8 USEC 3. 723E+O1V p-p
-4, 3 Y L T T ™ Y T T T
v

: i IRVRRIRH

s32

—a4%. 3

b
o] TIME CuSEc) . 400

Figure 5-13 AE Original Waveform
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5.2 MEASURING PILOT SIGNALS (8 mm VIDEO)

=t ]
e
oy A0 e
HEST Bi
Ehe 18] =5
—_—— I =y
jpar=s loRlEe et
u:nonE§§¢¢
Rl w— e —
il i —— —
l i ] a; 33 z;:
by o =0l T E9]
Piiot signais F1 to F4 b —

Figure 5-14 Measurement of 8 mm Video Pilot Signals

The surface of 8 mm video tape is divided into tracks as shown in

Figure 5-15. Each track records a pilot signal, chromaticity signal,
voice signal, brightness signal with multirecording frequencies.

Four pilot signals recorded on track are used to define the video track
position. These four signals are sequentially multiplexed into the video
signal (FM) and recorded in the order of £1 — £2 - £3 — f4 - £1 ...

The head covers three tracks. The power spectrum level difference sensed
by the head is used to compensate the horizontal deviation of the head
from the normal tracking position.

Since one track is equivalent to 1/60 second (approximately 17 ms), at
least 8.5-frame (8.5K words in the 2-channel mode} continuous data are
needed per track. Because the TR9407 has a 512K-word data memory in the
1-channel mode, it can record continuously signals of 60 tracks. :

8mm

L

x . ———
®
]
o’ ‘1
o
@
S
Q
>

Tape direction

Figure 5-15 Pilot Signal Recording Pattern
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Recording leve! {dB}

=

Pilot signals {102,544, 118.951, 148.689, 165.210 kHz)

. Sync signal peak value (4.2 MHz)
Chromaticity signal
converting frequency(743. 444kHz)

i Intansivy signal
Voice FM carrier {1.5MHz] gp garrier

White level peak value {5.4 MHz)

(MH?)

Frequency range: 200 kHz

Input sensitivity: -50 dBV

(:) Setting trigger conditions

U

C (3

Display the vertical cursor.

Display the horizontal cursor.

Figure 5-16 Multirecording Frequency Spectrum

Move the cursor to the trigger position.

AUTO CAL
: ON
SET: TRIGGER is displayed to indicate EXT _CATE
that the trigger position and
: TRIGGER
trigger level have been set. SOURGE
CH—A
Display the trigger condition setting SLffE
menu, For LEVEL and POSITION, the states LEVEL
set by the cursor have already been set. +0. 078 «FS
POSITION

{These states can also be set in this
menu. )

ARM MODE: ADVANCE

ARM LENGTH: 1K

5-19

+~200. 00 X
BEEF OM TRIGGER
-~ OFF
MARKER

OFF

ARM MOOE

NORMAL

ARM LLENGTH

= Z56K

BL.OCK NO.
o

INTEREHAN DELAY
O-710=24 :
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Each time incoming signal meets the trigger conditions, the
iffffj LED goes on and data is fetched into data memory

blocks 0-31.

e TRI407 DIGITAL SPECTRUM AMALYZER +w
EX T MFO BY AQOYVANTEST -

P 185 %500. OHx —60. 21 a8V

-50 T T T T T T T ¥ —T
a8v

Caa
wBMag

yass. m

a8V

L ail i
a. 300 LIn FREQ<{RH=Z) 200

!

Crosstalk from Pilot signal £3
tracks on both sides

Figure 5-17 Pilot Signal
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5.3 MEASUREMENT OF CROSSTALK

The crosstalk and noise of the communication line can be measured using
the TR9407's 1-MHz measurement range. For the digital communication line,
300 kHz or less noise components are important. In the future, noise
components up to 500-600 kHz range will be important.

Telephone Office To private line

Iy

| | 1 [

Repeating terminal

Arrester

Idle line
Battery room
SRS
TR9A0T
@ |
Video 'l p o
Crassb .t;ansformer
rossbar switches
e D PABY

Figure 5-18 Measurement of Crosstalk of Telephone Line in Operating Room

@ Freguency range: 1 MHz
Input sensitivity (SENS.A): -30 dBV

C o
@ E Display the vertical cursor.
c (&)
Display the horizontal cursor.
SET X

Set the trigger point at the intersection of cursors, then
press the SET X key. ™"SET: TRIGGER" will be displayed.
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(:) setting trigger conditions.
THIG. MODE

[:::] Display the trigger setting menu.

ARM MODE: ADVANCE
ARM LENGTH: 2K

AUTO ARM

Of ull

AUTD CAL
anN

EXT GATE
aFF

TRIGGER

SOURCE
TCH—A
SLOPE
-
LEVEL
+0. S78 =FS
POSITION
+-2100. G4 X
BEEFP ON TRIGGER
QFF
MARKER
OFF

ARM MOOE
AOVANCE

ARM LENGTH

- ZSEK

aLock NO.
o

INTERCHAN DELAY
Qo/1024

Whenever the incoming signal activates the trigger circuit, the lamp

HOLD/REL.
within the [:f:] key goes on, and data is fetched into blocks 0-31.

RECALL

Data in each block is displayed on the CRT every time [:::J in the

PANEL section is pressed as shown below.

DATA BLOCK IS RECALLED: 3

The number of the block to be read can be specified by moving the

pointer (L)) to the corresponding block number in the menu and

pressing | mse | (to increment) or | sgmp | (to decrement)

RECALL
(In this case, Iﬂ Ineed not be pressed.)

5 - 22
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#e TRE407 QIGITAL SPECTRUM ANALYZER ww

+22. 4| ‘DELTA . 344" uSE A. B7E-02V -p
mv -
% AN |Il JI‘_ - il M .'.1 . -
2 | n
—-22. 4 -1
my i A—t 1 F| 1 1 1 i i
a TIME CUSED 400
—-70 T LR I B e il i T T T I T TTTYV T T T 1T 1T rrr
dBv

Gaa
dBMag

10dB/s

=130 N
dayv L Lt L ¢t 011 1 i I N O N | 1 1 Lt i:9 1)

O. 002 . LOG FREQ<MH=x) 1

Figure 5-19 Crosstalk Time Waveforms and Spectrum
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5.3.1 Setting Force Weighting Function

The impulse power is low and susceptible to noise, so signals other
than impulse are replaced with their mean value.

{1) Setting the force weighting function with a cursor.

WGT/SCALING
@ D Display the WEIGHTING menu and move the pointer
(C>) to either one of the following:
F: xx (ST)
xx {SP)

(:) Display the time data to apply the weighting function.

Display the vertical cursor,

Move the vertical cursor to the start point.

Set the reference cursor.

Move the vertical cursor to the stop peint.

Thus, start and stop points have been set.
"SET: FORCE™ blinks for several seconds to indicate
completion of the setting.

=4 TRBA407 QISITAL SPECTRUM ANALYZER #»» OTIME
CCH=~A CINSTY
CIERQD START
REF 43, 359 USEC -1.31E-QaV QCAC/=CND

DELTA 91. 408 pSEC 0. DOE«QOV QAUTO ARM
SAVG OO0

~Z2. 4 Y v T T * T Y d WEIGHT ING

mv RECT

k MINIMUM

h FLAT-PASS
- » FORCE/RESPHM

“ ) HANNING

E
—

- Fa 111 «(ST?
- 343 (SF)
- Re 103 CET>

-

=2 |
—-22. 41 B21 (SP>»
by | L L L L N N . . -0, 2SO #FD
o TIME (USEC) 400 READ OUT
—-70 [T T ——T—TTTTTT —7r—T T FREQ UNIT
dBv

Hax o

CPM
VYERT UNIET
NORMAL, L

Caa PER H=x

dBMay

SCAL ING
1098/ KEY "
~130 CURSOR

amv L aaan s — e o] o _OFF
o. goz LOC FREQ (MHZ) 1 TImMEZCHA
~1. OOE+00 V
"EU" =EU

Figure 5-20 Use of Force Weighting Function
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5.3.2 Automatic Data Acquisition using Both AUTO ARM and Floppy Disk

Every time the data is automatically acquired by AUTO ARM via the’
trigger conditions data are made to be automatically recorded on the
floppy disk without human intervention. Moreover, the TR9407's CRT
screen is provided with a timer to record the date and time of data
recording. ‘

@ Set the frequency range, input sensitivity, trigger and average
conditions. :

1/0 RECALL HIST.
@ [ ] [' ] rﬂ ] Display the FLOPPY menu and set the following:
N FLOPPY MODE: WRITE
WRITE MODE: ORIGIN Lo seLEeT
WRITE TRIG: DATE = FLOPPY

AUTO ARM FLORPY MOOE
CH-A : READ

EQIT
CATALOGUE

WRITE MODE
ORIGTIN L
FIXED
MASS TIME
GRAPHICS
PANEL

WRITE TRIG.
OATA
AUTT ARM
. CH=—M

M. TIME FCTN

arF
TIME AUTO APM K1, (0

@ D AUTO

Set the sequential number on the TR98102 and press [- ]and [- ].
START/STOP

Of il

@ Apply input signals to channel A.

WRITE
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5.4 VOICE ANALYSIS
The cepstrum analysis is an effective voice analysis method like the
linear prediction and filter bank methods. It is used to predict the
fundamental frequency of voiced sound and to extract the envelope of the
spectra.

5.4.1 Acquisition of Voice Signals

FFT Analyzer

]

SRl

. Tape recorder.

Figure 5-21 Voice Analysis Example

(1) Setting trigger conditions
FREQUENCY

Frequency range: 2 kHz or 5 kHz
SENS. A

Input sensitivity: -30 4BV (44.7 mV) to -40 4BV (14.1 mv)
TIME CH. A/CH. B

I

Set trigger conditions with the intersection of cursors.
)

Display the vertical cursor.
c it
Display the horizontal cursor.

Set the trigger point.
TRIGGER SQURCE: CH-A

ARM MCDE: ADVANCE
ARM LENGTH: 8K or more (depending on DUT}

[ RO
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(2)

Connect a microphone to channel A of the TR9407, then input a human
voice straightforward or a voice pre-recorded on the tape.
1f a trigger takes place and a voice is captured, the lamp within

HOLD/REL.
@ goes on (the data is held).

HOLD/REL.
While the lamp within S is on, the frequency range or input

sensitivity cannot be changed.

Recording on floppy disk (mass time file)

The TR9407 provides 256K-~byte data memory in the 2-channel mode and a
512K-byte data memory in the 1-channel mode. If a mass time file is
used when writing data onto the floppy disk,

not only all data can be recorded, but such 1,0 SELECT

capabilities as FUNCTION (see menu), data FLOPPY
window, zooming, and arming functions can also FLOPEY MOOE
be used for the reproduced data. READ
1/0 RECALL HIST. » WRITE |
. EQIT
O | (™ | |2 | pisplay the floppy menu.  EATALOGUE
FLOPPY MODE: WRITE Wﬁé;'fc;‘sﬂg
WRITE MODE: MASS TIME. FIXED
@ Insert a floppy disk in drive 0 and key in ' EQfEH'{égE' #
the sequential number 000 from the ten—key PANEL
pad.
WRITE START/STOP WRITE TRIG.

OATA
FO &
OATA WINDOW

@ The sequential number is incremented by 5. M. TIME FCTN

GFF

Four media are required to record all 512K Kt 1. OO

words. However, only one medium is required

here because the recording conditions are

set as follows:

ARM LENGTH = 16K

ARM MODE = NORMAL

When the sequential number changes from 0 to 360 through 200, press
START/STOP MANUAL

the[Z](the LED goes off) and press the E to terminate WRITE.

(8) CATALOGUE mode

Select CATALOGUE as a FLOPPY MODE, then press the |stwe | . And the

following will be displayed:
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NO. TYPE LAMEL SEQ.
» 1 XaxXb 1M e TRS4TU? OIGITAL SPECTRUM ANALYZER 4= o
2 WRITE AYAILABLE » 180

CATALOGUE MOOE: EXTIT
DORIVE SELECT. ORI YD CHFRONTY
WRITE PROTECT. OFF
PANEL SEQ. TIMER START: CFF
START TIMEa 0o OO
TANEL SEQUENCE aFF
LOOPs 1
FRCOM 1
TG 1
SETUP, LINEs t
SETUP ZOOM AYCS TRIGCR AQVNC PLOT FLPY INTERVAL SCAN
Al OFF OFF OFF arrE QFF OFF COCTs O&. O OFF

Figure 5-22 Display in CATALOGUE Mode
{3) Reproducing a mass time file
Use of a CATALOGUE mode permits reproduction of a file.
(1) FLOPPY MODE: Select CATALOGUE.

@ Set the pointer mark (> ) to the number of the file to be

reproduced, then press | %P | |

@ The reproduced file is displayed on the screen, sequential numbers
are incremented by 5, and the file contents are transferred to the
TR9407 memory.

@ When the sequential number becomes 360, the following message is
displayed:

INSERT NEXT DISK, PLEASE!

In this case, since all of 16K x 32 blocks (= 512K) are not used,
START/STOP MANUAL AUTO

press E:l (the LED goes off) and press E (the lamp of E’

automatically goes off) when reproduction of the file contents on

only one disk is completed.
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The waveform
{equivalent to
1K-word) across
the cursor is
displayed in the
upper trace.

SUYES © LBKoere Tioa Mo
SE-AF =18 ZE. 08

SRYZS + LBKward Timw Record STIME
ag2-27~198a 23T 08 SCH—A CINSTY

SZERQ START

1. 277E-03V SAC/OLFF

. IOSE~O3V

158, SEmSEC

>ild. 1 T T Y T T
v

Do Wa #

T T

—lL4. 1
mv

TIME

NN

EL

STOP wl, 370 PSS

¥ PESITION
-200. 00 %

BEEP ON TRIGCSER
e

o
MARKER
QFF

A

ART /0.W./ TIME
o usec

. 0D uSEC i

Time waveform
and spectrum
in each
section

20

000 SO WSEC INTERCHAN DELAY
79 /1G24

w21, & EC o.

SRYES » Luaee Time

]
Jd=37=1300 I3 08

The time waveform

compressed to
1/16 is shown in
the lower trace.
X

Xa 1s displayed
at the left end.

ATRS = LOFvwred Timw Pt
AP L L]

78, 8=

LEN FRED Ol

Figure

-
ax? S¥e. 1A slEs

Q13
ainh SPi. 87 0T

5-23

LIN FREGOuiny

o oL
77 SOO. 0% aNEC

L]
N . T

Time Compression (Record of Pronounced "XYZ")

LIN FReD ey 4
"7 4mi. P pmEC

DISP CTRL
*»L_OWERw
AUTC SCALE

SN

CISP WMOpE

TIME
5.4.2 Displaying a Compressed Time Waveform Mag

Mzig?

daaag [
Change ACTIVE to DEACTIVE in the SENS.B menu to nggﬂgf%g
select the 1-channel mode. Select 512K in the ARM <=B/DIV)
LENGTH item. For example, a 2-kHz range (frame =
time: 200 ms) enables long-time analysis lasting to L
approximately 100 seconds. CATA YTNoaw
The whole contents of the memory, however, cannot STﬁzgﬁgggncw>

be observed at a time because of physical
restrictions of the 1K or 2K data window.

29

RE—-SAMPLING
= UNIFORM
LEVEL MONITOR
arFrF
CURSOR
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Select the RESAMPLING function from the DISP CTRL menu to resample, or
decimate, and display the time data at the rate set by the EXPAND
WIDTH key (200M ON}. Thus, the overall view at a glance of long data
can be obtained.
DISPLAY CTL.
(:) Select the following in the RESAMPLING item (press [:::] }

UNIFQORM: Data is decimated uniformly.

PEAK: Data is sampled for every peak out of 2 points,
4 points ... of data whose compressiocin rate being set
up by EXPAND WIDTH Kkey.
ON/OFF

(:) When the [:::] {200M) is pressed, a compression rate (/2, /4, /8, ...
/256) is displayed at the bottom of the screen each time is
pressed.

X

Xa is displayed at the left end of the graticule border to indicate
that this data is resampled data.

In Figure 5-23, the upper trace shows the data resampled at a
compression rate of /16. The frame time of the upper trace is 80 ms,
while that of the lower trace is 16 times longer.

(:) When the BOTH (dual) mode is selected, the time waveform corresponding
to the cursor position on the compression data can be displayed. (See
Figure 5-23).

5.4.3 Observing Transition of the Spectrum (level monitor function)
The transition of the overall and peak values of the spectrum in the

specified frequency range is traced for up to 1024 points. Up to two
frequency ranges can be specified with the SET REF. function.
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ARYZ/ + 1BKword Tims Racord
gR=-27-1988 23408

=14, 1 i 225, OOH=x ' T o3, TSaF

G
wEMaag
108/
=180
<SBY L
Q.ol2 LIN FREQ kx> =
147 OSR. 2% USEC 227 S78. 12 USEC

Figure 5-24 Setting the Level Monitor Range

Time-varying transition of the overall values corresponding to spectra
A and B will be observed.

To monitor the transition of the peak values of spectra A and B,
select CURSOR in the LEVEL MONITOR item in (4).

Clearing the previous SET REF. values.
SEY REF, LIST

ON/OFF
Press the D and E to display the list., If the previous values
LOCK

remain, clear them by pressing E .
LIST R

Press D to turn off the lamp, resuming the Gaa display.

Setting the range with the SET REF. function.
C i SEY REF.
Press D to display the vertical cursor with D turned on).
SET REF.
Move the cursor to the desired frequency value and press C:] to set

the reference point. Set the following four points to specify the

range:

Range A

12.50 Hz
1.5 kHz

1.5 kHz Range B
5 kHz J
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SET REF,
Move the vertical cursor to these four points and press [:::J each
LIST
time. Then, press [:::] to check the setting contents. The following
data will be displayed.

TR9407 DIGITAL SPECTRUM ANALYZER
02-27-1986 23:06

SPECTRUM

Frequency dBMag
Hz dBv
1 5000.00 -114.09
2 1500.00 -95,33
3 1500.00 ~95.33
4 12.50 ~66.38

Figure 5-25 Displaying SET REF. Set Values

(:) Setting the data window step width

DISPLAY CT.
Press D to display the menu and set the OIsP CTRL
' »LDOWER®
. ‘ AUTO SCALE
data window movement step width, ON
oisPe MOneE
. TIME
When [(set ARM LENGTH) ~ 1] is set, the data
window moves through the data memory without Mcga
. : 3 Macy
discontinuity. dBMag . LA
DATA WINDOW NICTHOLS
E::] OISP GAIN
LdB/DOIVD
=
. 5
/ Halte data window : 1o L
~ DATA WINDOW
’ AUTD
. i : STEP <0O. WINDOWY
e Oid Discontinuity : : - 1571024
T T +— point T oy
\ 1 New RE~SAMPLING
\ PEAK
e b LEVEL MONITOR
arFF
% OvVERALL
Halted data window

Data window movement direction

When data window moves through the circular memory, there is a
discontinuous point between the most recent data and oldest data.
Accordingly, the data window goes past the discontinuous point and
stops.

Figure 5-26 Data Window Movement
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SET REF.

(4) change OFF to ON in the LEVEL MONITOR item. e

®

Move the pointer (C>) to OFF in the LEVEL MONITOR item and press E}
L
or | WP | (the | 057 | is still on). Gaa will be displayed at the

left end.

To monitor two types of levels at the same time, select the dual

screen mode.

UPSCALING
[::] If the menu is not deleted, the dual screen will not be displayed

because of the limitation of memory size.
BOTH

{(vellow arrow key) When vertical cursor is cleared and

the data window starts moving, the level monitor function is executed
to display the overall values of each frame for 1024 points on the Gaa
screen as the time-varying data.

Lower trace in Figure 5-27 shows the level change in the range defined
by No.?1 and No.2 SET REF. value list and the upper trace shows the
level change defined by No.3 and No.4 in the SET REF. list (see

Figure 5-25)

IRYZ/ + LBKword Time Reoord
gR-27-19¥88 23. 08
Pk 498, BSmSEC 9. O7SE-OFV

L4.t T T T a2 T v T 1 T

7. a7 ) ; i
my

i

1

i

0. 20|
v

0. ooy
v

a TIMECSECS 1

Figure 5-27 Level Monitor Display (two screens superimposed)

The waveform (the upper waveform) traced between 0 and 1.5 kHz after
level monitoring {in Figure 5-27) is very similar to the compressed
time waveform (in Figure 5-23)}, which means that pronunciation "XYZ"
depends on energy below 1.5 kHz.
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@

SET X
To terminate or restart level monitor, press [:::] .

If this key is pressed during operation, the operation stops and the
following is displayed:

STOP: LEVEL MONITOR

if this key is pressed again, the operation restarts and the following
is displayed: :

CONT: LEVEL MONITOR

When the data window goes around the circular memory and stops, level
monitor also stops and the following is displayed on the screen:
STOP: LEVEL MONITOR

NOTE
SPECTRUM

During level monitor, neither the VIEW mode (except [:::] and
TIME )

) nor the data window step width can be changed.

LEVEL MONITOR: CURSOR

Theggwgfe three conceivable situations for the above setup.
ON/OFF [

a. [:::] [:::] Level monitor for screen peak value

SET REF. .
b. ffffj C b Level monitor of cursor position

SET RCF.

ON/QEF C (e

Level monitor of peak value between cursors

Cepstrum analysis

Cepstrum is obtained by performing inverse Fourier transform for the
logarithm of the power spectrum (Gaa or Gbb). Thus, a change in
magnitude within a small range can be clearly indicated.

Cepstrum is used for measuring delay time and period. Generally, two
channels are used to evaluate crosscorrelation. Use of cepstrum
permits this evaluation with only one channel {(output signal only).
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FFT
T Power spectrum | :
pectrum
Xa ! | Log
or 7 | Gaa | *{ Log(Gaa) | (V?)
(Xb) | o Threshold

C-—=====- ! See 7-22.2
' or iz L

Time domain y or I

(V) | ‘
[ Gbb i
| i
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Figure 5-28 Obtaining Cepstrum
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{1} Obtaining cepstrum {(Ca or Caa}

(:) Display the cepstrum menu.
ADVANCED PANEL

ANALYSIS RECALL AUTQ~CORR.

[ = J .

press | setwe | or | oise

the DOMAIN item.
SPECTRUM

©Oe © ©®

obtained, then set the threshold value.

Move the pointer ([} to <DISABLE>, then

to select <ENABLE>.

AOVANCED SELECT

- CEPSTRLUM

=QISABLE>

ANALYSIS CHAN

CH—A
CH-8
QUAL
VIEW
DOMAIN

QUEFRENCY w
FREQUENCY

THRESHOLD
oFF

—-774 dBEFS

C o
Press E , move the

Change CH-A or VIEW {for obtaining the “‘Ezéﬁgﬁfss »
cepstrum of the displayed power spectrum) in LONGPASS

the ANALYSIS CHAN item.

To chtain Ca {or Caa), select QUEFRENCY in arst1

Press D to display the power spectrum whose cepstrum is to be

vertical cursor to the desired position to set the threshold, move

the pointer (C>) to OFF, then press C] ; SET:THRESHOLD will blink

for several seconds.

Press } sswwp | to change OFF to ON.

1 2350. O0Hx -80. 7dBvY

—-30 T
dBv

Gaa ¢
d8Mag

1008

=110
v

0. 003

LIN FREQ(cHX>

*SPECTRUM
*CH—A (INST>
#ZERQ START
*AC/—GND

. ®ARM

*AVG QrQ

ADVANCED SELECT
CEPSTRUM
<ENABLE=

ANALYSIS CHAN
CH—A

CH=-B
QUAL
VIEW
DOMA TN
QUEFRENCY "
FREQLUENCY
THRESHOLD
ON

- —~34 dBF g

LIFTERING
SHORTFASS L
LONGPASS
MEMORY CA /B

Qr511

Figure 5-29 Setting the Threshold
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In Figure 5-29, the logarithm becomes 0 if the power spectrum goes
lower than -60.7 dBV where the cursor crosses with the spectrum.
This is effective in eliminating the influence of noise.

Figure 5-30 shows the time domain {upper trace} and quefrency domain
(lower trace) for a pronounced sound "a".

s, T T T T, 125 mEEE T 2 GZE-03 -
p
W"!‘ ! ’
L L 1 L ) I ) 4 ) 1 i ]
o TIME {mSECY 200
2. = ¥ L a— L T T Y T
- E=3 LAy + Powar Capeirum

Figure 5-30 Displaying a Power Cepstrum (Caa) of "a" (lower trace)

(2) Obtaining a liftered spectrum
c
A liftered spectrum (Gaa) can be obtained by applying a lifter (see
Figure 5-6) to a cepstrum or power cepstrum,.

(:) Select a lifter. Press i SEwe| .

(:) Set the liftering value.
: C 9

Display a cepstrum (Ca) or power spectrum (Caa) and
move the cursor to the setting position.

SET:LIFTERING will blink in the center of the
screen.

When MEMORY is selected in the LIFTERING item, the time domain data
(Xa, ¥b) or real cepstrum (Ca, Cb) stored in the memory is used as a
lifter, and an arbitrary lifter value (-1 to +1} is specified for
0-511 points.
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Table 5-1 Frequency- and quefrency domain data correspondence

Frequency domain

guefrency domain

Spectrum Cepstrum
Frequency Quefrency
Filter Lifter

Low pass filter

Short pass filter

High pass filter

Long pass filter

(:) Select FREQUENCY in the DOMAIN item and display liftered spectrum

C
Gaa.

-3a0 Pl a8, OOHE 45, -1

8V 1 -
Saa r 7
ofiMag [ _
1048/} 4
=120

QBY L i "

2. 003 LIN FREQ(HRY 2
- " —— ;

RV

AA/ = L frarad Spastrum

G3a
dlMag

R T N Y N §

10c@/

-120
alv

Q. Dﬂ!l N * . I..I’N FR‘EGIKH‘I) * 2
Figure 5-31 gSpectrum and Liftered Spectrum of Voiced "a"

Phe 785, O0Hx 4@, Sa@v

-30 T T T r
aay

o SA7 * Liftared Bpactrum b

Gaa
aRkMag
o
Gaa
aBiMag

10ae-[/

—120
aav

N L 1 L 3
Q. 005 LIN FREQC(kHE) z

Figure 5-32 Superimposing Spectrum and Liftered Spectrum
(The upper and lower traces in Figure 5-31 are superimposed.)
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-12%
E-3

-12%
E=3

4. 267 mSEC 7. 2BE—Q2

T T T T T Y T T T

QUEFRENCY (mEECY 100

LIST

£J

CEPSTRUM
Quafrancy Raal
MmSEC

FUNDAMENT AL 4, 297 7. 28E-02
HARMONICS 2 9. 594 2. 4a2E-02
3 13, OBS 1. SSE-Q2

4 17. 383 1. 3BE=-02

s 21.975 7. BRUE-O0S

s 28, 387 7. 83E-03F

b ago. or8e e, 81E-03

e 4. ATS =, seg—a3

e 38, 281 ~3. B1E=-C3

10 42,773 5. SBE-03

11 47, 952 -3, 33E-03

12 =0, @77 -5, 40E-0F

13 s, 856 -8, 81E-03

14 sg. 180 4. 78E-Q3

ts s3. es7 4. 7QE-A3

N 18 sg. 358 4. 81E-03
17 71. 48B4 -2. 87E~-03

18 T 7. ma0 -4, 43E—03

Figure 5-33 Rahmonic List for Cepstrum
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5.4.5

@ ® ©

®

®

@

@

©

Three-Dimensional (3D) Display

The 3D display function is used to display the waveforms displayed on
the TR9407 CRT (waveforms in the lower screen when the dual screen '

mode is selected) with the lapse of time.
ADVANCED

ANALYSIS RECALL CROSS-CORRA,
[ J [ll ] [D I Display the 3D menu. e Scrolling stops
M ’ when this key
is pressed (the
lamp turns on}
DISP. SETWP | change <DISABLE> to <ENABLE>. : J
SETP | 3p DISP TRIG: AUTOMATIC 2
an
{Selection of 3D display timing) it Moves upward
»
To make a 3D display, press | Osr. | or | sevwe >
and set the start line number. (1/32 to TH

19/32)

Arbitrary 14 lines out of 32 lines of
waveforms stored in memory can be
displayed by scrolling one line at a time _L

with |3 Lb| - | ‘. | <

Moves downward

14 waveforms

Scrolling is activated or deactivated with
C o)

C b9 '
E (lamp on) scrolling is ready.

3
7
3
5
4
2
2
1

oo .
:B (lamp off) scrolling deactivated. Memory

Press | msk. § or | setwe | and set the angle factor.

When data is output to a plotter or hard copy unit, the angle depends
on the stack line number as outlined in Table 5-2.

Select a 3D DISPLAY SOURCE.

SYSTEM: The screen data is displayed in the 3D mode.

FLOPPY: The data read from the floppy disk into the TR9407 is
displayed in the 3D mode.

Select CRT or HARD COPY from the 3D DISP OUTPUT item.

when HARD COPY is selected in (:) above, select 16, 32, 64, or 128 in

the STACEK LINE NO. item. When CRT is selected, the stack line number

cannot be selected because it is fixed to 14.

If it is necessary to display other ADVANCED ANALYSIS menu

function(s) in the 3D mode, change <DISABLE> to <ENABLE> for these

menus, too.
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Table 5-2 3D Display Angles

Stack line No. Angle

factor | Actual angle (degree)

16

90
81
77

73

69
66
62
59

32

90
86
84
81
79
77
15
73

64

90
88
86
84
81
81
81
81

128

NAVNTEWN O AR WN 2D (BN, O SN WN =0

920
88

86

86
86
86
86
86

T

L' 2ot S T B e S e |

R

L2 ot o 2 B et e e i |

T v v 1rrriv

.hn]lllllll.llil

T

Figure 5-34

3D Display
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EXECUTE '
Press D to execute 3D display. Pressing this key again (the LED

will go off) will cancel the 3D display mode.

_ 10
f‘”n ' [~ 4BV
. {W ~80
13
11
2
Y ?
J 3
1) v 1
I T 1 | L I 1 ] I L]
0 tkHa) 20
Figure 5-35 3D Display on CRT Screen
_knE STACK LINE NO. = 128 EX T -35

dBv

a.012 tkHz) : E

Figure 5-36 Examples of 3D Display Output to Plotter
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Table 5-3 Outputting 3D Display to Plotter {(or XY recorder)

3D setting
menu

When set to 3D DISP
QUTPUT=CRT

When set to 3D DISP
OUTPUT=HARD COPY

Features of plot

Fourteen waveforms (each
waveform is decimated to 200
points) are output to the
external output device.

{The number of data points
is fixed to 200 points
irrespective of the display
domain.)

Waveforms are displayed with-
out decimation. The resolu-
tion (number of points) is
the same as that on the CRT
screen, :

1/0 SELECT menu

Set to PLOTTER or XY-RCDR

{When PLOTTER is selected, also select the plotter type.)

Stack line number
setting

ADVANCED
ANALYSIS

Unusable (the number of
waveforms displayed in the
3D mode is fixed to 14.)

Press the EXECUTE key to
execute 3D display on the
CRT screen.

Stacking display depending on
the preset number (16, 32, 64,
or 128)

Press the EXECUTE key to exe-
cute 3D display and start
plotting.

/0

Press the EXECUTE key to
start plotting.

The EXECUTE LED lamp goes On.

Plotting stop

1O

Press the EXECUTE key ([:::]).
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5.5 NOISE MEASUREMENT

5.5.1

®

Measuring a Sound Level Using a Sound Level Meter

With the analysis by an FFT analyzer, the frequency range is changed
as required while a sound level meter measures the sguare means of
input signals without identifying frequencies. The sound level may be
represented in dBV notation only if the spectrum relative level is
required; if the sound pressure absolute level is required, however,
the EU value must be set so that the FFT analyzer overall value agrees
with the sound level meter readout. (Calibration of the FFT analyzer
with CAL signal of sound level meter.)

Calibrate the sound level meter with a pistonphone.
Measure the sound level meter CAL signal.

Figure 5-37 Measuring a Sound Level Meter CAL Signal

FREQUENCY
Set the frequency range to 20 kHz (audible range for humans).
SPECTRUM
s 2 Set the maximum sensitivity (which will not cause overload)
to maximize the resolution of the A-D converter.
AC /DC

AC coupling
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dBY

<Gaa> H
dBMag
10dB/ |
_90 o . . =1
dBv 1 I I 1 I I | 1
0.050 LIN FREQ(kHZ) 20

FPigure 5-38 Sound Level Meter CAL Signal

FUNCTION

Measure the CAL signal overall value in the 20 kHz range.

When the overall value is measured, selection
of the weighting function is arbitrary because
it is internally compensated.

Move the pointer (C)) to ALL in the
OVERALL.

SETLP

Display the DISP CTRL menu and
select dBMag in the DISP MODE.

The overall value of the sound level meter CAL
signal (1.05 kHz) is 98.4 dBV. 1In this case,
the sound level meter readout is 7.8 dB.
Therefore, the level value can be read
directly if the value displayed by the TR9407
is shifted to 90.6 dB.

Sound level meter EFT Analyzer

-~ 98, 4dBV

7. 8dB-

(R S —— 1 1 1

5 - 45

FUNCTION
OFF

< fel o=
DFEN/CLIOSED
aFF

Ho/ {1+HHod
X ekt
OFF/CH~A _
OFF/CH—8
X/ Dt
QFF/CH—A
OFF/CH-8

» CVIEWY C_fwd »

OFF

‘BEOQUALIZE

oFF
COH BLANK

oFF
OVERALL
= ALL

TREND REMDOVAL

OFF /CH—A
OFF ./ CH—B

SMOOTHING
OFF

May 15/86
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(:) Scaling ST WEIGHTING
: RECT
WGT/SCALING HANNING ¥
MINIMUM
T FLAT-PASS

_ FORCE/RESE.
N . F: 10 <

Move the pointer () to KEY in the SCALING. 15 ¢SP>

fa 10 <STY

S21 5P
<:] [:) Enter 0 dBEU=090.6dBV -3, SO0 =FS

READ OUT
EU=.a FREQ UNIT
with numerical keys, P

PM
VERT UNIT
Move the pointer () to OFF and press ] SeTue - NoRMAL

' SCALING
to change SCALING OFF to SCALING ON. v KEY i
CURSOR
aFF
FREQ/CH—A
a cEEU=
000. 3 «BvV
‘EU w=EU

Anechoic chamber

fmm m m m e e m e m m M mm m mmfmm— oy

W

~0s3

=

TR940T = . |, | <<<( _

|
i
|
{
!
|
i [}
Sound level meter :
{

Speaker

Random signal

TR98201

|°"—i——aft teie
— e | I — T
— Amplifier

Signal generator

Figure 5-39 Setting Up the Noise Measurement System

(:) Measuring a sound level (20-kHz range)
The FPFT analyzer has been calibrated with the sound level meter CAL
signal. Figure 5-39 shows an example of sound level measurement when
the speaker is driven by random noise.
Measure the sound level in the same manner as (:) above.
OPERATE

D Qutput a signal from the TR98201.
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P 2 oSc. OH=x 5. BdBA
B TaveERALL, HANNLING T Ta1. SaBA
PPRECISION SOUND LEVEL METER READ-OUT
i - 82,0 <OA

- dRMag
CiBA D

108 /|

j(- A P | 1 1 1 L I
d. Q90 . LIMN FREQIxHZY 20

Figure 5-40 Overall Value Measured in 20-kHz Range

(:) Measuring a sound level in the 10-kHz range.
When the frequency range is lowered to half, the overall value is

reduced by 3 dB. Change the scaling factor for compensation.
FREQUENCY

Set the 10-kHz range.

WGT/SCALING
Enter 0 dBEU=087.6dBV.

Measuring the sound level in the 5-kHz range.
If the frequency range is lowered to quarter, the overall value is
reduced by 6 dB as compared with the 20-kHz range.
FREQUENCY
Set the 5-kHz range.
WGT/SCALING
Enter 0 dBEU=084,6dBV.

5.5.2 Third Octave and Full Octave Analysis

A narrow-band spectrum is converted to thirty 1/3 octave filter
outputs after operation and composition.

When the 1/3 octave mode is selected, the spectrum consisting of 1200
lines in three frequency ranges (400 lines/range) is converted
{through operation and composition) according to the analyzing
frequency setting within the range from 1/3 octave band center
frequency 1.6 Hz to 80 kHz.

The 1/1 octave is analyzed by processing the result of the 1/3 octave
analysis. It can be displayed either during or after the analysis.
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(1) 1/3 and 1/1 octave analysis procedure
FREQUENCY

@ D Set a frequency range (2 kHz to AOVANCED SELECT
I ‘EOG kHz) (when the STATIONARY mode EE;Q;EE’_
is selected).
@ E Display the spectrum of the oCT MOOE
ON/CiF channel subject to octave analysis. gg;étggar_}w

© E Z00M OFF. % VIEW POWER #

DATA WANDCW
‘ ANALYSIS CHAN
DATA WINDOW OFF. CH—A L
CH-5
DOUAL

ANALYSIS HIST. .
@ [ ] [-m] m ] Display the octave
wl analysis menu, Bﬂlfggtg;t; "

171 QCT

(5) | swr | or | mse. | Change <DISABLE> to
<ENABLE>. A—gg;GHTINL‘..
(6) set the OCT mode. |
STATIONARY: Octave analysis is made during free running.
(Frequency range is switched.)
TRANSIENT: The AUTO ARM mode can be selected together with the ARM
mode. (Frequency range is not switched.)
VIEW POWER: Octave analysis is made for the power spectrum (Gaa,
Gbb, <Gaa>, <Gbb>, <C.0.P>).
@ Specify the channel subject to analysis, select 1/3 or 1/1 octave,
and specify whether the A-weighting frequency values are to be

compensated.

ADVANCE:
EXECUTE ANAI.“SISD

E (G) St{art oct.ave analysis.

To stop octave analysis, press this EXECUTE key again.
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*C. 0. P.
SCH=B/A CAVED
SZERC START
Pl B4 0O0OC. QOH= -3. 1 dBYv PAC/TEST CH=—A
. *AC/TEST CH-B

- SFREE RUN
OVERALL HANNING 1. 3dBYvY SAVE 2,2

ADVANCED SELECT
> QCTAVE

g [Tt iy TAY
aBv =ENABLE>

oCcT MOUE

- STATIONARY
TRANSIENT
VIEW POWER

ANALYSIS CHAN

o = Chi=—A
CH-8
=COP» L “ DUAL
dBMag
- 4 BANDWIDTH
173 OCT
L - i1 ocT
10aB/

L " Jd A-WEIGHTINCG
OFF

c. 230 LIN FREGD (M2 ' 100

Figure 5-41 <C,0.P.>Display Example

*1/3 OCT
SCH=B/A CAVED
’ SZERD START
Pix #48 83, OkHx ~-1. 348 SAL/TEST CH=A
' *AC/TEST CH—B

- SFREE RUN
OVERALL HANNING 1. 1dB SAVG 2/2

ADVANCED SELECT
OCTAVE
=ENABLE=

Q
dBv

QcT mMODE
STATIONARY
TRANSIENT
VIEW POWER

ANALLYSIS CHAN
Chk—A
CH-8

T w ouAL

<dBMag

BANDWIDTH
13 oCY
1/1 OCT

108/

Q=8 A~WEIGHTING
oFF

-100
dBv A . - . .

20 FILTER NO.

Figure 5-42 Result of Octave Analysis of the Data in the above Figure
{VIEW POWER mode)
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C) Display the averaging data (in STATIONARY or TRANSIENT mode).

(2)

AVG MODE
Select the AVG MODE and select POWER SPECT
{automatically selected) in the AVG WHAT.
MG /INST, Set up AVG NUMBER.

| STOP  ERASE

[—] ['—] rm;l Start averaging

ERASE
(Do not press [:] when DIFF is selected in

the AVG MODE.)

If averaging is executed during VIEW POWER mode, averaging for the
octave analysis is not executed but ordinary averaging is executed.

NOTES

- Octave analysis cannot be done for the power spectrum {Gab or
<Gab>) of the cross spectrum.

- When octave analysis is done for the result of math operation of
the power spectra in the FUNCTION ON state, temporarily store
the operation result in the memory, and press the RECALL key to
display it in the lower screen, then execute VIEW POWER octave
analysis.

- If power spectrum Gbb is displayed after VIEW POWER octave
analysis for power spectrum Gaa and octave display on the CRT
screen, VIEW power octave analysis for Gaa is not executed.

In this case, press the ADVANCED ANALYSIS-EXECUTE key to
terminate Gaa octave analysis, then press the EXECUTE key again
to restart Gaa octave analysis.

The following functions are inhibited during octave analysis:

- ZOOM (RUNNING Z0OOM and HOLD Z0O0OM)

- ARM and AUTO-ARM in STATIONARY mode
- 1-channel mode

- Auto range

~- Frequency setting

- Instant correlation

— Horizontal axis log display (H-LOG)
- Harmonics search

- Data window
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{3) Octave analysis test method

The best way to check the octave analysis is by feeding white noise

{flat).

In the 1/1 octave analysis mode, each bandwidth is increased

doubly, that is, the amplitude level is increased by 3 dB for each

filter.
by 1 dB.

Figure 5-43 shows the input signal (white noise).

in the 1/3 octave analysis mode, the amplitude is increased

Figure 5-44 ({a)

and (b))} shows the result of 1/3 octave analysis for white noise.

Pie 3 250. DH= —2i. 4aBV

1. SdBv

OVERALL  HANNING

ciBY

<G .
dBMag

10a8./

-0
aBv .

i I i i i L 1 i

Q. 250 LIN FREQ (Hxz> 100

Figure

5 - 51

SSPECTRUM
A CAVED
*ZERO START
*AC/DIFF
*FREE RUN
*AVG 1287128

WEISHTING
RECT
. HANNING L4
w MINIMUM
FLAT=-PASS
FORCE/RESP
Fi 10, <ST>
1S {SPY
Rs 10 ST
S21 <SP
=0, 250 =FS
READ OQUT

FREQ UNIT
=

CPM
VERT UNIT

NORMAL [

PER Hzx
SCALINC
KEY .
CURSOR
QFF
FREQ/CH=-A
0 dBEL=-

-~000. O BV
"EU" =EU

5-43 Input Signal (white noise)
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(a)
+1./3 OCT
SCH=A CAVES
SZERO START
Pk wa® BC. OkHZ —14. SCBV *AC/—CND
SFREE RUN
OVERALL HANNING -7, OaBY SAVE L28/128
ADVANCED SELECT
10 v . r v v r r r — CETAVE
w2 | <ENABLE®
CCT WMADE
STATIONARY
TAANSIENT
VIEW BOWER
ANALYSIS CHAN
ChA .
CH-8
~QCTa™ DUAL
dBMag
3 4 BANDWIDTH
1/2 OCT
L - 1/1 oCT
10a8/ A=WEIGHTING
oFF
L 4
.0
@V A ; ; , . . , A
»20 FILTER NO. 1,3 0T was
(b)
1/3 OCTAVE LIST 1« A-WEIGHT OFF
WINDOW HANNING
OVERALL -7, O aBv
FILTER CENTER LEVEL FILTER CENTER LEVEL
NO. FREG. asv NO. FRES. cBv
#20 100 Hx ~42.3 waS P 1SkHx  —27. 3
w21 12% —431.% #38 4. Ok -2, S
#22 18D - S w37 S, Ok -25. 5
w23 200 -as. 2 - I W T —_—a. S
w24  2=0 -30. 4 #38 0. Ok -23. 4
w2s o1 -37. 3 #an 10, Ok -22.2
w28 400 -8p. 4 #4112 Sk -21. 5
»27 =00 -85, 4 #aZ 18, Ok ~20. 4
w28 #90 -84, 3 #43 20. Ok -1 4
w20 800 - «33, 3 was 2=, Ok -te. =
»30 1.0k -3z, 1 #a% Bl Sk -17. 8
91 1. 25k ~31. S HAB AT, Ok ~18. 8
#3932 1.0k -20. 2 #a7 %G Ok -15. 8
#33 2. Ok -29. 2 #40 B3.Ch -1s. 1
#B4 2. Sk -20. 4 »ag 80. 0Ok -14. 5

Figure 5-44 1/3 Octave Analysis of White Noise
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- Pable 5-4 Relationship between Filter Numbers, Center Frequencies,
and Set Prequency Ranges

Setup Frequency ranges

Center
Filter No.| frequency OCTAVE STATIONARY (right} and _
TRANSIENT/VIEW POWER (left) TRANSIENT/VIEW POWER
iz 1/1 | 1/3. | 100k{ 50k [ 20k | 10k 5k 2% 1k | 500 200 100 501 20
49 80 k -
48 63 &k «— | «—
47 530 k “«— ;
45 40 k o A A
45 3L.5 &k — —
44 25 % —
43 20 k -— A A
42 16 k < -
{1 12.5 k <
- 40 16 k bl A A
39 8 k -— —
38 6.3 & —
37 3k «— v N
36 i k& o P
35 3. 15k -
34 2.5 k = v
33 2 k — -—
32 1.6 % hael Y
i 1. 25k -— 4 "
30 1 k — « .
29 800 =
28 630 —
- 27 500 — — .
26 400 -—
25 315 —
24 250 e
23 200 —
22 160 -
21 125 — § = p
20 100 — y
19 20 S e
18 63 -— — ¥
17 50 -— .
16 40 —
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i0 10 —
9 8 P -—
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7 - 5 “—
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3 3. 15 —
4 2.5 -
3 2.0 — -
2 1.6 -~

5 — 53 May 15/86



TR9407

DIGITAL SPECTRUM ANALYZER

INSTRUCTION MANUAL

5.5 NOISE MEASUREMENT

Transmisson Loss{dB)

19

20

30

40

50

60

70

E ' Tl /‘f\\‘ ‘ | E
3 i | E
E ‘ \k_-ﬂ_\pproximate E
- filter charac- S
E ]_I \ teristic of TR9407 E
ANS1 i A
_ MIN. ===t \ _
LIMI -\,/l \
/ W
B 1/ \l\ ]
/
B '/ st [\ -
/! LiMIT| \
. 7 LY
— // / \\\ —
A \\\
R // / N\ |
lgﬁ/ | L L 1 [
0.1 02 04 06 0810 15 2 4

Frequency Ratie f/fm

Transmission loss limits third-octave band filter, ANSI S1.11-1966

Figure 5-45

1/3 Octave Band Filter Characteristics
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LTEEXEXEEXLELESITLAELITEEX

* A-WEIGHTING CURVE

x

EXEXEXEXXXARET XX ERXETES

80 kiz Filter-no(
63 Filter-no(
50 Filter-no{
40 Pilter-no{
3.5 . Rilter-no(
25 Rilter-ne(
20 Rilter-no(
16 Rilter-no(
12.5 Filter-no{
10 Filter-no{
8 Filter-no{
6.3 Rilter-no{

5 Filter-ne{

4 Filter-no{
3.15 Filter-no(
2.5 Filter-no(

2 . Filter—-no(
1.6 Filter-no(
1.25 Filter-no(

1 Fiiter-no(
800 Hz Filter-no(
630 Filter-no(
- 500 Filter-no(
400 Filter-no(
315 Filter-no(
250 Filter-no(
260 Filter-no(
160 Filter-no{
125 Filter-mo(
100 Filter-no(
80 Filter-no{
63 Filter-no(
50 Filter-no{
40 Filter-no(
315 Filter-no(
25 Filter-no(
20 Rilter-no(
16 Filter-no(
12.5 Filter-no(
10 Filter-no(
- 8 Filter-no{
6.3 Filter-no(

5 Rilter—-nof{

4 Filter-no(
3.15 Filter—no(
2.5 Filter-no(

2 . Rilter—nof{
1.6 Filter-no(
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-35.0 (dBV)
-25.7 (dBV)
-21.5 (dBV)
-18.0 [dB¥V)
-14.5 (dBY)
=11. 8 (dBV)
-8.7 (dBV]
-6.5 (dBV]
-4.3 (dBV)
-2.5 [dBY)
-1.1 (dBV) .
~0.1 (dBY)
0.5 (dBv])
1.0 (dBV)
1.2 {dBV}
1.3 (dBV}
1.2 [dBV)
1.0 (dBV)
0.6 (dBV)
0.0 (dBY)
-0.8 [4d8Y]
-1.9 (dBV)
-3.2 (dBY)
-4.8 (dBV]
-6.6 (dBV)
-3.6 (dBV]
-10.9 C(dBY]
-13. 4 [dBV
-16.1 [dBV)
-19.1 {dBV)
-22.5 (4BV)
~26.2 (dBV)
-30,2 (dBV)
~34.6 (dBV]
-39, 4 [(dBV]
-44.7 (dBYV3
-50.5 (dBV)
-56.5 [dBV)
-54. 0 [dBV]
-72.5 (dBV)
-90.0 (dBV}
-90. 0 (dBV)
-80.0 {dBV)
~80.0 [dBV]
-90.0 (dBV)
=90.0 [dBV]
-90.0 (dBV)
-80. ¢ (dBV)

Figure 5-46 A-Weighting Compensation Values
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Toz
Signal Generator Amp as DUT Ttr—

e P |
B sl 25 U

TRI407

Figure 5-48 Connections for Measuring Distortion

@ Connect the output terminal of the signal generator to the input
terminal of the amplifier to be tested. _
Connect the ocutput terminal of the amplifier to CH-A of the TR%407.

FREQUENCY
(:) [:::] Set the frequency range to 100 kHz.
SENS. A
[:::] Input sensitivity: AUTO;
Raise the frequency resclution in the 1-channel mode
5':“"”“ -'m by changing ACTIVATE into DEACTIVATE.
=] =]
WGT/SCALING
Use flat pass weighting WEIGHTING
i ; RECT
func1':1on having a good : Hix NN NG
amplitude accuracy (tradeoff MTNT MM
with low frequency resolution » FLAT-PASS #
for harmoni lysi FPORCE/REST
¢ analysis). Fi 10 <ST
(:) When the TR98201 is used as a signal generator 15 (SPY
. PANEL : Ra 10 <ST>
o AECALL COP i s21 S
L ‘J [n 1 = Display the sine menu. +~0. 250 #FS
. i READ QUT
P AMPL;TUDE. Set a desired : FRED UNIT
amplitude. Hz o
3 L] a . CPM
(Move the blinking digit VERT UNIT
: NORMAL w
with and PER H=
g SCALING
enter the value with KEY S
numeric keys.) gggsma
(OUTPUT MODE: SWEEP FREQ/CH—-A
: O dSELe
Generate a signal from ~0o0. O dBv
the TR98201, TEUY =ELU

Move the vertical cursor
to the fundamental of the
signal.
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(:) [:::] The harmonics for the fundamental are marked. (In the CURSOR

OFF mode where the auto peak search function is performed, the
LIST harmonics for the peak are marked.)

D Fundamental and the level, harmonic numbers and the

frequencies, level differences, distortions and total harmonics
rms with reference to fundamental, and total harmonic
distortion are

computed and listed.

PHASE T MAG

REAL IMAG.
If I. | r- ]or I' ] is displayed instead of E in @

above, a harmonic list is displayed instead of the harmonic

distortion list.

P 4 SO0, OHx -2, A8V
o S T T T T T T T T
aBv
I F u ]
L -
- oy
a“8Mag L -
| «
108/
L]
e
-ag
@V L i i 1 i L L L L
ust O. 125 LIN FREQ CGcHxY SEGLS 100
E_] on
FLNDAMENT AL M aev
4 %00. O -2.3
HARMONICS DELTA <HR oIsST. X
. 2 @ coo.a : -84, 2 c. caz
3 13 =00. o -9, 5 33. 307
4 18 OBC. O -ma. 3 0. omt
5 22 =00, -14. 0 20, oo2
L 27 oon. o -@4. O 0. O=3
7 1 S00.0 i@, 9 14, 205
-] 38 Q00. 0 T -S4, 1 ¢. ga2
) 40 TCO. O -19. 1 11. Ong
10 43 oo0. O -4, Q . Os3
11 40 SO0, 0 -20. @ ]
12 =4 0OO0. 0O -a3, 7 c. cas
13 =0 S00.0 -22. 3 7. 883
14 a3 ooo, 9 -84, 0 o, oa=z
1= 87 So0. o -23. %5 - s, seg
1 72 ooe. o —.a%. 2 o, om2
17 78 S0C. O ~24. 8 5. 958
1B 81 Nog. o -a3. g o. OBa
19 85 =00, 0 -2%. . =. 248
20 @q 0oa. o —84, O 0. oe3
TOTAL HARMONIC RMS ; FLAT-PASS -5. 1 adBv
TOTAL HARMONIC DISTORTION 4%, 839 %

Figure 5-49 Harmonic Distortion List
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5.7 WOW-FLUTTER MEASUREMENT (WITH WOW-FLUTTER METER}

Wow-flutter meter FFT
‘SCOPE
COCB8) =

Figure 5-50 Connections for Wow-Flutter Measurement

When the motor rotates, FG {(frequency generator) pulses are generated by
the magnetic field. To measure the wow-flutter of the motor, this pulse
signal is input to the FFT analyzer through the wow-flutter meter and thus
the fregquency components of flutter are analyzed.

This analysis can determine the cause of flutter that cannot be.determined
by reading the wow-flutter meter only.

(:) Connect the SCOPE terminal on the wow-flutter meter rear panel to the
~ INPUT A terminal of the TR9407. (See Figure 5-50).
The signal that generates 240 pulses per revolution is electrically
extracted from the motor rotating at a speed of 400 rpm, and is then
input to the input terminal of the wow-flutter meter.
Set the wow-flutter meter as follows:

W&PF ON

INPUT : L.P.F.

FUNCTION : UNWEIGHTED (No frequency compensation)
INDICATION : RMS

C. FREQ: AUTO ON

MEMORY : OFF

REPEAT : ON

F. FREQ: 1/4.3

RANGE : f.s. 0.1%

(@) setup of the TR9407.

SPECTRUM MAG.
FREQUENCY
Set the frequency range to 500 Hz.
=Ly AC coupling.
WGT/SCALING Weighting function: HANNING
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Set the FREE RUN state.

Set the averaging conditions.

Raise the TR9407 input sensitivity up to the maximum value just before
the overload.

When an OVERALL is to be set, the weighting function is arbitrary
because it is internally compensated.

Figure 5~51 shows the measurement result. In (a), the low-frequency
band (50 Hz or lower) is reflected in the wow-flutter meter.
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{(WITH WOW-FLUTTER METER)

MOTOR = PFLUTTER METER -+ TREJ408A
MTR=402 RPAM FG=240 P/REYV without LOAD

¥ TTi8d. QU Ha ' i F=13.59<8v

-d.

<k

OVERALL MINTMLM . -f1, SdBv

a TIME SmSECY =<

10 T T T T T T T T T
a8y |-

Cana
dEiMag
10«8/
-7

1. 2% LIN FREQCHz> =00

(a) Wow-Flutter at 160 Hz
The upper trace indicates the overall value (-6.5 dBV)
when the MINIMUM weighting function is used.

MOTOR - FLUTTER METER + TRQ4OEA
MTR=400 RPM - FG=240 P/REY without LEAD

Bl 000 Hx —~20, 4BV

"OVERALL  MINIMUM h -2, ScEv

£,

1Ok H
- o
-7
a9y ) L ' L X L L — L
START LIN FREQ sTOP
B OO Hu st 18%. 00 Hx

(b} Wow=-Flutter at 80 Hz (x 4 zooming)

Figure 5-51 Wow-Flutter Spectra
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Floppydisik ~+ LO Flutter~ Amnalyzar-+-TRS400A

DELTA 40 4mB, 7gSEC 1. S2E+aACV p-p
wi. 41 T 3 T T T T T ¥ T
v .
e ) . el
=l. 41 .
v L e L L i 1 1 1
START D Wo / TIME . STOP
Q. 0O us&c 80 00o. 0o USEC
{a) Waveforms through Data Window
Fluttar Spactrum
5 Ooo. Omis=x —38. 1d8v
=10 T T T 1T T T 1TT1°¢ T T T LU O § T T T
o8V
Caa [
d8Mog
b=
10/
-70 |
w8V L U S T ST Y A1 I

‘0. 129 LOG FRERHZ
(b) Wow-Flutter Spectra

Figure 5~52 Wow-Flutter Waveforms and Spectra
{through laser doppler and wow-flutter meter)
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5.8 MEASUREMENT OF NOISE LEVEL ACCORDING TO PSD (POWER SPECTRUM DENSITY)

The noise level of the same semiconductor device varies with a different
frequency range even through they are measured in the same manner.

The reason for this variation is that the frequency resclution depends on
the analysis range and weighting function used. (When the resolution is
400 lines, the resolution in the 100~kHz range is 250 Hz and the
resolution in the 1-kHz range is 2.5 Hz.)

When the PSD method is used, the noise level is indicated after conversion
to the power per Hz, that is, the same value is indicated if a different
analysis range is set. The equivalent noise bandwidth depending on the
weighting function is automatically compensated. A unit, VA/Hz, v2/uz,
dBVA/Hz, is selected corresponding to Mag, MagZ, or dBMag selected in

the DISP CTRL menu.

s Low-noise
amplifier

Figure 5-53 Measuring Noise Spectrum

SPECTRUM
@ D Display the spectrum.
FREQUENCY
Set the frequency range to 100 kHz.
SENS. A
Set the input sensitivity (Ch.A) to +10 4BV.
AVG MODE
AVG WHAT: POWER SPECT
@ AVG/INST. AVG NUMBER: 256 or more
Start averaging.
STORE

@ E (MEMORY) Store the averaging result in the memory.

FREQUENCY

G Change the frequency range to 1 kHz.
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(POWER SPECTRUM DENSITY)

Start averaging under the same condition as the

previous averaging.

measurement at 100~kHz range
from the memory.

START
®L)
. D (MEMORY) Recall the result of
@)

Select the dual display mode and
compare the noise (lower) measured at
the 100-kHz range with the noise
{(upper) measured at the 1-kHZ range.
Note that the noise level difference is
about 20 dB in case of the frequency

woscauwe range of 100 kHz and 1 kHz.

FREQ UNIT: Hz

VERT UNIT: PER Hz (PSD).

As shown in Figure 5-~54, noise levels
expressed in PSD are almost the same.

ww TRELC? QIGITAL SPECTRUM ANALYZER e

O3-10—-19688 2228

-0 P
oBY

250 0H= ~dd. 9L gBv

oo

dEMeng

1087

-70
a8V

PSD OFF

g. oo2

LIN FREQ<{kHZ> 1

-1 |
<8

“Gace

dBMag

. 208

-7
<8v

T B0

LIN FREQ CHHzY 100

we TRGAG? OTSITAL SPECTRUM ANALYZER ww

C3-10+-1990 2228

WEIGHTING
RECT
HANNE NG w
MINIMUM
FLAT=-PASS
FORCE/RESP
F: 10 ST
15 (ST ]
Re 10 (4= 0]
S521 s
+=0. 250 wFS
READ OWT
FREQ UNTT
H= *
£PM
VERT LUNIT
NORMAILL
2 PER H=z w

SCALING
KEY
CURSOR
aFF

FREQATH~A
0 cBEU=
+000. 0 dBv
"EU" mEU

(In spite of the same input
noise level, different levels
are indicated in different '
frequency ranges.)

-1 Pk EEMELE =53, esdBv V=
BV /yHiE
PSD ON
-“-Goa™
ABMey ({If frequency ranges are
P Bw— v NSRS P different, the values compared
. according to the PSD per Hz are
agv s vH)
g. ooz LIN FREQCRHE? 1 the same.)
dE;;%H:
=y
dBMag
1ada ™" o by
v | l
0. 20 LIN FRED ek 1Q0

Figure 5-54 Comparing Noise Levels in PSD
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6. PANEL KEYS EXPLAINED

6.1 EXPLANATION OF FRONT PANEL

(1) Selection of domain and functions in observing the data

@

@

MG/INST. | SPECTRUM

TIME
Data in the time domain is displayed.
SPECTRUM

The data (auto power spectrum or complex spectrum) in the frequency
domain is displayed.

TRANS.FCTN

Transfer function, Bode diagram, Nyquist diagram (Cole-Cole plot), and
Nichols chart are displayed. ’

COHERENCE

After a transfer function is measured, the reliability of the data is
checked. Data becomes more reliable as it approaches 1i.

BOTH

Time data in single~channel operating mode or 4-decade logarithmic

frequency analysis data cannot be displayed on two screens because of
memory capacity.
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UPPER/|LOWER
For dual screen display, [:::] in the DISPLAY section determines which
UPPER

N

trace in either the upper or lower screen is to be modified. “

in the GENERAL CURSOR section places the cursor in either the upper or
lower areas of the dual screen display.

(2) Displaying wvarious menus to set measurement conditions

!
i
I
p=

o =T =
‘ ‘} lll’i: IIII:;
e i Tl Tee

1]

[— e

C) 3 FREQUENCY :ggt SENS. B TRG MODE Aualrere ”15&1"5
& =] @ [e).[e] [@] [6FE
o] =] Lo T8 08T (irm

o o[ [T

Move the pointer ([C») on the menu to the desired position.

(3 bisp

This key is used to set conditions where the pointer () blinks.
Each time this key is pressed, the value is incremented, in contrast
with the SETUP key.

(@) sEetUP

Move the pointer (C>) to the desired position with C) and (), then
set data by this key.

When the pointer () blinks, this key sets conditions. Each time

this key is pressed, the value is decremented, in contrast with the
DISP key.
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(5) FREQUENCY

©

A frequency analysis range can be selected and set only by moving the
pointer (). (The mark # automatically moves to the position where
the range is set.}

(7) SENS A, SENS B

Input sensitivity is switched in 10 4BV steps. With setting to auto
range, the 4-decade logarithmic frequency analysis or swept sine sweep
measurement would provide a high-resolution and wide dynamic range
transfer function measurement.

Auto range is settable on the SERVO menu, too.

If measurement is needed in short time, s50Q mode may be used instead
of the auto range to uniquely set the sensitivity range according to
the sequence regions. '

TRIG MODE

Sets triggef conditions, divides and writes to data memory, and sets
interchannel delay.

AVG MODE

AVG PROCESS and AVG NUMBER can be set on the SERVO menu as well. If
the three types of menus of average number settings are effective, the
one set in the signal sequence menu has the highest priority.

As well as setting the menu by this key, if the sweep mode is set on
any one of the menus of SERVO, SINE or SWEPT SINE, then sweep
averaging is performed.

WGT/SCALING

A window function and scaling (the values on the vertical axis are
represented in an engineering unit) are set.

If WEIGHTING CTRL is set to AUTO on the SERVO menu, an optimum window
function is automatically set according to the signal output from the
signal generator.

FUNCTION
The following functions are included: determination of transfer
function both in open lcop and closed loop, differential and integral

calculus function, equalize, coherence blanking, trend removal, and
smoothing functions.
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9 bpisrLaY CTL

Nichols chart can be displayed from the dual screen display (Bode
diagram with its vertical axes representing phase and dBMag) used as a
gain stability criterion.

The amplitude axis of the power spectrum can be calibrated in Mag (V),
Mag2 (V2), or dBMag (dBV); and for the dB display, 10 dB, 5 dB, or
2 dB per division can be set.

When a transfer function is displayed as Nyquist diagram, the
following displays are available from the above setting:

Mag — Real vs Imag Nyquist display
Mag2 — Real vs -Imag Cole-Cole display
dBMag — dBMag vs Phase Nyguist display

Using this menu, averaged frequency domain data such as transfer
function will be observed in the time domain after inverse Fourier
transform. Frequency domain data can also be dlsplayed by Fourier
transform of time domain data.

9 ADVANCED ANALYSIS

In addition to frequency response analysis, measurements such as
three-dimensional display, third- and full-octave analysis, group
delay, cepstrum, pre-envelope, and SNR can be performed through a

particular menu.

ADVANCED
ANALYSIS

ADVANCED ANALYSIS menu is changed at each press of E:::].

ADVANCED PANEL
ANALYSiS RECALL

Pressing [:::} [:::] w1ll bring about the display of

S5CT=T| CPFT—=U]| ENV—=V

LST=L|{ 3DP>~M|OCT~N|SVO=~0| GDY =P | SNR™0Q | ML~ R

to show the softkeys needed for each advanced analysis menu display.
Pressing the series of keys will immediately display the menu of
interest.

As for the servo (frequency response) menu, see the APPENDIX 3 at the
end of the manual.
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{9 EXECUTE

Executes the advanced analysis functions. For frequency response

START '
analysis, [:J in the average control section must be pressed after

.

this key.
(3 1/0

This menu is set when an XY recorder, plotter, floppy disk, and signal
generator are connected.

Each time this key is pressed with the pointer ([)) set in the
position of an I/0 device on a display menu, the menu changes.
RECALL

: Vo
As is the case with @ ¢« Pressing D E] would display the

following softkey list.

IMP =T | SWHP —=U | RND —»=V | MEM —=W | SEQ —=X

RCD =L | PLT —=M | FLP—=N SIN-=P | MSN—Q | WMS —=R

{6 EXECUTE

. The lamp of this key lights when the external devices described above
are operating.

Plotting screen data can be started by pressing this key, and it can
be canceled by pressing again. (The light goes off.)
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(3) How to modify the display

PN L8 [Fe].[@)

R e
I o omar bz
. B

MO @ (@ rEF/GAIN

This key, when its lamp is on, can move screen data up and down in

combination with G and O in @ and @ . (In REF mode)

In the GAIN mode when the lamp of the key is off, the display dynamic
range can be changed by pressing the keys @ and @ . When the phase
display mode is effected by the key' in the GAIN mode, measurement
results can be displayed from +25600° to -25600° without
wraparound, ‘

(® UPPER/LOWER
BOTH .
When the screen is split into two by [ﬂj, the display format and
analysis data on the upper and lower screens can be selected. The
DISPLAY CTL
DISP MODE and DISP GAIN on the menu of D can be set for the upper
and lower screens independently.
@ REAL (real part)
@ IMAG (imaginary part)

(7) MAG (magnitude display)
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PHASE (phase display)

This key is used to display spectrum, transfer function, and cross
MAG.

spectrum. When the lamp of [:::3 lights in the power spectrum

display, MAG, Magz, and dBMag display can be selected by the menu
DISPLAY CTL

displayed by[:::].
NYQ (ORBIT)
The Nyquist display of the transfer function is made nby setting DISP

DISPLAY CTL

MODE of [:::] as follows:

DISP MODE Mag Mag2 dBMag
Transfer function | Real, Imag Real, -Imag | dBMag, Phase
<Hab> Nyquist {Linear) | Cole-Cole Nyquist (dB) display
display

{0 GRATICULE

O

By depressing this key on or off, the graticule lines on the screen
can be erased or generated.

UPSCALING

When this key is pressed, the menu at the right is erased, so that the
screen is expanded by 40 percent. The TIME and SPECTRUM data in the
single channel mode which cannot be displayed on the two screens, can
be made to display in split form by UPSCALING.

SUPERIMPOSE

When this key is pressed in the dual screen display mode of the same
domain and same analysis range, data is overlapped on a single
screen. This function is useful to overlap two data for comparison;
the Mag and Phase of spectrum display; and transfer function and
coherence function.

LIN./LOG.FREQ

This key is used to select whether the frequency axis is displayed
linearly or logarithmically. The 4-decade logarithmic frequency
analysis data is always displayed in logarithmic frequencies. 1In
cepstrum and pre-envelope, the time axis is displayed logarithmically.
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{4) Reading data and setting parameters using‘the cursor

(1) UPPER/LOWER

In the dual screen display mode, this key is used to select which of
the screen data, either upper or lower, is to be read by turning the
cursor on.

C) Vertical cursor

When this key is turned on, the lamp of the key lights and the
vertical cursor is displayed.

When the cursor is off, the auto peak search mode is activated.

® @ QR

These keys are used to move the vertical cursor or to move the
blinking marker horizontally when setting the label mode or AMPLITUDE
on the SIGNAL G. menu, respectively. Also used to horizontally move
the pointer in the CATALOGUE mode of the FLOPPY menu.

(5) HARM/SINGLE

When this key is pressed, a maximum of 20 harmonics are indicated with
intensified markers with respect to the fundamental of either
vertical-cursor specified spectrum or peak spectrum (when cursor is
off).
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(6) SET REF.ON/OFF

(7) SET REF.
RECALL
C fen}
Display the vertical cursor by pressing E.

SET REF.
ON/OFF

Display the reference cursor by E. Move the reference cursor

{indicated by A marker and the vertical cursor) to a desirable
SET REF.

reference point by the yeller G {} keys and press

for the position to be defined as a reference point. 1In this way a
maximim of 20 reference points thus set can be stored in memory.

A list of the reference points thus set up can be viewed by pressing
LIST

E. The lowest reference number in the list represents the most

recent data being set. These setup values are cleared by pressing

SET REF.
LOCK ON/OFF LIST d
‘: lwith the keys |: H: l turned on.
cLh . seT per.  PANEL

. . ON/OFF STORE
These stored references can be retrieved by pressng

RECALL
- D followed by the numerical entry of the setup number in the

"LIST mode display. Numerical entry is made by the green characters to
the lower left of each key.

When the PANEL STORE key is off, a preceding reference setup state is

T REF.
RECALL gmgf

recalled each time C] is pressed with the condition ofD . In

this case, the capability of the PANEL STORE key is different from the
one inherent in this key.

@ Heorizontal cursor

Aetivation of this key displays the horizontal cursor
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o olo]|T

1) Moving the horizontal cursor
2) Moving the reference cursor (when the horizontal cursor is not

displayed)

ﬁ::‘ + Moves the reference cursor to the right.
——

——————

{:} : Moves the reference cursor to the left.

3) Scrolling up and down the filing area one line at a time in the

floppy CATALOGUE mode.

2 sET X

This key is used to set the following wvalues in combination with the
vertical or horizontal cursor.

L}

2)
3)
4)
5)
6)
7)

8)
9)
10)

TR98201 sweep frequency range in signal sequence method (Fmax and

Fmin when sine or swept sine waves are used)

Setting the bandwidth (WIDTH) of TR98201 output waveform
Coherence blank level

Threshold value and liftering value of cepstrum

Display reference level .
Interchannel delay

Start/stop points and damping level of force/response window
function.

Trigger position, trigger level

Movement step size of data window

Stop and restart of the LEVEL MONITOR

@3 DpaTA WINDOW

A specified portion of 512K words (for one channel; 256K words for two
channels) of input time data is observed through the window of 2K
words (1K word for two channels).
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{(5) Zoom function (time and freguency domain)

-

. QM GFF Emﬂ\’l'

~200M (TIME & SPECT.)

CENT MOVE. CENTER FOSITION

0

ZOOM ON/OFF

The data display is expanded at the following Zoom factors, with
center at the vertical cursor position or, in the auto peak search
mode when the vertical cursor is off, at the maximum amplitude
position of waveform.

Frequency domain | Time domain

Hold zoom 2, 4, 8, 16, 32 2, 4, 8, 16

Running zoom | 2, 4, 8. 16, 32
64, 128, 256

Note

The

from memory.

4-decade logarithmic frequency analysis data, if zoomed, is lost

@

@

(3) EXPAND WIDTH

Z%00m factor is switched over as in the above table. The set factor is
displayed at the bottom center of the screen.

CENT .MOVE
By turning this key on, the central position of zoomed data can be
moved continuously using the keys (:) and (:). When this key is

turned off, each time the keys (:) and (6) are pressed, it moves one
step at a time.
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6.2 EXPLANATION OF REAR PANEL

6.2.1 Connectors on the Rear Panel

Figure 6-~1 Rear Panel of TR9407

C) PIO (Peripheral Input Output)

Connected with the TR98201/TR98202 Signal Generator, TR98102 Floppy
Disk Digital Data Recorder or the dedicated maintenance gear.

() EXT.GATE

The incoming signal is read and sampled while the TTL high external
signal is applied to this connector.

® sync.ouT

TTL active low pulse (pulse width: approx. 100us) is output. Connect
this cutput to the TR7200 scanner to configure the multi-channel
system in which channel switching is carried out on measurement.
Define the SCAN mode in the floppy disk CATALOGUE menu to perform the
panel sequence measurement.
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HOLD IN; HOLD OUT

The CRT display is held when TTL low level signal is applied to the
HOLD IN connector. When the CRT display is kept still, the TTL level
signal is output from the HOLD OUT connector.

GPIB

24-pin GPIB connector and address switch.

AJO connector

TR9407's display section (top) and input section (bottom) are
interconnected with the supplied cable (DCB-RR2057 x 01).

SYSTEM CLOCK OUT

20.48 MHz ECL differential output (tricoaxial connector cutput).
Output is in synchronism with the internal (or external) sampling.
Used for the simultaneous sampling in the multi-channel system
configuration.

SAMPLE CLOCK OUT

In the system of (), this output is fed to the EXT SAMPLE connector
of the neighboring device.

PROBE POWER

Power supply for the probe with the internal floating ground.

No Connection : — : » +15v
NC 1 _|a
1 4
3
2 2 |3
p —1B6V
GND

v

Figure 6~2 Probe Power Internal Circuit
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6.2.2 EXT. TRIGGER Connector

Figure 6-3 EXT. TRIGGER Connector

This connector accepts an external trigger signal which determines the
trigger timings for the AUTO ARM or ARM mode. It is effective when
item "SOURCE"™ of the TRIG MODE menu (selected with the SETUP section)
is.set up for “EXT".

The external trigger signal level may range between +10 V and =10 V,
from which the appropriate trigger level can be specified with "LEVEL"
in the TRIG MODE menu. If it is set up for "EXT", the trigger level
is always a fullscale of %10 V.

Trigger slope can be switched between positive (+) and negative (-).

If the available external trigger signal is TTL compatible, set up
"LEVEL" of the TRIG MODE menu for "0.148 * FS" (approximately +1.5 V).
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6.2.3 EXT. SAMPLE Connector

Figure 6-4 EXT. SAMPLE Connector

This connector accepts an external clock which determines the data
sampling timing., It is effective when "SAMP CLK" of the FREQUENCY
menu is set up for "EXT". The external sampling signal must be TTL
compatible {with HIGH level at 2 V or more, and LOW level at 0.8 V or
below), with its frequency up to 2.56 MHz and pulse width more than
150 ns. The internal sampling signal is generated in synchronism with
the leading edge of the external sample signal.

6.2.4 TOUCH SOUND Control

Figure 6~5 TOQUCH SOUND Control .

This screwdriver adjustment controls the volume level for key touch
tone, input overlecad alarm, and other alarm buzzer sounds. Clockwise
rotation of this control increases the volume level. To make the
buzzer sound inaudible, turn this adjustment fully counterclockwise,
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6.2.5 BXT. CRT Connectors

Figure 6~-6 EXT. CRT Connectors

These three connectors provide the signal outputs identical to those
supplied to the internal CRT display. They may be used to check out
the internal display function by attaching an external oscilloscope or
monitor scope to them. The output levels are 1.0 V for X and ¥
outputs, and TTL active low for Z output.

EXT. CRT connectors are intended for the troubleshooting purposes. No
particular measures are taken to meet the requirements of the

- frequency response of the noise or the signals for the external
monitor. Analogical control of intensity, as it is done in the
internal CRT, cannot be achieved especially at the digital output of
z-axis (active low) for the external monitor.

For the external monitoring through the EXT. CRT terminal, the noise
on the signal should be eliminated.

When the connection cable is to be extended, provide the external
amplifiers of large CMR as drivers and receivers, If the delay in the
transmission path causes the timing lag with the blanking signal
{(z-axis), provide the appropriate delay circuit for adjustment.
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FREQUERCY Prequency range setting
Select this to sample data using an internal

;iﬁg myclock (this is the normal mode of operation).

INT o ' ) .

EXT - Select this to apply an external sampling

clock via the EXT.SAMPLE connector on the rear

=2 1 MH=z= & panel. {(Used for order analysis or sampling

SO0 xH= data in synchronism with rotation of external .

200 object)

1go

=0 Setting marks, C> and #, move together.

20 S

10

=1

2

1

500 H=

=200

100

S0 The frame time varies with the frequency

=0 setting, Por example, if the fregquency is set

10 to 50 kHz, the frame time is 8 ms; if the

g frequency is 20 kHz, the frame time 20 ms.

1

FRAME TIME
ADGO USEC
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SENS. A
D Input sensitivity setting for channel A (B)
I\Sfiigs % L FI::’\lj Ef_T Y Maximum amplitude to each channel

Ar £ 44.7 V
B: = 44.7 V

If INVERT is set using the SETUP key, the
¥COH—-B» /input signal polarity is inverted.
NORMAL B (Ordinarily, NORMAL is selected.)
INVERT

. ——1If ACTIVATE is turned to DEACTIVATE using the
ACTIVATE pointer and the SETUP key, only one channel is
placed in operation; as a result, the line

AUTO resolution becomes 801 from 401.
(dBV) In correlation function measurement, the
2 +30 B DEACTIVATE mode is inhibited; both channels
+20 are always used. Moving the pointer to AUTO
+10 or a value of 30 dBV to 60 dBV resets the
DEACTIVATE mode.
O
—-10 # indicates. the setting for channel B.
-20
-30
—-40
—-50
-850

6 - 20 May 15/86



TR9407

DIGITAL SPECTRUM ANALYZER
- INSTRUCTION MANUAL

6.3 MENUS EXPLAINED

ALTO CAL

TRIGGER
SOURCE - —o
CH—A
SLOPE
-t o
LEVEL
0. 078 #FS o
POSITION -

+200, D0 ¥
BEEP ON TRIGGER

‘OFF \\\b
MARKER
OFF \\\\\\\0

ARM MODE
NDHMAL-\H‘\\\\\Ev

ARM LENGTH

o> 255K

BLOCK NO.

]
INTERCHAN DELAY
osi1024 \

This menu is not used for the FREE RUN mode;
used to capture the input signal at the
specified point on the CRT display.

The first zero calibration is carried out 10
min after AUTO CAL ON; the second in 30 min and
thereafter in every 1 hour. Set it to OFF if
the data is written into the floppy disk or the
GPIB is implemented.

bata are sampled only at the application of the
TTL high external signal by receiving the

‘incoming signal.

Trigger signal selection (Channel A or B, or .
the external trigger signal applied to the EXT.
TRIGGER connector on the rear panel.) '
Trigger on the positive-~going or negative-going
edge. - _

The trigger level can also be defined using the
horizontal cursor and the SET X Key.

Setting of the trigger position (point on the
time axis [x-axis]); also settable with the
vertical cursor and the SET X key.

Setting this to ON gives an audible alarm when
triggering takes place.

Setting MARKER to ON causes the trigger point,
if included in the displayed waveform, to be
intensified.,

To be used in combination with the ARM or AUTO
ARM key.

In the NORMAL mode, only block 0 is used.
Determine the unit memory size with which to
divide the 256K word data memory for each
channel. For single-channel mode, up to a
maximum ARM LENGTH of 512K words may be set.
(If the ARM LENGTH is set to 512K words, the
data memory consists of block 0 only.)

ARM MODE | TRIGGER Blocks used

NORMAL

ARM Block 0 only

AUTO ARM | Block 0 is used repeatedly

ADVANCE

ARM Block specified by BLOCK No.

AUTQO ARM | Sequential used from 0 to 1,
2 ... until it is held at the
maximum block.

Compensates for the interchannel delay to obtain the
accurate transfer function. Alsc settable with the

SET X

key in the auto peak search mode ({with the VIEW

mode of AUTO CORR, IMPUL RESP or CROSS CORR).
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AVG MODE

Averaging for signal enhancement for readout.

Most commonly used mode. With normalized

g\/gumcéa)E’#’// averaging, the results displayed are always

correctly scaled for readout.

Linear summation. An accurate average value

EXP cannot be obtained until the preset number of
PEAK averagings is reached.
SUM {T)

AVGE WHAT 7 Difference averaging is used to remove the
CROSS+POWER effects of given spectra (esp. background
noise) from the measurements obtained in SUM
Avg NUMBER node.

Exponential averaging. This average assigns
more significance to the recent data while the

AVG CHANNEL
CH-—A :

cCH-—-B older data dies out in importance at a
DUAL decaying exponential rate.
oss #
AVgRPHDCESS Peak detection.
NORMAL. # . Normalized summation of time-domaim data; used
+1 AVGE only for correlations.
SWEEP
OVERLAP What is to be averaged is selected from 7
O % # categories by DISP or SETUP keys.
50% _
DISPLAY DISP. key increase the number; SETUP key
: decreases the number.
ALL. #
1/2 Select the channel in which averaging is to be
END made.

Averaging is incremented one at a time by
CONT. key, confirming a captured transient on
CRT. When ARM key is used, set to "+1 AVG"
instead of "NORMAL,"

Sweep averaging allows high-quality
measurement of transfer function ({(at

resonances) .

On a low-fregquency range 50% overlap minimizes
averaging time and reduces measurement errors.
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Table 6-1 Combinations of AVG WHAT? and AVG MODE

AVG WHAT? TIME CORRE- HIST POWER | COMPLEX | CROSS+
AVG MODE . LATION SPECT . SPECT POWER
SUM (N) o X o o] o o
SUM (L) X X X o] X o
DIFF X X X o X X
EXP o | o o o o o
PEAK X X X o X X
SUM (T) X o X X X X
o: Allowed X: Not allowed
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WGT/SCALING .
Weighting function selection and scaling

Change the weighting function depending on the

purpose of measurement; how data is to be
. weighted, what is to be precisely analyzed, or

WEIGHTING whether the input signal is transient or
= RECT W continuous. :

HANNING

MINIMUM

FLAT—PASS / FORCE/RESPONSE is used for the transfer

function measurement by the impulse method.

F.GRCE/H%SS_:?) FORCE eliminates noise, RESPONSE eliminates
F: 10 leakage by damping the impulse response within
15 (SP) the frame time. Start point, stop point and
A 10 (ST) damping level are settable either by a menu or
521 (SP) a cursor.
: 4+0 .250 *FS
READ OQUT . )
Select either Hz or CPM (cycle per minute} as
FREQ UNIT the frequency axis unit
Hz # ’
CPM _F__________._.—-Select either NORMAL for power spectrum or
VERT UNIT PER Hz for PSD (power spectrum density; power
NORMAL # per Hz) as the amplitude unit.
PER H=z
Calibration of x- and y-axis for the most
SCALING appropriate unit; the unit indication and
KEY # scaling on the CRT change in compliance with
this setting.
CURSOR
OFF _
TIME/CH-B KEY MODE CURSOR mode
1 n EU 1] =
+1.00E+00 V Time domain | 1EU=... [V] CURSOR=. .. [EU]
[1} Eu (1] mEu

Frequency 1EU=... {Vrms} CURSOR=. .. [EU]
domain or or
0dBEU=... [dBV] CURSOR=... [dBEU]}

0 dBREU or 1 EU depends on whether the DISP
MODE is "dBMag" or "Mag, Magz“ in the DISP
CTRL menu.
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Table 6-2 Weighting Functions

Advantages

Disadvantages

Use

PP QZPHOR W

Energy of waveform in
frame time remains
constant.

Frequency resclution
is highest.

Amplitude accuracy is
low (-3.92 dB worst
case) .

Discontinuities occur
on the aperiodic
continuous waveform at
each end of the frame
time. :

0 Most suitable for
analyzing transient
signals and impulse
signals

OZH2z2=Z2»m

No discontinuity occurs
on continuous waveform
at each end of the
frame time.

Slightly inferijor in
frequency resolution
to RECTANGULAR,

Amplitude accuracy is
relatively low (-1.42
dB, worst case).

o Most commonly used

for continuous wave-
form measurement.:

mumPOHEPEE

Amplitude accuracy is
highest.

Frequency resolution
is low (~0.10 dB,
worst case).

o Effective for har-
monic analysis.

RO HEHAR

Very good sideband
behavior.

Superior in frequency
resolution to FLAT-
PASS.

Superior in amplitude
accuracy to HANNING
(-0.85 4B, worst case}.

Inferior in frequency
resolution to HANNING.

Inferior in amplitude
accuracy to FLAT-PASS.

o Effective to resolve
two nearby very
dissimilar strength
spectra (for example,
deep notch).
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FUNCTION
D Postprocessing of analyzed data
Math operation to be performed in a dual
display mode (on data in the same domain and
same range); for subtraction, (upper data -
lower data) is calculated; for division,
{upper data + lower data) is calculated. U
represents the upper data; L the lower data.
Transfer function is obtained either from open
FUNCTION loop to closed loop or vice versa. Storage of
= 0OFF transfer function as the feedback element Hm
is required in the feedback control system.
<U-+L_ >
OPEN/CL.OSED Integration in the time domain for channel A
OFF or B.

Differentiation in the time domain for channel
A or B. {Results of integration or differen-

Ho/ (1+Ho)

S Xxdt . — tiation can be displayed in the either domain,

OFF/CH—A time or fregquency)
- OFF/CH-B '

xAXx/dt Multiplication of the frequency domain data by
OFF/CH—A j (W) (approximation to the integration or
OFF/CH-B differentiation).

® (VIEW) (3 w)n > If averaging and differentiation/integration

: are both to be made, multiplying the result of
OFF ] averaging by (jw) reduces the required time

EQUAL TZE with increased precision. (See Table 6-5}

COH BLLANK Removes the effects of the frequency
OFF ' characteristic of the sensor itself. Transfer

-OVEHALL function of the measurement system is required
OFF to be stored in buffer memory..

TREND REMOVAL Blanks irrelevant data in the measurement of
OFF/CH—A cross data such as a transfer function so as
OFF/CH-B to clearly demonstrate the causality between

SMOOTHING the input and output signals.

OFF

Displays the readout of the total power of all
spectra being displayed or of part of the
spectra being displayed (with the aid of the
SET REF. key). Any weighting function c¢an be
used for the measurement of OVERALL.

Removal of the dc components or linear trend
can be made in the Ch.A or Ch.B independently.

Moving average smooths out the effects of

high-frequency components (noise) of the
incoming signal.
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Table 6-3 Math Operations

FUNCTION | x |/
DATA .
TIME o (o] X
HIST. o X X
AUTO-CORR. (o] b4 X
CROSS-CORR. . o X X
IMPUL. RESP. o X X
POﬁER SPECT. o X o
OCTAVE o X o]
COMPLEX SPECT. o o o
TRANS. FCTN o o o

between Same Type of Data

o Applicable
x Inapplicable

Table 6-4 Math Operations between Different types of Data (1)

{Delay Domain)

Upper trace

: AUTO-CORR. | CROSS-CORR. | IMPUL.RESP.
Lower trace
AUTO-CORR. + , - +, -
CROSS-CORR. +, - + ., -
IMPUL. RESP. +, - +, -
6 — 27
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Table 6-4 (Continued)

Math Operations between Different Types of Data (2)

Upper trace | coMpLEX SPECT.| TRANS. FCTN

Lower trace

TRANS. FCTN * /

COMPLEX SPECT Incomputable

“Math Operations between Different Types of Data (3)

Upper trace | powER SPECT TRANS. FCTN
Lower trace
TRANS, FCTN *, /
POWER SPECT Incomputable

Table 6-5 Correspondence between (j ) Operations and
Differentiation/Integration Functions

1/(3W0) 1/ (3w 2 (G 2 (3w)

Gaa (Gbb) | CH-A (CH-B) | CH~A (CH~B) CH-3 . (CH~-B) CH-A (CH-B)
{Power integration | double integ. double diff. differentiation
spectrum)
c.0.P. CH-B CH-B CH-B CH-B

integration | double integ. double diff. differentiaticn
Hab CE-B integ. | CH-B double CH-B double CH-B diff.
(Pransfer | or integ. or CH~A | diff. or CH-A| or
function) | CH-A 4iff. double 4iff. double integ. | CH-A integ.
Gab CH-B integ. | CH-B double CH-B double CH~B 4iff.
(Cross or integ. or CH-A | diff. or CH-A | or
spectrum) | CH~A integ. | double integ. | double diff. CH-A diff.
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Table 6-6 OVERALL/PARTIAL and Its Message

VIEW OVERALL/PARTIAL | Message
TIME B o ©
AUTO-CORR X ©)
TIME -
CROSS-CORR X @
IMPUL.RESP. X @
REAL/IMAG. X 3., ®
PHASE X 3, @
FREQUENCY
MAG. o (:)
COHERENCE o O,
AMPLITUDE | HIST. , o ©
o: ENABLE X: DISABLE

Displayed messages

(1) PARTIAL SET REF.
- Reference is not set. Set the REFERENCE.

(:) OVERALL (TIME, HIST., MAG.)
OVERALL is only possible when the VIEW section is set to TIME or
HIST or the vertical axis for the SPECTRUM display is in the MAG.

(3) DPARTIAL: POWER SPECT.
- PARTIAL is only possible in the MAG. display.

(4) OVERALL: POWER SPECT.
OVERALL is only possible in the MAG. display.
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DISPLAY CTL

ALUTO SCALE
ON

OIsF MOOE
TIME

Display control (scale, unit and others)

o CTRL//////////O
#»| OWER-»

Mog
Mag?
d8Mag
NICHOLS

1Q

—0

L
DISP GAIN \\\\s\\w
<dB/OIV \\\\\\\\\\n
=
5
L s

DATA WINDOW

AUTO
STEP <O. WINDOWD
1s5/1024

RE-SAMPL ING
UNIFORM
LEVEL MONITOR
= ON
CURSOR

/

-

To make settings for a dual mode display,
specify UPPER for the upper half of the
screen or LOWER for the lower half of the
screen.

Analysis data of frequency domain is
displayed at the appropriate gain.

Time domain {Fourier transformed) or
frequency domain (Inverse Fourier trans-
formed) data either recalled from memory or
averaged is observed in the time domain.
Specify Mag (linear), Mag2 (v2), or

dBMag {log) as the unit for the power
spectrum magnitude axis. FPor a Nyquist
display, Mag is used; Ma92 is for a
real-imag display; dBMag is for a
magnitude-phase display.

Time domain (Fourier transformed} or
frequency domain (Inverse Fourier trans-
formed) data either recalled from memory or
averaged is observed in the freguency domain.
In this example, L indicates a setting for
the lower display and ¢ for the upper
display. : .

Transfer function in dual mode (Phase and
dBMag display for each vertical axis) is
represented as Nichols chart.

Set 10 4B, 5 dB, or 2 dB as the value of
each division on a dB display.

Determines how to shift the time waveforms
stored in the input buffer.

If the <] or E> key iz pressed in the

AUTO mode, the data window is continuously

shifted. In the MANUAL mode, the data

window is shifted one step size each time

either key is pressed.

Setup of step size of data window (up to

2048 points for 1 ch; 1024 points for 2 ch).

Also settable with the vertical cursor and

SET X key.

Decimated time data is displayed according

to the zoom factor.

UNIFORM: Uniformly decimated with the
factors of 2 to 256. .

REAK : Resampled at every peak within the
points set up as the zoom
{decimation) factor.

Overall or peak values of time-varying data

in the frequency display are monitored.
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AIVANCED
m.mrsas NECALL

I ] Three-dimensional display

Determines the timing of 3D display.
(3D display is produced on each performance of
averaging (AVERAGING), or each time the data
QD;SNS?gPEEE;ECT is held after AUTO ARM or ARM execution (AUTO
—DISABLE= ARM), or at each reception of a DT command
(GPIB), etc.)

SD DISP TRIG.

AUTOMATIC # The number of traces that can be 3D displayed
DATA WINDOW on the CRT is fixed to 14. START LINE NO
AVERAGING = 3 . j ¢
AUTO ARM specifies the first 14 successive traces out
GP-—IB of the 32 lines stored in the TR9407 for the
STAS’S;INE NO. 3D display. Settable from 1 to 19 with DISP.
ANGLE FACTOR © or SETUP key.
30 DISP SOURCE One of eight display angles ranging from 90°
SYSTEM # to 51° can be selected
FLOPPY *
30 DISP OUTPUT
CRT Set this to SYSTEM except when displaying the
HARD COPY data transferred from a floppy disk in the 3D
STACK LINE NO. mnode
186 ‘

If 3D DISP QUTPUT is set to HARD COPY, set the
number of traces to be stacked to 16, 64, or
128.

ADVANCED
ANALYSIS RECALL

In | ||:1 | \
n 1/3~ or 1/1-octave analysis

This setting alternates between DISABLE and
ENABLE every time the SETUP or DISP. key is

ADVANCED SEILECT prESSed.
= DCTAVE
<O ISABLE=> '
- Select STATIONARY to make 1/3- or 1/1-octave
OCT MODE analysis in the free-run mode.
STATIONARY #. Select TRANSIENT to make the analysis of the
TRANSIENT . .
VIEW POWER transient data. (AUTO ARM may also be
utilized.)
ANALYSIS CHAN Select VIEW POWER to make the power spectrum
CH—A # analysis.
CH—B
OuUAL.

Select the channel in which 1/3- or 1/1-octave

BANDWIOTH analysis is to be made.
1/3 ©OCT #
171 OCT
Select either 1/3- or 1/t-octave.

A=WEIGHTING —
OFF Determines whether to compensate the filter

output with the A-WEIGHTING value.
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ADVANCED  PANEL
ANALYSIS  RECALL

UIZ] Cepstrum analysis

. CH-A: Cepstrum for the power spectrum in
ADVANCED SELECT channel A

= CEPSTRUM CH~B: Cepstrum for the power spectrum in
<DISABLE> channel B
ANALYSIS CHAN DUAL: Cepstrum for both channels of A and B
CH—A # VIEW: Cepstrum for the displayed power
gE;E spectrum (or Mag of transfer function
VIEW Hab or C.0.P. )
DOMA IN :
QUEFRENCY # ‘
FREQUENCY QUEFRENCY: displays cepstrum (Ca or Caa)
THEEEHOLD —\ FREQUENCY: displays liftered spectrum
-774 dBFS Eliminates noise. If power spectrum (Gaa) is
LIFTERING below the threshold value set up, Log{Gaa)=0.
SHORTPASS ## .
LONGPASS

MEMORY CA/B>
Selection of lifters to apply to the cepstrum

0rs511 to obtain the liftered spectrum.

/O
Setup of timer

I/0 SELECT : Set OFF to ON to set the time of day. In

TIMER gsetting the year, setup of 2080 or 2090 would
: become 1080 or 1090 on TIMER EDIT OFF.
TIMER EDIT Improbable numerals, if entered, would become
=2 OFF o the one last set on TIMER EDIT OFF.
OoN
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/o RECALL
l | |D | |m | External device selection (Selection of XY
- recorder)
For calibration of the output amplitude
scale. Select either 0-0 or FS-FS (full
scale) using the SETUP key.
I/0 SELECT CURSOR: Outputs the x- and y-axis information
= XY-RCDR indicated by the cursor or peak '
marker. The time-varying point on
CALIBRATION - the waveform is observed with the
0o-0 chart recorder, oscilloscope or
RECORD MODE digital voltmeter.
ALL : Plots both the waveform being
CURSOR o .
displayed and the scale.
ALL SIGNAL: Plots the waveform only.
SIGNAL FRAME : Plots the scale only.
FRAME
PEN MODE If "TWO" is selected with the RECORD MODE:
ONE # CURSOR, the lower trace data in the dual
TWO display mode is output from the Y1 connector
PLOT SPEED in the TR9407 rear panel and the upper trace
SLOW # data is output from the Y2 connector (data
) should be in the same domain and the same
2 frequency range). _
3 : When the FFT analyzer is not in the dual
4 display mode or the frequency ranges are
5 different, cursor- or peak marker—specified
FAST trace is output.

Select TWO for the dual display mode to plot
on the two-pen type XY recorder.

Select the desired plotting speed; there is a
tradeoff between speed and accuracy.
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/o RECALL
[ } [:: ]..[E I Selection of plotter

ALL: Plots all information displayed
SIGNAL: Plots only the waveform (to
superimpose data, make plotting first in
I/0 SELECT the ALL or FRAME+MENU mode, then in the
- PLOTTER SIGNAL mode}
FRAME+MENU: Plots only the scale, label, and
menu information

FPLOT MODE

AL L # If AUTO is selected, two-color plotting is
SIGNAL made using PEN1 and PEN2,
FRAME-+MENU

PEN SELLECTION Automatic paper feed function. Set this to A4
AUTO /to feed paper leftward by about 21 cm; set

PARPER ADVANCE this to SCALE to feed paper leftward by the
SCALE distance specified by Xmax (mm) .
SCAL ING OFF: Plotting is made in A4 size.
oOFE ON : Plotting is made in the size specified
_ by PLOT SIZE.
PLOT SIZE (mm)
Xmin: 020 T

Set four points to define the plotting area as

Ymin: 005 desired.
XKmax: 200 Scaling plot is facilitated providing 1 to 6
Yymax: 240 plots on A4-sized paper by entering VOOor HOO
FJL.OTTEH TYF’E at Xmin. (See Appendix 8)
HP—GL.-

____ __———— NORMAL: Plotting in the X- and Y-axis
PLOT ANGLE direction on the HP~GL plotter.
NORMAL - . 90°: Plotting in the position rotated
90° counterclockwise with respect
to the X- and ¥-axis of the HP-GL
plotter.
Opposite is true for the TR9835/9835R/9832.
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(+] RECALL
é EN Selection of floppy disk digital data recorder

(TR98102 in WRITE Mode)

ORIGIN : Display at the time of recording
will be reproduced on the CRT from
the time data (which is the origin
of the instantaneous data) or the
averaged data.

FIXED : Least unit(s) of data per screen

I/0 SELECT are required in recording, so more
FLOPPY information per disk than any

. other mode can be recorded at high

FLOPPY MODE speed, No processing is possible
READ: ' on reproduced data.

= WRITE # MASS TIME: The data image in the 512K word
EE%ILOGUE buffer is recorded as it is; the

ADVANCE ARM, DATA WINDOW,

WRITE MODE INTERCHANNEL DELAY, HOLD ZOOM, and
ORIGIN vA FUNCTION {(U+L, U-L, U*L) are
FIXED possible on reproduced data.
MASS TIME GRAPHICS : The displayed information is
GEQ;EICS recorded as it is. Unlike the
P ' ORIGIN or MASS TIME modes, this

WRITE TRIG. mode is incapable of data
DATA : processing (such as comparison or
FREE RUN math operation on the CRT), but

CH—A any type of displayed data can be
recorded in this mode.

M.TIME FCTN PANEL  : All setup conditions of the TR9407

' g':fi 00 : can be stored in a file to incor-

porate the series of measurements
into panel sequence programming.

Defines the timing to create the file in the

AUTO mode.

DATA : Data meeting the trigger setting
conditions for the TR%407 is recorded.
Settable items include FREE RUN, AUTO
ARM, ARM, HOLD/DATA WINDOW.

AVGED : Data recording is triggered by an
Average-Process-End signal of the
TR9407.

SYSTEM: Data recording is triggered by GPIB
command WT (Write Trigger).

Used for the WRITE MODE: MASS TIME
Xa is calculated by selecting from OFF,
Xa=Xa+K*Xb, Xa=Xa-K*Xb,

Xa=Xa*K*Xb {(-1.00 K 1.00}
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Reproductioa of file recorded in TR98102

I/0 SELECT

FLOPPRY
FL.OPPY MODE Setup conditions on reproduction.
READ i FLOPPY: Reproduction of the data under the
= WRITE same conditions as set at file
EDIT creation time.
CATALOGUE PANEL : Reproduction of the data under the

panel key settings made at the time

DISPLAY SOURCE of reproduction

FLOPPY ' #
PANEILL . .
Output device selection. CRT, plotter and
DATA OUT ______/XY-recorder are available. 1In the 3D display
CRT mode, the 3D DISP OUTPUT setting made on the
. 3D display menu overrides this DATA OUT
OVERL.AY NUMBER setting.

o \
Number of superimposed traces output on the
FPlotter

Editing of file

I/0 SELECT
FLOPPY

FLOPPY MODE
AEAD
WRITE

. EDIT " COPY: Copies the contents of disk in drive 1
CATAI_CJGUE// to the disk in drive 0.
EDIT MODE - READ & WRITE: Editing and file type

= COPY (D1-00)  # conversion can be carried out using the
25??—%%;553 copy function in a file unit by
) specifying the sequential number. Both

M.TIME E.MQOODE. READ and WRITE conditions in the FLOPPY
Fgg';:‘vo (FRONT) MODE should also be specified.
CH—A EDIT (M. TIME): Editing of mass time file.
TSHIVO (FRONT) ) Specification of drive and channel in editing
CH—A the mass time file. The mass time file should

have been created in 2 channels.
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Floppy Catalogue mode: List of file contents and its reproduction and panel
' sequence setup.

160-169 reserved

{File number} (File type) Label display for WRITE
0 : Origin
M : Mass time .
F : Fixed Sequential number
G : Graphics for the file
P : Panel ‘
'/ T T
/ No. TYPE LABEL SEQ. ﬁ\\
- 1 XaXb :M /XYZ/ 16Kword Time Record : 0
2 WRITE AVAILABLE : 160
3 PANEL :P /XY2/ 16Rword Time Record s 170
{S:ALL OFF 0000:00.0 )
4 PANEL :P /XYZ/ 16Kword Time Record : 17N
{S:ALL OFF 0000:00.0 )
5 PANEL :P /XYz/ 16Kword Time Record s 172
(S:ALL OFF 00060:00.0 }
6 PANEL :P /XYz/ 16Kword Time Record : 173
{S:ALL OFF 0000:00.0 )
L 7 PANEL :P . V24474 16Kword Time Record : 174
(S:ALL OFF 0000:00.,0 )
CATALOGUE MODE: EXIT
—= | DRIVE SELECT: DRIVO (FRONT)
—— { WRITE PROTECT: ’ OFF
-~ ] PANEL SEQ. TIMER START: OFF
START TIME: 00:00
| | PANEL SEQUENCE: QOFF
LOOP: 1
FROM: 1
TO: 1
SETUP LINE: 1
SETUP ZOOM AVG TRIGR ADVNC PLOT FLPY INTERVAL SCAN
~ \\iLL OFF OFF  OFF OFF OFF OFF  0000:00.0 OFF /
Setup for the panel sequence function.
(Use yellow arrow keys to move the pointer leftward or rightward.)

Software-like setup of WRITE PROTECT
L——————————Setup of drive number and disk side (front or back) for catalogue
display

Used to exit the catalogue mode

Place the marker to the desired file and press SETUP key to
reproduce the file on the CRT.

This list can be scrolled one line at a time with the yellow up or
down arrow keys. Ten lines can be scrolled at a time if the arrow
keys in the DISPLAY section are used.
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a RECALL
l I 1':’ I JD | Sine Menu (when connected with the TR98201)

Setup of the center freguency.

MANUAL: Setup of line number using the DISP.
or SETUP key. '

CURSOR: Line number at the cursor is

displayed.
I/0 SELECT Output amplitude: 2mVp-p to 30V.
=% SIGNAL G. When the signal's amplitude is small, energy
is larger in the noise component than in the
FUNCTION signal component (S/N ratio is small).
SINE Increase the AMPLITUDE to improve the S/N
FREQ (LINE) /o ratio, :
MANUAL
. 200 Change the DUT's starting point from the
AMPLITUDE non-linear to linear system by providing the
0o2.0E-3 VDPp dc offset.
OFFSET
+00 .0E—-0O. V QOUTPUT MODE:
OUTPUT MODE CONT : Continuous signal output
CONT INT TRIG: Sines of the selected OUTPUT CYCLES
SYNC QOUT are output at every INTERVAL TIME.
PER 1 CYCLE EXT TRIG: Sines of the selected OUTPUT CYCLES
INTERVAL TIME are output in synchronism with the
.0 SEC signal from the EXT. TRIG connector
QUTPFUT CYCLE on the rear panel,

EXT GATE: Sines are output in synchronism .
with the signal gate at the TR98201
EXT TRIG connector.

MANUAL : Sines of the selected QUTPUT CYCLES
are output at each press of the
PAUSE key of the TR98201.

- 1
PHASE (deg)
START: O
sToOP @ O
RANGE: NORMAL
SEQUENCE
A, B, C, D E.F

This is displayed when the OUTPUT MODE is

other than SWEEP.

START: Start phase of sines at each trigger.

STOP : Stop phase by the MANUAL trigger.

RANGE: NORMAL in the normal mode of
operation. START, MIDDLE and STOP
ranges are used in the 4-~decade
logarithmic frequency analysis.
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Sine menu {OUTPUT MODE = SWEEP)

I/0 SELECT
= SIGNAL G.

FUNCTION
SINE
FREQ (LINE)
MANUAL
200
AMPLITUDE Select SWEEP for the sine-wave sweep averaging
041.0E—-O VpP for the measurement of the transfer function.
OFFSET In this mode LINE CTRL below is shown.
+00.0E—-C V
QUTRPUT MODE TTL active low pulse (approx. 10us width) is
LIN SWEEP .~~~ output from the TR98201 rear panel TRIG OUT
SYNC OUT connector.
PER 1 FRAME
INTERVAL TIME —4m—o @ Interval time during the operation of INT
.0 SEC TRIG. '
OUTPUT CYCLE @ Delay time provided in the presence of
1 noise
LINE CTRL
Fmim : 4 Sine-wave output cycle {1 to 1023) in
Fmax . 400 triggering
WIDTH: 40
DIREC: U= This is displayed when the SWEEP is selected
RANGE: NORMAL from the OUTPUT MODE.
SEQUENCE Fmin, Fmax: Sweep range setting in the signal
D, EF sequence measurement

STEP : Step lines in sweep

DIREC: Direction of sweep (from low-
frequencey to high-frequency or vice
versa)

RANGE: NORMAL is used to sweep the full span.
START, MIDDLE and STQP randes are used
for the 4-decade logarithmic fregquency
analysis.

Stores the above conditions into the sequence

files (A to F) when using the signal sequence
scheme.
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O RECALL

E VE:’ RANDOM menu

1,0 SELECT GAUSS : Amplit:.ude probability density

T SIGNAL G function set to Gaussian

) distribution

}:;Ugigég:: POISSON : Amplitude probability density

AMPL ITUDE ' function set to Poisson distribution
gli. JE-3 Vpp

OFFSET y RANDOM Band-unlimited

DU?.;,S? MODE BAND SEL: Band selected interlocking with
CONT each frequency range

P. D. ES ” PERIODIC: Band-limited periodic random signal
CA S . —1imi i
POISSON BURST : Band-limited burst ram_dom signal

TYPE . )
RANDOOM e Interval time provided when the INT TRIG is

INT%RVQECTIME used. (msec in the 100kHz to 500Hz range; sec
- m .

CUTPUT FRAME in the 200Hz to 1Hz range)

RANGE CTRL Number of output frames on triggering (1 to
NORMAL 1023).

SEQUENCE When BURST is selected from TYPE, it denotes

burst width setting {1/400 to 400/400).

AECALL

1/
| - H'-'—‘ |w|‘:' I MEMORY menu

I/0 SELECT
SIGNAL G.

FUNCTICN
= MEMORY
AMPL I TUBE
O1. 0E-3 Vpp
OFFSET
0.0Q V'
OUTPUT MGCDE
CONT
SYNC QuT
PER 1 FRAM

INTERVAL TIME READ : Reads out the ti;ne data to the TR3407

. O mSEC
QUTPUT FRAME from the TR98201 memory

1 WRITE: Writes the time data of the TR9407
READ/WRITE ——— into the TR98201 memory

FIE%QE The above operation is executed by pressing
oFF I1/0 EXECUTE key with the time data displayed
RANGE CTRL on the CRT.
NORMAL
SEQUENCE

o Low-pass filter for the signal output
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/0 RECALL

CIEJ

L]

Sequence menu

I/0 SELECT
SIGNAL G.

FUNCTION

= SEQUENCE

SEQUENCER
OFF

Ar SINE
AMP: 14. OE-O Vpp

MODE: LIN SWEEP
RANGE: STOP
Fminmn @ 320

Fmax 1 400

AVG NCs 2

B« SINE

AMP: 10. QE-Q Vpp

MQOE: LIN SWEEP
RANGE: STOP
Fmirm &+ 41

Fmax 3 3IJI20

AVG NO1 2

Cs SINE

AMP:s G8. OE—-1 Vpp
MODOE: LIN SWEEP
RANGE: MIDDOLE
Fmim 2 41

Fma»x ¢ 380

AVG NO: 2

Placing the pointer here intensifies the

line. Pressing the DISP. or SETUP key scrolls
the menu so that any three continuous
sequences are monitored.

You can use this sequence menu to change the
items included herein. As for the
modifications of items not included in this
menu, such as WIDTH or OFFSET for example, you
should transfer the contents of this menu back
to the SIGNAL G. menu of interest before
changing the setup conditions. (Display the
SIGNAL G. menu of interest and place the
pointer at the SEQUENCE in the bottom of menu
and press PANEL RECALL key followed by an
alphabet key (A to F) corresponding to the
region).

*TRANS FCTN
SCH-B/A CAVED
S*ZERDO START
S*AC/—GND CH—A
S*AC/—CGND CH-—B

*EREE RLUN
*AVEG 16/18

S*TRANS FCTN
*CH—-B/A CAVES
$*ZERO START .
S*AC/DIFF CH—A
*AC/DIFF CH-B
S*FREE RUN

SAVE 0O/0 -
INTERCHANNEL FREQUENCY
DELAY oise, 20 kH=
01024 SENSITIVITY

Ax +1 0BV <MAND

INTEGRAL &

\ Br —10dBY CAUTOD

i

Al /
DIFFERENTI / TRIGCER
Ar NORMAL ,
Ba NORMAL i SOURCEs CH-—A
I SLOPE a1 =+>
FUNCTION CLLEVEL
NO—-OPERATION +0. 250 =Fg
O-OPERA POSITION
+503. 32 X%
- WIN wWo
STEZ;?DEi Bo WEIGHTING
COH BLANK RECT
Q. 82
AVERAGING
S;FRLSsO MODE s SUMCND
SOz Q/0 WHAT a
P . CROSS+POWER
These condition setting NO 15
menus are alternated at CHAN 1 CROSS
PRCS « SWEEP
each press of | Osk . g\f‘lagil? g

For the dual display mode,

SWERT SINE

indicates a setting for the lower display and

for the upper display.
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7.1 INTRODUCTION

7.1

(m

(2)

(3)

GPIB INTERFACE
INTRODUCTION

TR9407 Digital Spectrum Analyzer contains the GPIB interface as standard
feature. All analyzer control settings are remotely programmable through
the General-Purpose Interface Bus, an instrumentation bus complying with
the IEEE Standard 488, '

TR9407's GPIB interface has the following attributes:

Settings:

a. Control settings: All analyzer's front panel control settings are
remotely programmable.

b. Data send mode setting: Permits various data send mode setting,
selection of delimiters, header on/off
control, and read command definition.

Reading:

a. Control settings on the front panel can be remotely read from the
attached controller.

b. Data read : Readable data includes cursor data, ASCII block, binary
block, SET REF. (Set Reference), Overall, Partial, and
List.

Service request:

The interface can issue a service reguest upon generation of input
overload, setup error, or measurement end. Specific causes of service
request are maskable.

The General-Purpose Interface Bus (GPIB) is outlined in the following:
The GPIB provides simple interface between the components of an
instrumentation system via a bus cable. Compared with conventional
interface facilities, the GPIB allows for better system expandability and
operability, and permits compatibility within the components of the
industry in terms of electronics, mechanism and functions. This makes it
possible to implement a simple system through a more sophisticated
automatic instrumentation system with a single bus cable.

In a GPIB system, device addresses must first be set into each component
on the bus. Devices connected to the bus may be talkers, listeners, or
controllers. During system operation, only one talker can send data on
the bus, while multiple listeners can receive the data.

A controller may address a talker and a listener to cause the talker to
transfer data to the listener, or send data {e.g. measurement conditions)
from the controller itself to a device addressed to listen. Data and
commands are transferred between the components of an instrumentation
system on bidirectional 8 signal lines in asynchronous, bit-parallel,
byte-serial format. Because of its asynchronous nature, devices of both
high and low speeds may concurrently exist in the system.
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Data transferred between the components will include measurement
information, measurement conditions (program), and various commands, all
of which are coded in ASCII 7-bit code.
~ In addition to the 8 signal lines, the GPIB also has 3 handshake lines for
control of asynchronous data transfer between components and 5 control
lines for control of data flow on the bus. :

e The handshake lines include the following:
Data valid (DAV): Indicates data validity.
Not Ready For Data (NRFD): Indicates data receive ready state.
Not Data Accepted (NDAC): Indicates end of reception.
e The control lines consist of the following:
Attention (ATN): Discriminates whether information on the bus is
address/command or other information.
Interface Clear (IFC): Clears the interface.
End or Identity (EOI): Used upon completion of data transfer.
Service Request (SRQ): Request for service from a device to the
controller.
Remote Enable (REN): Used for remote control of remote
programmable devices.

Eight data bus lines

Three data byte transfer control lines ——
hY

Five general interface . AN
management lines . ~

IFC. ATN. SRQ. REN,

I e e . o . _

Sixteen g, &0
IC;‘.PIB bus O'W\\W\WWWWW DAV. NAFD, NDaC
ines - - - \ k - v

DIO 1to8

Interface Interface ‘ intertace ‘ Interface
{Control, talk. .
listen) Talk, Listen Taik Listen
Device A Device B Device C Device D

Figure 7-1 Configquration of GPIB
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7.2 SPECIFICATIONS

7.2.1 GPIB Specifications

Standard
Code

Logic levels

IEEE488-1978

ASCII with the exception of packed format in
binary code

Logic 0 (HIGH): +2.4 V or more

Logic 1 (LOW) : +0.4 V or less

Signal line termination: The 16 bus lines are terminated as shown in

Bus line =

Figure 7-2 each.

+5V

3kQ Driver

_<}_..
6.2k0 —D—— Receiver

Figure 7-2 Signal line termination

Driver

Receiver

Bus cable length

Address setting

Connector

Open collector (except for EOI and DAV)

LOW state output voltage: 0.4 V or less, 48 mA
HIGH state output : +2.4 V or more, =-5.2 mA

LOW state at +0.6 V or less

HIGH state at +2.0 V or more

The maximum length of cable that may be used to
connect together a group of devices within one bus
system is 2m times the number of devices, or 20m,
whichever is less.

Up to 31 talker/listener addresses can be set with
a rear ADDRESS switch.

24-pin GPIB connector

57-20240-D35A (Amphencl or eguivalent)
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Signal Name | Pin No. Pin No. | Signal Name
GND. LOGIC | 24 /@ 12 SHIELD
GND. (ATN) 23 ! " | AT
\K—*"’jA

GND. (SRQ) 22 10 SRO
GND. (IFC) 21 gnam | 9 IFC

G2 G
GND. (NDAC) | 20 rafsey; 8 NDAC
GND. (NRFD) | 19 %% 7 NRFD

=

GND. (DAV) i8 EﬁE% 6 DAV

15
REN 17 Erskwa) 5 BOI
pIO 8 16 @ 4 DIO 4
DIO 7 " 115 : N 3 DIO 3
DIO 6 14 @/ 2 DIO 2
pIo 5 13 1 DIO 1

Figure 7-3 GPIB connector pin configuration

7.2.2 Interface Functions

The GPIB interface functions are listed in Table 7-1,

Table 7-1 GPIB interface functions

Code Function and description

SH1 Source handshake

AH1 Acceptor handshake

T5 Basic talker function, serial poll, talker only function*,
addressed to listen when unaddressed to talk

L4 Basic listener function, addressed to talk when unaddressed
to listen

SR1 Service request

RL1 Remote function

PPO No parallel function available.
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Table 7-1 GPIB interface functions (Cont'd)

Code Function and description

DCO0 | No device clear function available.

DTO No device trigger function available.

Cco No_controller availabie, |

El Open collector bus driver. EOI and DAV use E2 (three-state

bus driver).

* The talker only function is effective to the plotters {opticnal).
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7.3 GPIB SYSTEM OPERATING PROCEDURE

7.3.1

(1)

(2)

(3}

(4)

Connection

A GPIB system consists of multiple system components. Note the
following points for system preparation:

Check the conditions and operations of individual components before
connection, by referring to their instruction manuals.

Bus cables used for system connection should be necessary minimum in
their lengths. The total transmission length of the bus cannot exceed
2 meters times the number of connected devices, or 20 meters (65.6
feet), whichever is less. The following standard bus cables are
available from Advantest:

Table 7-2 Standard bus cables (optional)

Length Type

0.5 m 408JE-1P5

1 m |408JE-101

2 m 408JE~-102

4 m 408JE~104

When connecting bus cables, do not stack more than three connectors.
Each cable plug should be firmly secured to its receptacle with
retention screws.

Bus cable connectors are of piggyback type having both male and female
connectors and permit stacked use.

Before powering each system component, verify the power supply.
grounding, and, if necessary, setup conditions of each component.

All components connected to the bus must be powered on. Should any
one of the components be left turned off, the proper system operation
will not be guaranteed.
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7.3.2 GPIB Interface Section

)
GP-1B
SA0
{ =
X LISTEN
B [am ]
h. T [peeonmonic (S
- Eefaye) (=L=] CETaps) Lalh
- HEMOTE
[ASUMTVIT) DKl ALCIRM AHALVTER - ] s |
e —ta LOCAL
= i oo rromt
K N
—

Figure 7-4 GPIB interface panel

Front panel

C) LOCAL key
When the instrument is in Remote mode (REMOTE lamp illuminates),
operation of this key clears the remote operation and enables the
front panel operation, provided the key has not been disabled by
the Local Lockout message. The instrument is initially placed in
Local mode when powered omn.

(2) REMOTE indicator lamp
This lamp comes on when the TR9407 is controlled over the GPIB. In
Remote, the front panel controls are disabled.

C) TALK indicator lamp
This lamp comes on when the TR9407 is addressed to talk.

(@) LISTEN indicator lamp
This lamp comes on when the TR9407 is addressed to listen.

C) SRQ indicator lamp

This lamp comes on when the TR9407 is in request for service to
the controller.
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ADDRESS
TALK ONLY
HEADER 54331

® \meRg-® —{6)

ADDRESSABLE

Q

Figure 7-5 GPIB facilities on rear panel

Rear panel

(6) ADDRESS switch
Bits 1 through 5 of this DIP switch are used to set the address
(talker or listener address) of the TR3407.
If bit 6 is set to 1 (TALK ONLY), the instrument is placed in the
Talk Only mode to the attached plotter.
Bit 7 of this switch is used to turn on or of f  the header when the
instrument is addressed to talk (1: ON, O: OFF).

@- GPIB connector

A 24-pin connector for bus cable connection. This connector is of
piggyback type and permits stacked use of up to three connectors.

CAUTION

Address selection using the ADDRESS switch should be made
before powering the TR9407.
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7.3.3 Listener Operations

The TR9407 is controllable over the GPIB in the similar manner as the
local front panel control. When the analyzer is addressed to talk, it
can send its setup conditions and various data on its display to
external devices. All these functions are activated by temporarily
placing the analyzer in the Listen mode and sending a pertinent
command from the controller, with the exception of the SQ mode.
Command formats are described in the following:

(1) Set command
' Set commands provide various setup functions for the analyzer similar
to those obtained with the front panel controls.
FR2 '

| T'——————-Setu}? {signifies 20 kHz)
Function (signifies frequency range)
This command sets the frequency range of the analyzer to 20 kHz.

(2) Read command
Read commands cause the analyzer to send its setup conditions or
specific data on the display when the analyzer is subsequently
addressed to talk. '
BER
le————— parameter type
Read command
For example, if the analyzer is addressed to talk after its frequency
range is set to 20 kHz and the above Read command is received, the
analyzer sends the following information to the controller:
FR2CRLF & EOT
L Block delimiter
Body (20 kHz)
Header (frequency range)

(3) Format

a. Set command format
<Function> <Setup> <Function> <Setup> <Function> <Setup> (block
delimiter)

b. Read command (for setup condition reading)
<R> <Punction> <R> <Function> <R> <Function> (block delimiter)
Read command (for displayed data reading)
<R> <Data name> (block delimiter)
When sending a command to the TR9407, the following three types of
block delimiters are available:
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(1) Send two-byte code of CR and LF. Single line signal of EOI
should be sent along with LF.

(®) Send one-byte code of LF.

(:) Send single line signal of EOI sent simultaneously with the
last data byte. :

Example: Setting frequency range to 100 kHz and input sensitivity to
+30 dBV:
FROASOBSOCRLF & EOI
Reads overall (in this case, an overall value must be shown on the
display.):
ROACRLF & EOI

While a Set command and a Read command can be specified on the same
line, the condition set up before the Read command is received will be
sent when the analyzer is subsequently addressed to talk.

7.3.4 Talker Operations

The Talker mode of the TR9407 may be caused either by a Read command
or by SQ mode. The SQ mode places the analyzer in the Talker mode
without using a Read command.

{1) 802 Cursor mode
This mode sends the information of vertical and horizontal positions
{levels) identified by cursors. When the NYQ./ORBIT key in the
DISPLAY section is activated, the X and Y levels on the display are
sent out {orbital: X, Y, Nyquist: REAL, IMAG., MAG., PHASE) .

_a. 502 output format

Header Body ¢ | Header Body |V | Header Body CRLF&EOI

5 ——~ 10— 1——5§ —_t ] S5 — \._-10_1

—— Leyel 1—— +— Level 2 ——— +— Level 3—— vDelimiter—

where " y " denotes & comma.

While readouts on the display are sent for each level, an arbitrary
level out of levels 1 through 3 can be selected and sent by specifying
command CO. The CO (Cursor Output) command numbers and the
corresponding send levels are listed in Table 7.3.
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Table 7-3 CO command and send level

Command No. | Level 1 | Level 2 | Level 3
0 o] o o]
1 . - o o]
2 te] - o
3 - - o
4 o o -
5 - o -
6 o - -
o: Sent -3 Not sent

As a result, data can have the following two lengths depending on the
CO command numbers:

C) when two levels are sent (C02, CO4, CO1)

Header | Body |7 |Header | Body | Delimiter Data length 31

C) When only one level is sent (C03, CO5, CO06)

Header | Body | Delimiter Data length 15

b. Header section
The header section is controllable with bit 7 of the rear ADDRESS
switch or Set command HD. If the header is set to OFF, five space
characters "« s L4 w1 s " (ASCII) are sent out (HDO: OFF, HDI:
oN) . e

rigis

Z%%;ader denoting unit (US: us)

Header indicating the presence of overload {0: Overload)
Header indicating data type (FUNCTION}
(TI: TIME data)

€. Header code
See Tables 7-7, 7-8, and 7-9% for code table.
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d. Body
(i} The body section consists of 10 characters. Two types of

output format are selectable with Set command FX. The formats
are shown below: :

(1) when FX0 is specified
The body is sent out in the same format as readouts on the
display. Space characters are sent for blanks.
Example: L2 117019
=5 A28E-02

Ly 383.60

(2) when FX1 is specified
The body is sent out in the following format:
+ A DDDDE #DD
Decimal point
The fifth and lower decimal places are omitted.

(ii) If a value unable to operate is internally generated, such as
the case where "INVALID" readout is shown, ASCII code "O0" is
sent out.

C) When FX0 is specified

88 HZ 44 5088.9,890 DGORDA0OBeRY, 50 PRB0NDAIANBAQ 1
-

-

() When FX1 is specified

B0 HZ+.967VSE+I32,00 DGOORDCORRYE, 50 890298000339
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(2) 803 block transfer mode (ASCII mode)
This mode sends the data on the display identified by the cursor in

ASCII code.

a. S03 output format INSERT

Header | Body(1) |V | Body(2)| V| [Body (N-1)!V [Body (N} | DELIMITER

e

—5 —+ \.,_10._1\_1../\.._10__1\_1_: “ 10 e P

where " 7" denotes a comma.

The body section includes numerals 0 through 9, decimal 901nt Ay
space, B, +/-, and code. The number of data can be read by
specifying Read command ROL. The output format for Read command
ROL is shown in the paragraph pertaining to S5Q4.

b. The header section and header code are identical to those of SQ2.

c. The body section is identical to that of SQ2.
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(3) Data Structure of SQ4 (binary block transfer)

‘a. Transfer function (Mag)

Pk ¥ Bo0. o= -2, 839d0

10 T T T T T T T T T
<8

wHab»
dBMay

10dB/

48 i i 1 1 1 1 1 i 1
0. 290 LIN FREQ=H=x> 100

ey
-

!

16bits;112(3t4i57|6f7]8]9

'

798
799
800
801
802
803

e
=

1 J L 41 it i . | W 4 e
T l 2nd point : I 401st point

1st point. 400th polnt
" Overall coefficient

Figure 7-6 Data Structure of Transfer Function (Mag)

7 - 16 May 15/86



TR9407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

7.3 GPIB SYSTEM OPERATING PROCEDURE

Since the transfer function is represented as 32-bit floating point
data, data transfer by GPIB is done by using four bytes for one

point.
ﬂ 16 bits |
? Data at the { - @ @ ] Decimal
8 bits|D|P(B|@ Nth point €] @ ] Exponent

8-bit transfer by GPIB

Calculation, therefore, is performed by rearranging data except the
first two bytes as illustrated.

For instance, if the wvalues of bytes @, @, @, and (@) are
given by

M: 67
@: 222
@ : 255
@: 254 Overall coefficient = 2,
o
the decimal is —L—X 2?? @ _ _ 4530
2

and the exponent -—{216 - (@ x256+ @)} =-11.

The value at this point is then calculated as follows:
0.530 x 2-11 x 22

In this case, if the sensitivity difference (CH.B - CH.A) between
channels A and B is ~-20 dB, a coefficient (Mag) of 102 is
obtained from Table 7-13. The desired value of the transfer
function, therefore, is

10 log (0.530 x 2~1! x 22 x 10~2) = -49.8 aB
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b. Transfer function {Real, Imag)

Pk 7 S0Q. OH= -2, 24IE-02
+«i. 00 T T T T T T T T T
ity ] k = +
Raal
N -}
—-1. 00 1 A L i L L L L i
0. 250 LIN FREQkH=) 100
{
T L)
16bits]1]2{3|416(6]7|81]2]|10[11]12 i Mlolaglgol=iNl9
2lg| |2)2|8|8|8i8|8
‘L S
3 AN A FAY AN 4 ! _} 1 /
1st point 2nd point | 401st point
Overatl coefficient o point 400st point

Figure 7-7 Data Structure of Transfer Function {(Real, Imag)}

As in the case of Mag, with values of bytes (D), @, (), and ®

given by

(1) 191

(2) 131

(3) 0

(4) 1 Overall coefficient = 0,

16
- 110'° - () x 256 + G} _ o4

215

the decimal is
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16 bits

and the exponent (3) x 256 + @ =1.

If the differential sensitivity between channels A and B is -30 dB,
a coefficient (Real, Imaginary) of 31.6E-3 is obtained from

Table 7-13. The value of the transfer function, therefore, is
-0.504 x 2! x 20 x 31.6E~-3 = ~-3.18E-2

Transfer function (PHASE)

P 7 =D0. OHx R2. S2dag
+200 ¥T T T T T T T T T
dagy \I
=kl ] - -
Phawa
=200
dag L 1 1 1 1 L L 1 I
0. 250 LIN FREQ (=H=x> 100
3}
L1 S
nwiwies oo o
1|2|3|a{5|8|7}8]9/10 %%%%%é g
3t
N d e v s \.l.l —
\-r 3rd point AG1st point
2nd point 400th point
1st point : 399th point

Overall coefficient

Figure 7-8 Data Structure of Transfer Function (Phase)
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The phase of the transfer function is represented as 16-bit fixed
point data with 200° being 0.5. Consequently, data transfer by
GPIB is done using two bytes for one point like the overall
coefficient.

/’\ 16 bits
O] @ Overall coefficient
Al
e e ) @ Data at the
+1* i st point
™= A = ~
oeed 3T r ]
z|2 Nx2+1 | (N+1) x2 |]Data at the
ik Nth point
e .

8-bit transfer by GPIB

Calculation is performed by rearranging data as illustrated.
For instance, with wvalues of bytes @ and @ given by

@: 48

(): 166

D =256 + @ . g 340

215

Overall coefficients @ and @ = 0,

Since 200° is considered to be 0.5, the value of the transfer
function is 0.380 x 2 x 200° = 152.02C
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d. Transfer function (PHASE UNWRAP)

Pie 7 S00. OH= -287, Dddag
+B00 - T T T T T T T T

il -t - -
Proase

74

-800

. 280 LIN FRED GcH2d i0a

Figure 7-9 Data Structure of Transfer Function (Phase Unwrapped)

The data structure is the same as above.

For instance, with values of bytes @, @, @, and @ as

follows,
®:0 I
[ Overall coefficient = 3 (Zoom factor = 1/4)

: 3

: 242
@ : 48,

1
- 12" - (@ x 256 + @) 3

X 27 = -0.863
215

The value of the transfer function is calculated, as in c., as
follows:

-0.863 x 2 x 200 = -345.20°
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e. Group delay

[ ] 4 S00.0M= 2 D85.RulEC
+10.0 ¥r— Y T T T T Y T Y
BERT r
- L
.—L oo .,
i -
aDelay
-10.0
nENC 1 3 [ [N [ 1 L 3 i
0.080 LIN FANG Gois) | )

A
-

1B6bits 1112(3]4|5{6| 7|8|9]|10

+ [ RN A [ A, s
. ] T 3rd point \T’ 401st point
2nd point

395
396
397
398
399

400

401

402

T

P

400th point
1st point

398th paint
Overall coefficient

Figure 7-10 Data Structure of Group Delay

A group delay {(excluding 4-decade logarithmic frequency
measurement) is represented as 16-bit fixed point data with the
frame time of the measuring range at full scale. Consequently,
data transfer by GPIB is done using two bytes for one point as is
the case with the phase.

For instance, with values of bytes (3 and (@ given by

®

1
1

@ : 165,
@ x 256+ @ _ 4 4128
15

7 - 22 May 15/86



TRI407
DIGITAL SPECTRUM ANALYZER
INSTRUCTION MANUAL

7.3 GPIB SYSTEM OPERATING PROCEDURE

overall coefficient = 0
If the measuring range is 20 kHz, the frame time will be

1024
20 x 103 X 2.56

= 20 msec

. Then, the group delay is obtained as follows:
0.0128 x 20 x 103 x 20 = 257 psec

f. Group delay (4-decade iog frequency measurement)

P i BO0O.0OHE 2.033 O
. BT =TT rIl1t T T rIre W‘m“
[ - (-]
- -
«Hial w“v—vA' L [ 2
sDalay
o v
xER
il .
ﬂg'L bl LELELL hedo i 11214 L. b iipsly e b3 L

9.010 LO® PFRE0 BcHx) 100

16bits {112|3(4|5|6{7]|8]9[10

Y .
\ I i 7 h \_!\_‘__/ [
T [ 2nd point 11215t point

1st point 1120th point
Overall coefficient

Figure 7-11 Data Structure of Group Delay (4-Decade Log Frequency Measurement)
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Notes:

The group delay of 4-decade logarithmic frequency measurement is
represented as 32-bit floating point data with the frame time of
the start range at full scale. Consequently, data transfer by GPIB
is done using four bytes for one point as is the case with Mag of
the transfer function.

“,,/”””F___‘“‘~\ 16 bits

? Data at the l: @ @ ] Decimal
Nth point E
8 bits |D@|®|@ @ @ ] Exponent

8-bit transfer by GPIB

For instance, with values of bytes O, @, @, and @ given by

SOSS

®

106

170 :

255 Overall coefficient = 0
244, '

©

@ x 256 + @ _ 0.833

215

and the exponent is - 216 - (® x 256 + @) = -12

the decimal is

If the stop range is 1 kHz, the frame time is calculated as follows:

1024
_ 3
10 % 107 % 2.56

= 40 msec

Then, the group delay is obtained as follows:
0.833 x 2712 x 40 x 1073 = 0.081 msec

® In a 4-decade log frequency measurement, 1121 points of data are
transferred. However, those remaining 1116 points are used as
the displayed data with the first four points -excluded.

® Since the overall coefficient is represented as two's complement,
it is calculated in the same manner as the exponent of
floating-point data.
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o T
Overali Beginning
A coefficient @ @ ] of block
B bits 0@ Block data

8-bit transfer by GPIB

P N

0]
@

With values of bytes (1) and (@) as 0 and 2, the overall
coefficient is obtained as follows:

@ x 256 + @

0
9

{4) S04 block transfer mode (binary mode)
This mode sends displayed data identified by the cursor in binary code.

a. 504 output format

[lzalalslelalelol- - - = - = = = - - -[[[]]]w-2|w-1]n]

Coefficient K for overall block

Bytes 1 and 2 contain the coefficient for the overall block, which
is followed by binary values for each level.

In this mode, the output format differs depending on displayed data
types or display methods.

The output formats and the numbers of data in the SQ3 and 504 modes
can be read by Read command ROL. If the analyzer is addressed to
talk after all measurement conditions are set up from the
controller and the ROL command is specified, the analyzer sends the
output format and data count information (except for coefficient)
in the following format:

OoLZ, EE] CRLF & EOI
Number of data (401 points)
Precision code {double precision fixed point code)

The total number of data sent in the above example is:

4 (byte count needed for one data) x 4071 + 2 (coefficient) = 1606
In the S04 mode, EOI is sent out simultaneously with the last data
byte.
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b. Output format in binary mode
The first two bytes contain the coefficient for the overall block.

MSB LSB MSB LSB

Do |21 |P2|P5|P4|P5| 6| P7( %8| Po | P10| P11| Pi2| P13 |P1a| P15

Coefficient K

‘——— Byte 1 o Byte 2 —

When Doy = 0,
15

K=yLZ Dn x 215-n
ln=1

WhenD0=1r
15

K ={ T Dn x 215-n; - 216
n=0

Coefficient K can be determined as shown above. Therefore, if the

value determined for individual precision types is assumed to be

Dp, we obtain the following:

.A=DAX2k

c¢. Output formats classified by precision types

Table 7-4 Precision Type and Byte Length

Code Precision type and byte length
1 Single precision, fixed point 2 bytes (16 bytes)
2 Double precision, fixed point 4 bytes (32 bytes)
3 Floating point 4 bytes (32 bytes)
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Table 7-5 Output Format for Code "1"

Code

Format A : Decimal point, FS: Fullscale or coefficient

2's complement

MSB LSB MSB LSB

Dy 1Dy 1P, P3Py P5 [Ps 27 [PgPo P10 (P11 P12 |P13] 14

b D b D

15

uA—-—Byte 1 ;o Byte 2

The MSB or byte 1 is a sign bit.
Dg = 0 when positive: Note. Dn=1 denotes addition.

15 -n
D=y 2Dn x 2
n=1

If the value in gquestion is assumed to be Dp«
Dp = D x FS.

Dg = 0 when negative

D' = - {1 - E?Dn X 278l = p -
n=1

If the value in question is assumed to be Dp,
pp = D' X FS

7 - 27
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Table 7-6 Output Format for Code "2V

Code

Format A : Decimal point, FS: Fullscale or coefficient

2's complement
MSB ' LSB MSB LSB

Dg|P1|P2|P3{P4|P5|%6 |P7|%8{s|10{P11|P12| P13|P14 P15

b Byte 1 J A Byte 2 "
MSB LSB MSB LSB
D, (D o b. o..o._|p..[p._|D. D, D |D. . {D, . (D

16| 17 D18 D19 20| 21(°22|°23]|724|725| 26| 27| 28] 29| 30| 31

teo—m—— Byte 3 / -Byte 4 g

The MSB or byte 1t is a sign bit.
D, = 0 when positive:

0
D ;10 2'“1
= n xX
l l

n=1
If the value in question is assumed to be Dp,
Dp = D x FS.

31 -n
D' = -4y1-LDnx?2 =D~ 1
n=1

As a result, DA = D' x FS.
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Table 7-7 Output Format for Code "3"

Code

Format A : Decimal point, FS: Fullscale or coefficient

2's complement

MSB LSB MSB LSB
imal
Dy |Pq1P21D5|Py|P51P6|P7|Ps| Po|P10|P11|P12|P13[P14 (P15 Decima
places
D Byte 1 ;1\ Byte 2 y
MSB LSB MSB LSB

D,6lP17/P18/P10]P20| P21 | P22 [P23|P2a|P25| P26 |P27| P 28| P29| P30 | a1 ;zfi“e"t

w8 Byte 3 A Byte 4 ———

The MSBs of bytes 1 and 3 are sign bits.

The decimal places are identical to those of single precision, fixed
point data.

D and D'

Exponent part

D1g = O when positive

B ={ ;T Dn x 2"(“"3’”l

n=17
Dyg = 1 when negative
I 31

E=y L Pnx 2
1n=16

-(n—31)l_ ,16

As a result, Dp = D X 2E x rs.

d. Block delimiter :
The delimiter for the talker mode caused by a Read command and for
the 502 and 5Q3 modes are specified by Set command DL. In the 504
mode, an EOI is sent out simultaneously with the last data byte.

e. Set commands SP and ON
In the SO3 and SQ4 modes, the number of data to be sent and the
send start point are specifiable. They are specified with Set
commands ON and SP respectively. When specifying SP(A) and ON(B),
A and B must always satisfy the following relationships:
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A+ B<N

where N is the number of data on the display.

When Set commands SP and ON are specified, the data length can be
read with Read command ROL. The number of data on the display is
identical to that read by Read command ROL when SPO and ONO.

(5) Notes on S03 and SQ4 modes
In SQ3 or S04 mode, sent data contains DC components even if the input
is AC coupled.
In S04 mode, sent data is normalized to 1.0, except for HIST., PHASE,
COHERENCE, and CORRELATION data. In this mode, therefore, it is
necessary to correct data by multiplying it by the fullscale.
The following paragraphs show some calculation examples using the data
sent in the SQ4 mode:

i)

ii)

TIME mode (OLl, 1024) _

Single precision, fixed point data with data count of 2048, If
Bytes 1 and 2 of coefficient K are 00000000 and 00000001, and
bytes 1 and 2 of data are 00001001 and 10011117, respectively, we
obtain:

8 11 -12 -13 -14 -15

= oAy o7 T8 T omT2, TSy TR 2792000751647
2K=21

As a result, the desired value is

A =Dy x 2k =px 2K x Fs

= (0.1503295 x FS

SPECT., CROSS SPECT., or TRANS. FCTN mode

If the MAG. key in the DISPLAY section is activated, data is sent
in the form of X2. Therefore, conversion must be made for each
precision type and the results must be converted into the form
compatible with the display.

The conversion method is shown in the following:

v2into V: If the result is assumed to be Al,

Al = /&

v2into dB or dBV: If the result is assumed to be A2,

A2 = 10 log( A ) [dB, dBV]

A=0Dpx 2F=Dx 2K x PFs

FS is expressed in y2 (100 [Vv2] in 20 dBV range)

v4 into dB: If the result is assumed to be A3,

A3 = 5 log(A) [dB]
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iii)

e Double precision, fixed point data in SPECT mode
If bytes 1 and 2 of overall coefficient are assumed to be
11111111 and 11110110, bytes 1, 2, 3, and 4 of data are assumed
to be 00000000, 00000001, 11100000, and 10000000, respectively,
and the input sensitivity is 30 dBV, then FS = 1000
K=~ (1 +23+20 =210
Therefore, we obtain:
A=Dzx 2K x FS
= (2715, o716 + 2718 L 2724 L gy x 2710 003

= 5.5937563 x 107> [V°]

This value may be converted into V or dBV as follows:

v2 into V: 7.4791418 x 1073[V]

v2 into dBV: -42.52296 [dBV]

+ 2-17

5

e CROSS SPECT. mode
The coefficient for cross spectrum is determined as the sum of
the input sensitivities on channels A and B. For example, 1if
the input sensitivities on channel A is +10 dBV and that on
channel B is -10 4BV, then: Coefficient = Input sens. on CH.A
+ Input sens. on CH.B = 10 dBV + (-10 4BV) = 0 dBV

e TRANS. FCTN mode
The coefficient for transfer functions is determined as the
difference of the input sensitivities on channels A and B. For
example, if the input sensitivity on channel A is +30 4BV and
that on channel B is -20 4BV, then:
Coefficient = (input sensitivity on CH.B) - (that on CH.A)} =
-20 dBV -30 4BV = ~50 4BV

HIST. (Histogram) mode

[PFor single precision data (16 bits)])

If it is assumed that bytes 1 and 2 of data are 00000000 and
11101010, both bytes t and 2 of the overall coefficient are
00000000, and the fullscale is 44.7 V, the desired value X is:

! + 2%+ 2% + 2% + 2"y /2048
2 x 44.7/256

where 2048: Number of TIME data (normalized to the number in a
single-channel mode)
256: Number of histogram data

= 0.327(V 1]

X =
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iv)

v)

vi)

{For double precision data (32 bits)]
[31 (31—n)l 16

Dk =y ¥ Dn x 2 /2

| n=0 I

The value to be obtained is

A= Dk/ w
2 X F5/256

where @ is the sum of 256 points of Histogram data

256
W= I pk £ 2048
k=1

IMPUL. RESP., COHERENCE, or CORR. mode

For single precision, fixed point data:

If it is assumed that bytes 1 and 2 of data are 11111100 and
10111000, and bytes t and 2 of the overall coefficient are
1111111 and 11111111 respectively, coefficient K is given by:

K = {20+21+22+23+24+25+26+27+28+29+210+211+212+21_3+214

PALTIPLL I

Since this function is sent in 0.5 X '-0.5, it must be doubled
after operation is completed.

D ={(2—1+2—2 3 5 6

+277%) - 1) x 27" x 2 = -0.0256348

7 8 9 10, —-11

127300700 5 0T T R P e

PHASE mode

For single precision, fixed point data:

If it is assumed that bytes 1 and 2 of the overall coefficient
are both 00000000, and bytes 1 and 2 of data are 00000100 and
01001000 respectively, we obtain:

D = (2'5+2*9+2*12) % 2 x 200 (deg.) = 13.378906 [deg.]

Data is sent as 0.5 = 200 deg.

REAL or IMAG. mode

[For single precision, fixed point data 10~dBV input sensitivity.
If it is assumed that bytes 1 and 2 of the overall coefficient
are both 00000000, and bytes 1 and 2 of data are 0100000% and
10000110 respectively, we obtain:

D= (271 + 277 +2-8 4+ 2-13 42~y = 0.5119

When the input sensitivity for REAL and IMAG is 10 4BV, the
coefficient is 3.16 according to Table 7-13.

Therefore,
DA =D x 3.16(V) = 1.62(V)
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When the input sensitivity for TIME and HIST is 10 dBV, the
coefficient is 4.472 according to Table 7-12.
Therefore,

DA =D x 4.472 % 2.29(V)

vii) CEPSTRUM or SNR mode-
Same as TRANS. FCTN mode

viii) GROUP DELAY mode
Same as PHASE mode

ix) PRE-ENVELOPE mode
Same as SPECTRUM mode

X) SCOT or ML mode
Same as IMPUL. RESP mode

(6) BOTH mode (DO1)
Used in the S04 high-speed transfer mode (TX1), where data in the
upper and lower display are transferred at once. Commands “"SP" and
"ON" cannot be set for the upper and lower displays independently;
number of data in the upper and lower display is required to be
computed in advance with the read command "ROL™.
Lower display data are sent out first and the upper display data
follow; EOI is output simultaneously with the last byte.
This mode allows two kinds of data to be read all at once.
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(7) Notes on data transmission with command 0OS
Command OS is effective when the command ON is set to other than 0
either in the SQ3 (ASCII) mode or SQ4 (binary) mode in the TXO0.

(Example) . OSN, M (1 £ N £ 2048
L 0 S M £ 2047)
Number of data between blocks
Comma (,)
Number of data in a block
(M+1 2 N)
D @ @@ @ @ D@ @D
£ ) i —— — -, -
M M M
N N N

Number of data sent out can be read by read command "ROL."

Number of the ocutput data and the starting point are set up by the ON
and SP commands respectively.

When the last output data exceeds the number of displayed data, the
maximum block number derived from the command OS is set up as the set
value of ON.

{Example)

In case of the "SPOON10000S4,8" set on the spectrum data (data length:
401 pointsg), setup value for command ON is modified to 45 and the
total data points are 180.

It is set to "0S81,0" at the power on state.
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{8) 805 (time data read) mode

MSB LSB MSB LSB
[Do IDt {D2 (D3 |D4 [D5 [D6 [D7 |D8 [DI [D10[D11 D12 D13 [D14[D15]
v & . Byte i — Byte 2

* The MSB of byte 1 is a sign bit.

On the TR9407, time data is expressed in the form of single precision,
fixed point number as shown above. Therefore, time data can be read
by the TR9407 by sending the pertinent time data in the same form as
in the S04 mode (binary mode}.
The data to be sent to the TR9407 must contain 2048 data points when
in the single channel mode, and 1024 data points per channel when in
the dual channel mode.
Since only one byte of data can be transferred at a time through the
GPIB, each data (16 bits) is divided into two bytes before being
sent. The channel to which data is to be written (channel A or B) is
selectable with the set command "IM" (IMO: channel A, IM1: channel B}.
Number of transfer bytes in a dual channel mode:

1024 (data) x 2 + 2 (overall coefficient) = 2050 (bytes)
Number of transfer bytes in a single channel mode:

2048 (data) x 2 + 2 (overall coefficient) = 4098 (bytes)

~ @ Notes on the SQ5 mode
(a} Be sure to send SQ5 before sending the time data.

(b) The last byte of the time data should always be sent together
with the EDI.
The number of transfer data bytes sent with the EQI may be
greater or -smaller than the specified byte count.

i) when smaller than the specified byte count:
all extra data bytes are read as zero. If the number of
input bytes is an odd number, the last data byte is a high
order byte. Since, in this case, the low order byte is not
read into the instrument, the last data byte is ignored.
For example, when the number of input data bytes is 101, 3
words correspond to high order bytes.
However, the 51st word is read as zero since the low order
bytes are not input. At this time, a syntax error will
result.

ii) When larger than the specified byte count:
Bytes 1 through 2050 are read as valid bytes, and extra
bytes are ignored.

(c) When SQ5 is sent, the ZOOM mode is put to OFF.
(d) When time data read is completed, signal input to the analog

section will be inhibited. To clear this inhibition, send 507
to the TR9407.
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{e) When the data read by SQ5 are to be used in differential or
integral calculation, send out the data 28 points longer than
those sent out with RIL.

e.g., single channel: 2076 points
dual channel: 1052 points

{(f} FC command
The FC command is used to send a function other than the time
data from a controller. Store the function into memory before
transmission. Transmission of the data from the controller in
the same format as those stored in memory would write the data
into memory. To clear the FC command, send 8Q7.

(g) Wait 500 ms before averaging the data read by 805,

(h) Differentiation or integration of the data read by S5Q5 is -
executed only once. If execution of another data is needed,
clear the old data by sending out S5Q7.

(9) Transfer of Mass-time data {5Q8, S09)
The TR9407 allows the data transfer through the GPIB to the 512K word
data buffer. Position can be specified by ARM LENGTH/BLOCK NUMBER or
setup command "IP". '

2-channel operation: IP0-262143
1-channel operation: IP0-524287

During the mass-time data transfer, the TR9407 should assume the HOLD
state; in the HOLD mode in the ARM operation, the maximum position
equals to the ARM LENGTH.

a. 508 (MASS TIME DATA IN)
Transfer mode in which data from the controller are written to the
data buffer. There is no limitations on input data length; the
~byte which receives the EOI1 will be the last byte.
The data to be transferred, if voluminous, can be divided into some
blocks using the "IP". "IP" signifies the position to write the
data again after the data transfer.

b. 509 (MASS TIME DATA OUT)
Transfer mode in which data in the buffer are transferred to the
controller.
Output data length can be set up by "ON" command.

ON §-65535
{(Data length at ON = 0 : 65536 points)

EOI is output with the last byte.
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¢. Mass-time output format
Overall coefficient for the block is nt transmitted in the
mass-time data transfer mode as it is in the other. block transfer
modes; the coefficient is K = § for computation. Position type 1is
single precision with the fixed point.

1\

1 2 3 4 5 6 scess «[ N-5 N-4 N-3 N-2 N-1 N

(10) 1/3- and 1/1-octave analysis and GPIB

1) Talker format

e In the S5Q2 Cursor mode, data is sent in the following format:

Header | Body | V | Header | Body | V |Header |Body | CRLF and EOIL

— 5__1-._.,3__:“_1_:‘\_5_._1\_10_4\_1_1:_..5 —_’\_10_i.r

Filter No. Center frequency Level 40 characters

L.

a) Filter number (three characters)
- 20

hE———-Filter number
Space

b} Center frequency (10 characters)

"Lk (ASCII) is sent for ? kHz or higher

(for FX0 only}.

¢} Level (10 characters)
The header field is identical to that in modes other than the
octave mode.

e The data format in SQ3 (ASCII mode} or SQ4 (binary mode) is
identical to that in modes other than the octave mode.
The number of data for 1/3-octave analysis is 30 points;
that for 1/1-octave analysis is 10 points.

® Read command (octave list display):
Refer to the command list.
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2) Read command output format
e If a read command RLN is sent in the octave list mode, the number
" of lines displayed at that time will be sent.
LN10 {four characters) 1/1 octave
LN30 (four characters) 1/3 octave

e If an RLN read command is followed by a filter number shown in
the listing when in the octave list mode, that filter number,
center frequency, and its level will be sent.

LNxx |V | Header | Body |V | Header Body

—

—— —_— » =

Pilter No. Center frequency Level

® The OVERALL in the octave list mode can be read by the RLV. read
command

Header | Body

e Center frequency field and level field in the octave list mode:

Header | Body |V |Body | V Body | V| Body

The data send format is the same as for the 503 mode.

The number of data points can be read with the RLN read command.
The structures of the header and body fields are identical to
those in the S02 mode.

® The vertical cursor range is as follows:
1/3 octave: 0-29
1/1 octave: 0-9

Figures 7-24 and 7-25 show program examples in which an octave

listing is read with the read command and printed out on the
controller.
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{(11) How to read AUTO RANGE measurement data over the GPIB
For AUTO RANGE measurements, the TR9407 sets the optimum range
according to the characteristics of DUT and the measuring conditions.
It is therefore necessary to correct the sensitivity when reading the
transfer function with GPIB. The method of correcting the sensitivity
is explained below. ; : L
Display a transfer function to be read, and read the sensitivities of
CH-A and CH-B using the measuring status read commands (RAS1, RBS1).
The read sensitivities become reference sensitivities. Obtain a
coefficient from Table 7-13 to correct the measured value.

Example: With CH-A sensitivity being 10 dB and CH-B being —~10 dB, a
differential sensitivity is obtained as follows:
(CH-B) - (CH-A) = -10 - 10 = -20 dB
The coefficients are:
102 for Mag display
1.00E-3 for Real or Imaginary display

{12) How to read the measurement status
To read the state of measurement data in the memory or averaged data,

set the read command as follows:

Example: When reading the frequency range of averaged data, display
the data of interest and select DISPLAY UPPER/LOWER ("DU").
(UPPER: DU1; LOWER: DUO0)
EEE%1<CR><LF>&<EOI>

Argument

'— = Read command

The above setting is executed by the commands listed below. Other

commands cannot be used.
When the argument is 0 or nonexistent, the current setting is

transmitted.
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Table 7-8 Read Commands
Command State of measurement data Command State of measurement data
RFR FREQUENCY RANGE RID INTERCHANNEL" DELAY
RAS CH-A INPUT SENSITIVITY RTL TRIGGER LEVEL N
RAE CH~A DEACTIVATE ' RWC WEIGHTING CONTROL
RAV CH-A INVERT RZO ZOOMING
RAG CH-A GND COUPLING RCM CENTER MOVE
RAi CH-A INPUT COUPLING _ RTC TRIGGER SOURCE
RBS CH-B INPUT SENSITIVITY RTS TRIGGER SLOPE
RBE CH-B DEACTIVATE RTP TRIGGER POSITION
RBV CH-B INVERT RWG WEIGHTING
RBG CH-B GND COUPLING RAN AVERAGING NUMBER
RBI CH~-B INPUT COUPLING RAW AVERAGE WHAT?
REW ZOOMING EXPAND WIDTH RAM AVERAGE MODE
RAH AVERAGE CHANNEL
RAO AVERAGE OVERLAP
RAP AVERAGE PROCESS
RAD AVERAGE DISPLAY

7.3.5 Notes on GPIB Command Execution

(1)

When the TR9407 is to be controlled over the GPIB, all setup must be
made in the similar manner and procedure as local front panel control

settings.

Also note the following points:

Of the Set and Read commands, the following commands are not usable
concurrently with other commands: '
Commands for which mark * is entered in the function column of the
command list (Table 7-16), such as LA, RLA, RDT, RLD, etc.
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{2) LA command
This command must be specified in the following format:

LA03IXOOCO00 -~ e e m e - 00X
X Max 40 characters T
' Terminator

Line number (00--34)

The character string in between the two terminators is displayed on
the specified line as a label. The terminators should be specified
with characters or symbols other than those used for the label. The
line number should comprise two numeric characters.

The maximum displayable number of characters is 40. Special character
codes are listed in Table 7-14.

{3} Read command
Since the modes (SQ0 and SQl), (SQ2, SQ3, SQ4), and (805, 507) are
independent of each other, SQ0 will not be affected if SQ3 or SQ5 is
specified after SQO0 being specified. If Read command RSQ is
specified, SQ command is sent out in the following format.
S05 and SQ7 are not readable since they are executed immediately atfter
the command is sent. :

800 sQO

) I————-Setup condition of SQ2 to 4

Setup condition of SQ0 and 1

The commands whose formats differ between Set and Read commands are
listed in the following: :

a. AI and Bl commands (Input coupling)
ATIOAIO

Set 2 or 3
Set 0 or 1 (TEST ON/OFF)

FF

b. FU command {(FUNCTION)

FPUQ FUO

r

Set 0 or 1 (ON/OFF)
Set 2 to 5

b. FU command (FUNCTION)
FUQOFUQO

Set 0 or 1 (ON/OFF)
Set 2 to 5

E
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c. VW command (VIEW MODE)

VWOVW(? {in the BOTH mode)
i 1 LOWER DISPLAY mode
UPPER DISPLAY mode
VW2 (in the SINGLE mode)
d. SM command (Scaling mode)
sMQOsMO
l L—Set 0 or 1
Set 2 or 3
e. CL command (OPEN/CLOSED LOOP)
CLOCLO

l l----Set 2to 5
Set 0 or 1 (ON/OFF}

(4) When reading data by using a Read command, the data must already be on
the display. If a Read command is specified to read data which is not
on the display, the instrument enters the S0 mode (SQ2, 3, or 4) when
it is subsequently addressed to talk and sends each format value,

(5) When reading setup conditions by using a Read command, the max imam
number of characters transferable at a time is 200. Once the number
of sent characters exceeds 200, the subsequent Read commands are
ignored.

{6) No other command than the IE command should be sent while the attached
plotter is busy plotting (EXECUTE lamp ON).

7.3.6 Read Command Output Format (Display Data Read)

(1} Reference Delta in the SET REF. mode

Header | Body |V | Header | Body |V | Header | Body

. Level 1— —Level 2 — — Level 3 —

The send method for the header, body, and each level is idehtical to
that in 801 mode.
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(2) Overall, Partial, Horizontal Level & Delta, Total Harmonics RMS &
Distortion in LIST mode '

Header | Body

The header and body are sent out at one level. The header and body
section structures are identical to those in $Q2 mode.

(3) Frequency block and level block in LIST mode

{ f
Header | Body |V |Body [V Body |V |Body

i
1)

The send format is identical to that in SQ3 mode. The number of data
can be read with Read command RLN.

(4) In the LIST mode, the maximum number of display lines on the display
is sent out.

LN XX
Maximum number of lines

(5) If line numbers are specified following Read command RLN in the LIST
mode, all the levels of the line are sent out.

LN | XX |v|Header | Body|y|Header | Body|V|Header | Body

7.3.7 Service Request
(1) A Service Request (SRQ) is issued when any bit of the statusbyte is

set to 1.

8 7 6 5 4 3 2 1

LI T T[T T 1]

L** SYNCHRONIZED

L XY-REC./PLT END

HOLD

AVERAGE COMPLETE

bATA VALID
UNUSED

RSV

ERROR & EXTENDED STATUS
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500 : This mode enables SRQ send. _

501 : This mode disableg SRO send. This mode is initially
selected when powered on.

Bit 1 : Set to 1 if a data which is not identical to the preceding
data is read.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>