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No. ESI00
Safety Summary

To ensure thorough understanding of all functions and to ensure efficient use of this instrument, please read the
manual carefully before using. Note that Advantest bears absolutely no responsibility for the result of operations
caused due 10 incorrect or inappropriate use of this instrument.

Tf the equipment is used in a manner not specified by Advantest, the protection provided by the equipment may
be impaired.
* Warning Labels
Warning labels arc applicd Lo Advanltest products in locations where specific dangers exist. Pay
careful attention to these labels during handling. Do not remove or tear these labels. If you have

any questions regarding warning labels, please ask your nearest Advantest dealer. Our address
and phonc number arc listed at the end of this manual.

Symbols of those warning labels arc shown below together with their meaning.

DANGER: Indicales an imminently hazardous situation which will resull in death or serious
personal injury.

WARNING: Indicates a potentially hazardous situation which will result in death or serious
personal injury.

CAUTION: Indicates a potentially hazardous situation which will result in personal injury or
a damage to property including the product,

* Basic Precautions

Please observe the following precautions to prevent fire, burn, electric shock, and personal inju-

ry.

+ Usc a power cable raled lor the voltage in question. Be sure however Lo use a power cable

conforming to safety standards of your nation when using a product overseas,
*  When inserting the plug into the electrical outlet, first turn the power switch OFF and then

insert the plug as [ar as it will go.

*  When removing the plug [rom the electrical oudet, [irst turn the power switch OFF and then
pull it out by gripping the plug. Do not pull on the power cable itself. Make sure your hands
are dry at this time.

« Before turning on the power, be sure to check that the supply voltage matches the voltage
requircments of the instrument.

« Connect the power cable to a power outlet that is connected to a protected ground terminal,
Grounding will be defeated if you use an extension cord which does not include a protected
ground terminal.

* Be sure 10 usc [uses rated lor the vollage in question.

+ Do not use this instrument with the case open.

* Do not place anything on the product and do not apply excessive pressure to the product. Al-
50, do not place flower pots or other containers containing liquid such as chemicals near this
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Safety Summary

product.

*  When the product has venlilation outlets, do not stick or drop metal or casily [lammable ob-
Jects into the ventilation outlets.

*  When using the product on a cart, fix it with belts to avoid its drop.,

*  When connecting the product to peripheral equipment, turn the power off.

+ Caution Symbols Used Within this Manual

Symbols indicating ilems requiring caution which arc used in this manual are shown below (o-
gether with their meaning.

DANGER: Tndicates an item where there is a danger of serious personal injury (death or seri-
ous injury).

WARNING: Indicates an item relating to personal safety or health.

CAUTION: Indicalcs an ilem relating (o possible damage 1o the product or instrument or relat-
ing to a restriction on operation.

* Safety Marks on the Product

The following safety marks can be found on Advantest products.

&: ATTENTION - Refer to manual.
@ 1 Prolective ground (carth) terminal.
? : DANGER - High vollage.

&: CAUTION - Risk of electric shock.

* Replacing Parts with Limited Life

Salcty-2

The following parts used in the instrument are main parts with limited life.

Replace the parts listed below belore their expected lifespan has expired 1o maintain the perlor-
mance and function of the instrument.

Note that the estimated litespan for the parts listed below may be shortened by factors such as
the environment where the instrument is stored or used, and how elten the instrument is used.
The parts inside are not user-replacecable. For a part replacement, please contact the Advantest
sales office for servicing.

Each product may usc parts with limited life.
For more information, refer to the section in this document where the parts with limited life are
described.



Safety Summary

Main Parts with Limited Lile

Part name Life
Unil power supply 5 years
Fan motor 5 years
Electrolylic capacitor 5 years
LCD display 6 years
LCD backlight 2.5 years
Floppy disk drive 5 years
Memory backup battery 5 years

* Hard Disk Mounted Products

The operational warnings are listed below,

Do not move, shock and vibrate the product while the power is turned on.
Reading or writing data in the hard disk unil is perlormed with the memory disk turning at a
high speed. Tt is a very delicate process.

Store and operate the products under the following environmental conditions.
An area with no sudden temperature changes.

An arca away [rom shock or vibralions.

An area free from moisture, dirt, or dust.

An area away from magnets or an instrument which generates a magnetic field.

Make back-ups of important data.

The data stored in the disk may become damaged if the product is mishandled. The hard disc
has a limited life span which depends on the operational conditions, Note that there is no
guarantee for any loss of data.

* Precautions when Disposing of this Instrument

When disposing of harmful substances, be surc disposc of them properly with abiding by the
state-provided law.

Harmful substances: (1) PCB (polycarbon biphenyl)

(2) Mercury

(3) Ni-Cd (nickel cadmium}

(4) Other
Liems possessing cyan, organic phosphorous and hexadic chromium
and items which may leak cadmium or arsenic (excluding lead in sol-

der).

Example: fluorescent tubes, batteries
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Environmental Conditions

This instrument should be only be used in an area which satisfies the following conditions:

Salely-4

An area free from corrosive gas

An area away from direct sunlight

A dust-free area
An area tree from vibrations

Altitude of up to 2000 m

Direct sunlight

C Corrosive

=RCY

o e e P P P e P P

Vibration

Figure-1 Environmental Conditions

Operating position

A clear space of 10 cenlimeters or more
must be kept around the air vents.

The instrument must be used in a hor-
izontal position.

Front.

A cooling fan, which prevents the in-
ternal temperature from rising, is
cquipped with the instrument.

The air vents on the case must be un-

blocked.

Figure-2 Operating Position

Storage position

Fromt

This instrument should be stored in a horizontal
position.

When placed in a vertical (upright) position for
storage or transportation, ensure the instrument is
stable and secure.

-Ensure the instrument is stable,
-Pay special altention not o fall.

Figure-3 Storage Position

The classification of the transient over-voltage, which exists typically in the main power supply, and

the pollution degree is defined by IEC61010-1 and described below.

Impulse withstand vollage (over-vellage) category 11 delined by IEC60364-4-443

Pollution Degrec 2




Types of Power Cable

Replace any references to the power cable type, according to the following table, with the appropriate power cable

type for your country.

Rating, color

Model number

Plug configuration Standards and length (Option numbcr)
PSE: Japan 125 Val7A Straight:  A01402
Black
Electrical Appliance and 2 m (6 fo) Angled: AD1412
Malerial Salcly Law
UL: United States of America 125 Vat7 A Straight:  A01403
Black (Option 95)
' CSA: Canada 2men) Angled: AQ1413
CEE: Europe 250 Val6 A Straight: ~ A01404
DEMKQO:; Denmark Gray (Option 96)
NEMKO: Norway 2m (610) Angled: ADl414
VDE: Germany
KEMA: The Netherlands
CEBEC:  Belgium
OVE: Austria
FIMKQ:  Finland
SEMEKQ: Sweden
SEV: Swilzerland 250 Val6 A Straight: ~ A01405
Gray (Option 97)
2m (610) Angled: ADI1415
SAA: Australia, New Zcaland 250 Valg A Straight:  A01406
Gray {Option 98)
@ @ 2 m (6 fo) Angled: -
BS: United Kingdom 250V at6 A Straight:  AD1407
Black {Option 99)
B2U= 2m (6 ) Angled:  A01417
L ]
O
CCC:China 250 vVall0A Straight:  A114009
Black {Option 94)
2m (6 ft) Angled: Al14109
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Introduction

Feb 6, 1991

The R9211 series spectrum analyzer is a powerful instrument with many
capabilities. This tutorial manual provides a quick and easy introduection to
the R9211 so that you can get started using the instrument right away.
This manual applies to each of the R9211 models: the R9211A, R9211B,
R9211C, R9211E and R9211F, Once you have mastered the concepts in this
manual, refer to the Instruction Manual for your particular model for a
complete description of every feature. If you will be using the instrument as
part of a GPIB (General Purpose Interface Bus) system, refer to the R9211
Series GPIB Handbook.

To use this manual effectively, read chapters 1, 2, and 3 to become familiar
with the instrument’s controls. Then perform the tutorials in chapter 4. If
you will be using an R9211B, C or F for servo system design, order the
instructional video tape by calling the technical assistance number below.
Read Chapter 5 in conjunction with the tape.

This manual is organized as follows:
® chapter 1 describes the applications, features, and options of the
R9211 series

® chapter 2 describes the controls, inputs, and outputs of the R9211
and describes the various displays

chapter 3 describes the basic uses of the front panel keys

® chapter 4 gives detailed tutorials for typical uses of the R9211,
including waveform measurement, spectrum measurement, time-
frequency measurement and frequency response function
measurement

® chapter 5 supplements the instructional video tape (sold
separately), which gives instructions for servo measurements and
describes the curve-fit and scaling functions of the R9211C

the appendix contains a reference chart of menu items

¢ the glossary defines abbreviations and terms that may be
unfamiliar to you

intro-1




Introduction

‘Notational Conventions

Key concepts in this manual are marked with this skeleton key symbol.
() I Fora quick introduction to the R9211, skim this manual reading the
parts marked with this symbol.

This caution symbol marks a note about something that could harm you or
A the instrument,

These key symbols indicate key presses in the tutorial section of this
FUNCTION || manual. In the text keys are marked with [square brackets].

X SOFT KEY

Y SOFT KEY

For Technical Assistance

For technical assistance or service information, or to order the video tape,
call Advantest Sales & Support Offices.

Intro-2 R9211 Series Operation Guide




Chapter 1 _
The R9211 Series Features

The R9211 series of digital spectrum analyzers use FFT (fast Fourier
transform) techniques that are computational in nature rather than
hardware based. This gives the R9211 series much more flexibility for
analysis than swept-tuned spectrum analyzers. The R9211 combines an
analog-to-digital converter and a powerful computer in one compact
package. Numerous options and accessories complement the series, making
the R9211 ideal for many applications.

R9211 Series Applications

Feb 6, 1991

The R9211 is an effective tool for applications in the following fields:

Automotive

engine, chassis, and interior vibration and noise analysis
braking performance tests

spark plug performance evaluation

door sound analysis

knock sensor evaluation

ride analysis

Audio-Visual Equipment

tracking and focus servo analysis

chassis vibration analysis

optical actuator DC gain and harmonic vibration analysis
audio circuit frequency characteristics and distortion measurement
wow, flutter, and jitter analysis

data signal-to-noise measurement

LCD flicker analysis

microphone and speaker performance evaluation

flyback transformer and deflection circuit analysis
analysis of power line current distortion due to TV use
optical disk flutter analysis

frequency characteristic analysis of recordings

1-1




Chapter 1: R9211 Series Features

Musical Instruments

spectrum analysis

sound decay analysis

electronic instrument circuit analysis
tuning

Household Appliances

washing machine, air conditioner, and vacuum cleaner vibration and
noise analysis

electric fan 1/fspectrum analysis

lighting equipment noise and spectrum analysis

Semiconductors and Electronics

ADC and DAC dynamic testing

DSP evaluation

CODEC transmission characteristic evaluation
semiconductor manufacturing equipment vibration analysis
power supply design

Materials Science

evaluating attenuation characteristics of vibration control materials
harmonic frequency vibration analysis of materials

corrosive reaction analysis (chemical impedance) of stainless steel
and similar materials

furnace reaction conditions analysis

Communications

sonar characteristic evaluation

modular phone base band signal and circuit evaluation

SSB phase noise analysis

acoustic condensation circuit evaluation

PLL control circuit loop characteristic evaluation

telephone, cordless phone, fax, and modem transmission power
measurements and noise analysis

telephone line frequency characteristics and group delay
measurement

echo canceler evaluation

Computer Equipment

laser printer polygon mirror noise and spectrum analysis

hard disk swing arm vibration mode analysis

floppy disk, CD, and optical-magnetic disk drive servo analysis
printer vibration and noise analysis

ultrasound bath analysis

superconductor DC-SQUID noise analysis

R9211 Series Operation Guide




Chapter 1: R9211 Series Features

Medical Engineering

brain wave analysis

heart pulse and blood circulation analysis
pacemaker vibration spectrum analysis
palate analysis

hearing analysis

Civil Engineering and Architecture

acoustic hall sound decay evaluation
floor vibration analysis
seismic wave analysis

R9211 Series Features

Common Features

Feb 6, 1991

The different R9211 models are specialized for different applications and
price considerations. Note the features of your particular model described
in this chapter. Chapter 4 gives you hands-on experience with each of these
features.

All of the R9211 models have the following features:

two input channels each with direct or differential input

a built-in accelerometer power supply

flexible triggering settings

viewing of up to four display windows at a time

an internal floppy disk for saving data (optional for the R9211E)
output to an optional internal printer or a standard plotter
waveform averaging to improve signal-to-noise ratios

many output formats, including real and imaginary frequency
spectrum diagrams, phase diagrams, Nyquist diagrams, Bode plots,
Cole-Cole diagrams, Nichols diagrams, impulse response diagrams,
and coherence function diagrams

advanced math functions for processing data

horizontal, vertical, and band markers for making accurate
waveform measurements, including automatic peak and harmonic
tracking functions
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Chapter 1: R9211 Series Features

All of the R9211 models have the following four measurement modes:

¢ waveform measurement mode to analyze a signal in the time
domain

¢ specirum measurement mode to analyze a signal in the frequency
domain

¢ FRF (frequency response function) measurement mode to analyze
a device or structure’s response to a generated signal

¢ time-frequency measurement mode to track amplitude changes
at specific frequencies (or frequency ranges) over time

The R9211B, R9211C and R9211F have an additional servo measurement
mode to measure a servo mechanism’s response to various signals.

R9211A Features

The R9211A is best suited for acoustical, noise, and voice analysis. Its
features include:

® simultaneous octave analysis of data

® arunning zoom feature to expand frequency resolution for precision
measurements

R9211B Features

The R9211B is geared towards servo analysis or other types of analysis for
which an internal signal generator is helpful. It’s features include:

® aninternal signal generator

® asumming amplifier for both closed loop and open loop
measurements of servo circuits

1-4 R9211 Series Operation Guide




Chapter 1: R9211 Series Features

R9211C Features

The R9211C is the top-of-the-line model particularly suited for servo
analysis but capable of the functions of all the other models. It’s features
include those of the R9211B plus:

® arunning zoom feature to expand frequency resolution

® acurve-fit and FRF synthesis function for the internal signal
generator

® a comparator function for GO/NOGO analysis, useful for assembly
line testing

® a high-speed processor

R9211E Features

The R9211E is the economy model of the series, and is best suited for
analysis of mechanical vibrations, noise, and acoustical signals.

The R9211E has one accessory card slot which can hold either a floppy disk
drive, a CMOS 2 Mbyte memory card, or an I/O + Memory Board.
R9211F Features

The RO211F has the same features as the R9211B plus:

® afloating signal generator (the ground is not referenced to the
mainframe)

® a pink noise generator for signal-to-noise ratio measurements

Feb 6, 1991 1-5




Chapter 1: R9211 Series Features

R9211 Series Options

The following options are available for the R9211 series:
¢ internal 3.5 inch floppy disk drive (MS-DOS format), standard for all
but the R9211E
internal thermal printer

1/0 + Memory Board for special digital input and output functions
and an extra 2 Mbytes of memory

® CMOS Memory Board with 2 Mbytes of battery backed up memory
Many accessories are available for the R9211 series, such as cables, impulse

hammers, acceleration sensors, rack mounting hardware, and carrying
cases. Consult your dealer for details.

1-6 R9211 Series Operation Guide




Chapter 2 _
Control Panels and Display

Familiarize yourself with the R9211’s controls by reading the following
descriptions and referring to the illustrations of the R9211 front and rear

panel. The numbers in the illustrations correspond to the descriptions in
the text.
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Front Panel

| Measurement Keys

1. START key: Starts waveform averaging,
FRF/servo measurement, or T-F analysis
depending on the mode and view selected

2. STOP/C key: Stop/continue waveform

averaging, stop FRF/servo measurement, or

stop/eontinue T-F analysis

AUTO key: Not used

4. PRESET key: Resets the instrument to
default settings if pressed during the self-test
cycle following power-on; also sets servo mode
mathematical computation functions on the
R9211C

Il Function Keys

5.  MODE key: Sets either Waveform, Spectrum,
T-F, FRF or Servo measurement mode

6. SETUP key: Sets measurement parameters

7. SG CONT key: Controls the signal generator
output

8. COPY key: Causes an external GPIB plotter
to start plotting

9. VIEW key: Controls display parameters

10. MKR key: Sets marker parameters

11. MATH key: Seleets mathematical
computation functions

12. DEVICE key: Sets external device control
parameters (floppy disk drive, external GPIB
plotter, GPIB address)

ill GPiB

13. SRQ (service request) lamp: Indicates the
R9211 is transmitting a GPIB service request
to the controller

14. TALK lamp: Indicates the R9211 is
transmitting data to an external device

15. LISTEN lamp: Indicates the R9211 is
receiving data from an external device

16. REMOTE lamp: Indicates the R9211 is
remotely controlled by an external device

17. LCL (local) key: Releases GPIB remote
control so that you can operate the R9211
from the front panel

IV Data Entry

18. Data knob: Rotate for setting parameter
values and moving the markers

19. Down (\/) key: Use for setting parameter
values and moving the markers

20. Up(A) key: Use for setting parameter values
and moving the markers

&

2-2

21. Numeric keys (0-9): Numeric value keys
22. Decimal (.) key: Decimal point

23. Minus (-) key: Minus sign

24. Comma (,) key: Comma for multiple entries
25. ENT (enter) key: Enters numerie key input
26, MK (marker) key: Not used

27. BS (back space) key: Back space and delete
one character

Vinput
28. CH A lamp: Indicates channel A is operating
29. CH B lamp: Indicates channel B is operating

30. OVER lamps: Indicate the input signal is
over limits

31. NORM lamps: Indicate the input signal is
within normal limits

32. ICP lamps: Indicate power for acceleration

sensors is on

33. + Input Terminals: Lamps indicate the
terminal is grounded

34. - InputTerminals: Lamps indicate the
terminal is grounded

35. AUTO ARM lamp: Indicates automatic
trigger data capture mode

36. ARM lamp: lights when waiting for trigger
37. HOLD lamp: Indicates data capture on hold

VI Signal Generator Qutput
(R92118B, C, and F Only)

38. OPR (operation) key: Toggles between signal
generator operation and standby status

39. Signal overload lamp: Indicates an output
signal overload or a summing amplifier
overload

40. Summing amplifier operating lamp: Indicates
the summing amplifier is operating

41. Signal output terminal: Signal generator
output

Vil Power and Intensity

42. Power switch

43. Intensity knob: Sets the screen intensity to a
comfortable level

Vil Floppy Drive

44. Floppy disk drive: Use double-sided double-
density 3.5 inch floppy disks

IX Soft Keys and Menus
45. Y (vertical) soft keys: For setting parameters

46. X (horizontal) soft keys: For selecting classes
of parameters
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IX SOFTKEYS

45.Y SOFT KEYS
46. X SOFT KEYS

| MEASUREMENT Il FUNCTION Il GPIB IV DATA ENTRY
1.START 5. MODE 13.SRQ 18. KNOB
2.STOP/C 6. SETUP 14. TALK 19. | KEY
3. AUTO 7.5G CONT 15. LISTEN 20. 1 KEY
4. PRESET 8. COPY 16. REMOTE 21.0-9KEYS
9. VIEW 17. LOCAL 22.DEC PT
10. MKR 23. MINUS SN
11. MATH 24. COMMA
12. DEVICE 25. ENTER
26. MARKER
27.BACK SP

\

5 \ \'\ \\ ‘0-;'1'
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| EEk.@ 0 100700/
Fal

VIl FLOPPY DRIVE

Vil PWR & INTENS

L <

44. FLOPPY DRIVE
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42. POWER
43, INTENSITY

V1l OUTPUT V INPUT
38.0OPR 28.CHA
39. OVER 29.CHB
40. SUM AMP 30. OVER
41.5G TERM 31. NORM

32.1CP

33. + TERM
34, -TERM
35. AUTO ARM
36. ARM

37. HOLD




Rear Panel

i Digital Input/Output

(Optional; Standard on R9211C)

1. DIGITAL input/output connector: Provides
output from the instrument’s A/D stage or
input to the instrument’s FFT stage; useful
for testing A/D converters or if using an
external digitizer

It Video Output
2. VIDEO OUTPUT Connector: Video or printer
output connection

Il GPIB Terminal

3.  GPIB Coennector: See the GPIB Handbook for
more information

IV Data Control Input and Output
4. TRIG output terminal: Qutputs a pulse when
a signal triggers the instrument

5.  SMPLG CLK output terminal: Qutputs a
cloek signal at the internal sampling clock
rate

6. External TRIG input terminal: Accepts an
input to trigger data capture

7.  External SMPLG CLK input terminal:
Accepts an input to clock data sampling

2-4

V Signal Generator I/O
(R9211B, C and F Only)

8.  External trigger input: Accepts an input to
trigger the signal generator

9,  Synchronization signal output: Outputs a
signal generator synchronization signal (set
by SG CONT, SYNC OUT)

10. External SYS CLK input: Not used

11. Digital sampling clock output: Qutputs a
sampling clock for the digital data from the
signal generator

12. Digital signal output: Digital data output
from the signal generator

Vl Labels

13. INSTALLED OPTION No.: The options
installed internally in this model are marked

14. Set, Line V, Fuse: The power voltage settings
and required fuse type for this model are
marked in the SET column

VIl AC Power

15. AC power input: Power cable jack; also
contains the fuse
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VIl ACPOWER/FUSE

V SIGNAL GENERATORI/O VI LABELS
8. EXT SG TRIGGER INPUT 13. INSTALLED OPTIONS 15. ACPOWER/FUSE
9. SYNCSIGNAL QUTPUT 14. LINE/FUSE SETTING

10. EXTSYS CLKINPUT
i1. D/ASMPLG CLK OUTPUT
12.5G DIGITAL QUTPUT

| DIGITAL

&‘ﬁ—D‘

110

=7 = L
i o ~N e\ | o
s Y
Y
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Il VIDEO OUTPUT I GPIB

iV DATA CONTROLI/O

1. DIGITAL KO

2.VIDEQ OUTPUT 3. GPIB CONNECTOR
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4. TRIGGER OUTPUT

5. SAMPLE CLOCK OQUTPUT
6. EXT TRIGGER INPUT

7. EXT SMPLG CLK INPUT
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Chapter 2: Front Panel, Rear Panel, and Display

Display

2-6

Initial Display

When the power is switched on, the R9211 performs a self test and displays
the following screen:

¥k
L3

E
*
L
: —«————+— Model Number
¥
*

* W W M

L * ¥
x ¥ * * % * *
x x xhk *kkk  KE¥  KENA iy
FFT SERVO ANALYZIR ¢ Product Name

Installed Options ---> OPTiON.O7

T Options Installed
SELF TEST
“in progress” ... .. ——— -
f NFD by ADVANTEST CORPORATION

/

Indicates self test is in progress

The words ‘in progress’ blink to indicate that the self test is operating,

When all self test routines have resulted in a PASS, the main program
automatically begins, and the measurement screen is displayed.

If an error occurs in a self-test routine, there is a pause and a description of
the error appears on the screen. Note the error when you make a service
call to Advantest. To forcibly start the main program after an error, press
any key on the front panel.
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Chapter 2: Front Panel, Rear Panel, and Display

Display Labels

The following figure shows the types of Iabels that appear on the display:

Current cperation/message area

User definable Label (40 char. max.)
/ Calendar indication

Y-axis scale Y

Y-axis labels <

~ |

91926  18:28:17
00 HaTH
T 1 T

OPERAKD

1st OPRTR
(BANDPAS)

glill;ll

2nd OPRTR’ — Y soft menu

i
R

{Chx TIM

3rd OPRIR

Ar ¢ ¢ 11 13

1 .u.l 1
10.0k  RETUERN

AVG(SUD: 373

E
\

\\ T\

X-axis units

Feb 6, 1991

| X-axis scale

|

X soft menu \ Averaging cycle:

number completed/ftotal
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Chapter 2: Front Panel, Rear Panel, and Display

Y-Axis Labels

The following labels appear for the Y-axis depending on the view setting.
The < > brackets indicate averaged data. For a more detailed description
refer to the Instruction Manual.

Xa: Channel A instantaneous time data

Xb: Channel B instantaneous time data

<Xa> Channel A average time data

<Xb> Channel B average time data

<8a>:Channel A complex spectrum

Gaa: Channel A power spectrum

Gab: Cross-spectrum

<Hab >: Frequency-response function

< Coh >; Coherence function

<SNR>: Signal-to-noise ratio

< COP>: Coherent output power

<IMPLS>: Impulse response

Raa: Autocorrelation of Xa

Rab: Cross correlation

Pa: Histogram or probability density function of Xa
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Chapter 3
Front Panel Keys

The front panel has function keys, data keys, and X and Y soft (software
defined) keys. This chapter explains how to use these keys.

The R9211 has more than 400 soft keys to support its many features. The
soft keys are organized in a logical manner, and the basic sequence of key
presses is the same for most operations. To accomplish a task, you first
press a function key, then press an X soft key to choose a class of
parameters, and then set specific parameters using the Y soft keys and data
entry keys. This chapter describes each function key and then describes
common key sequences. More specific descriptions of the soft keys are given
in chapter 4.

Using the Function Keys

MODE Key

Feb 6, 1991

You can make basic measurements using only the [MODE], [SETUP] and
[VIEW] function keys.

The [MODE] key selects one of the following measurement modes:

waveform: for viewing time versus amplitude, auto and cross
correlation, and histogram displays

spectrum: for viewing time versus amplitude, power spectrum,
complex spectrum, and cross-correlated spectrum displays

time-frequency: for viewing time versus amplitude, power
spectrum, complex spectrum, cross-correlated spectrum, time versus
amplitude for specific frequencies, and three dimensional frequency-
amplitude-time displays

frequency response function: for viewing time versus amplitude,
power spectrum, complex spectrum, cross-correlated spectrum, and
frequency response function displays

servo: for viewing time versus amplitude, power spectrum, cross-
correlated spectrum, and frequency-response function displays
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SETUP Key

The [SETUP] key begins the process for setting input and output
parameters for each measurement mode. Different parameters are
available depending on the measurement mode.

SG CONT Key

The [SG CONT] key begins the process for setting the signal generator
output.

COPY Key

The [COPY] key directs an external plotter to plot the displayed data.

VIEW Key

The [VIEW] key begins the process for specifying the type of display and
display scaling.

MKR Key

The [MKR] key begins the process for positioning the various on-screen
markers on displayed data.

MATH Key

The [MATH] key begins the process for performing mathematical
computations on the displayed data.

DEVICE Key

The [DEVICE] key is used for floppy disk control settings, external plotter
settings, and setting the R9211°s GPIB address.
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Using The Soft Keys

The R9211 series has two sets of soft keys, one along the X-axis and one
along the Y-axis. Menus displayed next to the X soft keys and Y soft keys
let you select modes and functions and set parameters.

In general, the X soft keys call up specific Y soft key menus, and the Y soft
O I keys are used for parameter setting and toggling selected functions.

Usually you select an item with an X soft key, then set a parameter related
to that item with a Y soft key.

Sometimes the X soft key menus fill more than one screen and it is
necessary to press NEXT or RETURN to find the key you are looking for,

Using the Data Keys

There are three ways to enter parameter values: by turning the data knob,
O L Dby pressing the up and down arrow keys, or by entering a value on the
keypad. Not all methods work for all parameter entry operations.

When using the keypad, press ENT (enter) after typing a value. You can
enter consecutive parameters by typing commas between them. Press BS to
backspace over mistakes.

For some parameters, only discrete values are available. If you try to set a
value in-between the allowed values, the setting jumps to the nearest
available value. For example, certain memory settings are available only
in powers of two. If you tried to set one of these parameters to 63k, it would
jump to 64k,

Basic Key Sequences

O Most R9211 operations follow this sequence:

1. Select a measurement mode using the [MODE] key.
2. Set the measurement parameters using the [SETUP] key.
3. Set the view parameters using the [VIEW] key.

Feb 6, 1991 3-3




Chapter 3: Front Panel Keys

Selecting a Measurement Mode

1, Press the MODE key.
2. Press the MEAS key.

3. Select a measurement mode.

Setting Measurement Parameters

1. Press the SETUP key.

2. Press the FUNC key.

3. Use the Y Soft keys to select the desired function.
4, Press the RANGE key.

5. Use the Y Soft keys to select the desired range.

6. Press the INPUT key.

7. Use the Y Soft keys to set the input parameters.

Setting View Parameters

1. Press the VIEW key.
2. Press INST VW (to set the instantaneous view).
3. Select the type of display.
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Chapter 4
Tutorials

This chapter consists of four tutorials for Waveform Measurement,
Spectrum Measurement, Time-Frequency Measurement, and FRF
Measurement. These tutorials cover most of the features of the R9211
series and should take you less than three hours to complete. Even
experienced users can benefit from the tips in these tutorials. Perform these
tutorials in the order given, since later tutorials build upon information
given in the first futorials. If you have an R9211 model B, C, or F, also
perform the Servo Measurement tutorial in chapter 5.

Setting Up

These tutorials require a signal generator to reproduce the examples in this
manual. The R9211 models B, C, and F have a built-in signal generator
that you can use; if you don’t have one of these models, it is helpful to have
an external signal generator capable of producing a 10 kHz sine wave.

The built-in signal generator doesn’t require any cable connections. If you

are using an external signal generator, connect its output to the R9211’s
channel A +input as shown:

LRI

Feb 6, 1991

R9211
L T i
R ID_EHEIE]_Q;;: 1
e ) ) B o
NlEEEsEE
[} ——— - -
(i) HEEE Signal Generator
; i ® alalolo
: ) DREE
| @%%E’\;;E:@%EFE? E{E‘S
(A o s SRR L el oo oo Egg
iu-“_*:_:i._ -0 @)@ 2 2 2.2
T e==/0:0] e ®eico ) @@ oal
]  ——




Chapter 4: Waveform Tutorial
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As you read, press the keys shown in the left margin of the tutorial. Almost
all of the soft keys are described, and you are encouraged to explore their
functions.

The tutorials follow the general pattern of pressing a function key, pressing
an X soft key, exploring each of the Y soft key settings, then pressing the
next X soft key. The three types of keys are shown as follows:

I FUNCTION X SOFT KEY Y SOFT KEY
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Waveform Measurement Tutorial

This tutorial describes how to use the R9211 as a digital
oscilloscope.

Calibrating the Instrument

Turn the instrument on (or cycle the power if it’s already on).

| preseT | Wait until the self-test starts, then press [PRESET]. This skips
the self-test and resets the instrument to its preset (default)
settings. The instrument is preset to waveform measurement

mode.
CAL SINGLE Select [CAL] and press [SINGLE DC CAL] to calibrate the
o ca.  R9211. Wait until the screen displays [SINGLE DC CAL...end]

in the upper left corner before continuing.

In actual practice, it is best to calibrate the instrument after it
O I has warmed up for 30 minutes. This zeros the input amplifiers
to improve accuracy.

Setting Up the Signal Generator
If you are using an external signal generator, set it to produce

a 1 kHz sine wave with a 10 V amplitude. If you are using the
internal signal generator, set it up as follows:

56 cont | ~ Press the [SG CONT] function key to set the signal generator
parameters. The signal generator is preset to produce a 1 kHz
sine wave.

| 6 VLT ] wrLitooe | Fress the [SG VLT] X soft key and press the [AMPLITUDE] Y
w0.0v  softkey.

Set the amplitude to 10 V by pressing the {11, [0], and [ENT]
m data keys.
| CONNECT l CH A Select [CONNECT] and set [to ChA].
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GENERATOR  Select [OUT CTRL] and set to [GENERATOR START).

START

— Press the [OPR] key on the signal output section of the front
panel. You should see the following (untriggered) display:

*++ RI2]1B FFT SERVD ANALYZER s

GENERATOR
STOP

x \\ \ / \r\ / \ GENERATOR
\ / \\ / \ / \ AN TRIG

GEN ON
VG /]

-50.0
)

0.0 TIME sec 4.0m
AVE (SUM2 : 0/0

| SIGNAL | FREQ | SG VLT | CONNECT | (DGR | CUT MODE | NEXT |

signal generator output

Setting Measurement Parameters Under SETUP

Press [SETUP] to set the measurement parameters. Note that
the X soft key menu now displays FUNC, RANGE, SENS,
INPUT, TRIG, ARM/HLD and NEXT. We will explore each of
these parameter groups in turn,

Setting FUNC Parameters

Press [FUNC] on th_e X soft key menu. Try exploring each of
the Y soft key functions as deseribed next.

e Press [TIME] The instrument is preset to display the TIME
waveform measurement function, which displays time versus
amplitude.
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AUTGCORR

CROSS-
CORR

HISTOGRAM

TIME

O—r

SAMPL RAT
3.9imsec

FRAME TIM
1024spl

Feb 6, 1991

Press [AUTOCORRY]. This setting measures the degree of
randomness of a signal or detects periodic components of a
noisy signal on a scale of -1 to 1.

Press [CROSS-CORRY]. This setting measures the time delay
between two signals, which is useful for caleulating distance in
time delay tests.

Press [HISTOGRAM]. This setting plots the probability
density function (histogram) of a signal for statistical analysis.

Press [TIME] to return to the TIME function when you are
done.

Setting RANGE Parameters
Press [RANGE].

If you know the time length of the signal you want to capture,
set the range. That way the instrument has the maximum
number of sample points to work with for improved accuracy.
The range (in seconds) equals SAMPL RAT (the sample rate)
times FRAME TIM (the number of sample points).

Press [SAMPL RAT] to try different sample rate settings
(using the direction keys). The display automatically adjusts
to show the full range. Return [SAMPL RAT] to 3.91 msec.

Press [FRAME TIM] to try different frame time settings (using
the direction keys). Note that the display (and any
calculations) are slower but more accurate if more sample
points are acquired. Return [FRAME TIM] to 1024 samples.
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INPUT

4-6

CH-A
AUTO/MAN

O—r

CHANNEL

CH-A/CH-B

COUPLING
AC/DC

+INPUT
IN/GRD

O—r

Setting SENS Parameters
Press [SENS] to set the sensitivity of the inputs.

Set [CH-A] to AUTO. Note that the input sensitivity
automatically increases one level to £20 V. Use auto-
sensitivity for untriggered (free run) acquisitions. [ When
AUTO SENS is used, it is important to have run the
calibration procedure described at the beginning of this
tutorial. |

There are two types of automatic sensitivity. UP&D
automatically increases or decreases the input sensitivity to
signal amplitudes of -60 to +30dBV. Use this setting for
periodic signals with more than one cycle per frame time, UP
only decreases the input sensitivity. Use this setting for
repeated pulses. Set to UP&D before proceeding.

Setting INPUT Parameters
Press [INPUT] to see the input connection seftings.

The input connection parameters can be set differently for
channel A and channel B using [CHANNEL]. Leave set to
CH-A.

The [COUPLING] setting determines the input coupling.
Leave set to AC.

The [+INPUT] and [[INPUT] settings allow you to switch
input connection terminals, or use both for a differential input.
The front panel indicator lights if the terminal is grounded.
Leave +INPUT set to IN and -INPUT set to GND.

Note the [FILTER] input setting. When on, this low-pass
anti-aliasing filter prevents spurious frequency components in
the spectrum. However, square waves may be distorted if their
higher harmonics are filtered out. It is important to turn off
the anti-aliasing filter when working with square wave
(digital) signals. Leave this filter on for normal use.
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Feb 6, 1991

SOURCE
(CH-2)

SLOPE
(*)

LEVEL

g.ov

HYSTERESI
0.99v

DELAY
-2.00msec

Do not turn on the ICP power unless an accelerometer is
connected to the + input terminal. Up to 24 VDC can exist
between the + terminal and ground when the ICPison,
creating a hazard if test leads are attached.

The [ICP] setting provides an internal current source (4 mA)
through the + input terminal to power an external
accelerometer. The front panel indicator lights when ICP
power is on. Leave set to OFF.

When ON, the [TEST] setting generates a test signal at a
frequency that depends on the current frequency range
setting. The test signal doesn’t operate when the signal
generator is running. Leave set to OFF.

Setting TRIG Parameters
Press [TRIG] to explore the R9211’s triggering functions.

With the [SOURCE] key, the trigger source can be set to
channel A, channel B, or an external source through the rear
panel terminal. Press [SOURCE] to see these options, and
press [RETURN] to return to the previous Y soft menu. Leave
set to CH-A.

With the [SLOPE] key, the triggering slope can be set to +, -,
bi-slope inside, or bi-slope outside. Press [SLOPE] to see these
options. Bi-slope inside triggers when the signal enters the
triggering range, and bi-slope outside triggers when the signal
leaves the range. Leave set to (+) and press [RETURN].

Press [LEVEL] and set to 0 V using the keypad. The trigger
level may be set in increments of 1/256 of the input level
range.

Press [HYSTERESI] and set to 1 V. (Note that the instrument
jumps to the nearest available setting, which is 0.99 V.) The
hysteresis width sets the triggering range around the
triggering level. A higher hysteresis setting ensures that noise
doesn’t falsely trigger the instrument.

The [DELAY] setting determines the delay interval between
the trigger point and beginning of data capture. For example,
if the frame time is 4 msec, a setting of -2 msec places the
trigger point in the center of the X-axis, as shown by the
triggered pulse below. Leave set to -2 msec.
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ke RI211B FFT SERVO ANALYZER worx SOUBCE
203 T T T T T T T T 3 {CH-A)
I 7 SLOPE
L | +)
L 4 LEVEL
0.0v
*a HYSTERESI
0.99v
] 1 oELay
r =+ «2.00msec
L 4
-20.0 -
) ) 1 ] 1 ! i ] ] 1
0.0 TIME sec 4.00
AVGEUD: 00
| FUNC | RAMGE SENS | INWUT | EEETNN | ARM/HLE | NEXT

triggered pulse
Setting ARM/HLD Parameters

I ARMIHLD I 2wt amm Eress [ARM/HLD] and set to [AUTO ARM] to start triggering.
This setting continuously arms the instrument and displays
the signal data if the trigger is activated. The sine wave you
have been capturing should stabilize. The front panel ARM
and HOLD indicators light to show each arm/hold cycle,

ARM Press [ARM]. This setting arms the signal once; if the
instrument triggers, measurement stops and the signal data is
displayed.

= woo_ Press [HOLD]. This setting displays the last signal data
captured (regardless of triggering) and stops.

~tree run | Press [FREE RUNI]. This setting continuously displays the
input signal. Set to FREE RUN after you have tried the other
functions.
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VIEW “

Setting the Display Parameters Under VIEW

I TYPE I

DUAL

TRIPLE

QUAD
SEL 3
SINGLE
I INST VW | CH-A
TIME
CH-B
TIME
ORBITAL
CH-A
TIME

NEXT
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Press the [VIEW] function key to explore the display
parameters. Note that the X menu changes to display new
parameter groups.

Setting TYPE Parameters

Press [TYPE]. Four display types let you display up to four
screens.

Set to [DUAL] to show the two screen display.
Set to [TRIPLE] to show the three screen display.
Set to [QUAD] to show the four screen display.

Press [SEL] to select each screen for setting display
parameters. The filled-in box in the [SEL] key indicates the
current screen.

Set to [SINGLE] to return to the single screen display when

you are done.

Setting the INSTVW
Press [INST VW] to set the instantaneous view for a screen.
Press [CH-A TIME] to display the signal generator waveform.

Press [CH-B TIME]. This setting displays a signal input to
channel B,

Press [ORBITALL] This setting displays the channel A signal
amplitude on the X-axis and the channel B signal amplitude
on the Y-axis. (If both signals are sine waves, this creates
‘Lissajous’ or orbital figures.)

Press [CH-A TIME] to return to the instantaneous view of the
waveform.

Press [NEXT1 to go to the next page of the X-axis menu.
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Changing the X-SCALE
Press [X SCALEL

Select [RIGHT] and set the right end of the X-axis scale to .002

RIGHT X
0.002sec  Seconds. (Press [2] then press [msec].) The display should
appear as shown below. Note that the R9211 still acquires 4
msec of data but only displays half of the data.
#okk R9211D FFT SERVD ANALYZER soek LEFT
2.2 0.0sec
¥
RILHT
2.00msec
O A - X DEFAULT
y / /
*a \ / \ /
/ N
[ sec
N -
RSec
2.9
0.0 TIME sec 2.0m %x56C
AVGSUD 070
| SEL | |[ math v ] | CoORD | GHNROESE | ¥ SCALE | RETURN |

X DEFAULT
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changing the x-scale

Press [X DEFAULT!] to return the left and right ends of the
X-axis scale to their full-scale values.

Changing the Y-SCALE

Press [Y SCALE] The options are similar to the X-scale
options.

[UPPER] sets the upper end of Y-axis scale. [LOWER] sets the
lower end of Y-axis scale. [Y DEFAULT] returns the upper
and lower ends of the Y-axis scale to their default values.

[Y AUTO SCALE] automatically determines the Y-axis scale
from the data.
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Using Markers to Take Measurements

MKR VAL

MKR VAL

Feb 6, 1991

Corvn |

SINGLE X
X1 Yt

X1 Y1
Xz Yz

X FIXED
CENTER

X FIXED
RIGHT

X FIXED
LEFT

X FIXED
WIDTH

X1 1
X2 AY

The R9211 has versatile markers for reading data values. In
general, you use the rotary knob to position cursors, and then
read the values displayed on-screen. The R9211 also has
functions for positioning the cursors automatically. Note that
the screen markers do not operate for the QUAD display type.

Press the [MKR] function key.

Setting the MKR VAL

Press [SINGLE X] to display a vertical cursor with time and
voltage values at the point of intersection with the display
data. Rotate the knob to see the effect.

Press [X1 Y1 X2 Y2] to display two vertical cursors labeled L.C
(left cursor) and RC (right cursor) with time and voltage
values at the two points of intersection with the display data.
Only one cursor is visible until you change the FIX X settings
and rotate the knob as described next.

Press [FIX X] and try the following options for moving the
cursors relative to each other.

[X FIXED CENTER] fixes the midpoint of the two vertical
cursors.

[X FIXED RIGHT] fixes the right cursor of the fwo vertical
CUrsors.

[X FIXED LEFT] fixes the left cursor of the two vertical
cursors.

[X FIXED WIDTH] fixes the horizontal interval between the
two vertical cursors.

Press [MKR VAL] to try other marker settings.

Press [X1 Y1 X2 AY]to display two vertical cursors at points
of intersection with the display data, showing time and voltage
values for the left cursor (LC) and time and differential voltage
values for the right cursor (RC).
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Press [Y1 Y2] to display two horizontal cursors with voltage

12 Salyes. Only one cursor is visible until you make a setting
under [FIX Y] and rotate the knob.
V1 Ay Press[Y1 AY]to display two horizontal cursors, the lower

cursor with a voltage value and the upper cursor with the
voltage difference.

Setting the X MKR Function

e — Press the [X MKR] X soft key to try the peak automatic cursor
L e ] positicning function.

(OFF)
—— Press [PK MKR]. The peak marker computes the value of a
wave peak. You can choose from peak-to-peak, next right
peak, next left peak, next right minimum, or next left
etory  minimum. Set to [PKPK] (peak-to-peak) and press [RETURN].

——— Press [X MARKER DO ESTIM]. In general you must press
R WARKER this key after making a selection under [PULSE PAR],

DO ESTIM [PK MKR] or [BAND MKRI]. The figure below shows the peak
== markers in action.

ek RIZ11B FFT SERVO ANALYZER ok PK TKR
v bs  2.2929msec 10.531 ¥
kPk : 20.239 V
: pLBy
N ™ / A A\ NEXT

/ /1 \ / \ RIGHT PK
o |1\ v LT wext

-—‘H‘-L—\

BN X 7 7 RIGHT NIN
NEXT
LEFT HIN
—20.8 i
0.0 TIME sec 4.0m  RETURN

AUG(SUMY: 070
| FIXX | FIXY | MR REF

[ SEL @ || e val | ENNE
peak-to-peak markers
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BAND MKR
{OFF)

PULSE PAR
{OFF)

REAL TIME
ON/OFF

I MKR VAL I

o |
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MKR OFF

The band marker function computes the maximum and
minimum values within a designated range. You can choose
from the peak-to-peak voltage or the rms voltage within a
range.

The pulse parameter function computes pulse parameters from
the leading edge to the trailing edge. You can choose from
finding the rise time, fall time, or width of the pulse.

When on, REAT, TIME displays new X MKR values each time
the waveform display changes.

Press [MKR VAL] and set [MKR OFF] to turn off the markers.

Using External Devices

O—r

INITIAL

EXECUTE
INITIAL

The R9211 has commands and settings under the DEVICE
menu for saving data to or recalling data from a floppy disk,
and for setting plotter and GPIB parameters. Obtain a 3.5 inch
floppy disk (two-sided and either double density or high
density) to practice using the disk drive.

Recalling a file from the floppy disk causes most of the R9211
settings to change to the settings set when the file was created.
A good strategy for setting up the R9211 quickly is to recall a
file with the settings you want.

Press the [DEVICE] function key.

Accessing the Floppy Disk Drive

Press [ACCESS] to see the commands for controlling the
floppy disk.

First initialize (format) a blank floppy disk as follows.
Initializing a disk destroys any data that may be on the
disk!

Insert the floppy disk in the drive, then press [INITIAL]. The
R9211 checks the format of the disk. Press [EXECUTE
INITIAL] to initialize the disk in MS-DOS format. The R9211
replaces the current screen with a catalog of the disk label,
amount of memory used, and contents.
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Xe

-20.0
v

¥k RO2116 FFT SERVD ANALYZER #+%

SAVE
R9211 CATALOGUE  VOLUME LABEL: R921t [ 01/14/91 ]
Jotal storage: 714 ¢ OKB) used: 38 (5.3
File-Counter [005] 47100 free: 676 (94.68%) RECALL
No.  File-Name Tupe Size Date Tire
q. WVA__000 WVA 8704 01714791 02:51:06 copY
. WYA__001 YA 3704 01714491  02:54:03
3. WVYA__003 WA 8704 01/14/91 03:01:17
4. WyA__004 WA 8704 01714791 03:02:00
DELETE
INITIAL
RECALL
DATA OFF
0.0 f1pD TIME sec 4.0n  CAT OFF
AVG(SUM: 0.0

SAVE

EXECUTE
SAVE

RECALL

EXECUTE
RECALL

RECALL
DATA OFF

CoPY

EXECUTE
Copy

DELETE

EXECUTE
DELETE
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CAT OFF

9 | FILETYPE | PLOTTER | | | cr-18 |

floppy disk catalog

Press [RETURN], press [SAVE], and press [EXECUTE SAVE]
to save the current data to the floppy disk. (The R9211 saves
data from both input channels A and B if present.)

Press [RETURN], press [RECALL], and press [EXECUTE
RECALL] to recall and display a file from the floppy disk. Note
that the signal generator automatically stops.

Press [RETURN] and press [RECALL DATA OFF] to return
the instrument to displaying the input signal. To restart the
signal generator, press [SG CONT], select [OUT CTRL], and
set [GENERATOR START]. Press [DEVICE] again to
continue,

Press [COPY], and press [EXECUTE COPY] to create a copy of
the data file on the same floppy disk.

Use the knob to select one of the data files from the disk
catalog. Press [RETURN], press [DELETE], and press
[EXECUTE DELETE] to delete the file.

Press [RETURN] and press [CAT OFF1] to return from the disk
catalog to the waveform measurement screen.
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DONE

FILE NAME
NO_NAME

DEL CHAR

DEL NAME

I FILETYPE I
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MEAS FILE
(DATA}

PANELFILE

O—r

Close the alphabetic input window.

To input the file name, press the [FILE NAME] key and open
the alphabetic input window. Press the [ENT] key with the
knob,

Delete one-left-character.

Delete the file name.

Setting the FILETYPE

Press [FILETYPE], then press [MEAS FILE]. Note the types of
files that can be saved:

A DATA file contains unprocessed time data and some setup
information. For example, if the instantaneous spectrum was
saved while in spectrum mode, the time data is recalled and
converted into a spectrum.

A VIEW file contains processed data (after FFT processing or
mathematical calculations).

The TBL FILE option is displayed only on the R9211C. The
R9211C uses the TBL file to store GO/NOGO limit
parameters, curve-fit data, and synthesis pole/zero data.

A PANEL file contains front panel condition.

Setting PLOTTER Parameters

If you are using a plotter with the R9211, plug it into the GPIB
port. Set the plotter to LISTEN ONLY and make sure
there are no other devices on the bus. Set the R9211
[TALK ONLY] to ON under [GPIB] as described below.
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Press [PLOTTER] and set the following options.
Set [PLOT WHATT to ALL to plot the waveform, scale and
P"O(TMT ';T labels; set to FRAME to plot the scale only; set to SIGNAL to
plot the waveform only; and set to LABEL to plot labels only.
v o Set the [PEN MODE] to AUTO if you are using a multi-pen

(AUTO) plotter for automatic pen changes during color plotting.

Under [PEN SELECT] select pens 1 to 6 the for scale,

PEN .
seLeer  annotation, waveform, and readout plots.

oarer o1z et the [PAPER SIZ]to A3 (for 8.5" x 11" paper), set to A4
(OFF) (for 8.25" x 11.66" European standard paper), or set to OFF,
When set to OFF, the plotter’s paper size setting is used.

——————— Set the paper size when the [PAPER SIZ] selects the USER
SCALE PLT SIZE.

Under [MACRO PLT] set a two digit code that determines the
MACRO PLT

(OFF) number of plots on one page as follows: n =the number of plots
on the page, and m =the plot’s position on the page. For
example, 31 indicates the top plot of three plots on a page; 32
indicates the middle plot, and 33 indicates the bottom plot. An
exception to this rule is the code 12, which produces a single
side-ways plot.

PLOT TYPE Set the [PLOT TYPE] to AT for Advantest plotters or HP for
AT/HP Hewlett Packard plotters.

cory | To output a drawing to the plotter, press the [COPY1 funection
key on the front panel. (The optional internal printer uses the
[COPY]key on the printer.)
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GPIB

TALK ONLY

ON/OFF

HEADER
ON/OFF

SET
ADDRESS

I EXTEND I
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BUZZER
(OFF)

Setting GPIB Parameters

If you are using the R9211 as part of a GPIB system, press
[GPIB] and set the following parameters.

Set [TALK ONLY] to ON when a plotter is connected. The
plotter should be set to LISTEN ONLY. Set the R9211
[TALK ONLY] to OFF when using a controller.

Set [HEADER] to ON to attach a header o the output data.
The header contains descriptive information and is used for
error checking in some GPIB systems.

Set the GPIB address under [SET ADDRESS] so that the
R9211 has a unique address on the bus. The preset address
is 8.

Turning off the Beep
By the way, if you don’t want the instrument to beep every

time you press a key, press [MODE], press [EXTEND], select
[BUZZER], and set to OFF.
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5G CONT

Spectrum Measurement Tutorial

FREQ

f
10.00kHz

This tutorial describes how to use the R9211 as a spectrum
analyzer.

If it’s not already running, set up the internal or external
signal generator to produce a 10 V sine wave as described
before. Increase the frequency to 10 kHz. If you are using the
built-in signal generator, increase the frequency as follows.

Press [SG CONT] and select [FREQ].
Press [f] and set to 10 kHz with the keypad.

Setting Spectrum Mode

SPECTRUM

U BE H

TYPE

SEL |

DUAL

INST VW

CH-A
TIME

TYPE

|k
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SINGLE

————————

Press the [MODE] function key.
Select IMEAS] and set to [SPECTRUM].

In spectrum mode you can display both a waveform and its
frequency spectrum. To try this, press [VIEW].

Select [TYPE] and set to [DUAL].

Press [SEL] to select the top display.

Press [INST VW] and set to [CH-A TIME]. The display appears
as shown on the next page.

Press [TYPE] and set to [SINGLE] to return to a single screen
display of the spectrum.
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SPECT
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dual display
Setting the Spectrum Display

When you switch to spectrum mode, additional functions
appear in the X and Y soft key menus. Press [SETUP] and
select [FUNC] to explore the spectrum measurement
functions.

Press [POWER SPECT] to display the power spectrum.

Press [CROSS SPECT] to display the cross spectrum between
channels A and B. The cross spectrum is useful for
highlighting common frequency components in the two signals
or for calculating time delays from their phase shift.

Press [COMPLEX SPECT]. The power spectrum is displayed
by default since the complex spectrum display requires
averaging. Press [START] to display the complex spectrum.

Press [POWER SPECT] to return to the power spectrum
measurement funetion.
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p— ﬂ | I Press [VIEW], press [INEXT], and select [COORD]. Try the
L2dl following menu choices.
|__cooro | Mag Press [Mag] to display the Y-axis in linear magnitude.
Press [Mag?] to display the Y-axis in linear magnitude
Mag? squared.
e Press [PHASE] to display the phase of the complex spectrum,
——— Press [REAL] to display the real component of the complex
REAL spectrum.,
Press [IMAG] to display the imaginary component of the
IMAG complex spectrum. _
— Press [NYQUIST] to display the real component versus the
N T

imaginary component of the complex spectrum.

dBMag Press [dBMag] to return to the original logarithmic display.

Setting the Spectrum RANGE

SETUP il I RANGE I Press [SET.[IP] and select [RANGE].

¢ reso,y By default the R9211 uses a linear algorithm to calculate the
(Lin 1) spectrum (fRESOLN is set to LIN). Press [fRESOLN] to try
— theother choices.

~ oe ¢ Press[LOG f]. This setting calculates and displays the
spectrum logarithmically. Note that you can also set the
VIEW to display a log scale, but setting the [RANGE]
calculates logarithmic data more accurately.

300t ¢ Press[1/3 OCT f]. This setting displays the results of a 1/3
synchronous octave analysis calculation for acoustical
applications. (Refer to the Instruction Manual for details.)

171 oct ¢ Press[1/1 OCT f]. This setting displays the resultsof a 1/1
synchronous octave analysis caleulation for acoustical
applications.

LIN f Press [LIN f] to return to a linear display.
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NEXT

LINE/SPAN
400 Yine

RETURN

Select [LINE/SPAN]. This setting dictates the number of
frequency points calculated for the frequency range. As with
increasing the number of samples in waveform mode,
increasing the lines/span slows down calculations but
improves accuracy. Try setting to a higher value to see how
resolution improves.

Press [RETURN]. By default the R9211 is set to its maximum
frequency range of 100 kHz. The R9211 models A and C have a
zoom feature, which allows you to set the start and stop
frequency of the spectrum calculation. Pressing either the
[START f] or [STOP f] key automatically begins the frequency
zoom mode. The * symbol displayed on the screen indicates you
are in zoom mode. To return from zoom mode, press the

[FREQ RNG] key.

Setting Spectrum Mode Weighting

O0—

I WEIGHT I

Feb 6, 1991

MINIMUM

HANNING

FLAT-PASS

RECT

The spectrum mode weighting determines how the R9211
reduces errors caused by the fact that only a finite portion of
the input signal can be sampled. Several different
mathematical methods are possible, each with tradeoffs in
frequency resolution and amplitude accuracy.

Press [NEXT] and press [WEIGHT] to explore the different
weighting functions.

The weighting is preset to [MINIMUM]. This setting has poor
frequency resolution but fair amplitude accuracy. Use this
setting to detect sidebands or notches.

Press [HANNING]. This setting has fair frequency resolution,
but poor amplitude accuracy. Use this setting for periodic
waveforms.

Press [FLAT-PASS]. This setting has the best amplitude
accuracy but the worst frequency resolution. Use this setting
for harmonic analysis.

Press [RECTI. This setting has the best frequency resolution

but the worst amplitude accuracy. Use this setting for
transient and impulse signals.
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AVG

SUM

EXP

FORCE/
RESPONSE

MINIMUM

Press [FORCE / RESPONSE]. Use this setting for
measurement with an impulse hammer. Press [RETURN].

Press [MINIMUM] to return to the original weighting setting.

Controlling Averaging

AVG MODE
(SUM)

START il

START il

PEAK

SUB

o |

e ]

START il

SUM

RETURN

AVG

——————

I START i
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NO

FAST

ECE

PROCESS

(NORMAL )

The [SETUP] [AVG] menu lets you control the averaging
process. Press [AVG] to explore this function. After making
changes to the averaging settings, press the [START]
measurement key to display the results. Press [STOP/C] to
interrupt the averaging.

Press [AVG MODE].

Press [SUM] and press [START]. This setting uses summation
averaging.

Notice how averaging has reduced the level of noise, making
the harmonics of this signal more clearly visible.

Press [EXP] and press [START]. Press [STOP/C] to stop. This
setting uses an exponential moving average (the average is
weighted over time).

Press [PEAK] and press [START]. This setting does not
average the peaks. Use this setting to highlight spectrum
peaks.

Press [SUB] and press [START]. This setting uses subtraction
averaging,

Press [SUM] to return to the original setting. Press
[RETURN].

Press [AVG NO] and set to 4. Press [START]. Use this key to
set the number of averaging iterations from 1 to 32767.

Press [PROCESS] to explore the different settings for
controlling the averaging process.

Set to [FAST] and press [START]. This setting displays the
averaging results only after all iterations are complete.

R9211 Series Operation Guide




Chapter 4: Spectrum Tutorial

1 AVE e=———=—n Press[+1 AVG]and press [START]. With this setting, one
averaging cycle is completed each time you press [STOP/C].

STOP/C Use this setting for vibration measurements with an impulse
hammer,

STOP +1 Press[STOP + 1] to interrupt the +1 averaging process.

Press [NORMAL] to return to the original setting. This setting
NORMAL RETURN  displays the results of each averaging iteration. Press
[RETURN].

Return to the instantaneous view of the spectrum by pressing
[VIEW] and selecting [INST VW1.

I

INST vw CH-A
specT  Set to [CH-A SPECT.

Saving Data In Memory

The R9211 has internal memory locations where you can store
O_[ data. This feature is useful if you want to display two different
measurements side-by-side. The number of locations depends
on the R9211 model and the amount of optional memory
installed. This memory is erased when you turn off the

instrument,
i"‘“ ‘ To explore this feature, press [VIEW] and select [MEM VW].
| MEM VW | DATA Press [DATA SAVE 1] to store the currently displayed data in

save 1 the first memory location.

ata  Press[DATA RECALL 1] to recall the data from the first
RECALL 1 memory location.

Return to the instantaneous view of the spectrum by pressing
[VIEW] and selecting [INST VW1,

VIEW

Ml

INST VW CH-A

Set to [CH-A SPECT!I.
SPECT
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Other VIEW Functions

VIEW “
| Forur |

FORMAT 3D
DISPLAY

X-AXIS
LIN/LOG

GRATICULE
ON/OFF

3D SETUP
3D ANGLE
7bdeg

3D
DISPLAY

GRAPH
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Press [VIEW] and select [FORMAT] to explore other display
features.

The [NUMERIC LIST] feature is described later.

Press [3D DISPLAY] to show a three-dimensional display.
Adjust the 3D display as described below under [3D SETUPL.

The T-F mode provides more complete control of the 3D
display. Press [GRAPH].

Set [X-AXIS] to LOG. This setting switches the X-axis of the
display between linear and logarithmic scales. (As previously
noted, the logarithmic display is more aceurate if you change
the [RANGE] setting under [SETUP] to logarithmic frequency
resolution.) Set the [X-AXIS] back to LIN.

. Use the [OVERLAY] feature in T-F mode to display multiple

T-F traces on one screen as described later.

Set [GRATICULE] to OFF., When on, the R9211 displays a
graticule (grid).

Press [3D SETUP] to set three-dimensional display
parameters.

Press [3D ANGLE] and set to 75deg. Press [RETURN].

Press [3D DISPLAY]. Note how the display has changed to a
sharper angle.

Press [GRAPH] to return from the 3D display to a two axis
display.
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Using the MATH Functions

The R9211 has a variety of mathematical functions for
processing captured data. Each measurement mode has
different math functions. For the sake of brevity, only a few
math functions are described here. Refer to the Instruction
Manual for a complete description.

In general, perform computations by assigning an operand

O_‘T (the data set), assigning up to three operators (the
mathematical functions), and pressing [DO MATH)]. To view
the results of the calculation, you then press [VIEW], select
[MATH VW], and set to [RESULT ARRAY]. (Note that you
cannot perform additional computations on the result array.
You can perform additional calculations on data stored on disk
or in the memory locations.)

Operand and operator assignments are made under the
[MATH SEL] menu. [MATH SEL] is laid out differently from
the other Y soft key menus: it is available from each of the five
math function X soft key menus. This way, you select a
function you need, then press [MATH SEL] and press an
[OPRTR] key to assign the function to the operator list.
Pressing [OPERAND)] assigns the currently displayed data as
the operand. Pressing [DO MATH] begins the computation.

:00 MATH

operand ____"“‘--—-»-
\ OPERAND

CALCULATE MATH SEL 15t OPRTR 5 resultarray
(CONST*X) : (CONST*X):
i 2nd OPRTR
i {BANDPAS) :
: 3rd OPRTR |

BANDPASS MATH SEL

T CLR OPRND !

RETURN

math select menu
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The five math function X soft keys in spectrum mode are:

[jwl Select from pseudo differentiation and pseudo integration
operators.

[CEPSTRUM] Select from inverse Fourier transform
operators.

[fMATH] Select from algebraic operators.
[DOMAIN] Select from transformation operators.

[MOD f] Select from frequency filtering operators.

MATH Functions Example

For practice using the math functions, mathematically filter
out the high end of the signal generator output as follows. It is
assumed that the power spectrum of the 10 V, 10 kHz signal
generator output is currently displayed.

Press the [MATH] function key and select [MOD f1.

BANDPASS UPPERk: Press [BANDPASS] and set [UPPER £] to 50 kHz.
50.00kHz
FILT;zfng RETURN  Set [FILTERING] to ON and press [RETURN].
Press [MATH SEL]. Press [OPERAND] to assign the currently
MATH SEL OPERAND  displayed data as the operand. (You must assign an operand
before assigning operators.)
1st orr7r  Press [1st OPRTR] to assign the bandpass function as the first
(eanppas)  operator. (BANDPAS) appears under [1st OPRTR].
oo mat  Press [DO MATH].

RESULT
ARRAY

4-26

Press [VIEW], select [MATH VW] (on the second menu), and
set to [RESULT ARRAY). The result should appear as shown
on the next page.
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wkk RI2118 FFT SERVO ANALYZER ##x

20.0
dBy T T 7 T T T T T

dbMg | 7

dpy ] 1 ] ]
250.0 math FREQUENCY Hz 100.0k
AVGESUMY : 10710

| COORD [ X SCALE [ Y SCALE | RETURN |

result array

RETURN

| INST VW | CHoA To return to the instantaneous view, press [RETURN], select
speer  UINST VW], and set to [CH-A SPECT].
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Additional Markers for Spectrum Mode
Press [MKR] to see some of the additional marker functions

available in spectrum mode.

X MKR HARMONIC FOI‘ examp].e, pl‘eSS [X\MKR] and Select [HARMONIC].
(OFF)

FUND FREQ  Set the [FUND FREQ] to 10 kHz.
10.00kHz

HARMONIC RETURN  Set [HARMONIC] to ON and press [RETURN]. The display
ON/GFF appears as shown below.

“romp st Select to set the manual mode of FUNDAMENTAL
peak/mayn FREQUENCY or to set PEAK SEARCH FREQUENCY.

max oroer et to 2nd operand of calculated HARMONIC.

20
$+k RO211B FFT SERVD ANALYZER #x+
26.0 -
dBU H v T 4 T 1 T T L) 1
5 Cs  1.25000kHz ~72.8009 dBV
F_ 10.0000kHs 17.0365 dBv
: THP 40,2842 BV
THD  0.13613 %
Gaa
dBMg [t 1
-80.0 ‘ “ l
W oo B FEGY i im0k e TIME
) AVB(SED: 10710 B/ oFF
[SEL I ][ mxR val | TR | | FIXX | FIXY | MNKR REF |

harmonic markers
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To display the harmonics’ signal strengths as a list, press the
[VIEW] key, select [FORMAT, and set to [NUMERIC LIST].

I FORMAT I

Feb 6, 1991

The display appears as shown below.

NUMERIC
LIST
GRAPH Set to [GRAPH] to return to the normal view.
0k R92118 FFT SERVO ANALYZER otk
GRAPH
Fundamental 10. 0000kHz 17.0363 4BY
Harmonics 2 20.0000kHz  -67.2415 dBR 0.04344 %
3 30.0000kHz ~ -67.5630 4BR 0.04187 %
4 40.0000kHz  -65.6904 4BR 2.05194 %
5 50.0000kHz  -66.6425 ¢BR 0.04555 %
6 60.0000kHz  -66.3196 dBR 0.04831 % -
7 70.0000kHz ~ -65.9669 ¢BR 9.05031 %
8 80.0000kHz  -68.1500 dBR 0.03913 % | DISPLAY
9 o0.9000kHz  -65.7304 dBR 0.05170 % | —————
10 100.000kHz ~ -69.7050 dBR 0.03272 % | y_axIS
12 MR/ LOG
13 _—
}g DVERLAY
: B
%S GRATICULE
20 ON/IEH
Total Harmonic RMS & Dist: -40.2586 dBV 0, 13654 | —
3D SETUP
AVG(SURY:  18/10
[seL g meE | [IsTw [ avGvu [ mEnwve [ mext |

harmonic markers numeric list
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Setting Custom Labels and Scaling

of the spectrum plot called engineering units. You could use

this feature, for example, to show the power spectrum gain

relative to some reference other than dBVolts. To explore this
[ seop | feature, press [SETUP] and press [UNIT].

: The R9211 lets you set custom labels and scaling for the Y-axis

o ] & vae Press[A: VALUE] and set to 10 dBEU. This key sets the
10.00aeey  Scaling value. If the data currently displayed has logarithmic
== Y-axis units, scaling is done according to the equation
0dBV=XXXX dBEU. If the data currently displayed has
linear Y-axis units, scaling is done according to the equation
1 Vims=XXXXEU.

 UNLT Press[A: UNIT]. This key sets the two letter engineering unit
tu abbreviation that appears on-screen for the Y-axis. Select the
letter ‘t’ with the knob and press [ENT]. Select the letter ‘w’
with the knob and press [ENT]. (Here fu stands for tutorial
units.) Press [DONE] and press [RETURN].

*kx RI211B FFT SERVD ANALYZER ok
dau T T T T T T T T

i 1
L 4 EY
- 1 DEL cHAR
Gaa
Mg [ 7
ABCOEF GHITKLINOPORSTUVAX!Z
T e e
W[5 0[]OMT
Tlset@
] J dBTEELHOULE axPo T boAL
-80.0 [l L
abv B ) J MV AT IR
280.0 FREQUENCY Hz 100.0k  RETURN
AVB(SUD: 070
{ UEIGHT |  avc | EDGEEEN [ ChDELAY | i | RETURN |

setting the engineering units label

4-30 R9211 Series Operation Guide




Chapter 4: Spectrum Tutorial

Feb 6, 1991

EU or V1t
(EU)

Now turn on the engineering units. Press [EU or V1t] and set
to [EU]. (The [Vrms] setting turns the scaling function off, and
dBV values are computed from V. The [V1t] setting turns
the scaling function off, and dBV values are computed from
Vpeak.) Note how the spectrum is stretched vertically by 10%
and the Y-axis units change to dBtu.

(Note that the PSD function on the Y menu is not strictly part
of the scaling functions. When PSD is on, the R9211 displays
the power spectrum density, which is the conversion level per
1 Hz. This function is useful for noise measurements.)
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PRESET

4

Time-Frequency Measurement Tutorial

This tutorial describes how to use the R9211 tomeasure
changes in frequency amplitudes over time. This type of
analysis could be used, for example, to reduce noise and
vibration in the sound of an automobile door opening and
closing. You can trace new frequencies after the T-F data has
been acquired. If you have optional memory installed, you can
trace frequencies for a longer period of time.

There are two ways that the R9211 can display time-frequency
information: as a two dimensional trace of the change in
amplitude versus time of a particular frequency or frequency
range, or as a three dimensional plot of the spectrum using the
Z-axis for time.

Note that the MATH computation functions do not operate
with T-F data. Also note that the T-F analysis functions do not
operate if the frequency zoom feature is on.

Setting Up and Displaying T-F Traces

O—r

MEAS

TIME-FREQ

EXTEND

i i ¢

32

TRACEonST
ON/OFF

The T-F trace feature can display up to four traces on one
screen., To use the trace feature, first assign to each trace a
frequency or frequency range that you want the R9211 to
monitor. Then set the length of time for monitoring. Then
press [START].

Practice using the T-F trace feature to monitor the signal
generator output and its first three harmonies as follows.

Restart the R9211 and press [PRESET] to clear the settings
from the previous tutorial.

Set up the signal generator to produce a 10 V sine wave at
10 kHz as you did for the previous tutorial.

Press IMODE], select [MEAS], and set to [TIME-FREQ] to
enter T-F measurement mode.

Select [EXTEND] and set [TRACEonST] (trace on start) to
ON. This setting automatically sets the trace display when a
trace measurement starts.
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T

I TRIG I

ARM LEN
64 K

I FUNC I

KEXT
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ACTIVE CH
(CH-8)

O—

t RANGE
t-f MODE

SPOT f
10.00kHz

Press [SETUP] and press [TRIG] to set the amount of data
memory allocated to the trace function.

Press [ARM LEN] and set to the maximum amount of memory.
The maximum amount is determined by the R9211 model, the
amount of optional memory installed, and single or dual
channel operation. If your application only requires one
channel, you can double the amount of memory available as
follows.

Select [FUNC], select [ACTIVE CH], and set to [CH-A]. Press
[RETURN].

Another way to increase the amount of T-F measurement time
is to reduce the frequency range of the instrument. The
maximum amount of time (in seconds) can be determined
according to the following formula:

(ARM LENGTH in Kbytes x 1024)

(frequency range in Hertz x 2.56)

For example, 1024k ARM LEN data captured in the 5 kHz
range can record for approximately 82 seconds.

Press [NEXT] to go to the next page of the X-axis menu, and
press [T-F]. The general procedure is to set the trace range, set
the trace frequencies under [t+-f MODE] and check the trace
settings under [t-f STATUS]. Then set [INST t-f] to ON and
press [START]. Viewing all four traces on one screen takes
additional key presses as described below.

Turn [INST t-f] OFF when setting the trace parameters.

Press [t RANGE] and set the start time to 0 sec, the stop time
to 4 msec, and the step time to .5 msec. Press [RETURN].

Press [t-f MODE]. With the ID set to 1, set the [SPOT f to

10 kHz. (Note that a trace can also cover a frequency range
and that the trace can use units other than the power spectrum
units.)

Change the trace ID to 2 and set the [SPOT f] to 20 kHz.

Similarly, set the SPOT frequency for traces 3 and 4 to 30 kHz
and 40 kHz.
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Check your settings using [t-f STATUS] (the settings are read-

e only when read from the status key).

STATUS

INST t-f Set [INST t-f] to ON. Af [INST t-f7is not on, the R9211
oN/OFF  assumes you want to perform averaging when you press

[START].)
ﬁ Press [START]. The R9211 displays one trace in eight steps
START
from 0 to 4 msec as shown below.

sxk RIZ11B FFT SERVO ARALYZER #okk INST t-1
S35 T ' ' ' L . . i Qg OFF
o b
i t RANGE
tGaa
asMg [ 41 t-f noDE
i t-f
- . STATUS
h‘—-m -
0.0 | 1T —
¢BY 1 L 1 L 1 ] ) ] 1
0.0 tf4 TIME sec 4.0m
AGEUM:  0/0
| VEIGHT | AvG | UNIT | ChDELAY | NERGEEN | | RETuRN |

asingle T-F trace
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VIEW

TYPE QUAD

T-F W

] il

SEL B9 t-f

TRACE 1

RETURN

i

FORMAT OVERLAY
ON/OFF

30.0
4BV

ibaa
dbMg

-70.0
dBY

To display all four traces simultaneously, first assign one trace
to each of the four screens in [QUAD] display mode, then turn
on the overlay function as follows.

Press [VIEW], select [TYPE], and set to [QUAD].
Press [NEXT] to go to the next X-axis menu.
Press[T-F VW].

Press [SEL] to select the upper left screen and press
[t-f TRACE 1] to assign trace one to that screen.

Similarly assign each of the other traces to the other screens.

Press [RETURN] to return to the previous page of the X-axis
menu.

Press [FORMAT] and set [OVERLAY] to ON. The display
appears as shown below.

#obk RI211B FFT SERVO ANALYZER #xx

Lhale

]

N 3 NUMERIC
L . LIST

- E 3D
DISPLAY

X-AKIS

[/ L06

OVERLAY
L 1 morF

GRATICULE
I | v

Il i 1 1 1 ] 1 L i
0.0 54 TIME sec 4¢.0m 30 SETUP
AVE (SUM) = 0/0

[ SEL @ | v | EEE ST Vi | ave vl | HER W | NEXT |

Feb 6, 1991

overlayed T-F traces
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Setting Up and Displaying T-F in 3D

OVERLAY
ON/OFF
| TYPE | SINGLE
| INST WW | CH-A
SPECT
DATA VIEW
ON/OFF
VIEW STEP STEP TIME
0.50msec
I FORMAT I 3D SETUP
3D CTRL

(VW STEP)

3D
DISPLAY

| INST vw I

4-36

VIEW STEP

AUTO
RIGHT

T-F data can also be displayed in three dimensions with time
as the Z-axis. To explore this function, first return to a normal
spectrum display.

Set [OVERLAY] to OFF.,
Press [TYPE] and set to [SINGLE].

Press [INST VW] and set to [CH-A SPECT].

Set [DATA VIEW] to ON. (Note that the T-F trace function
turns off automatically.)

Press [VIEW STEP]. Set the [STEP TIME] to 0.5 msec.

Press [FORMAT] and select [3D SETUP].
Press [3D CTRL] and set to [VIEW STEP].

Press [RETURN] twice and press [3D DISPLAY]. The display
is activated but the instrument is paused by default.

Press [INST VW], press [VIEW STEP], and select
[AUTO RIGHT]. The R9211 shows the spectrum changing in
time.

[PAUSE] stops movement of the [DATA VIEW] display.
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The figure below shows an example of the 3D T-F display used
to capture the vocal syllable “ah” spoken into a microphone.

8 R9211C FFT SERVO ANALYZER wré
PAUSE

. =200
dBY  AUTO

Tap

AUTD
i RIGHT

Gaa  AUTD
diftg LEFT

TIANUAL
STEP

STEP TIRE

I -%0.0
aBv 5.00nsec

RETURR

0/32
{seL Q| TYeE | romtaT [ IGRAEREE ] AVE W | MER VD T OREXT |

3D T-F display

This figure (below) shows the same data using the trace
function to trace four selected frequency ranges.

#d RI211C FFT SERVD ANALYZER s

-30.0
dBv —_—
//—'——_-‘\\
/ \\ t_:f
7 //_\\ . \ TRACE 1
o VAV =\ N -t
/ ? // / \\§ \ TRACE 2
/a N s
Ly NN —TEE
i ANNANEE R ™Y
-100.0 | N
™ 100.0m tFd TIME sec 44998

RGN 0732
[SELER [T math vu | GG | COORD [ X SEALE | ¥ SCALE | RETURN

T-F trace of vocal data
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PRESET

FRF Measurement Tutorial

This section describes how to use the R9211 to measure the
frequency response function (FRF) of a device — how an input
spectrum differs from the output spectrum.

FRF measurement mode is similar to servo measurement
mode. (Servo measurement mode is only available with R9211
models B, C, or F.) Servo mode is specialized for measuring the
FRF of a servo system with a filter and actuator. If you have a
model with servo mode, also go through the tutorial in
chapter 5.

In FRF mode, the general procedure is to set up the signal
generator output, start the signal generator, press [START],
and view the coherence and FRF measurement. FRF mode has
additional VIEW and MKR functions to explore.

Setting Up

MEAS

FRF

i Hl

EXTEND
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TRACEonST
ON/OFF

To make FRF measurements, connect the signal generator
output to the Device Under Test (DUT), and connect the same
signal generator output to channel A using a ‘tee’ connector.
Connect the DUT output to channel B. For the purposes of this
tutorial, any DUT will do, such as a filter or an amplifier. For
example, try using a simple RC low-pass filter. If you are using
an external signal generator, connect it as shown on the next
page. For best results the external signal generator should be
capable of producing a multi-sine or swept sine signal.

Reset the instrument by turning it off, turning it on, and
pressing [PRESET] while the self-test is running.

Press [MODE] and select [FRF] measurement mode.

Press [EXTEND] and set [TRACEonST] to ON. This
automatically sets the FRF display when an FRF
measurement begins. The FRF display has an upper screen
displaying coherence and a lower screen displaying gain.
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Signal Generator

10.080 kHz

: INT==TEl ]
-; = T B e (o
i SEEREEE
(00| o DODE
i _% Glalalo
OREE
ooo
oo Olss 506
aco s ot
oo
ool a AL A :j
= e . o

SG CONT ||
I SIGNAL I M-SINE
I $6 VOLT | AMPLITUDE
10.00v
I OUT CTRL | GENERATOR
START

Feb 6, 1991

input output

DUT

Setting Signal Generator Parameters

If you have an external signal generator, set it to produce a
multi-sine or swept sine signal for the range 0 to 100 kHz.

If you are using the internal signal generator, set it as follows:;
Press [SG CONT. Press [SIGNAL] and select [M-SINE].
Press [SG VLT] and set [AMPLITUDE] to 10 V.

Press [OUT CTRL] and press [GENERATOR START!].

Press [OPR] on the front panel to start the signal generator.
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Start FRF Measurement
| start | Press [START]. The R9211 averages several FRF

measurements and displays the results as shown below. The
example given here shows the FRF of a low pass RC filter.

#kk RI211B FFT SERVD ANALYZER 4+

1 T 3 T T T T 1 1] ]
[ 1 cENERATOR
Woh> b - STOP
0.0 [ ]
) 1 ! 1 1 | 1 1
250.0 FREQUENCY Hz 100.0k  GENERATOR
0.0 HAN TRIG
dB N 1 T T T 1 7 T T T ]
<Haby> + ]
dBrig T ] cEN on
i 1 /R
-100.0 [ ]
B ! 1 1 1 | 1 i t
250.0 FREGUENCY Hz 100.0k
AVG(SUMY : 32732
SIGNAL | | so vir | cosNECT | SR [ OUT MODE | NEXT

FRF of a [ow pass RC filter

Check the coherence. The coherence should be close to one for

O'_.I.' an acceptable measurement. You can improve coherence by
narrowing the frequency range of the measurement or by
increasing the number of averaging cycles.
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Viewing FRF Results

TYPE SINGLE

[ ]
[rew]

AVG VM COHERENCE

IMPULSE
RESPONSE
FRF

BODE

CO-QUAD

NYQUIST

Cole-Cole
NICHOLS

BODE

Feb 6, 1991

There are several ways to display measurements made in the
FRF measurement mode. Some of these are available under
[VIEW] [AVG VW] and some are under [VIEW] [FRF CORD].

Press [VIEW], select [TYPE], and set, to [SINGLE].
Press [AVG VW1.

Press [COHERENCE] to display the coherence function. Use
this to evaluate the reliability of FRF measurements.

Press [IMPULSE RESPONSE]. This shows how the DUT
changes the input signal in the time domain . It is derived from
the reverse Fourier transform of the FRF data.

Press [FRF] to return to a display of the frequency response
function,

Press [NEXT] to go to the second [VIEW] X-axis menu.
Press [FRF CORD] to explore other FRF display options.

Press [BODE] to display a Bode plot (a dual display of the
phase and gain characteristics).

Press [CO-QUAD] to simultaneously display the real and
imaginary portions of the frequency response function.

Press [NYQUIST] to display a Nyquist diagram, which shows
real versus imaginary FRF data.

Press [Cole-Cole] to display a Cole-Cole diagram, which shows
real versus negative imaginary FRF data. This diagram is
used for chemical impedance measurements.

Press [NICHOLS] to display a Nichols diagram, which shows
phase versus gain FRF data. This diagram is used for
evaluation of the phase margin and gain margin.

Press [BODE] to return to the Bode plot.
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Using FRF Markers

FRF mode enables markers additional to the ones you have
explored in the other modes. Press [MKR] {o explore one of
these new markers.

Press [CTRL SYSI.

sooe . Set [BODE MKR] to ON. (The view coordinates must be set to
onzorf  Bode plot.) The Bode marker computes the phase margin and
gain margin of the open-loop frequency response function. This
information is useful for amplifier and filter design.

MKR

Congratulations
Congratulations. You have completed the tutorial for the

R9211 models A and E. If you have a model B, C, or F, proceed
to chapter 5 to learn about the servo mode features.
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Chapter5
Servo Mode Tutorial

This tutorial describes how to use the R9211B, C, or F to analyze servo
mechanisms. It closely follows the video tape Servo Analyzer for You
(available from Advantest) and uses the TQ88091 Optical Actuator Test
Head in the examples. However, you can perform the tutorial without the
video or the test head. Some of the features already covered in the previous
tutorials are reviewed. The last part of this tutorial describes features
available only on the R9211C.

This tutorial uses the focus servo pickup and drive amplifier of a CD player
as an example. There are two methods for analyzing such a servo unit: the
laser doppler method (the head displacement is measured as speed) and the
actuator test head method (the head displacement is measured directly).
The actuator test head method is studied first.

Begin the video now if you have it. Pause the video after each section and
perform the steps in the text.

Setting Up

Feb 6, 1991

Connect the TQ88091 Optical Actuator Test Head or an equivalent DUT to
the R9211 as shown below. Attach an actuator to the TQ88091 (refer to the
TQS88091 Instruction Manual).

] F:l
| o
1| =
LI : _ g
s T=
(] o s s 3 L
| =——=-8- 0 1D

.1 TQ88091
input output
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PRESET

il

MEAS SERVQ
CAL SINGLE
DC CAL

Turn the instrument on (or cycle the power if it’s already on).
Wait until the self-test starts, then press [PRESET]. This skips
the self-test and resets the instrument to its preset (default)
settings. Adjust the screen intensity (brightness) to a
comfortable level.

Press [MODE] and select [MEAS].

Press [SERVO] to set the R9211 to servo measurement mode.
The display changes to a dual screen display.

Select [CAL] and press [SINGLE DC CAL] to calibrate the
R9211. Wait until the screen displays [SINGLE DC CAL...end]
before continuing.

Setting Measurement Conditions

Setting Input Parameters

SETUP

SWEEP LOG MSIN

RANGE FREQ RNG*

20 kHz

i

T RESGLN Line/Dec

100

Decade
4

SWEEP
up

SENS

d

CH-A

AUTO/MAN

CH-B

AUTO/MAN

Press [SETUP] and select [SWEEP].

Set to [LOG MSIN] for a logarithmic multi-sine sweep.
Press [RANGE] and select [FREQ RNG].

Set the frequency range to 20 kHz.

Press [fRESOLN]. Leave the Line/Dec (lines per decade) at
100.

Set the number of decades to 4.

Set the sweep to [SWEEP UP] and press [RETURN].
Press [SENS] to set the input sensitivity.

Set both channel A and B to AUTO.
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Setting Output Parameters

Note that in servo mode, you set the signal generator output
O'_[ using the [SETUP] key. (In other modes, you set the signal
generator output using the [SG CONT] key.)

$G VLT AMPLITUDE SElect [SG‘ VLT] and set the [ALGPLITUDE] to 0.05 V. (The
0.05V maximum settingis 18 V)

~ orrser | Select [OFFSET] and set the offset to 0.0 V. You can set the
PRESET 0.9V offset independently of the amplitude to a mazimum of 10 V.,

— Theoffset voltage is present at the signal generator output
terminal even if [SG COM] is set to [GENERATOR STOP] and
[OPR]is on. This is done so that you can position a servo
between its mechanical stops using the offset voltage.

lE

SG COM GEN ON Select [SG COM] and set [GEN ON] to [AVG]. (When set to
ave/man  AVG, the signal generator does not output a signal until you
— pressthe [START] key, as described later in the tutorial.)

AVG VG No Select [AVG] and set the number.of averaging cycles under
» [AVG NO] to 2. Leave the averaging process set to
[NORMAL].
Press [NEXT] to move to the next X soft menu.

O

INPUT CHANNEL Press [INPUT]. If you are using the TQ88091 Test Head, set
CH-A/CHB _ channel B for a differential input as follows:

+INPUT Press [CHANNEL] so that CH-B is selected (highlighted).
IN/GND  Press [(INPUT] so that IN is selected. Both [ +INPUT] and
[-INPUT] should be set to IN for a differential input.

-INPUT
IN/GND
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5

e

STARY

VIEW

NEXT

Measurement and Analysis

Measurement

Y SCALE

SETUP

RETURN

Y AUTO
SCALE

Press [OPR] to switch on the signal generator from standby
status. The [OPR] key should be lit.

Press [START] to initiate the measurement. The [START] key
lights during the measurement.

The screen changes to show the coherence on the upper screen
and the DUT’s open loop FRF on the lower screen.

To get a clearer look at the FRF, press [VIEW] and press
[NEXTI.

Select [Y SCALE] and set to [Y AUTO SCALE]. The R9211
automatically sets the most appropriate viewing range.

Frequency Table

SWEEP

NEXT

it B

SQ BAND

1
i -

LOG F-Tab

Using the servo mode’s frequency table, you can set up to 20
frequency bands for the signal generator to sweep. This
feature makes the R9211 effective for analyzing complex
specific features of the DUT.

Press [SETUP]. Press [RETURN] to return to the first setup
menu,

Press [SWEEP] and set to [LOG F-Tab].

Press [NEXT] and press [SQ BAND]. The screen changes to to
display the frequency table.

Enter the frequency table information shown in the figure
below. Use the Y soft keys to set SINE or M-SINE and the
sweep’s start and stop frequency. The Y soft menu then
changes so that you can set the signal’s amplitude, offset
voltage, and number of averaging cycles. After setting those
values the cursor automatically moves to the next ID number.
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If the Y soft menu already displays the value you want, press
[ENT] for that setting. If you make a mistake, you can edit the
table with the functions under the [fEDIT] menu.

-1

I SI6 £ SIART  § STOP AP OFFSET  AVG
! NSIN 5,000 Hz 50,00 Hz 10.00mv -200. 0wV 2 ENIT 10
MSIN 50,00 Mz 250.0 Hz 10.00nV  -200.0wV 2
3 MSIN  250.0 Hz 500.0 Hz 30.00aV -200,0mV 2 1
4 MSIH  500,0 Hz 1.000kHz 300.0nV -200.0mV 2
5 MSIN  1.000kHz 2.500kHz 1.000 v -200.(wV 2 INSERT
6 MSIN 2.500kMz 5.000kHz 1.000 ¥ -0, OV 2
7 NSIN 5.000kHz 16.00kHz 1.500 v -200. 2 on/ i
& MSIN  10.00kMz 12.00kHz 1.200 V -200.0eV 2
Hab> | 9 MSIN  12.00kHz 14.00kHz 1.000 V -200.0wV 2
difg | 10 MSIN  14.00kHz 15.00kHz 1.300 V -200.0uV 2 BEL 1D
il MSIN  15.00kHz 16.00kHz 2.000 V -200.0mV ?
12 SIN  15.00kHz 20.00kHz 2.000 V -200.0my 2
13 MSIN  20.00kHz 21.00kHz 2.300 V -200.0mV 4
14 MSIN  21.00kHz 22.00kMz 2.500 ¥V -200.0wV 4 DEL END
15 MSIN 22.00kHz 24.00kHz 2.500 V -200.0wV 4
16 SIN  24.00kHz 9.9 2.000 v -200.08V 2
17 START ID
18 1
19
-seag 2 ———
] smp 1n
5.} TipD FREQUENCY Hz 50. 0% 16
AVG(SUN): 274
(50 Baxn | wwmeave | GNEEEEM [ NPT | o [ wnt | OReTuRw |

frequency table

I f EDIT I

Feb 6, 1991

STOP 1D Press [fEDIT] and set [STOP ID] to 16 (or the maximum ID
16 you entered). Note that it is possible to sweep a portion of the
frequency table bands by setting [START ID] and [STOP ID].

DONE Press [DONE]. The screen returns from the frequency table

display.

Press [START] to make a measurement using the frequency
table to control the sweep.
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Screen Operations

i

FRF CORD

BODE

I Y SCALE I Y AUTO
SCALE

| RETURN I

I TYPE | SINGLE
NEXT

| COORD | PHASE

I TYPE I DUAL
RETURN

I FORMAT | GRATICULE

n
o

ON/OFF

Next explore the different display options in servo mode. Press
[VIEW] and select [FRF CORD].

Set to [BODE] The FRF phase is displayed on the upper screen
and the FRF magnitude is displayed on the lower.

To make the phase easier to see, use the auto scale function.
Press [SEL] to seleet the upper screen.

Press[Y SCALE] and set to [Y AUTO SCALE].

Now set the display to a single screen to get a better look at the
phase. Press [RETURN], press [TYPE], and set to [SINGLE].

Press [NEXT], press [COORD], and set to [PHASE].

Return to dual screen display. Press [RETURN], press [TYPE],
and set to [DUAL].

Now, turn off the graticule. Press [RETURN], press
[FORMAT], and set [GRATICULE] to OFF.
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Reading Data With Markers

Now explore the servo mode marker funections. Press [MKR].

MKR VAL singLe x ~ Press [MKR VAL] and set to the [SINGLE X X1 Y1] marker.
x1 v1  Rotate the knob to see the marker.

CTRL SYS sope mcr  Calculate the DUT’s open loop phase and gain margin using
on/orr  the Bode marker, Select [CTRL SYS] and set [BODE MKR] to
— ON.Twomarkers appear and the screen shows the gain
margins of the first pole.

Saving the Data

Printing on the Internal Printer

Now set up the optional printer to make a hard copy (if
installed). Open the printer lid and move the printing head
lever to the open position as shown below.

A09075 recording paper

loading the printer

Feb 6, 1991 5-7
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Insert a roll of AO9075 paper as shown. Close the printing
head lever and shut the lid. Hold the feed button for a moment
and tear off the excess paper.

When the paper is installed properly, press the [COPY]key on
the printer. (The front panel [COPY] key is for an external
plotter.) The printer produces an exact copy of the display.

Storing Data on a Floppy Disk

—— cﬂ Insert a floppy disk into the disk drive. Press [DEVICE] and
select [ACCESS] to access the disk.
If the disk is unformatted, press [INITIAL] and

INITIAL EXECUTE [EXECUTE INITIAIJ] to initialize (forl'nat) the dj.Sk.. PreSS
mitiaL  [RETURN] when done.

SAVE EXECUTE To save the currently displayed data, press [SAVE] and
save [EXECUTE SAVE] The R9211 saves the data and most of the
parameter settings. Press [RETURN].

RECALL EXECUTE To recall the data, select the file with the knob. Press
RecALL [RECALL] and press [EXECUTE RECALL].

DONE Close the alphabetic input window.

FILE NAME  To input the file name, press the [FILE NAME] key and open
JOMME ___ the alphabetic input window. Press the [ENT] key with the
knob.

DEL CHAR  Dlelete one-left-character.

DEL NAME Delete the file name.
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=

Advanced Analysis (R9211C Only)

Curve Fit and Synthesis Functions

O—

I MATH KEY I CurvaFit
MENU
T
FIT FIT INPUT
AVG/MATH
I sWeight I AUTO WGT
FIT CREATE

Feb 6, 1991

FIT

The R9211C’s curve fit function calculates the poles and zeros
(Laplace parameters) that characterize a servo’s FRF. The
synthesis function is the reverse; if uses Laplace parameters to
generate an FRF. By editing the pole/zero table from a curve
fit, you can use the synthesis function to simulate the servo’s
frequency response fo new poles and zeros.

These two functions simplify the task of servo design. The
synthesis function lets you evaluate the servo’s response to a
simulated feedback compensation circuit. After you find the
optimal response, you can use the Laplace parameters to
design the actual compensation circuit.

Performing the Curve Fit
To begin, press [PRESET] and press [MATH KEY].

Select [CurveFit MENUI. This changes the menus available
under the [MATH] key so that you can work with the curve fit
function.

Press [MATH] and select [FIT.
Set [FIT INPUT] to [AVG].

Select [sWeight] and set to [AUTO WGT].

Select [FIT] and press [CREATE FIT] to begin the curve fit
calculation. The display shows [Curve fit...end] when the
calculations are done.
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Viewing the Curve Fit

Now set up the display with two screens so that the original
FRF is on the top screen and the fitted FRF is on the bottom
screen as follows. :

Press [VIEW] and select [TYPE].

TYPE DUAL
Set to [DUAL].
EL Use [SEL] to select the top screen.
AVG VW FRF Select [AVG VW] and set to [FRF].

Use [SEL] to select the bottom screen.

H HE EY

MATH VW FITTED Select [MATH VW] and set to [FITTED FRF]. The display
FRF  should look similar to the one below. This figure shows data
obtained from a CD player focus servo.

¥k ROZ11C FFT SIRVD ANALYZIR 24x RESULY
w&g [ T TirTeT T ¥yTTTTm T LML LR T LI LR L ] nm‘l
[ 1 oy
tHab> | FRF
dbig [
i 1 FITTED
-i20.0 i 7 IeRes
S S RV WNE | SN U SIS R T E——" I WF VT T N YT T —_—_
2.0 flpd FREQUENCY Mz 20.0k FITIED
40.0 STEPRESP
dB B T TEYFTTIT T rTTsng T T T T TITIr ¥ T rrrmm i
- 41 SYNTH
Hat> FRE
dins [ SYNTH
- INPRESP
-12068 L
L3 hdtli L iy o W Lo k. LiLLibl sy"m
2.0 cvit FREQUENCY Hz 20.0k
AVG(SWD: 270 STEPRESP
[SEL g || EIGISEN | FRF COAD | CODRE | X SCALE [ Y SCALE | RETURN |

curve-fit

5-10 R9211 Series Operation Guide




Chapter 5: Servo Tutorial

MATH |

sEDIT o

Editing the Pole/Zero Table

Now simulate a change in circuitry by editing the pole/zero
table and using the synthesis function. After editing the
pole/zero table, you must compensate for the changes by
adjusting the system gain.

First transfer the pole zero data into the synthesis function as
follows.

Press [MATH] and select [sEDIT].

The pole/zero table appears as shown below, with one column
for poles and another column for zeros. Note that the poles and
zeros are complex numbers, although some only have a real
portion. The poles’ imaginary portion represents a peak
frequency of the FRF and the real portion represents the width
of the peak. The zeros’ imaginary portion represents a valley
frequency of the FRF and the real portion represents the width
of the valley.

*xk RO211C FFT SERVD ANALYZER #++ SYSgain

we 4.30-7
1 -5.776008 PALES &2 21 -15.3003 ®
2 16,277 2 £8.08360 TineDalay
3 -21.2%m0 23 -158.59% 0.0msc
4 -51.660m 24 -534. 4050 —
5 99.0684w % -b.47227 Seale §
6 -612.77% 26 7.41006
7 14.20M00 +j 15.2530w 27 55.6892 1.00kHa
g 2 xj 15.70928 26 -1}.0546m ij 9.52a40m

Giaby | 9 L.52641m %) 18.6260w 29 17.542m 1) 9.0755%m

domg | 10 ~1.02661m &) 0997w 0 2.9853m  :j 17.2474m
i1 123.466w ) 158.876e 3] 1.70065 1 18.23000
12 -14.04¢4m  »] 181.0888 32 -13.8727m 3] 173.6%6n
13 -48.6401m =5 281.103w 33 106.36 =} 176.Tafm
14 -69.0730s s 5¢5.518m 34 -63.5000m +; 288.037M
15 -77,00438 &) 73 35 -05.3556m 1) 500,463m
16 573.820m 1 1.00135 36 -34.6il5e 1) B12.530m
17 -235.570e  +j 1.85973 37 B65.504m 1 1.19041
18 -1.23500 &) 4.37434 33 -626.947a 1) 1.8296)
19 -716.2000  + 13.1411 39 -1.8597 1) 476204

1200 120 4 2.0019% 3 14.7140
2.0 ovit FREQUENCY Wz 20.0

AVE(SUMY: 274
[_Fit | sEoil | RN | steigm | | scowv | to SYamH |

Feb 6, 1991

pole/zero table
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Press [sSSCALE]. This menu has settings that let you adjust
the curve fit scale.
|_seort | DONE Press [SEDIT] and press [DONE].
Select [to SYNTH] and press [FIT to SYNTH] to transfer the
| to SYNTH | FIT pole/zero data.
to SYNTH
Next edit the pole/zero table as follows.
E=A Press [PRESET].
| MATH KEY | FRF Synth Select [MATH KEY] and set to [FRFSynth MENU]. This
MENU changes the math menus to make the synthesis functions
available.
| mamn Il Press [MATH].

SEDIT EDIT 1D Select [SEDIT] and set [EDIT ID] to the last pole line number
19 of the table.

DEL ID Press [DEL ID] to delete the last pole.

Similarly delete the last zero entry in the table as shown on

the next page.
e RO211C FFT SIRVD ARALYZER ok SYSgain
.9 5. 407
s POLES 30 o 150000 2T i
2 -16.2270n 2 53.0886m TinaDoiny
3 221,255 33 -158.503 0.0sec
4 -8]1.6644a 24 -534., 805
5 99,0684 25 -6.47227 Scals f
§ 617, 77n % 7.41006
74 +j 15.25%m 27 55.689 1.00xNz
g 2 +j 16.70%m 28 -(3.0646e 3j B.52440m
tHab> | 9 1/625dim 1) 18.6260m 20 17.50z0 i 9.07%m
dBy 10 -1.32660te  +j 23.0997Tm 30 2.98834m :j 17.2474m E
11 123.466m +j 158.876m 31 {.T0565 »j 1B.
12 -14.08ddn 4] 181.05% 3 ~13.870T <] 173.6%68
13 42,6401 +] 281.108m 33 106.363m ] 175.73m
14 -69.0733m *j 585.518m 34 -63.B093s &) 288.037m sac/kHz
15 77.00 1 3 -%.356n £ 600,463
16 573.2 +j 1.00135 35 0451158 2j 12,830
{7 -235.570s 4] 1.65873 37 686.844n %) 1.19041
18 -1.23500  1j 4.37434 3B -625.%47a +) 1.82253 ssec/Hz
39 -1,84597 1) 4.76204
2.0 &
70 St TREGUERCY 12 .0k peoc/wiz
MWGSID: 274
[ | sEoiT | e | I [ | |

revised pole/zero table
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I sSCALE I SYSgain
5.49e-7
I SEDIT I DONE
I SYNTH I CREATE
SYNTH
I TYPE I DUAL
Feb 6, 1991

After deleting poles and zeros from the table, you must adjust
the system gain slightly higher to compensate. In general, set
the system gain according to the following rules:

1. If you delete a pole, set
new SYSgain =(1//POLE[?) x 0ld SYSgain.

2. If you delete a zero, set
new SYSgain =(ZERO}) x old SYSgain.

3. If you change the value of a pole, set
new SYSgain =(jnew POLE[?/|old POLEJ?) x 01d SYSgain.

4. Ifyou change the value of a zero, set
new SYSgain =(jold ZERO|*/|new ZEROJ?) x old SYSgain.

5. Ifthe pole or zero only has a real portion, substitute
|[POLE[? and |ZERO? in the equations above with |POLE|
and |ZERO|.

In our example pole/zero table, we deleted both a pole and a
zero. We calculate the system gain adjustment as follows:

new SYSgain = (|ZERO|?/|POLE[?) x old SYSgain
=[(2.00195%2+14.714%)/(0.2162% +13.14112)] x 4.3e-7
=5.49e-7
Select [SSCALE] and set the [SYSgain] slightly higher.
Select [sEDIT] and press [DONE].
Select [SYNTH] and press [CREATE SYNTH] to begin the

synthesis calculation. The instrument displays [Synth...end}
when itis finished.

Viewing the Synthesized FRF
Press [VIEW].

Select [TYPE] and set to [DUAL].
Press [SEL] to select the top screen.
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SEL

Press [MATH VW] and set to [FITTED FRF1.

MATH VW

gt

[ |=

SEL

TTED Press [SEL] to select the bottom screen.

T Press [MATH VW] and set to [SYNTH FRF]. The screen

should appear similar to the display shown below. This figure
shows how the data obtained from a CD player focus servo has

MATH VW

:

5-14

SYNTH changed. Notice how the secondary resonance point has been
FRF  eliminated.

ke ROZILC FFT SERVD AKALYZER +a+ RESULT
do&g T T VVTTRY T, T i1 el RIT T T T T T80T T F VLT ARMY
FITTED
FRF
FITTED
INPRESP
dB [ A1 1irie) ] L2 1 Eikir L L & 431 hcit i L) A Arii ]
2.0 it FREQUENCY Hz .0 FITIER
4.0 STEPRESF
dB _—[ TTTVFTIHT 1) T T 1 rint T S BLELBLREL] T LA LA ELL]
SYNIF
FRF
1 svam
INPRESP
db [ i1 1110 11 1 1rilil [ WE I oL kaataid SYNTH
2.0 synt FREQUENCY Hx 20.0k
AVGCSUD: 24 STEPRESP

[sL § || EXENEPS [ FRF CORD | COURD | X SCALE [ Y SCALE | RETURM |

fitted and synthesized FRF
Scaling and Math Functions

Now explore the scaling and math functions. You need these
functions when using the laser doppler method to test a servo
unit. For this method, you use a laser doppler gauge to
measure the speed of a servo head. You then integrate the data
from the gauge to obtain the displacement current.

The example in this tutorial uses data from a CD focus servo
taken with a laser doppler gauge as shown below. First it is
necessary to scale the data using the R9211’s scaling function.
Then integrate the data with the math funetion.

R9211 Series Operation Guide




Chapter 5: Servo Tutorial

The amount of scaling depends on the laser doppler gauge’s
sensitivity, which is measured in units of (¢cm/sec)/volt. For the
data shown below, it was determined that the laser doppler
gauge has a sensitivity of 2.365 yzm/sec per volt. Therefore, use
a scaling factor of

1 Vs =2.365 rm/sec

-1
S
o

50.0

dB LERIY] T VTITTEE J T T TTITeT T LERBEIEELLL) T L

COHERENCE

hab>
g

AN

.0 |

IHSNT] 1 Lliildl

4 14
5.1 flpd

[ R W |
FREQUENCY Hz 50.0k
AVG(SUMY: 274

[SEL W[ TP | Fomuar | TAST V0 | ROTORQE | MER VO | WEKT |

laser doppler gauge data

Changing the Scaling

Begin by setting the display to show linear coordinates for the
FRF.

i

COORD Mag Press [VIEW]. Select [COORD] and set to [Mag].

Now change the Y-axis units and label as follows.

SETUP Press {SETUP].

i

UNIT setecT cH Select [UNIT]. Set [SELECT CH] to [CH-A] and press
(ci-a)  [RETURN].

A: VALUE Set[A: VALUE] to 1.00.

1.00EU
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Chapter 5: Servo Tutorial

seeeer on et [SELECT CH] to [CH-B] and press [RETURN].

C8) Set[B: VALUE] to 2.365.

B: VALUE
2.356EU

m—— Set [SELECT CH] to [CROSS] and press [RETURN].
SELECT CH

(CROSS)

crs: unrt  INow set the label. Press [CRS:UNIT]. Use the knob to select ‘¢’
4m and press [ENT]. Next select ‘m’ and press [ENT].

DONE Press [DONE] and press [RETURN].

ey or vit Eress[EU or Vit], set to [EU], and press [RETURN]. The
(EU) display changes to the custom units you’ve set as shown below.
— Thisfigure shows laser doppler gauge data with custom units.

EU or V11
mﬁg TTTTY L] T U TTR T LB R LAl T TTULTnTd T F ¥ {Eﬂ)
SELECT CH
{CROSS)
(Hab» | A1 VALUE
Lntig 1. 008y
CRS{UNIT
I
PSD
oniigdl
8.0
jm Jibll H i1 411 demade A LILLE 1 Lt b llrls 1 1L
5.1 fipd FREQUENCY Hz 50,0k

AVBESUD: 274
[SUBAKD [ ANPRAVG [ 7 EDIT | IWPOT | wOLD | CHIAEN | REVumd |

scaled laser doppler gauge data
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Chapter 5: Servo Tutorial

PRESET

MATH KEY

MATH MENU

O

jow

Feb 6, 1991

jow RANGE

THRESHOLD
-100dBV

LOWER f
50.00kHz

UPPER f
75.00kHz

ja)?
(17jw)

MATH SEL

OPERAND

1st OPRTR
{1/jw)

DO MATH

Using the Math Functions
Now practice integrating data as follows. Press [PRESET].

Select [MATH KEY] and set to [MATH MENU] to make the
normal math menus available.

Press [MATH].
Select [jw] and select [jw RANGE].

Set [THRESHOLD] to -100 dBV.
Set [LOWER f] to 50 kHz.
Set [UPPER f] to 75 kHz. Press [RETURN].

Select [jw 7] and set to [1/je] for integration.
Press [RETURN].
Press [MATH SEL].

Press [OPERAND] to assign the currently displayed data as
the operand.

Press [1st OPRTR] to assign the integration function as the
first operator.

Press [DO MATH] to begin the calculations.
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Chapter 5: Servo Tutorial

To view the results, press [VIEW], select [MATH VW], and set

to [RESULT ARRAY].

5-18

Co=J
[ ]

MATH VW

ARRAY

3.0

The figure below shows the results of

integration on the previously shown laser doppler gauge data.

RESULT

LILARE T BN EREL] 1 LBLLELALEL]

KR

<y
Loy

0.0

L] L0018 1 (] Lt L LPLRg

T T T T IIJ~ ARRAY

-

-

1 L 1 1 aliil L 1.

11
5.1 flpb math FREQUENCY Hz

50. 0k
AVG(SUD: 274

[se. B || EXEIEE ] rerF corn [ cookn

| X SCALE [ Y SCALE | RETURN |

integrated laser doppler gauge data
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Appendix

This appendix shows the different X and Y soft menus. By perusing this
chart, you can get an idea of some of the R9211 functions that weren’t
discussed in the tutorials. For example, to set the R9211 clock’s hour, note
that you press [MODE], [DATE], and [HOUR] as shown below.

The chart is roughly divided into different sections for different
measurement modes. Second-level Y menus aren’t shown. Some soft keys
only appear for certain settings or R9211 models as indicated.

TWAVEFORM : : i DONE :: YEAR ¢ BUZZER
: E : P P91 (o)
T SPECTRUM : 'SINGLE _ : :INSERT _ : :MONTH : :
: : © DC CAL: i ON/OEF: | 2 : : :
“TIME-FREQ : : : "DEL CHAR : [DAY : TRACEonST .
5 : : P i o8 ! ON/OFF:
FRFE : : : DEL LINE | :HOUR : TMONITOR X :
: : ! Pl AT S . TIM/FREQ:
T SERVO* | ; : TPOSITION : (MINUTE | = :
: : : I EDIT/DISP: | 47
} TSECOND
53

[ [ oare || | | exteno

2™

-

o
-
P
an
Py
..
)
Py
-
ar
.
«n
»
.
s ®

g * "

L)
-
» -
-
LY
L
~
e,
.
-
.
n
L
-
.

*R9211B or Conly
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: MATH MENU
L LMT MENU
"Corverit : (these menusR9211Conly)
:  MENU
i FRFSynth

MENU

PRESET “

:LMT TEST
ON/OFF: :

HIGH

I ISTART X

0.0m

DONE

éTEST MODE : :
REF/TBL : :

LOW

: tDELTA X

1.00e8m

: EDIT SEG

1

:LMT TRIG | |
: (AVG END) © :

: : HIGH/LOW :

:START Y

0.0m

: JINSERT

ON/OFF :

ILMT LINE : :
ON/OFF : :

LEVEL

DELTA Y
0.0k

: :DEL SEG

IRESULT  © !
CTRL: :

PEAK

DI Kk(x1008)

EDEL END

:SEG TOTAL : :
AND/OR: :

OVERAL

(x1)

: ISTART SEG :

1

TEXECUTE | |
MAN TEST: :

é % m(/1000) é

{STOP SEG

3

Lot crre | [ oowr wobe | [ owr vac | [ vt eprt ] | 11 11 |

F

(these menus R9211C only) et
= R e
H N
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TCREATE | ! DONE . :SYSgain : | AUTO WGT : T DONE : [FIT :
POFIT i Pl 7.6e5 i : : i1 to SYNTH!
TSTOP P ::TimeDelay : (UNIF WGT : T POLE-ZERO : : :
S § B i1 p.0sec : P

Pl : {Scale f : : USR W&l . © POLE-RES : '
: Do 21 1.80kHz :: E : Dl
TDELAY EST : | e : ; { POLYNOMT | :
! ON/OFF: : Pl i : : P

USR f

JFIT INPUT :
AVG/MATH: !

| rit || seoir || sscae | | swerent | | | | scow | to syntn |

-

e, (these menus R9211C only) ..t

- . - f——
PRESET || > : CurveFit : > MATH |
: MENU :
L .

TCREATE  : : DONE . .SYSgain . T DONE
i SYNTH |G i1 -7.6e5 : ;
TSTOP : 1 EDIT ID : : TimeDelay : © POLE-ZERO
! SYNTH i 1 11 p.0sec :
: iDEL ID | iScale f T POLE-RES :
P 1 1,00kHz :

E T POLYNOMI

D1 k(x1080) i sec/kHz

(x1) i msec/Hz

L]

P i m(/1000) :: usec/mHz :

:

| sowm | | seoir || sscae || 11 ]t oscowv | to svwmn

-

e, (these menus R9211C only) .t

: MENU :

ettt il
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TIME _ : [SAMPL RAT : :CH-A : "CHANNEL : © SOURCE : : AUTO ARM :

: :13.01 useci ! AUTO/MAN: ! CH-A/CH-B! ! (CH-A) i} :

© AUTOCORR : :FRAME TIM : :SET CH-A : :COUPLING : : SLOPE ::  ARM

: ©i1p24 spl P i gaBV i AC/DC: i (#) i

CROSS-  : [HIST POIN : :CH-B : T4INPUT  © ! LEVEL :: HOLD

: CORR: : 256 bin : : AUTO/MAN: :  IN/GND: : 0.5V | : :

THISTOGRAM : : ISET CH-B : :-INPUT  : :HYSTERESI : : FREE RUN :

: P Ii pdBY  ::  IN/ZGND: : -0.01v G : :
: TFILTER  © i DELAY

ON/OFF: § 10 wusec

.o

:DIGITALin ; {SAMPL CLK : : : IICP i
CH-A/OFF: I INT/EXT: : P ON/OFF! !
ACTIVE CH : ! P ; ITEST b
(CH-A8B) : ! P ON/OFF: :

L runc || ranae || sens | meur || trie | [amwmon | [ mext ]

- g
LAY
-
"
LY
L
.....
L
»
-
* .
*a
L
-
-

SETUP {waveform measurement mode)

T STATIONAR : :AVG MODE : :EU or Vit . .ICH DELAY
L (HANN) ii (suM) i (vit) !  ON/OFF!
TTRANSIENT : :AVG NO ¢ : } TDELAY T
© O (ReCT) i 32 i i1 0.0msec

: [LIMIT NO | iSELECT CH : |

: 2000 ;i (CH-A) i

! TPROCESS : :A: VALUE

I 1 (NORMAL) : : 100.0EU

: TREJECT  : (A: UNIT

ON/OFF: iEU

Lrswn || ave || wwr || croear | [ | | | return |

x
L.
-
-
-
-
-
-
x
L
=
L]
L]
L]
L]
-
-
-
-
-,

aet®
_

> | NEXT I {waveform measurement mode)
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SINGLE GRAPH : CH-A . TCH-A . [DATA
: TIME: | TIME | {RECALL 1
DUAL NUMERIC : :CH-B : ICH-B : 'DATA
LIST : TIME: : TIME: :RECALL 2
TRIPLE 3D ORBITAL : IDATA
DISPLAY ! IRECALL 3
QUAD  : :X-AXIS : :
D1 LIN/LOG: G P
} TOVERLAY | . [DATA
; ON/OFF | Pl sAVE 1
‘Visibte : :GRATICULE : | ! TDATA
ON/OFF : ON/OFF : Pl savE 2
—  i3D semwp : "DATA
: P P L © 1 sAvE 3
[see 8 | [ rwee | [ romwnr | [nst w | [ave wi | [wem w AEEE

IRESULT
ARRAY :

REAL  : :LEFT

0.0sec

! 'UPPER

50.00V

é ERIGHT B
Y1 0.004sec ¢

: ILOWER

-50.00V

DX DEFAULT :

éY DEFAULT :

D IY AUTO

SCALE
§ : sec v :
msec mv
psec FAay
f[se. 8 | [warn w | | | [ _cooro || xscace | [ scace | [ return |

> NEXT

Feb 6, 1991
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MKR OFF : :X MARKER ‘X FIXED : Y FIXED : :SET REF
: ! DO ESTIM! ! CENTER :: CENTER :: 1
TSINGLE X PK MKR ‘X FIXED : :Y FIXED : :RCL REF
X1 YL i} (OFF) © RIGHT :: UPPER :: 3
X1 Y1 : BAND MKR IX FIXED : iY FIXED
X2 Y2 ::  (OFF) i LEFT i LOWER i
XT Y1 : :PULSE PAR : ‘X FIXED : {Y FIXED : :DEL REF
DXz AY (OFF) WIDTH i WIDTH :: 2
TX MKR
YL v2 CURSOR
P : : 1 SEL/ALL:
YL AY : REAL TIME : : TSEL to
ON/OFF OTHER

8| [xrvac | ] xmr |

Il rxx |) rxy ||

MKR REF |

-
L
-
*
.
-
.
.....
L)
LI
* .
.
LI

MATH SEL : IMATH SEL TSMOOTHING
§ P : ! (OFF) :
ALGEBRA : ito (MP TM : : CUMULATN :
{ (OFF) ! i (HILBERT): ! ON/OFF!
TCALCULATE © : : . DIFFEREAT :
: (OFF) i :  ON/OEF!
TCONSTANT : :to FREQ T INTEGRATE !
P-0.80V 1 (FFT) ! ON/OFF:
TINT ZERO |

: P : ON/OFF
TREAL TIME : [REAL TIME | “TREND RMV
ON/OFF : : ON/OFF : ON/OFF :
‘MATH info : (MATH info : :

|| twan || ooman | |

| { e owath |

MATH

R9211 Series Operation Guide
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SINE ::  f i IAMPLITUDE : :SG OUTPUT . GENERATOR : | CONTINUE .
i1 o1.00kHz (i goov i START: ! :
SWEPT : : 1 OFFSET : : SUM AMP : :GENERATOR : . INTERNAL .
Pl RN P stop! | E
M-SINE : :RESOLN E: 1 to ChA ! + + EXTERNAL :
i1 QON/OFF! ! P P s P 5
IMPULSE : : : TLIMIT VLT | | to ChB : :GENERATOR : . EXT GATE :
P P1o20.0v i I MAN TRIG! | :
RANDOM : | KkHz i Vi i : T MANUAL

ARBITRARY: | Hz  :: mv D IGEN ON i !
: i . P AVG/MAN |

(XFER) : i mHz :: v

L stanaL | | Fre || sewir § | cownect | [our crri ] [our mone | [ wext |

00 : ISYNC OUT . :TAPER

ii L FRM i  ON/OFF:
50 0 . TTAPER t

P :i0.0001sec !

600 @

sec

msec

uSec

[ meeoanc | [ svwc out | | taeer | | il I | | return |

L]
L.
LY

(all measurement modes except servo)
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FRF* © If RESOLN : :CH-A | [CHANNEL © i SOURCE : © AUTO ARM © %T_F mode only
: PiO(LIN f) 1 AUTO/MAN: | CH-A/CH-Bi i (CH-A) & ! '
POWER : 'FREQ RNG : :SET CH-A : :COUPLING SLOPE ARM
: SPECT: : 100 kHz : @  0dBV : AC/DC: I (+)
{CROSS : ISTART f** | iCH-B D L#INPUT ¢ 1 LEVEL HOLD  © xxmodels Aand C
SPECT: © 0.0 kHz : : AUTO/MAN: i IN/GND! : (0.5v i : only
ICOMPLEX  : iSTOP f** ! ISET CH-B : :-INPUT | :HYSTERESI : : FREE RUN :
: SPECT: | 100 kHz BdBY IN/GND: : -0.01V i :
t 1 kHz : IFILTER  :; DELAY : ;
: D : ON/OFF: @ 10 usec [ :
IDIGITALin : :  Hz T : TARMLEN®* : : ***+T_F mode only
CH-A/OFF : : : ONZQFF: © B4k ::
TACTIVE CH : }  mHz : ITEST :
(CH-AZB) | : ON/OFF: :
L_ruvc | [ rawee || sens || meur | [ tric | [armmoro ] [T wnext |
SETUP (spectrum, time-frequency, and FRF
measurement modes)
this menu appears for T-F mode only
MINIMUM : :AVG MODE : :EU or VIt : :ICH DELAY : :INST t-f
Pl (SUM) Po(V1t) i ONJOFF: | ON/OFF |
HANNING :@ [AVG NO : IDELAY T :
: 32 . {1 p.0msec
{ FLAT-PASS | :LIMIT NO : iSELECT CH : i t RANGE
: : 2000 (CH-A) P ;
RECT  : IPROCESS : :A: VALUE i I t-f MODE :
: i (NORMAL) : i 100.0EU P :
'FORCE/  : IREJECT  : :A: UNIT P oip-f :
RESPONSE: @  ON/OFF: :EU STATUS |
: TOVERLAP : :PSD : :
: (0%) ON/QFF : &
{WEIGHT(F) : i =
(OFF) i : Dl i

| [ croeay || 1-¢r ||

(spectrum, time-frequency, and FRF
measurement modes)
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SINGLE : : GRAPH : iCH-A : TCH-A : TDATA
it P TIME: | PWR SPECT: :RECALL 1
DUAL  : : NUMERIC : :CH-B . TCH-B : TDATA
PiooLrst G TIME: | PWR SPECT: :RECALL 2
TRIPLE :: 3D  ; :CH-A . : IDATA
i DISPLAY | : SPECT! | : RECALL 3
QUAD : IX-AXIS  iCH-B ;; Pl
P10 LIN/LOG! G SPECT: P
: {OVERLAY : :CROSS- | | : TDATA
: : ON/OFF: :  SPECT*: P OSAVE 1
‘Visible | GRATICULE ; :DATA VIEW ! | : IDATA *T-F mode only
ON/OFF: i  ON/OFF: @  ON/OFF*: i1 sAavE 2
— 3D SETUP : IVIEW o : 'DATA
HE STEP*: i1 SAVE 3

measurement modes)

this menu appears for T-F mode only

TRESULT  : © [ dBMag : [LEFT : TUPPER

: ARRAY | P i1 0.24kHz :  30.00dBV |
P Pl Mag I IRIGHT i i LOWER
P D : {100.00KkHz  : -70.00dBV |
L Ref i [ Magz : iX DEFAULT : ;Y DEFAULT:
i i TRACE 1 ¢ i P :
: ot : T PHASE | > IY AUTO ¢
i i TRACE 2 |G P Pl SCALE
D ief : 7 REAL i KkHz i :
! TRACE 3 P
= T wAe L. hz

TRACE 4 .

NYQUIST ! ! mHz

[see B ] [warn v ] [7-F w ] [ cooro ] [* scace | | vscae || return |{

* .,
-
»
-
.
.
-
-
L
x
"
-
-,
..

measurement modes)
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IMATH SEL : :MATH SEL : MATH SEL : :MATH SEL : MATH SEL : :SMOOTHING :
P o P ;o Pl (OFF)
:jw RANGE @ :CEPSTRUM :@ ALGEBRA : :to CMP TM : :BANDPASS : : CUMULATN .
! (OFF) i  ON/OFFi: (OFF) : ! (HILBERT): : i1 ON/OFF!
fiw 7 : ITHRESHOLD : CALCULATE ! ito TIME : :BANDSTOP : : DIFFERENT :
IO(OFF) G i (OFF) i (1FFT) i ONJOFF!
ROTATION @ :LIFTERING : :CONSTANT : :to FREQ : TINTEGRATE :
i (OFF) i (OFF) i -0.50v : i (FFT) S 1 ON/OFF!
TFREQ SHFT : | P : [INT ZERO |
! (oFF) i o P P : ON/OFE
IREAL TIME ; :REAL TIME : REAL TIME : |REAL TIME : REAL TIME : :TREND RWV :
ON/OFF i ON/OFF ON/GFF ON/OFF ON/OFF ON/OFF :
IMATH info ; IMATH info  IMATH info i (MATH info { IMATH info } ! :
[se. B[ aw | [cerstrm] [t ware | [Toomamm | [ woo ¢+ | [ 7% wamn |
(spectrum and time-frequency
measurement modes)
"MKR OFF : :X MARKER ‘X FIXED : Y FIXED : :SET REF
: : DO ESTIM! : CENTER {: CENTER i 1
TSINGLE X PK MKR ‘X FIXED : Y FIXED : :RCL REF
DoXtovtd (OFF) : RIGHT i UPPER ! ! 3
X1 Y1 : :BAND MKR iX FIXED : Y FIXED
X2 Y2 i1 (OFF) © LEFT i LOWER !
X1 YL : :HARMONIC ‘X FIXED : :Y FIXED : :DEL REF
I X2 AY I (OFF) © WIDTH ! WIDTH :: 2
TX MKR : i SIDEBAND :
: {OFF) i
YT Y2 CURSOR
P : D SEL/ALL:
YL AY  IREAL TIME : : ISEL to
ON/OFF : : P P QTHER !
Ise. & | Pmkrvar | | xmer || L roxcx L orixy | ] wke rer |

-
" .
]
* .
-
" u
)
a....
.
=
*
..
-
I
.
-

measurement modes)
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SINGLE GRAPH : iCH-A : T FRF
i TIME: | i IRECALL 1
DUAL NUMERIC : :CH-B : TCOHERENCE : :
LIST : TIME: : ! RECALL 2
TRIPLE 3D iCH-A : TIMPULSE
DISPLAY : SPECT: : RESPONSE: :RECALL 3
QUAD : :X-AXIS  : :CH-B : TCH-A :

LIN/LOG: |

SPECT:

! PWR SPECT: :

§+ MONITOR : :OVERLAY : :CROSS- : :CH-B i :DATA

DO/UNDO: ©  ON/OFF: : SPECT: ! PWR SPECT: @ SAVE 1
*Visible . :GRATICULE : : . TCROSS- | iDATA
ONJOFF: I ON/OFF: : SPECT: © SAVE 2
= 5 530 SETUP : (DATA
P SAVE 3

B [ rvee | [romear | [oostwi | [ave w ]

VIEW “

mew v || wext |

(FRF and servo measurement modes)

IRESULT
ARRAY:

BODE dBMag : (LEFT : TUPPER
{1 p.24kHz i 30.00dBV :
: TRIGHT : TLOWER
: 1100,00kHz  : ~70.00dBV

: X DEFAULT @ 1Y DEFAULT :

CO-QUAD : Mag

NYQUIST PHASE

P Y AUTO

: iCole-Cole: : -PHASE :
Pl P P SCALE:

NICHOLS : IGROUP  : : KkHz
DELAY: i

REAL ! Hz

IMAG ! E mHz

(FRF and servo measurement modes)
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MATH SEL : :MATH SEL : (MATH SEL . MATH SEL : :MATH SEL . :SMOOTHING .
: i i P PLO(oFF) i
tjw RANGE : :OpenClose : :ALGEBRA : :to CMP TM : :BANDPASS : : CUMULATN |
i (OFF) 11 (oFFy i (oFF) ! !(HILBERT)! i i1 ON/OFF!
Tiw 7 : iCloseOpen : [CALCULATE | ito TIME : iBANDSTOP : : DIFFERENT .
P O(OFF) i (oFF) i1 (oFF) P! (IFFT) i P ON/OFF!
TROTATION : (EQUALIZE : :CONSTANT : :to FREQ : | : TINTEGRATE |
. (OFF) i  ON/OFFii -0.50v ! i (FFT) G t 1 ON/OFF:
TFREQ SHFT : iSNR ¥ i i ! TINT ZERO
! (OFF) i (OFF) i P Pl i1 ON/OFF:
{REAL TIME | :REAL TIME : :REAL TIME . REAL TIME ; REAL TIME : . TREND RNV |

ON/OFF i : ON/OFF :: ON/OFF : i ON/OFF : : ON/OFF : .  ON/OFF:
{MATH info : :MATH info : IMATH info . :MATH info : iMATH info : | :

MATH (FRF and servo measurement modes)

IMKR OFF : :X MARKER : :CTRL SYS : :X FIXED : Y FIXED . .SET REF
: :: DO ESTIM: : DO ESTIM! i CENTER . . CENTER : | 1
:SINGLE X : : PK MKR : : BODE MKR : :X FIXED : :Y FIXED : :RCL REF
P Xt YL i (OFF) ! ON/OFF:: RIGHT :: UPPER | : 3
X1 Y1 i iX dB BWD : :CLOSE LOP i :X FIXED : :Y FIXED : :
X2 Y2 i (OFF) i  ON/OFFi! LEFT :: LOWER .
XL Y1 : i SHAPE : iDC GAIN : X FIXED : iY FIXED . :DEL REF
! X2 AY Pi (OFF) ! 10.00dB :: WIDTH i WIDTH :: 2
‘X MKR ! [RIPPLE  : | : i i
: : ON/QFF: ! P P Pl
Yi ooz i i P i i CURSOR :
A . i Pl : SEL/ALL:
YT 4AY | iREAL TIME | | o i : ISEL to
ON/OFF ! ! Pl Pl © ! QTHER

Ise E [oxrovar | | xwkr | Femmesvs] [ roox ] [ rxy | [wee ser |

MKR (FRF and servo measurement modes)
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T LIN MSIN : :f RESOLN : iCH-A : TAMPLITUDE : :GANERATOR : :AVG NO
: : i (LINf) i1 AUTO/MAN: | ©0.50V :: START i 16
: LOG MSIN : :FREQ RNG : :SET CH-A : :OFFSET . : GENERATOR: :LIMIT NO
: i 100 kHz i odBY i 0.0tV (i STOP (i 30

LIN SIN : :START f : :CH-B i P

D1 0.0 kHz i i AUTO/MAN: ! i P

LOG SIN : iSTOP f  : :SET CH-B [ ;LIMIT VLT : : : TPROCESS
: ©i 100 kHz (i 0dBV  : i 20.0v i : I (NORMAL)
LIN F-Tab: i kHz | | N D UINVL TIME: | =
: P L D P1O(oFF) i
‘106 F-Tab : ;  Hz . T T @MV IGEN ON  : :AUTO AVG |
: P - Pl : AVG/MAN: : ON/OFF :
iMeas Time : !  mHz P :ISUM AMP  © iCOH LIM

(SHORT) D P ON/OFF: :  0.95

[_sweer | | rawee || sens | [ sevir || secom || ave ][ wext 1}

- .

-

bl |

L
L]
-
-..".
Rl ]
L)
"
.
..
H]
»

- aw®

seTup | (servo measurement mode)

SINE : :AMPLITUDE : : DONE : :CHANNEL : : HOLD . (EU or VIt .
PIop.pav i {1 CH-A/CH-B! Pl
M-SINE : :OFFSET  : (EDIT ID : :COUPLING : : FREE RUN : .
: PEogaov i 1 b AC/DCE il :
f START : [AVG NO  : [INSERT  : :+INPUT  : | : TSELECT CH :
: 0.002kHz i i 4 il  ON/OFFi i  IN/GND: | i1 (cH-A) i
oF stop : DEL ID [ i-INPUT  ; * TA: VALUE
0.02kHz! ! Pl ti IN/GND: : : ©40.00dBEU :
kHz i vV iDEL END i : TA: UNIT
i P P P S
Hz [ @V [ .SIART ID : ;ICP ] : TPsD :
Pl P01 ii onjoFpil D: ON/OFF !
mHz i gV :iSTOP ID | | D i ‘
P - 20

[ soeano | | awpsave | | ¢ eorr | [ wweur ][ woo ] [zt | [ revurw |
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Appendix

*R9211C only

SAVE : MEAS FILE :

:PLOT WHAT :

(DATA) {LABEL)
RECALL : TPEN MODE

P Pl (AUTO)
COPY : iTBL FILE*: :PEN

: SELECT:
DELETE : TPAPER SIZ }
: 1 (OFF)
INITIAL : IMACRO PLT !
: (OFF)
'RECALL  : :
DATA OFF: ! P :
CAT OFF : IPLOT TYPE |

AT/HP !

TALK ONLY :

{  ON/OFF!:

“HEADER

:  ON/OFF:

SET :
ADDRESS

LLLER

[ access | | Fiervee | | protter | |

A er-18 | |

i
L}
.
- »
»
* .
-
s,
LY
[
L)
-
LY
L
»
-

A-14

Conce |
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Glossary

accelerometer: a vibration sensor; often used with an
impulse hammer, which measures the vibrations created
by striking a structure

autocorrelation: a measure of a signal’s randomness; it is
produced by measuring the relatedness of pointson a
signal at time delays - between the points; a periodic
component in the signal shows as a spike when r equals the
period

Bode plot: a plot of both the gain versus frequency and the
phase shift versus frequency between two signals

cepstrum: the ‘inverse spectrum’; that is, the result of
applying the inverse FFT to a dBMag spectrum

closed-loop characteristic: the FRF of a system with its
feedback loop closed (connected)

coherence: a measure of the linear cause-effect relationship
between two signals; also indicates the accuracy of their
FRF

Cole-Cole diagram: a plot of the real FRF component versus
the negative imaginary FRF component between two
signals

complex spectrum: the spectrum obtained by applying the
FFT to a signal; it has both real and imaginary components
which can be interpreted as amplitude and phase
information

Co-quad diagram: a plot of both the real FRF component
versus frequency and the imaginary FRF component
versus frequency between two signals

cross-correlation: a measure of the similarity between two
signals; the same signal shifted in time shows a spike when
7 equals the time delay (impulse response also indicates
time delays but with greater sensitivity)
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Glossary

cross-spectrum: the product of two spectrums, which is part
of the FRF calculation; it can also be used to calculate the
time delay between two signals

curve-fit: a calculation that generates the poles and zeros
(Laplace parameters) that characterize the FRF of two
signals

decade: in a logarithmic display, one octave with ten
divisions

differential input: also known as balanced input; a three
wire input (+, -, and ground) that passes the difference in
voltage between two signals to reject ‘pickup’ and other
noise

DUT (Device Under Test): a generic term for any device or
structure being tested

FFT (Fast Fourier Transform): a computational method for
obtaining the spectrum of a digitally sampled signal

FRF (Frequency Response Function): also called the transfer
function; a measure of how a device or structure responds
to an input signal; that is, how an input spectrum differs
from an output spectrum

GO/NOGO: function: a comparator function (on the R9211C
only) that evaluates whether an input signal meets criteria
that you determine

GPIB (General Purpose Interface Bus): the IEEE 488
standard for interfacing test and measurement
instruments and their peripherals

histogram: also known as the probability density function; a
function of a signal’s amplitude versus the probability that
a randomly chosen point on the signal has that amplitude

hysteresis: a range about the triggering level to prevent
multiple triggering of a noisy signal; the instrument
triggers only if the input signal passes through both the
upper and lower threshold

ICP (Integrated Circuit Piezoelectric accelerometers); a

current source (4 mA) for powering accelerometers that
have internal amplifiers
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Glossary
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IFFT (Inverse Fast Fourier Transform): a computational
method for obtaining a waveform from a frequency
spectrum

impulse response: the inverse FFT of the FRF that shows
how a device or structure responds to an input signal in the
time domain

Laplace parameters: the poles and zeros used to characterize
an FRF

liftering: ‘inverse filtering’; that is, mathematically filtering
a signal by applying the inverse FFT to its spectrum,
filtering the resulting cepstrum in frequency domain, and
then applying the FFT again

loop gain: the ratio of open-loop gain to closed loop gain

Nichols diagram: a plot of the FRF phase versus the FRF
gain between two signals

Nyquist diagram: a plot of the real FRF component versus
the imaginary FRF component between two signals

octave analysis: an ANSI standard for analyzing noises and
echoes by transforming a spectrum into a number of
discrete bandwidth-filter outputs

open-loop characteristic: the FRF of a system with its
feedback loop open (not connected)

operand: the data set upon which a mathematical operator
operates

operator: a mathematical function or transform applied to an
operand

pole: a complex number with the imaginary portion
representing an FRF’s peak and the real portion
representing the width of the peak

power spectrum: also known as the auto power spectrum; a
real variable function (amplitude information only)
obtained by multiplying a complex spectrum by its
complex conjugate

power spectrum density: the conversion level per hertz of
the power spectrum
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Glossary

quefrency domain: the ‘inverse frequency domain’; that is,
the domain (analogous to the time domain) created by
applying the inverse FFT to a dBMag spectrum

step response: a system’s response to a step signal, which can
be synthesized from the FRF using the R9211’s synthesis
funection

summation amplifier: an internal amplifier that allows you
to easily change from closed loop to open loop
measurements

synthesis function: a computation that uses the pole/zero
table (Laplace parameters) to generate an FRF

weighting: a computational method to reduce FFT errors
caused by the fact that only a finite portion of the signal
can be sampled

zero: a complex number with the imaginary portion

representing an FRF’s valley and the real portion
representing the width of the valley
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Index

A

accelerometer 4-7

accessories 1-1,1-6

actuator test head method 5-1

algebraic operators 4-26

applications 1-1,4-19

architectural applications 1-3

ARM lamp 2-2

[AUTO] 2-2

AUTO ARM lamp 2-2

automatic sensitivity 4-6

autocorrelation 2-8, 4-5

automotive applications 1-1

averaging 2-2, 2-7,4-19, 4-22 to 4-23,
4-34,4-41,5-3 to 5-4, 5-9 to 5-10

backspace 3-3

band marker 4-13

bandpass filter 4-25 to 4-26
beep 4-17

Bode marker 4-42, 5-7

Bode plot, displaying 4-41, 5-6
[BS] 2-2,3-3

C

calibration 4-3, 4-6, 5-2

CD 1-2,5-1,5-10,5-14

cepstrum 4-26

Co-quad diagram, displaying 4-41

coherence 2-8,4-37,4-41, 5-4

coherence, improving 4-41

Cole-Cole diagram, displaying 4-41

communications applications 1-2

[COPY] 2-2t0 2-3, 3-2, 4-14, 4-16,
5-7 to0 5-8

cross-correlation 4-5

Cross-spectrum 2-8

cursors, see markers
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curve fit function 1-5, 4-15, 5-9 to 5-10,
5-12

D

data keys 3-1,4-3

[DEVICE] 1-4, 2-2 to 2-3, 3-2, 4-18 to 4-14,
4-38, 5-8

Device Under Test (DUT) 4-38 to 4-39,
4-41,5-1,5-4

differential input 4-6, 5-3

differentiation 4-26

digital signals, use of filter with 4-6

display parameters, setting 2-2,4-9

E

electronics applications 1-2
engineering units 4-30 to 4-31
{ENT] 2-2,3-3, 4-3, 4-30, 5-5, 5-16

F

FFT 1-1,2-4,4-15

filetypes 4-15

flat-pass weighting 4-21

floppy disk 1-1t01-2,1-5 to 1-6, 2-2 to 2-3,
3-2,4-13 to 4-14,4-25, 5-8

formatting floppy disks, see initializing
floppy disks

frame time 4-5 to0 4-7

free run acquisition 4-6,4-8

frequency response function 1-4 to 1-5,
2-2,8-1,4-1,4-38, 4-41 to 4-42, 5-4, 5-6,
5-9to 5-15

frequency table 5-4 to 5-5

FRF measurement mode 4-38, 4-41

function keys 3-1

fuse 2-4 to 2-5

G

gain margin 4-41 to 4-42, 5-7
GO/NOGO 1-5,4-15
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Index

GPIB 2-2 to2-5,3-2,4-13,4-15,4-17
GPIB header 4-17
graticule 4-24, 5-6

H

Hanning weighting 4-21
harmonic analysis 4-22
harmonic markers 4-28 to 4-29
histogram 2-8 to 3-1,4-5
HOLD lamp 2-2

hysteresis 4-7

i

ICP 2-2t02-3,4-7

imaginary component, displaying 4-20
impedance 1-2, 4-41

impulse response, displaying 4-41
impulse signals 1-6, 2-8, 4-22 to 4-24, 4-41
initializing floppy disks 4-13, 5-8
input coupling 4-6

input parameters, setting 5-2
integration 4-26, 5-17 to 5-18
intensity 2-2 to 2-3, 5-2

inverse Fourier transform 4-26

J
jo 4-26,5-17

L

labels 2-4 to 2-5, 2-7 to 2-8, 4-16, 4-30
Laplace parameters 5-9

laser doppler method 5-1, 5-14

[LCL] 2-2

linear magnitude, displaying 4-20, 5-15
lines per span 4-21

Lissajous 4-9

LISTEN lamp 2-2

logarithmic scale, setting 4-20

M

markers 2-2, 3-2,4-11 to 4-13, 4-28, 4-42,
5-7

[MATH] 2-2 to 2-3, 3-2, 4-25 to 4-26, 4-32,
5-9 to 5-12, 5-14, 5-17 t0 5-18

medical applications 1-3

Index-2

memory 1-5 to 1-6, 3-3, 4-13, 4-23, 4-25,
4-32 t0 4-33

minimum weighting 4-21 {0 4-22

[MK] 2-2

[MKR] 2-2 to 2-3, 3-2, 4-11 to 4-13, 4-28,
4-38,4-42,5-7

[MODE] 1-2,1-4, 2-2 t0 2-3, 3-1 to 3-4,
4-16 to 4-20, 4-21 to 4-22, 4-24 to 4-26,
4-28, 4-32 to 4-33, 4-35, 4-38, 4-42 t0 5-3,
5-6 to 5-7

multi-pen plotter 4-16

multi-sine 4-38 to 4-39, 5-2

musical applications 1-2

N

Nichols diagram, displaying 4-41
NORM lamps 2-2

Nyquist diagram, displaying 4-20, 4-41

o

1/1 octave analysis 4-20

1/3 octave analysis 4-20

open-loop 4-42

operand 4-25 to 4-26, 5-17

operator, mathematical 4-25 to 4-26, 5-17

[OPR] 2-2 to 2-3, 4-4, 4-39, 5-3 to 5-4

options 1-1,1-6, 2-4 to 2-6, 4-7,
4-10t04-11,4-16,4-41,5-6

OVER lamps 2-2

overlay function 4-35,4-36

P

peak marker 4-12

phase margin 4-41 to 4-42

phase, displaying 1-2, 4-19 to 4-20, 4-41,
5-6 to 5-7

plotter 2-2,3-2,4-13,4-15 to 4-16, 5-8

pole/zero table 5-9, 5-11 te 5-13

power spectrum density 4-31

[PRESET] 2-2to 2-3,4-3 to 4-4,4-17, 4-21,
4-32, 4-38, 5-2 to 5-3, 5-9, 5-12, 5-17

printer, loading paper for 5-8

probability density function 2-8, 4-5

pulse parameters 4-13
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R

randomness 4-5

real component, displaying 4-13, 4-20,
4-41,5-11,5-13 '

rectangular weighting 4-21

REMOTE lamp 2-2

RS232C connector 2-4 to 2-5

S

sample rate 4-5

sampling clock 2-4

scaling the Y-axis 4-30 to 4-31, 5-15

self test 2-6

sensitivity 4-6, 5-2, 5-15

service information phone number Intro-2

servo measurement mode 1-4, 2-2, 4-38,
5-2

[SETUP] 2-2t0 2-3, 3-1 t0 3-4,4-4,4-15,
4-20 to 4-21, 4-22, 4-24, 4-30, 4-33, 4-36,
5-2 to 5-4,5-15

[SG CONT] 2-2 to 2-4, 3-2, 4-3, 4-14, 4-18,
4-39, 5-3

sidebands 4-21

signal generator 1-4 to 1-5, 2-2, 2-4 to 2-5,
3-2,4-1,4-3t0 4-4,4-7,4-9, 4-14, 4-18,
4-26,4-32,4-38 t0 4-39,5-3 t0 5-4

signal-to-noise 1-1, 1-5, 2-8

spectrum analyzer 4-18

spectrum measurement mode 1-4

spectrum range, setting 4-20, 5-2

[START] 2-2 to 2-3, 2-6,4-4,4-8,4-14,
4-19,4-21 to 4-23, 4-32 to 4-34,
4-38 to 4-40, 5-3 to 5-5

[STOP/C] 2-2 to 2-3, 4-22 t0 4-23

summing amplifier 1-4, 2-2

sWeight 5-9

synthesis function 1-5, 5-9, 5-11

system gain adjustment 5-13

T
TALK lamp 2-2
technical assitance phone number Intro-2
three-dimensional display 4-24,

4-36 to 4-37
time-frequency measurement mode 1-4
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time-frequency traces, displaying
4-33t04-34

time-frequency, displaying in 3D 4-36

TQ88091 Optical Actuator Test Head 5-1

transformation operators 4-26

transient signals 4-21

triggering 4-7 to 4-8

v

[VIEW] 2-2 to 2-3, 2-8 t0 3-4, 4-9, 4-15,
4-18, 4-20, 4-23 to0 4-27, 4-29,
4-35 to 4-36, 4-38, 4-41 to 4-42, 5-4, 5-6,
5-10, 5-13, 5-15, 5-18

Vrms 4-30

W

waveform measurement mode 1-4,4-3
weighting 4-21 {0 4-22

X
X soft keys 3-8, 4-26
X-scale, setting 4-10

Y
Y soft keys 3-1,3-3,5-4
Y-scale, setting 4-10

Z
zoom 1-4 to 1-5,4-21,4-32
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IMPORTANT INFORMATION FOR ADVANTEST SOFTWARE

PLEASE READ CAREFULLY: This is an important notice for the soflware defined herein. Compuler programs
including any additions, modifications and updates thereof, operation manuals, and related materials provided by
Advantest (hereafter referred to as "SOFTWARE"), included in or used with hardware produced by Advantest
(hereafier referred to as "PRODUCTS").

SOFTWARE License

All rights in and to the SOFTWARE (including, but not limited to, copyright) shall be and remain vested
in Advantest. Advantest hereby grants you a license to use the SOFTWARE only on or with Advantest
PRODUCTS.

Restrictions

(1) Youmay nol use the SOFTWARE for any purpose other than for the use of the PRODUCTS.
{2) You may not copy, modify, or change, all or any part of, the SOFTWARE without permission {rom
Advantest.

(3) You may nol reverse engineer, de-compile, or disassemble, all or any part of, the SOFTWARE.

Liability

Advantest shall have no liability (1) for any PRODUCT failures, which may arise out of any misuse (misuse is
deemed to be use of the SOFTWARE for purposes other than it's intended use) of the SOFTWARE. {2} For any
dispute between you and any third party for any reason whatsoever including, but not limited to, infringement of
intellectual property rights.
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LIMITED WARRANTY

. Unless otherwise specifically agreed by Seller and Purchaser in writing, Advantest will warrant to the
Purchaser that during the Warranty Period this Product (other than consumables included in the Product) will
be free from defects in material and workmanship and shall conform to the specifications set forth in this
Operalion Manual.

. The warranty period for the Product (the "Warranty Period™) will be a period of one year commencing on the
delivery date of the Product.

. If the Product is found to be defective during the Warranty Period, Advantest will, at its option and in its sole
and absolute discretion, either (a) repair the defective Product or part or component thereof or (b) replace the
defective Product or part or component thereof, in either case at Advantest's sole cost and expense.

. This limited warranty will not apply to defects or damage to the Product or any part or component thereof
resulting from any of the following:

{a) any modifications, maintenance or repairs other than modifications, maintenance or repairs (i) performed
by Advantest or (ii) specifically recommended or authorized by Advantest and performed in accordance
with Advantest s instructions;

{(b) any improper or inadequate handling, carriage or storage of the Product by the Purchaser or any third
party (other than Advaniest or its agenls);

{c) use of the Product under operating conditions or environmenls different than those specified in Lhe
Operation Manual or recommended by Advantest, including, without limitation, {i) instances where the
Product has been subjecled to physical siress or electrical vollage exceeding the permissible range and (ii)
instances where the corrosion of electrical circuits or other deterioration was accelerated by exposure to
corrosive gases or dusty environments;

{d) use of the Producl in connection with software, inlerfaces, products or parls other than sofiware,
interfaces, products or parts supplied or recommended by Advantest;

{e) incorporation in the Product of any parts or components (i) provided by Purchaser or (i1) provided by
a third party at the request or direction of Purchaser or due lo specifications or designs supplied by
Purchaser (including, without limitation, any degradation in performance of such parts or components);

{f) Advantest’s incorporation or use of any specifications or designs supplied by Purchaser;

{g) the occurrence of an event of force majeure, including, without limitation, fire, explosion, geological
change, storm, flood, earthquake, tidal wave, lighining or acl of war; or

(h) any negligent act or omission of the Purchaser or any third party other than Advantest.

. EXCEPT TO THE EXTENT EXPRESSLY PROVIDED HEREIN, ADVANTEST HEREBY EXPRESSLY
DISCLAIMS, AND THE PURCHASER HEREBY WAIVES, ALL WARRANTIES, WHETHER EXPRESS
OR IMPLIED, STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION, (A} ANY
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE AND (B)
ANY WARRANTY OR REPRESENTATION AS TO THE VALIDITY, SCOPE, EFFECTIVENESS OR
USEFULNESS OF ANY TECHNOLOGY OR ANY INVENTION.

. THE REMEDY SET FORTH HEREIN SHALL BE THE SOLE AND EXCLUSIVE REMEDY OF THE
PURCHASER FOR BREACH OF WARRANTY WITH RESPECT TQO THE PRODUCT.

. ADVANTEST WILL NOT HAVE ANY LIABILITY TO THE PURCHASER FOR ANY INDIRECT,
INCIDENTAL, SPECIAL, CONSEQUENTIAL OR PUNITIVE DAMAGES, INCLUDING,
WITHOUT LIMITATION, LOSS OF ANTICIPATED PROFITS OR REVENUES, IN ANY AND
ALL CIRCUMSTANCES, EVEN IF ADVANTEST HAS BEEN ADVISED OF THE POSSIBILITY
OF SUCH DAMAGES AND WHETHER ARISING OUT OF BREACH OF CONTRACT,
WARRANTY, TORT (INCLUDING, WITHOUT LIMITATION, NEGLIGENCE), STRICT
LIABILITY, INDEMNITY, CONTRIBUTION OR OTHERWISE. TORT (INCLUDING, WITHOUT
LIMITATION, NEGLIGENCE), STRICT LIABILITY, INDEMNITY, CONTRIBUTION OR
OTHERWISE.

. OTHER THAN THE REMEDY FOR THE BREACH OF WARRANTY SET FORTH HEREIN,
ADVANTEST SHALL NOT BE LIABLE FOR, AND HEREBY DISCLAIMS TO THE FULLEST
EXTENT PERMITTED BY LAW ANY LIABILITY FOR, DAMAGES FOR PRODUCT FAILURE
OR DEFECT, WHETHER ARISING OUT OF BREACH OF CONTRACT, TORT (INCLUDING,
WITHOUT LIMITATION, NEGLEGENCE), STRICT LIABILITY, INDEMNITY, CONTRIBUTION
OR OTHERWISE.



CUSTOMER SERVICE DESCRIPTION

In order to maintain safe and trouble-free operation of the Product and to prevent the incurrence of unnecessary
costs and expenses, Advantest recommends a regular preventive maintenance program under its maintenance
agreement.

Advantesl's maintenance agreement provides the Purchaser on-sile and oft-sile mainlenance, parts, mainlenance
machinery, regular inspections, and telephone support and will last a maximum of ten years from the date
the delivery of the Product. For specific details of the services provided under the maintenance agreement,
please conlact the nearest Advanlest office listed at the end of this Operation Manual or Advantesl s sales
representatives.

Some of the components and parts of this Product have a limited operating life (such as, elecirical and
mechanical parts, fan motors, unit power supply, etc.). Accordingly, these components and parts will have to
be replaced on a periodic basis. If the operating life of a component or part has expired and such component
or part has not been replaced, there is a possibility thal the Product will not perform properly. Additionally, if
the operating life of a component or part has expired and continued use of such component or part damages the
Product, the Product may not be repairable. Please contact the nearest Advantest oftice listed at the end of this
Operation Manual or Advantest's sales representatives lo determine the operating life of a specific component
or part, as the operating life may vary depending on various factors such as operating condition and usage
environment.



SALES & SUPPORT

Advantest Korea Co., Ltd.
22BF, Kyobo KangNam Tower,
1303-22, Seocho-Dong, Seocho-Ku, Seoul #137-070, Korea
Phone; +82-2-532-7(71
Fax: +82-2-532-7132

Advantest (Suzhou) Co., Ltd.
Shanghai Branch Office:
Bldg. 6D, NO.1188 Gumei Road, Shanghai, China 201102 P.R.C.
Phone; +86-21-6485-2725
Fax: +86-21-6485-2726

Shanghai Branch Office:

406/F, Ying Building, Quantum Plaza, No. 23 Zhi Chun Road,
Hai Dian District, Beijing,

China 100083

Phone: +86-10-8235-3377

Fax: +86-10-8235-6717

Advanlesl (Singapore) Ple. Lid.
438A Alexandra Road, #08-03/06
Alexandra Technopark Singapore 119967
Phone: +65-6274-3100
Fax: +63-6274-4055

Advanlest America, Inc.
3201 Scott Boulevard, Suite, Santa Clara, CA 95054, U.S.A
Phone: +1-408-988-7700
Fax: +1-408-987-0691

ROHDE & SCHWARZ Europe GmbH
MiihldorfstraBe 15 D-81671 Miinchen, Germany
(P.O.B. 80 14 60 D-81614 Miinchen, Germany)
Phone: +49-89-4129-13711
Fax: +49-89-4129-13723

ADVANTEST.

OFFICES

http://www.advantest.co.jp

ADVANTEST CORPORATION
Shin-Marunouchi Center Building, 1-6-2 Marunouchi, Chivoda-ku, Tokyo 100-0005, Japan
Phone: +81-3-3214-7500





