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Chapter 1 Outline of the System

1.1 Specification

1.1.1 Multi-SHOCK
(1) Control Method :

Finite-length waveform control based on feed-forward method

(2) Control frequency Range fmax : Maximum 20 kHz (However, it may be limited by conditions.)

(3) Number of Control Lines L
(4) Sampling Frequency fs :
(5) Control Dynamic Range :

: Maximum 25,600 line
2.56 fmax
More than 84 dB

(6) Reference Waveform Maximum Length : 5000K points

(7) Input Channel
1) Number of Channels :

2) Type of Channel :
(8) Output Channel

1) Number of Drive Channel :

2) Other Output Channel :
(9) Reference Waveform Type

(However, it may be limited by conditions.)

Maximum 32ch.
(However, it may be limited by conditions.)

Control Channel / Monitor Channel

Maximum 32 ch.
(However, it may be limited by conditions.)

1 (Timing output is available.)

° Classical Shock Waveform (Half-sine, Haversine, Saw-tooth, Triangle, Trapezoid )

) Sine Beat / Sine Burst

° Measured Waveform

Usable waveform format for loadingg : CSV, TSW (standard format for F2 control system

of IMV), UFF(dataset58), MTS(RPCIII))

e  Defined Waveform (Symmetric Compensation)

e  Damped Sine(Compensated Exponentially Decaying Sinusoid(CEDS), Zero Residual
Displacement Decaying Sinusoid(ZERD), Wavelet( WAVSYN))

(10) Analysis- Display Data

1) Reference, Control Response Waveform and the spectrum

2) Response Waveform of each Input channel and the spectrum

3) Drive Waveform and the spectrum

4) Transmissibility :

(11) Data Save :
(12) Option :

* Controlled System Transfer Function, Coherence
+ Transmissibility between Input Channels (amplitude, phase)
+ Transfer Function between the reference and the response
waveform
Saving various type of data
SRS



1.1.2 SRS (Option)
(1) Function : When this option is added, the system is applicable for SRS Shock

Testing in which the requirement and judgment of the testing is done
based on SRS (Shock Response Spectrum) not by the waveform itself.
SRS analysis for acceleration waveform data of each control response
or monitor response obtained after the excitation in an ordinary shock
testing is operated just after the acquisition. And the result is
displayed as SRS Analysis Result besides the excitation result as
response waveform.

(2) Number of SDOF Filters : Maximum 256

(3) Analysis Type : Absolute Acceleration, Relative Displacement

(4) Analysis* Display Data : Reference Analysis
Control Response Analysis

Monitor Analysis



1.2 Attention to version upgrade

1.2.1 (This section is left blank intentionally.)

1.2.2 (This section is left blank intentionally.)

1.2.3 Version upgrading to 11.0.3.0 or higher versions
To upgrade the lower Multi-SHOCK versions 10.0.0.0 through 11.0.2.0 to 11.0.3.0 or higher ones,
XFR function data and drive data generated in the previous version may not be able to be used.
In the condition below, Live Data in Operation cannot be used.
* The sampling frequency is 128 Hz or lower (128Hz included), and the frequency control
lines are set to 100.
* The sampling frequency is set to 81.92Hz, and the frequency control lines are set to 200.
In this case, the following message appears at loading the test file and the saved Live Data in

Operation is automatically canceled.

New test definition - K2/Shock =]

. 1 The current data cannot be used in this version because it is not

' compatible.
The related data is canceled.

x|

Then, the system operates the test without referring to the saved Live Data in Operation.



Chapter 2 Operation System of K2 Application

2.1 Outline

In K2 application, operation after booting up is executed by using a keyboard and a mouse.

When this application is started, a window shown as below appears.

All the names of menu in this application are displayed in Menu Bar. Each menu is to be opened by
clicking on its name and available commands appears as a list.

The commands used frequently are displayed as buttons in each Tool Bar. A command is executed or
a dialog box corresponding to the command is opened when the button is clicked. Operation status of
K2 Controller is displayed in Status Bar. The state during the excitation operation is displayed in

Operation status panel.

File Tool Bar /
/

B oo pd E=m e

File(E) Test definition(T) peration(P) Edit(E) View(y) Window(W) Option{Q) Help(H)

Menu Bar

)

|
New  Simple  Open

Ercitation level Reference Progiess Error ratio Dive  Tolerance  &bort 0 Hv-SHOCK

I i g

Operation Tool Bar

Operation Status Panel Incremert

]

Test Definition Tool Bar

Repetitive excitation

Excitation stop timer setting

Manual Operation Tool Bar

Status Bar

NUM 6/28/2013 24203PM

K2 Application Window



2.2 Test File
In K2 application, necessary information to operate a test is saved in a specified file called ‘Test File’.

Following kinds of Test File are available in this system.

Necessary Test Files for test operation
* Test Definition File : The file created inVer10.0.0.0 or later
K2Multi-SHOCK  (*.sho2, *.srs2)
The file created before Ver10.0.0.0
K2Multi-SHOCK  (*.sho, *.srs)
- Graph Data File :  The file created inVer10.0.0.0 or later (*.vdf2)
The file created before Ver10.0.0.0 (*.vdf)
* Environment setting File
(I/0 Module Configuration Information, Excitation System Information, Input channel
Information) : SystemInfo.Dat2
Note 1) Saved in \IMV\K2 2nd’ on System Drive. Deleting inhibited
In K2 of the version before Ver.10.0.0.0, there are saved in \IMV\K2’ on System
Drive.
In K2 of the version before Ver.6.0.0.0, there are saved in the Windows folder.
Note 2) If the K2 version is upgraded to Ver10.0.0.0 or later ones from previous ones, the
environment setting file will be automatically converted to the format for

Ver10.0.0.0 and later ones during installation.



2.3 Test Type
Following types of tests are available in K2/Multi-SHOCK.

(1) Shock test for replicating the finite arbitrary reference waveform given in a digital format by
using it as the control reference value

Example) Classical Shock Waveform
Sine Beat

Replicating test of Measured Waveform
(2) SRS Shock Test (SRS option is necessary)

Shock test for replicating the excitation of the generated reference waveform data having a

given Reference SRS. And the result is judged by SRS analysis.

(3) Endurance test by repeating the excitation as stated above



Chapter 3 Basic Operation
3.1 Measured waveform test

< Example >

To operate the measured waveform test by the following condition;

[Reference Waveform]
* Type of Waveform : Measured waveform in X, Y, Z direction

+ Sampling frequency: 2560 Hz

[Control Condition]
+ Control frequency lines : 400 lines
* Initial level : 30 %
+ XFR Function [Output level at XFR measurement] : 100 mV

[Information of sensors to be used]

Using three of piezoelectric accelerometers to control the vibration in each X, Y, Z direction.
Ch-X : for control, sensitivity 3pC/(m/s?) (for X-axis control)
Ch-Y : for monitor, sensitivity 3pC/(m/s?) (for Y-axis control)
Ch-Z : for monitor, sensitivity 1pC/(m/s?) (for Z-axis control)

However, these channels must be registered in Input Channel Information (in this example,

‘Syslnp1’).
Also, the rating information of Excitation System has already been registered in Excitation System

Information (in this example, ‘System1’).

[Excitation Procedures]
(1) Excitation is operated at the Excitation Level = 30 %.
(2) Iteration is executed.

(3) Excitation is operated at the Excitation Level = 100 %.



< Procedures >

<Step 1>

Press the [New] button to start ‘New Definition’.

&) K2/Shock
File(F) Test definition(T) Operation(P) Edit(E] View(] Win

Simple Open

Excitation level Reference




<Step 2>
Select ‘Shock’ in Test Types and ‘Multiple Shakers’ in Excitation System. And, select appropriate item

each from the list of ‘Excitation System Information’ and ‘Input Channel Information’.

r )

:oo Test type selection @
Test lype Excitation Syztem
o sHOCK ) Single shaker
(1S5RS @Qultiple shakers
09 71 Multiple physic3
<
E wcitation System [nformation

oo ]

oo

°
)

Input Environment Information

\(-> ok || Cancel




< Step 3>

Press the [Next] button.

¢°°

< Step 4 >

g

) Mew test definition - K2/Shock
File(F}) Test definition(T) Operation(P) Edit(E)

f —

L {
Simple Open  Test save

E =itation lewvel Reference

Test definition

[] Test Definition Information
43 /O Module Configuration

/ ----- &) Excitation System Information

i | Reference waveform

----- | Control condition

Press the [Measured waveform entire definition] button.

Reference definition
No. Kind Data name fdd...
LChange...
°¢°° Kind chatnge(T]...
Delete

¢ Measured waveform entire definition,..

[rata length

S ampling frequency Hz oK

o

Reference wawvefarm data name




<Step 5>

Select the [CSV format] and press the [Loading button]. The data folder is opened to select a file.

==

Reference definition

File selection

CS5V format

Display data selection
3) waveform

PSD

Display mode
2) Display all

Display individual

Edit
Undo

Filtering..

Scalar calculation..

Original sampling freq. Hz

Edging.. Freq. conversion...

Data length change...

Original data length points

-

ok

Cancel

< Step 6 >

Select a file to be loaded and press the [Open] button.

7 Load CSV file
Look in: 3 Documents - & 5 R [ B
= Mame Date modified Type Size
A i Datal 525601 z.cov 3/6/2010 6:29 PM CSW File 1315 KB |
PN Recent B
<
1) -
@ Desktop
Libraries
Computer
=
w
Network
File name: Datal fs2560Hz -
Fies of type [ Text Flef.cavioa) -
Delirniter
Comma [ Tab [ Semicolon [[] Space
Camment

Colurnn number




<Step 7>
Select a data to be assigned and press the [<<] button.
When the assigned data is needed to be taken off, operate this procedure inversely.

Press [OK] when the assignment is completed.

Data condition setting

Sampling frequency [Fz) 2560.00 : Hz

Level unit

3 Quantity  Acceleration - Uit mis2 -

%o / _
° Agzignment
® ‘ Azzigned data Axailable data to be aszigned
:em; Time[sec]
em




< Step 8 >
The loaded reference waveforms are displayed.

Press [OK] to use these waveforms.

Reference definition

File selection
16,0 m/s2 WaveX
C5V format -
10.0
Loading...
0.0
Dizplay data selection
-10.0
@ Waveform
-16.0
16.0 m/s2 WaveY FsD 800 M
10.0
Dizplay mode
0.0 @ Dizplay all
-100 Dizplay individual  Wavex
-16.0
16,0 M/s* Wavel
10.0
0.0
-10.0
-16.0
0.0zec 20 40 6.0 8.0 10.0 11.7109
Edit
Unda | Filtering. .. | | Edging... | | Freq. conversion...

| Scalar calculation... | |Data length c:hange...|

Original sampling freq. 256000 Original data length 25981 points Cancel

X

L4



< Step 9 >

If necessary, the name of loaded waveform can be changed.

Select a waveform that name is wanted to be changed in the list. Input a new name of Reference
waveform data name and press the [Set] button.

Press [OK] to save the reference definition.

Reference definition @
Mo. Kind Data name add...
1 Measured wavefom WaveX
2 Measured wawvefom Wave [ Lhange... ]
3  Measured waveform tem3
Kind ch TI...
.o l ind change(T) ]
<
‘ Delete
P A4 [ Measured waveform entire definition. . ]
1
@ Reference wavetorm data name

S~ aves Set

Sampling frequency 256000 b,
Drata length 25581 -




< Step 10>
Press the [Next] button.

) New test definition - K2/Shock
File(E} Test definition(I} Operation(P) Edit(E)

f L
i

I L
Simple  Open  Testsave

Reference

Emcitation lewel

Test definition

[ Test Definition Information

-4 /O Module Configuration
-4 Bxcitation System Information
+-%3 Reference waveform

--|_] Contrel condition

1] Excitation system setting
1] Input channel

1] Level schedule

-] Timing signal

] SRS Analysis Condition

<Step 11 >
Set the Control frequency lines to ‘400°. And, press [OK] button.

Other values in Control condition are kept unchanged as default generally.

L 2.4
00 . <

Contrel condition
Frequency range 1000.00 Hz  Sampling freguency 2560.00 Hz
Control freq. lines 400 * [deltaf= 250 b;)
Cottrol frequency 280 = == 000.00 = . Detailed »>
Max ohservation freq.  1000.00 ==
Loop check Momal -
Imitial level 30.0 : s 10.46 48]




< Step 12>

Press the [Next] button.

P A4

< Stepl13 >

E xcitation lewvel

). New test definition - K2/Shock
File(F) Test definition(T) Operation(P) Edit(E)

R— ' _—
= e R

k¥ ]

Simple Open  Testsave

Feference

Test definition

| Test Definition Information

-4 /0 Module Configuration
t‘* Excitation System Information
-4) Reference waveform

-4 Control condition

----- | Excitation systemn setting

----- | Input channel

..... | Level schedule

----- | Timing signal

----- | SRS Analysis Condition

Select an excitation group and press the [Add] button.

Excitation group configuration

Bxcitation group

Initial output voltageimV)

XFR measurement

levelimV)  Number of input channels

Available excitation group

Excitation group

MNumber of input channels

X5

LChange...

Delete

oK

Cancel




< Step 14>

Set ‘100’ to Output level at XFR measurement and press [OK].

P

Excitation group setting - X

Loop check,

Cutput level at =FR meazurement

Min. randam phase-frequency

[ Iritial cutput voltage zetting 300 - m¥ rms

[ Excite by white noize

Cancel

1000 o

VITHS

000 = e

The dialog box as below appears when the [OK] button is pressed in Excitation group setting.

Press [OK] in Excitation group configuration when the excitation group settings are completed.

In this picture below, all of the excitation groups X, Y, Z have been set.

Excitation group configuration @
Excitation group  Initial output voltage(mV) ¥FR measurement levelimV)  Number of input channels
X 30.0 100.0 1
Y 30.0 100.0 1
z 30.0 100.0 1 Ehange..
Delete

Awailable excitation group

Excitation group Mumber of input channels

add..
000
<




<Step 15>
Press the [Next] button.

b3

P A4

) Mew test definition - K2/Shock
File(F) Test definition(T) Operation(P] Edit(E)

Ewcitation lewel

Test save

Open

Reference

m/s®

| Test Definition Information
43 VO Module Configuration
-4J Excitation System Information

Eg..ﬂ Reference waveform

-4 Control condition

Eﬂ'"D Input channel
----- ] Level schedule

..... _| Timing signal

-3 Excitation systemn setting

----- | 5RS Analysis Condition

< Stepl6 >
The dialog box of Input channel configuration appears. Select a channel and press the [Change] button.
P A4
<
Input channel cunﬁgulay @
No. Channel ngm@ Group Name  Assignment Sensitivity Input type Polarity Type Reference  Abort level + Abort level - Add
1 ChX X 000Ch1 3.0pC/m/sd Charge input (1 mV/pC) + Not used
2 ChY Y 000Ch2 EOTI] TR ] . Not used
3 ChZ zZ 000-Ch3 1.0pCrim/s%) Charge input {1 mV/pC) + Mot used
Mot used -
X -
Ok
Input sensitivity Ioading] [ Refer Fleqister

Cancel




<Step 17>
Change the channel type of a selected input channel to
reference waveform as ‘WaveX’. Then press [OK].

000
AR

‘Control’. Set the excitation group as ‘X’ and the

000

AN
Input channel element @
Input channel infarmation
Mers Che Module I 000~ [h Chi > Fol @+  Cancel |
Quantity  Acceleration ¥ Inputtype  Charge input (1 mV/pC) - Cal cancellR)
Senaitivity 30 : Ci{m/s7) - TEDS connection(T)
Channel type  Control - Excitation group % -
Abart level zetting
+ 83716 g2 BITE - s Abort level at <FF measurement 1000 - of
Reference wavefom o ry
Wieighting factor 10 =
WaveX - Zera refererice | Reference waveform graph display
= Erraor evaluation factor 10 =
Tolerance [upper) = mfs?
X4
L J
3 ‘ . Tolerance [lower) mys?

Other input channels are also to be changed as above.

Press [OK] when all the settings are completed.

Input channel configuration @
Mo. Channelname Group Name  Assignment Sensitivity Input type Polarity Type Reference  Abort level = Abort level - Add...
1 ChX X 000-Ch1 3.0pCr(m/s?y Charge input {1 mV/pC) + Cortrol WaveX 8.3716 m/s2 -8.3716 m/s?
2 Chy Y 000-Ch2 3.0pC/m/s3y Charge input {1 mV/pC} + Cortrol ~ Wave 3.1393 m/s? -3.1393 m/s? Lhange...
3 ChZ Z 000-Ch3 1.0pC/im/s2) Charge input {1 mV/pC) + Cortrol WaveZ 8.3716 m/s2 -8.3716 mss2
Delete
Not used
=
TEDS update(T)
o
Input sensitivity loadir Reter Register ———
p Ly g| | | |/g Cancel

P A4



< Step 18>

Now, the definition is completed.

i), New test definition - K2/Shock
File(E) Testdefinition(I) Operation(P) Edit(E) View(\) Window(W] Option(Q) Help(H)
Sl A= > NS | s ~ 1R”?
MSER 259 =
New Simple Open  Testsave Print Preview Ope. start
Excitation level Fieference Progress Error 1atio Drive  Tolerance  Aboit
Test definition |Reference graph Level
b e
€ Test Definition Information Input Environment InforSysinp1 o
— ) /O Module Configuration
- ’/ ) Excitation System Information Excitation group nameX
[ +-4) Reference waveform
Hremre &) Control condition ChT t 000-Ch1 ch inout (1 mV/pC IreEiemEit
— &) Excitation system setting nputtype arge input (1 mV/pC) E s
= : Sensitivity 3.0 pCJ(m/s?)
© +-&3 Input channel Polari Posit
L | Level schedule olarity ositive i
o ] Timing signal Channel type Control
] SRS Analysis Condition Reference waveform WaveX
Weighting factor 10
Error evaluation factor 10
Abort level(+) 33333333 m/s?
Abart level(-) -3.333e+3 m/s?
Excitation group name¥ Repetitive excitation
Ch-Y 000-Ch2
Inputtype Charge input (1 mV/pC)
Sensitivity 3.0 pCJ(m/s?)
Palarihe Pnsitive o Excitation stop timer setting
2017/ 1/30 13:27:43 Test definition is completed.
< T 5
H@ A A
Test definition is completed. NUM 1/30/2017 13:30:46




< Step 19>
Save the defined test information to a test file.
Click the [Save] button.

i) New test definition - K2/Shock
File(E) Test definition(I) Operation(B) Edit(E) ¢°°

New Simple Open

E =citation lewvel Reference

- y "Ils i

Test definition | Reference grapt

&) Test Definition Information
S 43 /O Module Configuration
I:—/B' LA Fxcitation Sustem Information

The dialog box as below appears. Specify an arbitrary directory in ‘Save in’ and input a name to ‘File

name’.
';:-:3: Save As @
Savef: | | My Documents - & F > E-
= Mame : Date modified Type
el Mo items match your search.

Recent Places

Desktop

Libraries

A

Computer
=
@

Metwork

4 e 3

File name: [ Mutti-SHOCK -

Saveastpe: | Shock definition file{* sho2) »| [ cance |
Comment




< Operation of Test >
<Step 1>
Press the [Operation start] button for ‘Operation Start’.

i), Multi-SHOCK - K2/Shack == )
File(F) Test definition(T) Operation(?) Edit(f) View(¥) Window(W) Option(Q) Help
< (2= > Xs B
f [, b |
\ ! i ,
Mew  Simple  Open Testsave Print  Preview
Excitation lewvel Reference Progress Errar ratia Drive  Tolerance  Abort
Test definition |Rafarence graph
Lewvel
D e
[S] Tes;’%afr\:ﬂnlt‘;m‘w sznr:'\at\nn Testiype SHOCK -
9 oduleten iguration Exc. System Config.  Multiple shakers E
-4 Excitation System Information
- XFR function data Not exist
&3 Reference waveform
L. " Drive data Not exist
-43 Control condition R . [
E R QOperation status Not exist
@ &3 Excitation system setting Modiule Confi . z ,7
=43 Input channel odule Configuration
| Level schedule Module ID Module type e
-.[] Timing signal ooo 4ch If0 module TYPEII
] SRS Analysis Condition
Excitation system environment
Exc. System Info System1
Excitation group
Excitation group name X
Qutput channel
Channel name Module ID Ch Polarity Repetitive excitation
ChxX 000 Chl Positive
Initial output voltage 30.0 mV ms <
< 1 3
Excitation stop timer setting
2017/ 1/30 13:44:18 Test definition is completed
< I >
=T RN
Test definition is completed. NUM 1/30/2017 13:44:54




<Step 2>

Transfer Function of the controlled system is measured.

Press the [ XFR measurement start] button to execute.

P A4

L 4

i), Multi-SHOCK - K2/Shock

= I ]
A La o5
Test save Datasave  Print
Ty 1z |

Excitation level Feference

1] / 2
lu

File(F) Test definition(T) Operation(P) Edit(E) View(\] Window(W) Option(Q) Help(H)

s

Preview

Pragress Error ratio

x

>

Ope. end Start

Drive  Tolerance

Waiting for XFR measurement C\ O C

HFR function

\
AU FE| QE L FE x| BA| E

=)

10 SV ChX/ThX

= 1.000e-2
1.000e-4

1g0.0 degree

R e T
e ]

1 m/sBmY  ChY/ChX

1.000e-2
1.000e-4

1g0.0 degree

R T ST T T
130, | 0 O S B

10 smV ChZ/chX

1.000e-2
1.000e-4

Ch-X/Ch-Y

Ch-¥/Ch-Z

Ch-Y/Ch-Y

Ch-Y/Ch-Z

Ch-Z/Ch-Y

0.250Hz 10 10.0

Ch-Z/Ch-Z

g

£

0  0250Hz 1.0

.0

Waiting for XFR measurement

NUM

==

82

Abort

Increment

e

Repetitive excitation

Excitation stop timer setting

1/30/2017 13:4T7:41




<Step 3>
Loop Check and the XFR Measurement are operated.
The system is automatically set to the state of waiting for the Drive Generation when the XFR

Measurement is completed.

If the XFR Measurement is needed to be stopped in the middle of the operation, press the [Stop] button.

== =

. Multi-SHOCK - K2/Shock
File(E) Testdefinition(T) Operation(P) Edit(E) View(\) Window(W) Option(Q) Help(H)

Testsave Datasave Print  Preview

X | |z

Drive  Taolerance  Ahort

® ¢ 0

Excitation level Reference Progress Error ratia

in XFR measurement

48 8
m/fs®

HFR function

L
EE IR S]]

| @

|

1 MY Ch/ChX

. 1.00062
1.000e-4
1g0.0 degree
T e T o ) EO e S 1
1800 [ 0 P g
1.g (m/s3/mV Ch-Y/Ch-X
1.000e-2
1.000e-4
1800 degree
) S ) o T L]
180,01 O O S O

10 (m/s2/mV

Ch-X/ChY

Ch-Y/ChY

Ch-Z/Ch-Y

Ch-X/Ch-Z

Ch-¥/Ch-Z

Ch-Z/Ch-Z

,,
o
=
o

Increment

e

Repetitive excitation

In XFR measurement

1.000e-2
1.000e4 Excitation stop imer setting
180. degree
1 1 e R e G 1
ey o I 0 0 o S B [
0.250Hz 1.0 10.0 2000 0250Hz 10 100 2000  0.250Hz 1.0 10.0 2000
m ®
NUM 1/30/2017 14:31:21




< Step 4>

When the XFR Measurement is completed, the graph of the XFR Measurement appears.
Drive voltage is to be generated after checking the obtained XFR function normal.

Press the [Drive generation] button.

000

==

b

Testfave Datasave Print Preview Ope. end

* oy z |

Ewcitation level Reference Progress Errar ratio Drive  Tolerance  Abort

j - - — C C C

XFR functien Drlve
- ==
el gtpl QE 2 & & XA @

100 /sAmMY ChX/ThX

,,
1
E
T

Ch-X/Ch-Z

Increment

l

LA B

—
G !

H'I'l b Lo

Repetitive excitation

Ch-Z/Ch-Z
ﬁ Excitation stop timer setting
. i AL
T .
0.0 2000 0250Hz 1.0 100 2000
o X
‘Waiting for drive generation NUM 1/30/2017 14:32:10




<Step 5 >

The system is set to the state for Excitation Start when the drive generation is completed.

In Operation Status Panel, Excitation Level and Peak level of Reference Waveform are displayed.
Excitation is operated at 30 % in this example at first. The setting of this value is not necessary to be
corrected because the Initial level has been set to 30 %.

Check the display of the Drive Waveform and the Excitation Level. Then, press [Excitation. start]

button to start the excitation operation.

) Multi-SHOCK - K2/Shock
File(F) Test definition(T) Operation(P) Edit(E) View(\)

_._;_ J.w,l_j;

I {
Test save Data savg

indow(W) Option(Q) Help(H)

X x| p |

Print Preview Ope. end Start

(AN

Excitation lewel Reterence Progress Error ratio Drive  Tolerance  Abort

Waiting for excitation start O O C

ANy QR 2| & X R

1400 MV Ch-X e Drive

XFR functi Drive farence / Response | Qparation status Lewel
it S|
30.0

—— Increment

I

| s |

1ang ™ oy

1ang ™ tnz

Excitation stop timer setting

m b

Waiting for excitation start NUM 1/31/2017 18:33:29

3-20



< Step 6 >

The system is set to the state of ‘Excitation completed” when the excitation operation is ended.

In Operation Status Panel, the results of Control Error and Tolerance Check are displayed.

If the Response Waveform passes the check without any abnormal phenomenon, the correction of drive
voltage is executed according to the excitation result.

Press the [Iteration] button.
X

M
©

) Multi-SHOCK - K2/Shock
File(E) Test definition(T) OperaNpni(P) Edit(E) View() Window(W) Option(Q) Help(H)
L3 o o X | 1ee
f [ : ’ ) |
Test save Yatasave  Print Preview Quick Ope. end Restart \Jteration
R
Excitation level Reference Progress Error ratio rive [ Tolerance | Abort
QJe
XFR function | Drife |Reference / Response | @peration status o]
| — — 30.0
SHEEQE 2@ F X @ :
o
g ms2 Ch B Resp =
B Referchce
e Tolerghce upper limit |ncrement
B Tolergnce lower limit ’W
fi®
Polarity
Positive
Repetitive excitation
Invalid
Excitation stop timer setting
m ®
Excitation is completed. (Excitation is completed correctly) NUM 1/31/2017 18:34:53

When the Tolerance Check results in NG, the

yellow mark is lit as in this display.



<Step 7>
Check the Drive Waveform and correct the Excitation Level to 100 %.

Select [Operation] — [Excitation condition] in Menu bar.

i) Multi-SHOCK - K2/Shock == =
File(F) Test definition(T) | Operation(P) | Edit(E) View(V) Window{W)

ion(0) Help(H)
Operation start(F2) x
’
End(F3) . >
Excitation condition(F).. Ope.end |  Start
b8
|Y | z Excitation start(F7)
Excitation level Refere Stop(F3) Progress Error ratio Diive  Tolerance  Abort

3. Retry(F10) C\ C\ C\
Iteration(F11)
XFR renewal(F12
KFR functic Operation status Lewel

XFR measurement again{A)
[ N | Previous drive(P)

To Oth drive(D}
g m/s = Response

Level schedule start(5) B Reference
Level schedule retry(R e Tolerance upper limit

e Tolerance lower limit @ |_I|

—— Increment

100

| = |

Polarity

Positive

Repetitive excitation

Inw:

Excitation stop timer setting

Change the excitation cendition NUM 1/31/2017 18:35:47




< Step 8 >
Set the value of Excitation Level to 100 % and press the [OK] button.

Excitation condition

Excitation level Polarity

Leyel 100.0 : = [ 0.00 dB] @ + - I —
B Cancel

[ Increment 100 =
(2.4
<
<
‘ . Tolerance check
@ | 00 <==>| 117e4 . Objective region &l region

pper = Lower %

Repetitive excitation

[] Dperate

Infinite Repeat times | limes 00 =~ ms interval

taonitoring at the masimum value Abort changing ratio 5

Excitation stop timer

@ Mot specify

| Specify ime interval 0 hours 0 rinutes later

1 Specify ime instant Tuezday . January 31,2007 B:37:08 P




< Step 9 >

When the Excitation Level is corrected, the value of Excitation Level and the Peak level of reference

waveform are renewed in the Operation Status Panel.

The Drive Waveform is proportionally adjusted according to the level.

When the checks of the Drive Waveform and the Excitation Level are done, press [Excitation. start] to

start the excitation operation.

°¢¢

22 Multi-SHOCK - K2/Shock [fel@ =
File(F) Test definition(T) Operation(P) Edit(E) View(V) Window(W) Option(Q) Help(H)
== J-_,\J o - i"
2 LA S
L L L
Testsave Datasave Print Preview
T 1z 1|
Excitation level Reference Progress Error ratio Drive  Tolerance  Abart
100.0 6 - - - Waiting for excitation start O O O
¥FR function  Drive | Reference / Response | Operation status Level
l 100.0
DU QEDE @ =X :
o
5000 ™Y Ch-X e Drive . :
- 2500
—— —— Inerement
00 @ F [
-250.0 '—,
4500 L‘
5000 MV Ch-Y
Palarity
Positive
o v hz Repetitive excitation
oD Invalid
o0 Excitation stop timer getting
-250.0
-450.0
0.0sec 20 40 60 80 100 11.7109
m b3
Waiting for excitation start MNUM 12/28/2016 16:08:00
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< Step 10>
When the excitation is done, test operation is completed.

In Operation Status Panel, the results of Control Error and Tolerance Check are displayed.

Press the [End] button to return the test definition mode.

X
1)
©

NUM 1/31/2017 18:39:24

i Multi-SHOCK - K2/Shock [r=e][-E@| s2
File(F) Testdefinition(T) Operation(P) E§t[E) View(V) Window(W] Option(Q) Help(H)
B | =P Ty |44 i
— L * L
Testsave Datasale  Print Preview Quick Restart  Iteration
M
E rcitation level Reference Progress
1000
XFR function | Dri Reference / Response |Qperftion status -
Rater S0 — /il 100.0
N FIEEEIRFEEIE /
3
25, m/s? ChX e Responfe .
B Referere
e Tolerarfce upper limit |narement
e Tolerajce lower limit 00
fur
Polarity
Positive
Repetitive excitation
Excitation stop timer setting
| X
Excitation is completed. (Excitation is completed correctly)

I

When the Tolerance Check results in OK,
Nothing lights up.




3.2 SHOCK Test

< Example >

An example of Shock Test is described as below ;

[Reference Waveform]

* Type of Waveform : Half-sine

* Peak amplitude Value :  20m/s*"

* Pulse width : 11 ms

+ Tolerance : IEC(JIS C) 60068-2-27

* (Auto-set of sampling frequency and data length)

[Control Condition]
* Control frequency lines : 400 lines
* Initial level : 30 %
+ XFR Function [Output level at XFR measurement] : ~ Auto

[Information of sensors to be used]
Two acceleration pickups of piezoelectric : one is used for control and another for monitor.
Ch.1 : for control, sensitivity 3pC/(m/s?)
Ch.2 : for monitor, sensitivity 3pC/(m/s?)
However, these channels must be registered in Input Channel Information (in this example,
‘SysInp2’).
Also, the rating information of Excitation System has already been registered in Excitation

System Information (in this example, ‘SystemX’).

[Information of specimen]

Specimen mass : 10[kg]

[Excitation Procedures]
(1) Excitation is operated at the Excitation Level =30 %.
(2) Iteration is executed.

(3) Excitation is operated at the Excitation Level = 100 %.



< Procedures >
<Step 1>
Press the [New] button to start ‘New Definition’.

"

21 K2/Shock
File(Ey Test definition(T) Operation(P} Edit(E} V

/
Simple Open
000
°
E witation lesvel Reference

- ‘




<Step2>

Select ‘Shock’ in Test Types and ‘Single Shaker’ in Excitation System. And, select appropriate item

each from the list of ‘Excitation System Information’ and ‘Input Channel Information’.

Test type selection @

Test type Excitation System

© SHOCK @
Pl

7 SRS (71 Multiple shakers

ingle shaker

() Multiple physical guartib

Excitation Sygtem [nformation

Syatem 1

P A4

Input Ervironment [nfarmation

Sysinpl

OF. H Canicel ]

S Ad



<Step 3>

Press the [Next] button.

=) Mew test definition - K2/Shock
File(F) Test definition(T) Operation(P] Edit(E)

Simple Open  Test save

E wcitation level Reference

r— Test definition
- [ —

[ Test Definition Information
-9 Y0 Medule Configuration

M

ext
.49 Excitation System Information
/ ----- | Reference waveform

...[ ] Control conditien

[ ] Excitation system setting



< Step 4 >
Select [Classical Shock] and press the [Next] button.

o )

Reference Waveform Definition @

Reference waveform tppe

Clazzical Shock

Meazured Waveform

Sine Beat/Sine Burst

Syrnmetric Compenzationly’]

Damped Sine

[ Mt » [ Cancel ]




<Step 5>

In the first definition dialog, input the values to ‘Waveform type (Type)’, ‘Amplitude’ and ‘Pulse width’.
Press [Next] when all the items are filled.

Classical Shock (1/3) (53w
Type Half-zine -
Amplitude 200 : m.s2 -

Time Parameters

fﬂ«utu:u-set of zampling frequency and
i data lengthla)

Sampling freq.

[rata length [ me |

Pulze width 10 =

Supplemental Time[F]...

<< Back ” Hext>>“ Cancel

L A4

L 4



< Step 6 >
In the next Reference Waveform Definition dialog, select a type of Tolerance.

Press [Next] when all the items are filled.

-

Classical Shock (2/3)

Tolerance

type IEC{JIS C) 60068-2-27 -

Setting | Define Tolerance. ..

Supplemental Parameters

Symmetncall5)

Compensation wave tvpe  Typed -

O ptirization level

L )

Digplacement precedence Welocity precedence

—

Peak, level:Pre-pulze 50.0 : %
Peak, level:Post-pulze 500 %
<< Back ” Mext 2R | | Cancel
AR
L 4



<Step 7>
Now, the definition of Reference Waveform is completed.

The generated Reference Waveform is displayed as below. Press the [End] button.

-

Classical Shock (3/3) (23w

300.0 ™=

0.0ms 50.0 100.0 150.0 1599.6094

<« Back || End(E) | | Cancel | | Reqizter

(In case of not convergent)

The generated reference waveform doesn’t converge when the reference waveform data exceeds
over the Tolerance. In this case, return to the display of <Step2> (page 1/3) and check off “Auto-set
of sampling frequency and data length”. Specify arbitrary values of sampling frequency and data
length.

Convergence of the generated reference waveform relies on the condition of Reference waveform.



< Step 8 >
Press the [Next] button.

i) New test definition - K2/Shock
File(E} Test definiticn(T}) Operation(P} Edit(E)

1 L
Simple Open  Test save

Excitation level Feference

-

)'!i Test definition

000

[ Test Definition Information

-9 /0 Medule Configuration
49 Excitation Systern Information

/ -4 Reference waveform

----- 1 Control condition

----- | Excitation system zetting

[Mext

[

----- | Input channel

< Step 9 >
Set the Control frequency lines to ‘400 and the Initial level to ‘30 %’. And, press [OK] button.

Control condition

Fregquency range

Contral freq. lines 400 w | [dektaf= 250 ;1 Cancel

Contral frequency 280 = ¢== 000.00 == . Detailed >

b ax. observation freq.  1000.00 : Hz

Loop check. Marmal -

T P
[rutial level [ 0.




< Step 10>

Press the [Next] button.

2 New test definition - K2/Shock
File(E} Test definition(T} Operation(P} Edit(E}

s ——=
I { ]
Simple Open  Testsave
Emcitation lewvel Reference

Test definition
X3 ) |
¢ | Test Definition Information
&) /0 Module Configuration
t‘) Excitation System Inforrmation
.4 Reference waveform
&) Contral condition
<Step 11 >
Press [OK] button.
Excitation systemn setting @

[ Initial output valtage setting = mV ms

Output level at ¥FR measurement

by Control Uit [¥] Auto 06874 — e ms
b axirmum voltage 60.0 = mV ms

Ecite by white noize

IS4



< Step 12>
Press the [Next] button.

P

) New test definition - K2/Shock
File(E} Test definition(T} Operation(P] EditiE}
] &

Simple Open  Test zave

Al

Excitation level Reference

| Test Definition Information C
-4 10 Module Cenfiguration
-4 Excitation System Information
P Reference waveform

-4 Contrel condition

-4 Excitation system setting
-] Input channel

< Step 13>
Select ‘Ch.1’ and set as ‘Control’. Also, select ‘Ch.2’ and set as ‘Monitor’. Then, press [OK] button.

.]npul channel configuration

Mo. Channel name Assignment Sensitivity Input type: Polarity Type Abort level + Abort level -
1 Ehil 000-Ch1 3.0pC/m/s?) Charge input (1 mv/pC) + Cortrol  400.0 m/s? -400.0 m/s2
3.0pC/m/s3 Charge input {1 mv/pC) Monitor . .

Change.

Delste

fail]

Manitor

TEDS Update[T]
0K
Input sensitivity IoadlngJ [ Refer J Reqister :J
Cancel
P Al
L4



< Step 14 >
Press the [Next] button.

) New test definition - K2/Shock
File(E) Test definition(I) Operation(P) Edit(E) View(V) Window(W) Optioi

S B2 £ =P E?’j
X f — = f R |

L L L - ol
Simple Open  Testsave Print Preview

Excitation lewvel Reference Progress

Test definition

[] Test Definition Information

-9 IO Module Configuration
-4 Excitation System Information
-4 Reference waveform

-4 Control condition

P Excitation system setting
-9 Input channel

..... | Safety check

----- | Level schedule

----- | Timing signal
----- | SRS Analysis Condition

< Stepl5 >
Select ‘Excitation force check’ and input the value as ‘Specimen mass : 10 [kg]. And press the button of
[OK].

Safety check fefinition

[ Freqyfncy range == Hz E

wcitation farce check
Specimen mass 100 = g |Table mass kg
Fisture mass 0o < kg -
Register(R]...
Armature mass 740 = o kg
: ReferlF)...




<Stepl6>

Now, the definition is completed.

. Mew test definition - K2/Shock
File(F) Testdefinition[) Operation(P) Edi(E) View(¥) Window(W) Option(Q) Help(H)

NEEZR Sy RX[b E

Mew  Simple Open Testsave Print  Preview Ope. start
Excitation level Relerence Progress Errar ratio Drive  Tolersnce  Abort
Test definition | Reference graph
Level
D —_—
o 5‘ s ”""““ Testtype SHOCK =
] é LF; " tD u: ;n \?ufratlont Exc. System Config.  Single shaker =
&) Excitation System Information XFR function data Not exist
) Reference waveform
= = Drive data Not exist
&3 Control condition | t
- Operation status Not exist peiemen
4 Excitation system setting 7
Module Configuration
) Tnput channel
&) Safety check Module ID Module type it
] Level schedule 0o 4¢h IfO module TYPE Il -
] Timing signal 01 8ch Input module TYPE Il
] SRS Analysis Condition 002 8ch Input module TYPE Il
Excitation system environment
Exc. System Info AB5/SAEHM
Qutput channel
Module ID Ch Polarity Repetitive sxcitation
ooo Chi Positive
Initial output voltage 30.0 mV ms il
‘ m L3
Excitation stop timer setting
2019/ 4/ 7 15:17:27 Test definition is completed.
2019/ 4/ 7 15:17:27 The required force [16.80 kN 0p]
< . ’
HEHDO Y S
Test definition is completed. | | NUM 4/7/2019 15:17:54




<Step 17>
Save the defined test information to a test file.
Click the [Save] button.

i) New test definition - K2/Shock
File(E) Test definition(T) Operation(P

Edit(E)

New Simple Open

E =citation lewvel Reference

- y "Ils i

Test definition | Reference grapt

&) Test Definition Information
S 43 /O Module Configuration
I:—/B' LA Fxcitation Sustem Information

The dialog box as below appears. Specify an arbitrary directory in ‘Save in’ and input a name to ‘File

name’.
';:-:3: Save As @
Savein: | | My Documents | & T E-
= Mame : Date modified Type
el Mo items match your search.

Recent Places

Desktop

Libraries

A
Computer

=

@

Metwork

4 e 3

File name: Mutti-SHOCK -

Saveastype: | Shock definition file(* sho2) »| [ cance |
Comment




< Operation of Test >
<Step 1>

Press the [Operation start] button for ‘Operation Start’.

X

) New test definition - K2/Shock
File(E) Test definition(T) Operation(P)

Edit[) View(y) Window(W) Option(Q) Help(ig8

T

New Simple Test save Print Preview

Excitation level Reference Progress

Error ratio Drive:

E=NEol =)

Tolerance  Abort

I ¢ ¢ ¢

Test definition |Reference graph

Level
D S|
LS J Test Definition Information
£ YO Module Configuration
&) Excitation System Information
/ ) Reference waveform

- Control condition (eI

-4 Excitation system setting P ’—

+-43 Input channel

-4 Safety check e

| Level schedule
| Timing signal

.|| SRS Analysis Condition
Polarity
Repetitive excitation
Excitation stop timer setting

2019/ 4/18 10:03:33 Test definition is completed -
5 - : 2019/ 4/18 10:03:33 The required force [1.680 kN 0p]
HED Y3
Test definition is completed. HUM 4/18/2019 10:03:45




<Step 2>
Transfer Function of the controlled system is measured.

Press the [ XFR measurement start] button to execute.

000
<

i) Multi-SHOCK - K2/Shock
File(F) Test definition(T) Operation(P) Edit(E) View(d) Window() Option(Q) HelpH)

Testsave Datasave  Print Preview

Reference

Piogress Error ratio

J--

Excitation level

N\

X! »

Ope. end Start

Waiting for XFR measurement

Diive  Tolerance

@ e

HFR function

|

LugtallQFaE F| = x| 6 E

1. m/sAmy ch

o ®

Waiting for XFR measurement

NUM

Abort

@

Increment

e

Repetitive excitation

Excitation stop imer setting

12/28/2016 17:23:00




<Step 3>

Loop Check and the XFR Measurement are operated.

The system is automatically set to the state of waiting for the Drive Generation when the XFR

Measurement is completed.

If the XFR Measurement is needed to be stopped in the middle of the operation, press the [Stop] button.

£ Multi-SHOCK - K2/Shock =r=

FilelE) Testdefinition(I) Operation(P) Edit(E) View(d] Window(A) Optien(Q) HelpH)

Excitation level Reference Progress

! SaRe
% m/s? % %

b

Ly o ‘ B ‘

Test save Datasave  Print Preview Stop

Errar ratio Diive  Tolerance  Abort

KFR function

S|

SEEN|QE 2| & | el

chl.

10 m/s3/mV
Increment

=

Repetitive excitation

Excitation stop timer setting

In XFR measurement

MU 2/1/2017 11:59:03




< Step 4 >
When the XFR Measurement is completed, the graph of the XFR Measurement appears.

Drive voltage is to be generated after checking the obtained XFR function normal.

Press the [Drive generation] button.

i) Multi-SHOCK - K2/Shock [E=R(EcR|E]
File(F) Test definition(T) Operatigffif) Edit(E) View(¥) Window(W) Option(Q) Help(H)
A o8 o X
;3— Ly == “p ,
Testsave Datactave Print Preview Ope. end Start
E rcitation level Referghce Progiess Errar ratio Diive  Tolerance  Abort
! 100 Waiting for drive generation C O C
% %
HFR function I)ri\,re
SN QE D F|F| b | E
%
Increment

]

Repetitive excitation

Excitation stop timer setting

Waiting for drive generation MUM 2/1/2017 | 13:05:59




<Step 5 >

The system is set to the state for Excitation Start when the drive generation is completed.

In Operation Status Panel, Excitation Level and Peak level of Reference Waveform are displayed.
Excitation is operated at 30 % in this example at first. The setting of this value is not necessary to be

corrected because the Initial level has been set to 30 %.

Check the display of the Drive Waveform and the Excitation Level. Then, press [Excitation. start]

button to start the excitation operation.

) Multi-SHOCK - K2/Shock
File{F) Test definition(T) Operstion(P) Edit(E}

fela] =

iew(y) Window(W) Option{Q} Help(H)

Testsave Datafave  Print Preview

Ope. end Start

- \

Excitation level Reference Progress Error ratio Drive

Tolerance  Abart
300
% %

Waiting for excitation start O O O
%

XFR functioh | Drive | Rfference / Response | Operation status
S5

T EENEEREIEE

e Drrive

Max 2302 mvV ip
8 Min. -247.6 mV 0p — — Increment
503 mV s @ F
B
Palarity

Positive

Repetitive excitation

Invalid

Excitation stop timer setting

m x

Waiting for excitation start

MNUM 2/172017 13:08:21




< Step 6 >

The system is set to the state of ‘Excitation completed” when the excitation operation is ended.

In Operation Status Panel, the results of Control Error and Tolerance Check are displayed.

If the Response Waveform passes the check without any abnormal phenomenon, the correction of drive

voltage is executed according to the excitation result.

Press the [Iteration] button.

*o
DA ol
1)
. New test definition - K2/Shock == &=
File(F) Test definition(T) Operation(P) Edit(E) View(\) Wifdow(W) Option{Q) Help(H)
i /ey !
A LA S W :
[ L d - 3
Test save Datasave Prin Preview  Report Quick Ope. end
Excitation level Reference Progress Tolerance bort
300 6.0 1 ) O
- -
% m/s?

XFR function Drival Reference / Response (lperation status

- J

|
BHEAAQEe | F »E 8 E

mﬂmfsz chl

e Resppnse

Max. 64171 m/s? 0p

Min. 21113 mfs? 0p Increment

1p165 mfs?ms 100

e Refefence

Max. B0 m/s? 0p s

Min -§.9842 mfs? 0p

1272 m/s? ms

e Tolgrance upper limit

s Tolgrance lower limit
Polarity

Positive

Repetitive excitation

Invalid

Excitation stop timer setting

HEIH =K

Excitation is completed.(Excitation is completed correctly)

NUM 4/18/2019 10:06:03

When the Tolerance Check results in NG, the

yellow mark is lit as in this display.




<Step 7>

Check the Drive Waveform and correct the Excitation Level to 100 %.

Select [Operation] — [Excitation condition] in Menu bar.

PON ew test definition - K2/Shock
°¢ File(F) _Test definiticadh Edit(E)  View(V)
ation start(F2)

citation level Refere

0

XFR tunctio
B0 Bt

10.0 ™5

End(F3)
Excitation condition(F6)...
Excitation start(F7)
Stop(F9)
Retry(F10
Iteration(F11

FR renewal(F12
XFR measurement again(A)
Previous drive(P)

To 0th drive(D)

Level schedule start(S)

Level schedule retry(R)

Window(W) Optien(0)

»

Progress

Help(H)

Enror ratio

!

Ope. end

Start

Waiting for excitation start

Drive  Tolerance

e e

Operation status

=

e Response

Max. oo
Min 0o
0.0
B Reference
Max. 6.0
Min -0.9342
11272

m/s?Dp
m/s? 0p
mfs? ms

m/s®Dp
m/s?0p

m/s*ms

e Tolerance upper limit
B Tolerance lower limit

Change the excitation condition

< Step 8 >

HEB I 44

&

Set the value of Excitation Level to 100 % and press the [OK] button.

Excitation condition

Excitation level

Level 00.0 =
[ Increment 100 =)
000
Tolerance check
L)
0.0 <==>| 399.5094

@

U pper %

Repetitive excitation

Operate

Infinite Repeat times

tdonitaring at the masimum value

Ewcitation stop timer

Mot specify
Specify ime interval

Specify ime instant

times

Palarity

Ahort chanaing ratio

il == .
U~ hours U= minutes later

“Wednezday, February 01,2017

==
w

| Cancel |

[ ok

ms interval

1:14:01 P

NUR

== =

Ahort

()

Level

— Increment

®F

e

Polarity

Positive

Repelitive excitation

Inv;

E rcitation stop timer setting

4/18/2019 10:07:14



< Step 9 >

When the Excitation Level is corrected, the value of Excitation Level and the Peak level of reference

waveform are renewed in the Operation Status Panel.

The Drive Waveform is proportionally adjusted according to the level.

When the checks of the Drive Waveform and the Excitation Level are done, press [Excitation. start] to

start the excitation operation.

000
<
£ Multi-SHOCK - K2/Shock =N E=H S
File(F) Test definition(T) Operation{P) Edit(E) View(y) Window(W) Option(Q) Help(H)
— I - = x."
A A =y o 1 >
Testsave Datasave Print Previev‘v Ope. end Start
7
Excitation level Reference Progress Errar ratio Diive  Tolerance  Abart
100.0 - - - Waiting for excitation start C\ O C\
XFR function | Drive | Reference / Response | Operation status Level )
| &% |
B B Nt AL | Qe 2| S | b (X 5 100.0
oA el G| QD | | s (] bR
= Drive =)
Max. 7677 mV 0p
Min 8303 mV op — — Increment
167.8 mV ms |0‘ | _i| o
| = |
Polarity
Positive
Repetitive excitation
Invalid
Excitation stop timer zetting
m %
Waiting for excitation start UM 12/28/2016 18:11:33




< Step 10 >
When the excitation is done, test operation is completed.
In Operation Status Panel, the results of Control Error and Tolerance Check are displayed.

Press the [End] button to return the test definition mode.

<
Yan
©

,\ MNew test definition - K2/Shock

File(F) Test definition(T) Operation(P) EdNE) View(l) Window(W) Option{Q) HelpH)

> K= W' ¢ e

L L
Print Preview Report Quick Ope. end Restart  Iteration

Test save Data save

Progress

E xcitation level Refeience

100.0 200

89823 Excitation is completed.
o

Reference / Response

KFR function | Drivel peration status

e Hesponse
300 2 e Max | 200086  m/sop

Min. | -39298 mjs? 0p N

37798 m/sms 00
Reference

Ma 200 m/s? 0p s

Mi -3.2808 m/s? 0p
3.7572 mfs?ms

Tolerance upper limit

Tolerance lower limit .
Polarity

Repetitive excitation

Invalid

Excitation stop timer zetting

MUM 4/18/2019 10:09:32

0.0ms

Excitation is completed.(Excitation is completed correctly)

HEHD HHEK /

When the Tolerance Check results in OK,
Nothing lights up.



3.3 SRS SHOCK Test

< Example >
An example of SRS SHOCK test is described as below ;

[Reference SRS]

Acceleration
[m/s?] A

10.0

[
»

10 1000 Frequency [Hz]

[SRS Analysis Condition]
+ Sampling Frequency : 8192 Hz
* Data Length : 4096 points

Sampling Frequency is set to a value on the higher side so that the SRS Analysis is operated correctly.

[Waveform Synthesis Condition]
+ Synthesized Waveform Type : WAVSYN (Wavelet)

[Control Condition]
+ Control Frequency Line : 800

[Information of sensors to be used]
Two accelerometers of piezo-electric : One is used for control and another for monitor
Ch.1: for control, sensitivity 3pC/(m/s?)
Ch.2:  for monitor, sensitivity 3pC/(m/s?)
However, these channels must be registered in Input Channel Information (‘SysInp2’ in this
example).
Also, the rating information of Excitation System has already been registered in Excitation System

Information (‘SystemX’ in this example).

[Information of specimen]

Specimen mass : 10[kg]

[Excitation procedures]
(1) Excitation is operated at the Excitation level =30 %
(2) Iteration is executed.

(3) Excitation is operated at the Excitation Level =100 %



< Procedures >
<Step 1>
Press the [New] button to start ‘New Definition’.

i) K2/Shock
File(F} Test definition(T} Operation(P} Edit(E}

N e
/
Simple Cpen
Excitation level Reference

/

[

< Step 2 >
Set the Test type to ‘SRS’ and select each one item on Excitation System Information and Input

Channel Information.

Test type selection @
Test type Excitation System
(") SHOCK. @ Single shaker
/@ SRS () Multiple shakers

7

Fultiple phyzical guantity

Encitation Spstem Information

System1

Input Enviranment Information

Sysinp1

| oK ‘Jand |




< Step 3 >

Press the button to go to the next definition item.

Test definition

[ Test Definition Information

49 10 Module Configuration
-4 Excitation System Information
----- || Reference SRS

----- || Contrel condition

Change o _
----- || Excitation system setting
----- || Input channel
----- || Level schedule
add Ml || Timing signal
< Step 4 >
Press the [Define] button.
Reference SRS definition (1/2)
SRS analysiz condition / Reference SRS
‘waveform synthesize condition
Define(D]...
Hest »» Cancel ] [ Fefer




<Step 5 >
Press the [Define] button.

SRS analysis condition / Reference SRS

Analysis condition

==

oK

Cancel

Reference SRS

Ne. Frequency [Hz] Amplitude Tolerance {upper}[dE]

Tolerance Jower}[dB]

Caompanent

Frequency Hz  Tolerance [upper] 4B
Amplitude = (lawer] - dB

LChange

Bemaove

L5V filef5)..

< Step 6 >
This item is for setting of SRS Analysis Condition.

Press the [OK] button after setting of the conditions as below.

+ Sampling Frequency 8192Hz
+ Data Length 4096
* Max. Frequency of Analysis 1000Hz
* Min. Frequency of Analysis 10Hz
Analysis condition
4 )
Sampling frequency 2152.00 -
[ata length 4036 * point Iﬁl
e = Rief
Max. frequency 100000 = p; ILI
Register
Mir. frequenc 1000 =
\ sl a Hz y
P A4 Density of frequency 12 == fiters/octave
1) - e —
@ [ amping ratio 2l = Add a damping ratio...
By 4 walue

Analpsis ype
Initial/A esidual baundary

Analysis accuracy Level 2

Absolute acceleration




<Step 7>
This item is for setting of Reference SRS.
The first break point is to be set.

Select *10 Hz’ among the values in frequency list and input 10 m/s>> in amplitude. Then, press the
[Change] button.

5R% analysis condition / Reference SRS @
Analyzis condition oK.
Sampling frequency 819200 Hz an
Data length 4096 points
Max. frequency of analysis 1000.00 Hz
Min. frequency of analysis 10.00 Hz 3
Density of analysis frequency 12 filters/actave
Damping ratic of SDOF system 50% i
Analysis type Absolute acceleration
Initial/Residual boundary 0.0 ms hd
Reference SRS
Ma. Frequency [Hz] #hplitude[m./s2] Tolerance {upper)[dB]  Tolerance Jower){dB]
£ Uz
3 11325
4 11.54
5 1285 (S A4
& 1343 of 1)
Component
Frequency ’W Hr  Tolerance [upper] 300 = dp
Amplitude 100 = m__.-'sz] (lower] 300 == gg
L5 file[5]...




< Step 8 >
The second break point is to be set.

Select 1000 Hz> among the values in frequency list and input *10 m/s* in amplitude. Then, press the
[Change] button.

After completing of the break points setting, press the [OK] button.

SRS analysis condition / Reference SRS

Analyzis condition

1l

Sampling frequency 8192.00 Hz i
Data length 4096 points
Max. frequency of analysis 1000.00 Hz
Min. frequency of analysis 10.00 Hz =
Density of analysis frequency 12 filters/octave
Damping ratio of SDOF system 50% i
Analysis type Absolute acceleration
Initial/Residual boundary 0.0ms -
Reference SRS
Ma. Frequency [Hz] Amplitude[m,/s2] Tolerance (upper)[dB]  Tolerance (ower)[dB] -~

74
TE
78

=0

|
10.0 3.00 -3.00 1:

¢ . . Component
@ Frequency 100000 p;  Tolerance (upper) 300 = 4B

[ﬁmplitude | 100 = m.-"S’-] (lowaer) 300 = 4




< Step 9 >

This item is for setting of Waveform Synthesis Condition.

Make sure that Synthesized Waveform Type is set to Wavelet (WAVSYN).

Then, press the [OK] button.

Synthesized waveform definition
Sampling frequency

[ata length

(=51

1

)
P
=

00 p;  Unik | m/s2

ASE
lid points

Cancel

Synthesized waveform type

Wavelet (WAVSYN)

-

Frequency of the compensation waveform
['amping ration of the compensation waveform

Component waveform

Hz

1]

o2
<

MNo. Frequency [Hz] Reference [m/22]  Amplitude [m/s2]  Waveform [halfcycle]  Delay [msec] i
1 10.00 10.0 1.0 10 0.0
2 10.61
3 11.25
4 11.54 -1.0 1 0.0
3 12.66
6 13.43 -
Components definition(D)... ]
< Step 10 >
Press the [Next] button.
Reference SRS definition (1/2)
SRS analysiz condition / Reference SRS
SRS Analysis Condition i
Sampling frequency 819200 Hz
Data length 4096 points
Max. frequency of analysis 1000.00 Hz
Min. frequency of analysis 10.00 Hz
Density of analysis frequency 12 filters/octave
Damping ratio of SDOF system 50%
Analysis type Absolute acceleration
Initial{Residual boundary 00ms =
‘wiaveform synthesize condition
Waveform Synthesize Condition i
Waveform type Wavelet(WAVSYN)
MNo. Freg[Hz] Reflm/s?] Amp[m/s®] Period num[1/2cyc] Delay[ms]
1 10.00 100 10 10 0o
2 1061
3 1125
4 11.94 -10 1 0o
5 12.66
6 1343 000 =
<
Mext »» [ Cancel ] [ Fiefer




<Step 11 >
The definition of Reference SRS is completed.

However, Reference Analysis SRS obtained by SRS Analysis of generated Reference waveform
exceeds over the specified Tolerance. Tolerance check is resulted in NG.

Here, SRS Fitting calculation is operated to set the Reference Analysis SRS within the Tolerance by
Iteration process.

Iteration is operated by pressing the [Iteration] button.

Reference SRS definition (2/2) =
I Reference SRS EEElEREE |
100.0 M5 e Tolerance (UPP|  hiu a7
e Tolerance (lowe
B Reference anall  Min. -10.9831
o Componentwan
Welocity
tax. 3.526e-2
Min. -4 B4Ge-2
Dizplacement | mm
b ax 0.5023
Min.
(Toleranc:e check
b ax. NG
Min. QK
\
4 m 3
Dizplay data
@ 5RS W aveform Iteration[R )

<< Back ” EompletedE]|| Ea&l | | Refer || Fiegister |
AN

P A4
<



< Step 12>
The result of Tolerance check is obtained as OK when the Reference Analysis SRS is converged within

the Tolerance. Press the [OK] button to complete the definition of Reference SRS.

Reference SRS definition (2/2) (==3a]

— oo SRS Acceleration  |m/s2

I ) )
100.0 ™% e Tolerance (UPP gy, 59020
e Tolerance (lowg
B Reference anal{  Min 67399
e Componentway
Welocity
b ax. 3.500e-2
Hin. -3.756e-2
Dizplacement | mm
Max. 04786
i 05239

Talerance check
IMax. QK
Hin, oK

.

Dizplay data
@ SRS wiaveform

<< Back || Completed(E] | Cancel | | Refer H Fegister

0oo\
°




(Supplementary explanation)
The max. and the min. values of Acceleration / Velocity / Displacement of reference waveform are
displayed in the definition display of Reference SRS.

When the data to be displayed is specified to ‘Waveform’, the reference waveform is displayed in the

window.
Reference SRS definition (2/2) (=)
¥ @ Acceleration  |m/s2 \
e Reference SRS

2 Mas 6.9030

8.
Min. -6.7359

5

- “elocity mss -

4 Man. 3.500e-2
tin -3.796e-2

2,
Dizplacement  mm -

- Man, 0.4786

E \_ M 0.5239 )

r Tolerance check
e, oK

4.
Min, 0K

4 m 3
Display data
SRS @ | Meration(Br) |
<¢ Back ” EmmpletedE]l | Cancel | | Refer | | Reqister
\
000

L2



< Step 13>

Press the button to go to the next definition item.

Test definition

| Test Definition Infarmation

43 /0 Module Configuration
49 Excitation System Information
-4 Reference SRS

49 Control condition

----- [ Excitaticn system setting

..... | Input channel
..... | Level schedule

..... | Timing signal

< Step 14>
Set the Control frequency lines to ‘800’ and the Initial level to *30 %’. And press the [OK] button.

X
‘) 1
© ©

Control conditi

Hz Sampling frequency | 815200

[ Cantral freq. lines an0 - ] (delta f = 400 y,) Cancel
Contral frequency 400 == ¢== 320000 = . Detailed »»

Frequency range

*

Ann N |

Max observation freq. 220000 — 4,

Reaqizter
Loop check Maormal -
I mitial lewel 30.0 48




<Step 15>

Press the button to go to the next definition item.

J .. - N |
Test definition

| Test Definition Infarmation
-43 10 Module Configuration

©  Mext

A
49 Excitation System Information
o &) Reference SRS

ﬁ Contral condition

TR\

Change
----- [ Excitation system setting
..... | Input channel
..... | Level schedule
agd |l | Timing signal
< Step 16 >
Press the [OK] button.
Excitation systern setting

["Jinitial output voltage zetting I 00— s \ 0090

<
DOutput levvel at =FR measurement

by Contral Uit [¥] Auto I 03578 — o s

b axirnurn waoltage I 60.0 = mV mms

Excite by white noise




<Step 17 >

Press the button to go to the next definition item.

< Step 18 >

1
= Test definition
| [

Change

O

-

49 /0 Medule Configuration
49 Excitation System Information
49 Reference SRS

-4 Control condition

-4J Excitation system setting

Test Definition Information

1| Input channel

Select ‘Ch.1° and set as ‘Control’. Also, select ‘Ch.2’ and set as ‘Monitor’. Then, press [OK] button.

Input channel configuration
Mo. Channel name  Assignment Sensitivity Input type Polarity Type Abort level + Abort level - Add
Charge input (1 mV/pC)
2 Ch2 000Ch2 3.0pC/mssd) Change input (1mV/pC) - Monitor

TEDS update(T)
Ok

Input sensitivity Iuading] [ FRiefer ] [ Riegister
/ Cancel

Nah
2)



< Step 19>
Press the button of [Next].

’i Test definition

/ Mext [] Test Definition Information

> 43 /0 Module Configuration
-4J Excitation System Information

/ ) Reference SRS

P Control condition

49 Excitation system setting

#-%3 Input channel

..... | Safety check

----- | Level schedule

----- | Timing signal

< Step20>
Select ‘Excitation force check’ and input the value as ‘Specimen mass : 10 [kg]. And press the button of
[OK].

[ Freguency range S == Hz

E xcitation force check

Cancel

Specimenmass[ 100 = kg ]Tal:ulemass 00 = kg

Fisture mass 0.0 7 kg Other mass 0.0 = kg -
Reqgister(R)...
Armature mass 740 = kg Total mass 840 = e
ML M LIt Refer(E]...




< Step21 >

The definition is completed.

] New test definition - K2/Shock
File(F) Test definition(T) Operation(P) Edit(E)

e

L
Mew Simple Open  Test save

Excitation level Reference

View(\) Window(W) Option(Q) Help(H)

Print Preview

Progress Ermor ratio

Ope. start

Drive

Tolerance

B E—

Test definition | 8RS analysis data

Test definition is completed.

o 2% |
é Test Definition Information Testype SRS -
) /0 Module Configuration Exc. System Config.  Single shaker 3
&) Excitation System Information XFR function data Not exist
/ ) Ref SRS
Erence
. &) Control condition Drive data Not exist
) Excitation system settin Qperation status Naot exist
& Input (han:e\ ? Module Configuration
& Safety check Module ID Module type
] Level schedule 000 4ch 1fO module TYPE I
| Timing signal
Excitation system environment
Exc. System Info SystemX
Excitation group
Excitation group name 1
Excitation direction Z axis
Output channel
Channel name Madule ID Ch Polarity
Ch1 0oo Cchl Positive
Initial output voltage 30.0 mV ms
4 ) = ~ m
2019/ 4/18 10:23:10 Test definition is completed N
2019/ 4/18 10:23:10 The required force [0.5799 kM 0p] is
HEDH S

NUM

=) o=

Abort

Level

Increment

:

A fl. P\ ¥

Polarity

Repetitive excitation

Excitation stop timer setting

4/18/2019 10:23:33




< Step 22 >

Save the defined test information as a test file.

i) New test definition - K2/Shock
File(E} Test definiticn(T} Operation(P)
Tl

Test save

MNew

Simple Open

Reference

E xcitation level

=5

Print Preview

Progress

Edit(E} View() Window(d} Optiot

Test definition | SRS analysis data

'S} Test Definition Information

&) /0 Module Cenfiguration
&) Excitation Systern Information
&) Reference SRS

&) Contrel condition

&) Excitation system setting

&) Input channel

Press the [Save] button of a test.

The dialog box as below appears. Specify an arbitrary directory in ‘Folder’ and input a name to ‘File

name’.

Testtype

Exc. System Config.
XFR function data
Drive data

COperation status
Madule Configuration

[N P iy [

SRS

Single
MNot &
Mot e:
Mot e:

) Save As

[Save in: | | My Documerts

-le# @

I Name
S

Recent Places

Desktop
-_l_—T=IJ
Libraries

| .-
|

Computer

@

Metwerk

Date medified

MNo items match your search,

Type

==

Size

al

1

t

[ File name: Multi-SHOCK

Save

Save as type:

SRS-Shock test definition file(” srs)

-]

[ Cancel ]

Comment




< Operation of test >

<Step 1>

Press the button of [Operation start].

i) Mew test definition - K2/Shock
File(F) Test definition(T)

a3 =)

=¥,

Test save

Mew

Simple Open

Excitation level Reference

Operation(P) Edit(E) View(\) Window(W] Option(Q) Help(H)

Print Preview

Ope. start

Progress Eror ratio Drive

Tolerance

Test definition

» e
E);F;s;%efglzu? szur;natm: Testiype SRS -
/O Module Configuration ] E
o Exc. System Config.  Single shaker
&) Excitation System Information XFR function data Not exist
&) Reference SRS
. & Control condition Drive data Mot exist
&) Excitation system setting Operation status Mot exist
&) Input channel Module Configuration
£ Safety check Module ID Module type
] Level schedule 000 4ch IfO module TYPEII
| Timing signal
Excitation system enviranment
Exc. System Info. SystemX
Excitation group
Excitation group name 1
Excitation direction Z axis
Qutput channel
Channel name Module ID Ch Polarity
Ch1 000 Chil Positive
Initial output voltage 30.0 mV ms
rl — B »
2019/ 4/18 10:23:10 Test definition is completed m
2019/ 4/1810:23:10 The required force [0.5793 kM 0p] il
HHAET H 3
Test definition is completed. NUM

= e ==

Abort

SRS analysis data

Level

Increment

:

A fl‘ P‘ 5

Repetitive excitation

Excitation stop timer setting

4/18/2019 10:23:33




<Step 2>

The transfer function of controlled system is to be measured.

Press the button of [ XFR Measure].

PSS A4
<
£ Multi-SHOCK - K2/Shack a2 =
File(E) Testdefinition(T) Operation(P} Edit(E) View(y) Window(W) OptioniQ) Help(H)
= b o~ i 1‘
A LR = P x>
L L
Test save Datasave  Print Preview Ope. end Start
E xcitation level Reference Progiess Error ratio

Diive  Tolerance

Waiting for XFR measurement C C
- -

! 2
mfs? s

HFR function

%

| =)

R e R R A

10 {m/s2/m\

chl.

0.0 degres

o

Waiting for XFR measurement

NUM

Abort

Increment

e

Repetitive excitation

E xcitation stop timer setting

2/1/2017 | 14:30:05




<Step 3>
Loop check and XFR measurement is operated.
The system is automatically set to the state of waiting for the drive generation when the XFR

measurement is completed.

Press the [Stop] button when the operation needs to be aborted during the XFR measurement.

8

£ Multi-SHOCK - K2/Shack [E=5E=E
File(F) Test definition(T) Operation(P) Edit(E) View(¥)

3B e o > |

Stop

Window(W) Optien(Q) Help(H}

Testsave Datasave  Print Preview

Excitation level Reference Progress Eror ratio Drive  Tolerance  Abort
3 / in XFR measurement 6 O O
% mfs? % %

Level

XFR function
| |

SHtE Q2 & F| X Ce

1.g m/s2my/ chi.
Increment

1

Repetitive excitation

Excitation stop timer setting

o =
UM 2/1/2017 14:30:34

In XFR measurement




< Step 4 >
When the XFR measurement is completed, the graph of the XFR measurement appears.
Drive waveform is to be generated after checking the obtained transfer function normal.

Press the button of [Drive generation].

L X d
Yan
D)

£, Multi-SHOCK - K2/Shock { o= 5=
File(f) Test definition(T) Operatifn(B] Edit(E) View(y) Window()) Option{Q) Help(H)
3 L e P 2 p
[} i v
Testsave Datasave Print  Preview Ope.end | Stert
Evciation level  Fefefnee Fiogress Eiror rafio Dive Tolerance  Abart

XFR function rive
|

%

SUNNQFA | F @

1.9 m/s3/my chi

Increment

Fepetitive excitation

Excitation stop timer setting

Waiting for drive generation HURK 2/1/2017 14:31:1




<Step 5>

The system is set to the state for Excitation Start when the drive generation is completed.

In the operation status panel, Excitation level and Peak level of reference waveform are displayed.

In this example, the excitation is operated at 30 % at first. The setting of this level is not necessary to be
corrected because the initial level has been set to 30 %.

Check the Drive waveform and the Excitation level in the display. Press the button of [Exc. Start] to

start the excitation operation.

£ Multi-SHOCK - K2/Shock
File(F) Test definition(T} Operation(P) Edit(E} View(V) W
B W

L L
Testsave Data save

x>

Ope. end Start

Progress Error ratio Diive  Tolerance  Abort

- Waiting for excitation start C O C

Reference

E xcitation level

%

e Drive

Max. 160.3 mV 0p W
L Min. -178.4 mV op . Increment
540 mV ms |Q| |Z| 0.0

Positive

Repetitive excitation

Invalid

Excitation stop timer setting

MU 2/1/2017 14:31:56

Waiting for excitation start




< Step 6 >

The system is set to the state of Excitation completed when the excitation operation is ended.
In Operation status panel, the result of Control error rms and Tolerance check are displayed.

In SRS SHOCK test, the Tolerance check is judged according to the response analysis SRS (the result
obtained from the control response waveform analyzed by SRS).

The yellow mark is lit in this box when

020 the Tolerance check resulted in NG.

&

i) Multi-SHOCK - K2/Shack =N EER|EES
File(f) Test definition(I} Operation(P) Edit{f) View()j Window(¥) Option{Q) Help(H)
=3 [Liy - ' p 4 !
— — ? L s |
Test save Data save Preview Quick Ope. end Restart\ [Iteration
Excitation lewvel Reference Progress Ermor ratio
300 2.07/09 Excitation is completed
%
HFR function | Dri SRS analysis data peration status Level
30.0
B a Q2 EF =k :
Y
e Reference SRS
10,0 ™5 I Reference analysis SRS
e Response analysis SRS Inerement
B Tolerance upper !Im.ll W
B Tolerance lower limit
fue
Palarity
1.0
Pasitive
Repetitive excitation
Invalid
Excitation stop timer setting
0.10
10.0
o ®
Excitation is completed. (Excitation is completed correctly] MUM 2/1/2017 14:32:53




When the obtained response analysis SRS passes the check without any abnormal phenomenon, the
correction of drive voltage is executed according to the excitation result.

Press the [Iteration] button.
X3

£, Multi-SHOCK - K2/Shock

[E=) B [

File(F) Test definition(I) Operation(®) Edit[) View(l) Window(W) Option(Q) Help(H)

L e Ty x

Testsave Datasave Print  Preview Quick

Ope. end

E xcitation level Reference

Frogress Enror ratio

Dive  Tolerance  Abort

6'¢ @

%

XFR function |Drive | SRS analysis data | Operation status

Lewvel
! L R e 30.0
AN QE 2§ & | E i
%
e Drive
—
Max. 1493 mV 0p
Min. 1685 mv 0o [P
514 mY ms [ w0
3
Polarity

Pasitive
Repetitive excitation
Invalid

Excitation stop timer setting

Excitation is completed.(Excitation is completed correctly)
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<Step 7>

Check the drive waveform and change the Excitation level to 100 %.
Press the button of [Exc. Condition].

) Multi-SHOCK - K2/Shock =fE]) ==
File) Testdefinition(l) Operation(®) EditiE) View(y)

Window(¥t) Option(@) Help(H)

t L
Testsove Datasave Print  Preview

A L e x!

Ope. end

Ecitation level Reference

Progress Emor iatio Dive  Tolerance  Ahort

- watioa o cxctaion st [IRERENRERINEEN

%

HFR function |Drive | SRS analysis data | Operation status Level
[

= 5 e
o BA Wt L | G P 3 | | [ 5 30.0
DA QE 2| & F X E

I Drive

Max. 1464 mV 0o
Min 166.9 mV 0p
510 mV ms

Palarity

Repetitive excitation

Invalid

Excilation stop timer sefting

m %

Waiting for excitation start

NUM 2/1/2017 14:35:09

< Step 8 >

Set the Excitation level to 100 % and press the [OK] button.

3

Excitation conditicn

Encitation lewvel Folarity

/[Level 000 5|1 0.00 gg) @ -+ : |

Cancel |
(AL / [ Increment 100 |=5)

Tolerance check

| 00 == |

Jpper

Repetitive excitation

Operate
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tonitoring at the masimum walue Abort changing ratio

Encitation stop timer

@ Mat specify

Specify time interval 0 hous 0 minutes later
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< Step9 >

When the Excitation level is changed, the value of Excitation level and the peak level of reference
waveform are renewed in the operation panel. The drove waveform of proportionally adjusted according to
the level.

When the checks of the drive waveform and the Excitation level are done, press [Exc. start] to start the

excitation operation.

X
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File(F} Test definition(T} Operation(P} Edit(E) View(l) Window(W) Option(0) Help(H)
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L L
Testsave Datasave  Print Preview Ope. end Start
Excitation level Reference Progress Error ratio Drive  Talerance  aAbort
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%
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e
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EENFIEEEEEEEE
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Polarity
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< Step 10 >

When the excitation is completed, the system is set to the state of Excitation completion.

In operation status panel, the results of Control error rms and Tolerance check are displayed.

Press the button of [Exit] to end the operation. The system set to the test definition mode again.
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Chapter 4 Test Definition

4.1 Outline

In this system, a complete set of information needed for test operation is called ‘Test’.

To perform a test, Test must be defined first of all.

This chapter describes the procedure to define the Test.

Test is defined by the setting of the information in Table 4-1 in order for each Test types.

Table.4-1 Definition Information

Setting Information

(1) I/0O Module Configuration

(2) Excitation System Information

(3) Reference Waveform

(4) Control Condition

(5) Excitation System setting
(6) Input Channel

(7) Safety check*!

(8) Level Schedule

> > O |00 |0 |0 |0 O

(9) Timing Signal
(10) SRS Analysis Condition*?

O : Information that must be defined

>

/A : Information that is defined if necessary
Note) *1 This item is valid only when ‘Single shaker"' is selected in system configuration.

Note) *2 SRS is an optional function.

Information of Test completely defined is to be saved in a file as a specified format of ‘Test File’.
Test operation can be executed by loading a file in which the information of Test defined beforehand is

saved as a Test File.



4.2 Reference Waveform

Reference Waveform is defined.

This definition determines the waveform to be generated on the shaker table.

Refer to ‘Chapter 5 Reference Waveform Definition’ about the details.

4.3 Control Condition

The parameters concerning to the control is defined.

Sampling frequency fs is one of the important parameters that defined in Reference Waveform. So, it

is not needed to be defined in Control Condition.

The maximum controllable Frequency range fmax is related to the Sampling frequency fs as below ;

fmax =fs/2.56

Therefore, the Frequency range is determined automatically when the Sampling frequency is specified.

And it 1s also not needed to be defined in Control Condition.

-

Control condition

320000 y, Sampling frequency | 819200 1,
1600 * [deltaf= 200 ;]

320000 (=]

Frequency range
Cantrol freq. lines
Contral frequency 200 = ==
Max. observation freq. 320000 =

Loop check, Mormal -

| Crozs-talk control iz operated

-

x5
T
 Cancel
Detailed >>

Refer
Register

4.3.1 Control frequency lines (Control freq. lines)
(1) Meaning

Complex Spectrum data for N/2 lines is obtained in the Frequency range by FFT for the

waveform data of one frame length (for N points). Control frequency lines is for specifying the

number of data line (from the lower frequency) that is treated as the valid data of control

operation.

The relation between Control frequency lines L and the number of points N for FFT is

expressed as below ;
L=N/2.56

Frequency resolution which means the closeness of control on the frequency axis A fis

determined when the Control frequency lines is specified.

The relation between A fand the Control frequency lines is described as below ;

Af=fmax /L (=1fs/N)



And, the Frame Time T (the time of Waveform Data for N points) has the following relation
with the Control frequency lines Af:
T=1/ Af [sec]

< Selection guide for Control frequency lines L >

The line number is selected based on the transfer characteristic of the controlled system. To
succeed in control, almost all impulses response of the controlled system must be within the set
control frame.

If unsuccessful, select a larger line number stepwise. It is better to do it this way rather than set
an excessively large number.

In Loop check or XFR Measurement, the excitation for at least one frame time has to be
operated. So, the closer the Frequency resolution is specified, the more it takes time.

When the use of Transfer Function File or Drive Data File is specified in the definition of the
fundamental condition, the correction of this item is prohibited because consistency must be

maintained with those data.

4.3.2 Control frequency
(1) Meaning
Control processing of this system is performed in the frequency domain. This is a special item
which defines a function to give a certain restriction as needed in order to achieve better control
when control is done in the frequency region. The function is indispensable in some cases, so
please take the time to understand it.
Generally, the frequency band in which the control is operated is denoted as [ A f, fmax] ([0,

fmax] in DC Control). It is better to control this frequency band to obtain a good result.

For example, most frequency components of the reference waveform dominate in the
frequency band which is much lower than fmax. When it is sufficient to control components up
to some fmax/2 in order to meet the requirements for waveform reproduction, it is better to
exclude components in a higher frequency band from the controlled components. In particular,
the drive correction algorithm of this system is very sensitive to non-linear response (frequency
components originally excluded from the reference waveform appear in the response waveform),
so it is sharp but sensitive to noise. Therefore, it is better to exclude a negligible band from the

controlled band.

Likewise, when A fis too small, it is better to exclude the much lower frequency band from
the controlled band depending on the characteristics of the pickup used. An observation in the
lower frequency band may affect control and generate a large displacement, so it is important to

set this item properly.

In this item, as a controlled frequency band, a maximum and a minimum frequency value are

set. If we denote a minimum frequency f1, and a maximum frequency f2, the relation with the



Control frequency range fmax must be as follows ;
0 = fl < f2 = fmax

In actuality, the data of the frequency band is only in Control frequency lines, so the
corresponding line number is determined by rounding up 0.5 and above and cutting away the

rest when the defined values of f1, 2, divided by A f are not whole numbers.

When an ordinary piezoelectric pickup is used, f1 must be set to about 1 ~ 2 Hz.

4.3.3 Max. observation Frequency (Max. observation freq.)
(1) Meaning
This item is for the setting of the Cut-off frequency of LPF (Low Pass Filter) operated to the
acquired waveform.
Usually the setting value is met with a setting value of Control frequency Range fmax. But it is

possible to set a smaller one if necessary.

To exactly process a signal in the frequency band within the defined Control frequency Range
fmax, corresponding to the nature of the input signal, the band must be restricted using LPF and
a digital filter.

In this case, it is reasonable to set the Cut-off frequency fc corresponding to fmax. However,
for example, when frequency components of reference waveform data are much lower than
those of fmax, and higher components than those frequency components must be cut from the

beginning in observation of response data, the function of this item is very useful.

Denoting the observation frequency by fobs, the possible setting range of fobs is as follows ;
f2 = fobs = fmax
where fs = maximum Control frequency defined in the previous clause.

Filtering is processed in digital.

4.3.4 Loop check
(1) Meaning
This item is for specifying the strictness of the criteria for monitoring the control loop

correctly connected.

For the Loop check in transfer function measurement, the vibration generator is given white-
noise output signal of the level defined as Initial Output Voltage before the measurement. Loop

check is for checking the voltage level to find an abnormal control loop.

In this item, an abnormal detection criteria for Loop check must be selected from the

following ;



1. Severe : The severest criterion for a specimen with a good linearity.
2. Normal : The criterion allows an ordinary level of non-linearity.
3. Loose: The criterion allows a larger non-linearity. Use this criterion when the Loop

check is failed in the ‘Normal’ setting.

4.3.5 Initial level
(1) Meaning
Before testing on the basis of the defined reference waveform, a trial run of the specimen or
excitation system may be needed : reproduce the waveform analogous to the reference
waveform at a lower excitation level.
The lower excitation level, which is the reference to reproduce the initial waveform, is called

the Initial level.

This item defines the Initial level, which is defined in the form of a percentage having the
reference level (100 % [0 dB]) as the standard.

The setting of excitation level can be changed (less than 100 %) any time during the testing of
actual excitation, but it is easy to make the mistake of doing excitation at 0 dB from the
beginning. This can be avoided by first setting the required value. This item helps you to avoid

making this mistake.

4.3.6 Cross-talk control
(1) Meaning
This item is for specifying whether to do cross-talk control or not.
Cross-talk control is the core of multi-point/multi-axis control operation so it must be usually

set to ‘operate’.

‘Not operate’ is set only in the following cases :
(1) Too large drive voltage is required if cross-talk control is done. So the cross-talk
control cannot be done according to the limitation of the excitation system.
(2) Operation without cross-talk control is intentionally tried in order to confirm the

effect of cross-talk control.

When setting to ‘not execute’ is done, the control operation is carried out in the following
sequences :
- Cross-talk control between the excitation groups is not done.
- Cross-talk control between output channels that belong to the same excitation group is done.
(Consequently, to cease cross-talk control completely, all shakers must be defined so as to

belong to different excitation groups.)



4.4 Excitation System setting

In this dialog, the items concerning with the excitation and the output system of control are defined.

* When “Single shaker” is set for system configuration

Excitation systemn setting @

Loop check lLI
{ritial output valtage sethng lim mV mms EI

Output lewvel at *FR meazurement

| by Control Unit | Auto 3.1507 m/s2 ma

b amimurn voltage 600 = mV ma

Ewizite by white noize

* When “Multiple shakers” or “Multiple physical quantity” is set for system configuration

-~ "

Excitation group setting - Acceleration

Loop check,

I nitial output voltage setting 300 mV me Cancel

Cutput level at =FR meazurement

100.0

e
= | MV mms

Ewcite by white noize

Min. random phase-frequency 000 =

4.4 .1 Initial output voltage setting
(1) Meaning
Initial Output Voltage is the voltage which is given at first to a vibration generator for the
initial Loop check.
The set value is specified by the unit of [mV] for the voltage in RMS.
When this item is not defined, the value of Initial output voltage (mVrms) defined in
Excitation System Information is used automatically.

Note) The value of Initial output voltage should be set properly for the shaker to be used.



4.4.2 Output level at XFR measurement
(1) Meaning
Following two types of methods are available to specify the Excitation Level at measurement
of XFR Function ;
1.Specify by Output Voltage
2.Specify by Control Unit

When this item is specified by Output Voltage, the voltage level (RMS) of drive signal given
to a generator is defined to make excitation for the transfer function measurement.
When this item is specified by Control Unit, the Excitation Level (RMS) is defined for the

transfer function measurement.

When the excitation for transfer function measurement is controlled, the random drive signal is
outputted after the response frequency component (the average of more than one component) is
equalized to have almost flat characteristics

This item defines the level of the drive voltage waveform.

When this item is specified by Control Unit, the level of Output Voltage is calculated by the
system gain obtained in Loop check and the response level specified. However, the output
voltage level will be limited to the maximum voltage. The initial-value setting for the maximum
voltage is double the initial output voltage.

In the case of specifying by Control Unit, the Excitation Level can be specified automatically.

When the check box of ‘Auto’ is selected, the system defines the Excitation Level as a

function of Reference Peak Value automatically.

The theory of Excitation Level definition is based on the guideline that operating the transfer
function measurement by using the required level as lower as possible. Concretely, the
Excitation Level (RMS) is defined as —20 ~ -40 dB of Reference Peak Value as below ;

Reference Peak Value Excitation Level (RMS)
of XFR Measurement

1m/s* 0.1 m/s*

10m/s* 0.46 m/s’

50m/s* 1.36 m/s’

100m/s” 2.15 m/s’
500m/s’ 6.3m/s’
1000m/s’ 10m/s’

To set flat characteristics to drive output spectrum instead of response frequency components to
be equalized to have almost flat spectrum, mark the checkbox for “Excited by white noise”.

The relationship between this setting and the system configuration is listed in the table below.



System configuration Setting condition

Single shaker This setting is enabled when XFR function measurement

output level is set by voltage.

Multiple shakers This setting is enabled.

Multiple physical This setting is always active. Excitation is conducted so as

quantity to provide flat characteristics for drive output.

4.4.3 Minimum random phase frequency

(1) Meaning
During XFR function measurement, non-correlated random signals are used between all drive

output channels. However, applying non-correlated random signals causes a large displacement
difference between shakers, which may result in a system fault. To prevent this, you can limit a

phase difference between drive outputs to the frequency specified with this function.

4.4.4 Configuration of excitation groups

' EE=

Excitation group configuration

Excitation group  Initial output voltage(m'v) XFR measurement levelimy)  Number of input channels

Z-ois 30.0 100.0 1
Holois 30.0 100.0 1 Change..

Delete

Available excitation group

Bxcitation group MNumber of input channels
Y-Axis 1
Add..
[ ok
Cancel
(1) Meaning

For multi-axis control, it is necessary to assign an excitation system to each excitation
group. The above window is used to set an excitation system to be assigned. If you select
an excitation group that can be added and press the [Add] button, the selected group can

be used as an excitation group.
Excitation group setting is enabled by selecting [Option] — [Environment setting].



4.5 Input Channel
4.5.1 Outline

In this system, there are two types of response input channel ;
Control channel

Monitor channel

In this system, all of the used input channels are defined as Monitor channels.

Therefore, an input channel specified as Control channel also has the function as Monitor.

Control channel is the most important one of which response signals are controlled to meet with

the control reference. And, only one Control channel is available to be specified.

Physical quantity controlled by the control channel must have the same dimension.

4.5.2 Input Channel
The input channels to be used are set in the definition dialog of Input Channel.
Two setting methods of input channel are available in this system ;
Set the input channels for each Test Definition

Set the input channels by referring to the Input Channel Information

Input channel configuration (===

No. Channelmame Group Name  Assignment Sensivity Input type Polarty Type Reference  Abort level + Abort level - Add..

o.
1 Ch pC/m/s?) eV 5 = 7 g 3: 52
2 oy Y 000Ch2 3.0pC/m/eD Chiarge input (1 m/C) < Monitar [ Chenge... |
1 oz z 000Ch3 10.0 mV/mssd Voltage input (AC) . Mnitor

[ Dok |

Control -

3¢
.

TEDS update(T)

0K

g sensiiviy loading Register

[Add] : The use of a new input channel is declared.
[Change] : The definition of declared input channel is changed.
[Delete] : The declared input channel is deleted.

[Up] [Down] : The registered order of an input channels is corrected.

The registered order has mot much meaning than the order of graph display.

[Not used] : The channel is not used.
[Control] : The channel is used as a control channel.
[Monitor] : The channel is used as a monitor channel.

[Exc. Grp.]  : The channel is belonged to the selected excitation group.
[TEDS Update] : The input sensitivity is set from the connected TEDS corresponding IEPE
sensor automatically. The function is enabled with the TYPEII hardware.
[Refer] : The registered definition contents of input channel configuration is loaded and

used.



[Register]  : The defined contents of input channel configuration is saved and registered as
a file.

4.5.3 Input sensitivity loading
The [Input sensitivity loading] button is for loading the sensitivity data directly from the
sensitivity data file of CSV format in the dialog of Input Channel Configuration.

File format : the file format to be loaded is displayed as ;
Ist line : comments
2nd line and below : sensitivity data

For example, the data of “n line, 1st column” is described as below ;

l"_:. Sensitivity File.cs¥

A B C D E
1 |TestData Acceleration FickupiTypeb pCfim/s™2)
2 2.95
3 3.05
4 3.01
5 3
B

The operation method of sensitivity data loading is ;

The dialog appears when the [Input sensitivity loading] button is pressed in Input Channel

Configuration.
';9; Open @
Lookin: 5| My Documents - @ 3 = [~
= Mame : Date modified Type
che e £ | Sensitivity File.csv 1/1/2017 9:54 AM CSV File
Recent Places
Desktop
-_l_—T=lJ
Libraries
A
Computer
@
h 4| i b
Network
File name: Sensitivity File -
Files of type: Input sensitivity information file(”.cav) vl [ Cancel ]
Comment TestD ata Acceleration Pickup(Typed:pCdmds"2)

Select a file and press [Open] to load the input sensitivity data.



Input channel configuration

No. Channelname Group Mame  Assignment Sensitivity Input type Polarity Type Reference  Abort level + Abort level -
1 2.950 pC/im/s3) Charge input (1 mV/pC)
2 ChyY Y 000-Ch2 3.050 pC/fm/s3 Charge input (1mV/pC) + Moritor Change...
3 Chz Z 000Ch3 3.010mV/m/s3 Voltage input (AC) - Menitor

o<l

Cortrol -

b3
4

TEDS update(T]
0K

|\nput sensitivity Inading§| [ Refer Redgister
ancel

Note) The loaded input sensitivity data is automatically allocated to the channels in order.
Therefore, the sensitivity data will not be allocated for the rest of channels when the number
of channels is more than the number of sensitivity data. And the reverse case, the sensitivity

data allocating is stopped when all the data is loaded for all the channels.

Input sensitivity data file needs to be closed when it is loaded. Loading operation is impossible to

execute while the file is opened.
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4.6 SRS Analysis Condition (SRS Option)
In a test other than SRS_SHOCK, the analysis condition is defined for SRS Analysis of the monitor
response.
On the other hand, in a test of SRS SHOCK, the SRS Analysis for Monitor Response is always

available to operate and the analysis condition is as the same as that defined in Reference SRS.

< Procedures >
<Step 1>
Select ‘SRS Analysis’ and press the [Change] button.

) Multi-SHOCK - K2/Shock
File(F} Test definition(T) Operation(P] Edit(E] View

=l oY = .
S = _|-_~1 , (
I { ] L

Simple Open  Test save I

E witation level Reference

Test definition | Reference graph

&) Test Definition Information
-4 /O Module Configuration

_ -4 Excitation Systern Information
o |’ 49 Reference waveform

022 Change t‘) Control condition
°) 49 Excitation system setting
@ -4 Input channel

..... | Level schedule
----- | Timing signal
----- B SRS Analysis Condition




< Step 2 >
Define the items in SRS Analysis Condition.

Analysis condition @

Sampling frequency 2560.00 Hz ]

D ata length 23931 point Cancel
= Fef

Max. frequency 1000.00 = 1, Gl

Min. frequency 005 = p;

Denzity af frequency 12 = fiters/octave

D amping ratio 50 = e Add a damping ratio...

By [ value

Analysiz type Absolute acceleration - mfsd -

Initial/R esidual boundary 00 = g

Analysis accuracy Level 2 -

The values of Sampling Frequency and Data Length have already defined in Reference Waveform.

These values are not to be defined in SRS Analysis Condition.

4.6.1 Max. Frequency of Analysis (Max. Frequency)
(1) Meaning
This item is for specifying the maximum value of frequency range at SRS Analysis. SRS is
obtained by calculating the response of each SDOF system configured for each Density of
Analysis within the segment between Min. Frequency of Analysis specified in the following

item and Max. Frequency of Analysis specified in this item.

4.6.2 Min. Frequency of Analysis (Min. Frequency)
(1) Meaning
This item is for specifying the minimum value of frequency range at SRS Analysis. SRS is
obtained by calculating the response of each SDOF system configured for each Density of
Analysis Frequency within the segment between Min. Frequency of Analysis specified in this

item and Max. Frequency of Analysis specified in the above item.
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4.6.3 Density of Analysis Frequency (Density of Frequency)
(1) Meaning

This item is for specifying the density of SDOF system filters prepared to operate SRS
Analysis.

That is, in this item, the number of SDOF system to be set for each 1 octave is set.
(filters/octave)

Total number of SDOF filters to be composed is defined by the specified value of this item
and the specified values of Min./Max. Frequency Analysis. Maximum of total number is 256 in

this system.

4.6.4 Damping Ratio of SDOF System (Damping Ratio)
(1) Meaning
This item is for specifying the common value to all the filters as damping ration of SDOF
system filters prepared to operate the SRS Analysis as below ;
L€
Ce

Where, C. is the criteria damping factor of SDOF system ;

Ce=2\mk

Generally, the value Q and the damping ratio ¢ is related as below ;

1
°T%

4.6.5 Analysis Type
(1) Meaning
This item is for specifying the type of output waveform data to be calculated, that is, the type
of SDOF System to be defined.
One of the following types of output waveform can be selected ;
a. Absolute Acceleration Output Waveform

b. Relative Displacement Output Waveform

4.6.6 Initial / Residual Boundary
(1) Meaning
This item is for setting of a data which denotes an effective completion time of input
waveform and is used as the base for calculating the initial response SRS (+1, -1, absI) and the
residual response SRS (+R, -R, absR) in the process of SRS Analysis operation (which defines
the boundary of ‘Initial’ and ‘Residual’).
The setting of this item influences the SRS data to be obtained largely but does not influence

the maximax SRS.



4.6.7 Analysis Accuracy
(1) Meaning

This item is for selecting the accuracy of simulation calculation operation to obtain the output
waveform from SDOF system.

Analysis Accuracy can be selected among the 5 levels from ‘Level 1’ to ‘Level 5.

When a larger number of level is set, the calculation becomes more accuracy and the
calculation takes more time (increasing almost exponential functionally).

The schedule of operating the interpolation is automatically dedicated according to the
resonance frequency of each SDOF system.

In ordinal cases with Damping Ratio < 10 %, enough accuracy can be obtained by the setting
of ‘Level 2°.

4.6.8 Multiple Damping Ratio
(1) Meaning

In addition to the Damping Ratio specified in Damping Ratio of SDOF System, SRS Analysis
by multiple Damping Ratios is simultaneously operated. However, in SRS Analysis by multiple
Damping Ratio, only the maximax SRS is analyzed.

Press [Multiple Damping Ratio] button when multiple Damping Ratios of SDOF System is
needed to be specified. The dialog box as below appears by pressing of [Multiple Damping
Ratio].

Press [Add] and input the value of SDOF Damping Ratio.

P il

Damping ratic list

Dramping ratio of SOOF sestem(®) | k. |
10.0 % | | Carcel |

Dramping ratio

200 = . Add

e
| Change |
| Delete |
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4.7 Level Schedule

This function is for operating the test by scheduled excitation level.

The schedule condition of Excitation level, Excitation count and Iteration are specified in each item of

Level Schedule.

The excitation operation is selectable between by a normal operation or by a level scheduled operation at

the excitation start even if the Level Schedule has been defined.

< Operation procedures (definition) >

<Step 1>

Select the item of Level Schedule and press the button of [Define].

7 Multi-SHOCK - K2/Shock
File(F) Test definition(T) Operation(P) Edit(E)

Simple Open  Test save

Excitation level Reference

Test definition | Reference grapl

&) Test Definition Information

-9 VO Module Configuration

- ) Excitation System Information
i 49 Reference waveform

-3 Control condition

-4 Excitation system setting

-3 Input channel /

..... 0

..... | Timing signal

----- | SRS Analysis Condition




< Step 2 >

Define the ‘Level Schedule’.

Level schedule 7
Mo. Lewel{i)  Exciationcount Excitation intervalimsec) Polarty —herstion Pauss
i 1 E 1times. / Positive 5times Stop the operation at the emor detected. OF]
2 600 1times 0.0 Positive 5 times Stop the operation at the emor detected. QFF
3 70.0 100 times 0.0 Positive Mot operate ON
4 100 10000 times 0.0 Positive  Stimes Stop the operation at the emor detected. QFF
Delete
Level 00 = % Excitation count 11 times Add
Excitation interval DO e Palarity @ + -
[¥] Iteration [7] Pause the schedule.
ax. numbers of lteration 5= times
[¥] Stap the schedule at failing in the iteration processing.
] Repeat the whale schedule
Irfirite tines | times
oK I | Cancel

The following buttons are used for setting and registering of each schedule item.

[Add] :

[Change] :

[Delete] :

4.7.1 Level
(1) Meaning

This item is

This button is for registering a new schedule item

After inputting the values to Level and Time, press this button to register and
display the current schedule in the list.

This button is for changing the values of a registered schedule.

Selecting a schedule by a mouse, input the values to be changed and press this
button.

This button is for deleting the registered schedule.

Selecting a schedule to be deleted by a mouse, press this button to delete it.

for setting of the excitation level.

4.7.2 Excitation count

(1) Meaning

This item is for setting of the excitation count (times of repetitive excitation).

When the schedule is operated, the excitation operation is repeated for the specified times of

this item.

The excitation count of Iteration process is not included in this excitation count.
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4.7.3 Excitation interval(Time interval)
(1) Meaning

This item is for setting of the interval of repetitive excitation.

4.7.4 Polarity
(1) Meaning

This item is for setting of the polarity of excitation (excitation direction).

4.7.5 Iteration
(1) Meaning
Tolerance check and Iteration process are to be scheduled to operate by setting of this item
before the repetitive excitation is operated for the times specified in Excitation count.
When this item is activated, Tolerance check is operated before the repetitive excitation
operation. And Iteration process is also operated when the Tolerance check results in NG.
Phase of Iteration is stopped and the repetitive excitation is started to operate when the system

passes the Tolerance check as OK.

4.7.5.1 Max. Numbers of Iteration
(1) Meaning

The maximum times of Iteration processing is specified when Iteration is to be operated.

4.7.5.2 Stop the schedule at failing in the iteration processing
(1) Meaning
This item is for setting the schedule stop when the tolerance check results in NG even
though the Iteration times are set to the maximum (at failing in the iteration processing).
When this item is set to activate, the system stops the schedule and shifts to the state of
excitation completion at failing in the iteration processing.
On the other hand, when this item is not set, the system continues to proceed to the phase

of repetitive excitation without stopping the schedule at failing in the iteration processing.

4.7.6 Pause the schedule
(1) Meaning
When this function is not set, the system proceeds to the next scheduled item automatically at
completing of the excitation (repetitive excitation) of the current schedule.
When this function is set, the system pause the schedule and set the state of waiting for the
operator’s command at completing of the excitation (repetitive excitation) of the current

schedule.



4.8 Timing Signal
4.8.1 Outline
When you measure using an external instrument synchronizing with excitation, some signal
from this system may be required as a Timing Signal.
When this item is used, a constant DC voltage is outputted for the specified timing

synchronizing with the drive signal for control (reference signal).

The output channel for Timing Signal is available to specify for one among arbitrary output

channels except the output channel specified for control.

4.8.2 Basic Operation
< Example >
Timing signal of 5V is outputted for 500ms ~2000ms synchronizing with Reference.

In this case, Ch.2 is used as the output channel for Timing Signal.

< Procedures >
<Step 1>
Select ‘Timing Signal’ and press the [Define] button.

7 Multi-SHOCK - K2/Shock
File(E) Test definition(T) Operation(P) Edit(E) '

N & =3

f —

L {
Simple Open  Testsave

Excitation lewvel Reference

Test definition | Reference graph

) Test Definition Information

-3 YO Module Configuration

- - 4) Excitation System Information
i -4 Reference waveform

-4 Control condition

-4 Excitation system setting

-4 Input channel

..... | Level schedule

20
R
)
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<Step 2>
Specify the ‘Module ID’ and the output channel ‘Ch.” as Ch2.
Input 5V’ to ‘Output Level’.

i =

Tirning signal @

[Mu:u:luleID 00 =+ Ch Ch - ] ok

/'Elutput el Al = Cancel

W
Sighal output range \ Graph display...

| <= | e

< Step 3 >
Press the [Specify range] button in Signal Output Range.
The dialog of Signal Output Range setting appears by pressing of [Specify range].

P "

Tirning signal @

Modue [0 000~ [k Ch2 - 0k
Output level 50 =y Cancel

Signal output range Graph display. .

| == ms




< Step 4 >
Input ‘500ms’ as the value of ‘Begin’ and ‘2000ms’ as the value of ‘End’.
Then, Press [OK].
However, the specified value in these items are rounded off the nearest actual output time
because the time interval of actual signal output is determined by Sampling Frequency.

Press [OK] to return to the definition display of Timing Signal.

Specify range @

1000.0 ™5 | Cancel

0.0

-500.0

-1000.0
0.0ms 5000.0 10000.0 14554

Curzor

@ Begin @ End

\[ 5000 = s | Min[S) | ¢==> 20000 = ms]g




<Step 5>
Press [OK].

Tirning signal

Module I 0000~  Ch Ch2 -
Output level 50 =y
Signal output range
| 500.0 ¢== | 20000
| Specify range... |

| Caricel |

L 24

| Graph dizplay. .. |

Where, the defined Timing Signal and Reference Waveform are displayed by pressing the

[Graph] button.

Tirning signal

ModulelD 000  » Ch Ch2 - | ok |
Output level 50 =y |ﬂ|
Signal output range
| 500.0 <== | 20000 0o
- <
| Specify range... |
Tiring signal waveform @

1000.0 ™5
750.0
500.0
250.0

0.0

-250.0
500.0
750.0

-1000.0
0.0ms

e Reference

B Timing signal




4.9 Iteration (Correction of Drive data)
4.9.1 Outline
Iteration is one of the methods for achieving improved control accuracy.
The control error data can be obtained by comparing reference data with control response data.

And drive data is corrected so that control error data becomes reduced.

4.9.2 Basic Operation

< Procedures >

Press the [Iteration] button in the state of ‘Excitation completed’.

Ope. end bart Restart \ Iteration

Progress Error ratio

Excitation is completed.




4.9.3 (This section is left blank intentionally.)



4.10 XFR renewal (Correction of XFR)

4.10.1 Outline
XFR renewal is one of the methods for achieving improved control accuracy.
XFR function of the controlled system can be obtained from excitation result.
XFR function is renewed by using drive data and control response data.

The drive data has the following options.

* Case to replicate the drive data.
The new drive data is replicated by using the renewed XFR function and the reference data.
The system state proceeds to ‘Waiting for excitation start’.” from ‘Excitation completed’.
+ Case not to replicate the drive data.
XFR function is renewed and the current drive data is used.
Then the system is set to the state of ‘Excitation completed’.
When ‘Iteration’ (refer to “4.9 Iteration”) is executed in this state, the current drive data is

corrected by using the renewed XFR function.

4.10.2 Basic Operation

< Procedures >
<Step 1>

Select [Operation] — [XFR renewal] in Menu bar in the state of ‘Excitation completed’.

-

) Multi-SHOCK - K2/Shock

File(F) Test definition(T) | Operation(P]) | Edit(E) View(V] Window(W

= Operation start(F2) ~
> | End(F3) ?
Excitation condition(Fg)... =0
X ' |
|Y | z Excitation start{F7)
Ex=citation level Refere Stop(F9)

30.0 Retry(F10) I
Y Tteration(F11)
erationl - 000
Oy
B

YER f . XFR renewal(F12) < @
LIPS
: XFR measurement ag?er{Aj
Level sched: Previous drive(P)
Waiting for e To Oth drive(D)
/ 2017/01j011 Level schedule start(5)
) Sampling fre Level schedule retry(R)
Data length 29981




<Step 2>

Select whether to replicate the drive data by using the renewed XFR function.

P =

Multi-SHOCK - K2/5hock E3

g ™% The drive data is to be replicated by the renewed XFR function.
0 aK?

+ Case to replicate the drive data
The current drive data is discarded and the new drive data is replicated by using the
renewed XFR function.
Then the system is set to the state of ‘Waiting for excitation start’.
+ Case not to replicate the drive data
XFR function is renewed and the current drive data is used.
Then the system is set to the state of ‘Excitation completed’.

Refer to “4.9 Iteration” for the operation that follows.

4.10.3 (This section is left blank intentionally.)



4.11 Drive data edit

CAUTION
This is the function to edit directly the drive signal that drives excitation system.

The improper edit may result in property damage or injury.

Please pay attention to this operation.

4.11.1 Outline
This function is for editing the current drive waveform by changing the level of drive spectrum.

Drive data edit has 2 methods.

* Specify the pattern of weighting factor(selection range:0~1) in arbitrary frequency range and

filtering drive waveform using this weighting factor.

It is possible to specify objective region of this editing in time domain.
* Specify PSD level at arbitrary frequency and generate drive waveform.

This function is valid in the state of ‘Waiting for excitation start’.

*1) The level in frequency domain cannot be set exceeding level of original data.

*2) The time domain that this editing is executed might be different from the definition

because of using FFT.

4.11.2 Specify frequency weighting factor

< Procedures >
<Step 1>
Press [Drive data edit] button in Manual operation bar.

Level

[nzrement

@7 w

[Drive data edit] button

e |




< Step 2 >
The dialog box as below appears.

Select 'Specify frequency weighting factor' and press [Next] button.

-

) [ Drive data edit

S Srecify frequency weighting factar

A | Specifu PSD Level

\“ MemtiM] > I I Cancel




<Step 3>
The drive data edit dialog box as below appears.

This procedure is as follows.

(D  Select the data name of drive waveform to be edited.
@  Set the frequency weighting factor and the objective region.
* The frequency weighting factor is specified by Center frequency , Level, Band width and
Slope width in Level setting.
+ The objective region specified by begin and end point.
@ Press [Apply] button.
(Repeat the operation of @~ as necessary.)

(@Setting of the objective region

/

Drive data edit (Specify frequen eighting factor) [
D ata name
OLﬂDLI‘t L4
Drrive PSD

-100.0
-250.0
0.80Hz 100 100.0 '320.0
¢/ Cursor e
4 b
@ Beqin " End
0.0 2 ms | Min(S) | comy 9998.7793 2-ms | Max(l) |
| Frequency{Hz) Level Band width(%) Slope width(%)
DeletalD] 0.80Hz 1000 1000 3200
Lewvel zetting
Center frequency 2 Hz
Lewvel z
Band width = 5 Add(d]
Qope width : 3 Chanige(R) / Apply
\ Restore the preceding data | Restore the initial data | | 0k | | Cancel

\

(@Setting of the frequency weighting factor
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<Step 4>
An example is described as below.
Drive signal is synthesized from sine wave of 10Hz and 50Hz and Data name is 'Output'.
Remove sine wave of 10Hz from this drive signal and the objective region of this editing is from
3sec to 7 sec.
(D Specify the objective region.
Set 'Begin' to 3000[ms] and set 'End' to 7000[ms].
@ Specify the frequency weighting factor in Level setting.
Center frequency : 10[Hz], Level : 0, Band width : 50[%], Slope width: 50[%]
(@ Press [Apply] button.

Editing of drive waveform is executed according to this setting.
The edited drive waveform and PSD are displayed.
If the displayed data is proper, press [OK] button.

Drive data edit (Specify frequency weighting factor) R
[rata name
OLﬂDLI‘t -
Dirive PsD
e Edited
e Originz
0.0szec A 99588 0.80Hz 100 100.0 ‘3200
Curzor Level
i ] }
) Beain @ End

30000 Sims [ MintSl | ooy 70000 ;s [ Manl) |

|Frequency[Hz} Level Band width(%) Slope width(%) |
' 0.0 E |

0.80Hz 10.0 1000 3200

| Delete(D) |
Lewvel zetting
Center frequancy 1040 = He
Level 00 = 009

Band width 500 (= 5 Adda)
Slope width 500 = 2 Change(R] | Apply

i

Hestnletheprecedingdatal | Restore the intial data | | QK | | Cancel




(Supplementation with setting of frequency weighting factor)

The method of specifying the frequency weight factor is as shown in the figure below.

Center frequency:fO[Hz], Band width:fw[%], Slope width: s[%]

fw[%]

fl = fbl=((100+s)+100)

¢ fh = fohx((100+5)+100)

:

bl = f0+((100+fw)+100) £0 fbh = f0x((100+fw)+100)
These values in this example are as follows.

f0=10Hz

fbh = 10x((100+50)+100) = 15Hz

fbl = 10+((100+50)+100) = about 6.7Hz

th = 15%((10+50)+100) = 22.5Hz

fl = 6.7+((10+50)+100) = about 4.4Hz

<Step 5>
When editing is executed in the state of ‘Waiting for excitation start’

The edited waveform is set as the drive waveform.

| Reforenca /- Responss EOper:ation status|

I.XFR function 7: Drive

BHFH Q2 & R @[

e Drive
gp.0 MV Lt Max 614 mv op
Min. 614 mV g
250 mV ms

“ L
|

-80.0

00sec 10

20 30 40 5.0 6.0 70 80 90 59923

=M+ =K



4.11.3 Specify PSD level

< Procedures >
<Step 1>
This function is valid in the state of "Waiting for excitation start'. This is same as 'Specify frequency

weighting factor' of the previous section.

<Step 2>
Press [Drive data edit] button in Manual operation bar.
The dialog box as below appears.

Select “Specify PSD level” and press [Next] button.

[ Diive data edit |

L4
<

26
ﬁ

| Specify frequency weighting factor |

\P Specifp P50 Level J
‘4 MemtiM] = I I Cancel I

<
L4
<

cB




<Step 3 >
The drive data edit dialog box as below appears.
(1) Select the data name of drive waveform to be edited.

(2) Press [Specify frequency] button.

Drive data edit (Specify PSD Level)

[ ata name
OLI'tpLﬂ -

Drive

. E dite:d wawefarm
2500 MV B Original waveform

100.0
0.0

-100.0

0.0sec 20 40 6.0 8.0 9.5938

PsD

100000 my2/Hz

0.80Hz 100 100.0 3200 020

Frequency = | Hz
Dive v | Sesity equercy |
Slope width %

| Undo | | Ok | | Cancel




< Step 4 >

Set frequency by moving the cursor and press [OK] button.

Set frequency to 10[Hz] in this example.

-

Beginning point setting

-

10000.0 mV2/Hz

100.0

10,0 1000 3200

| Mings) | | Maxll) |

0K 4~

| Cancel |

A4



<Step 5>
The current PSD value at 10[Hz] is displayed in Drive.
Set Drive to smaller value than this value.
When Slope is set to larger value than 0[%], PSD level is changed having the specified slope.
When Slope is set to 0[%], PSD level only at the specified frequency is changed.
*) The edited result becomes not same as setting value in Drive because of operation
algorithm.

When slope is set to large value, the edited result becomes closer to setting value.

Drive data edit (Specify PSD Level)

[rata name
OLﬂDLI‘t L4

Drive

N E dite:d wavefarm
250.0 ™MV e Original waveform

100.0
0.0
-100.0

i i, iy
0.0sec 20 40 6.0 80 99958

FsSD

10000.0 mV2/Hz

0.80Hz 10.0 100.0 320.0
Frequency 560 < Hz
Giilee 3055.5958 = V2/He |ipEi_fi"_quﬂci
Slope width = % k Apply

\ | Undo | | Ok | | Canicel

\

Set Drive value and Slope width value




< Step 6 >

After setting the drive value and the slope width, press the [Apply] button to display the waveform
having the changed PSD level.

Press [OK] if it is proper.

Drive data edit (Specify PSD Level)
Data name
OLI'tDLIt -
Dirive

. E dite:d wawefarm
2500 MV B Original waveform

-100.0

0.0sec 20 40 6.0 4.0 9.9938

PsD

100000 my2/Hz
100.0
1.0

1.000e-2
1.000=-3

1.000e-5
0.80Hz 10.0 100.0 3200

Frequency ~ | Hz

Drive 43405 2 my2/Hz |Specifyfrequency

P 100 = [ Apol

i

000

<Step 7>

The edited waveform is set as the drive waveform.



4.12 (This section is left blank intentionally.)

4.13 (This section is left blank intentionally.)

4.14 (This section is left blank intentionally.)

4.15 (This section is left blank intentionally.)

4.16 (This section is left blank intentionally.)



4.17 Safety check

Note) This item is valid only when Single shaker' is selected in system configuration.
4.17.1 Outline

-

Safety check definition
7| Frequency range 5000 = == 1200.00 Hz
| Excitation force check Cancel
Specimen mass 100 : kg Table mazs 0.0 : kg
Fisture mass 00 = kg Other mass 0.0 = kg m
Arrnature mass 740 g Totalmass lm = kg Referfl.

The system has the feature of Rating check*!' to evaluate whether the defined test can be
performed on the excitation system as a protective feature. The safety check expands this protective

feature and makes it possible to use the excitation system more safely.

(1) Excitation force check
This check is made to evaluate whether the excitation force required for the test is held
within the excitation system rating.
The excitation force F required for the test is calculated with the formula shown below.
F=Ma
a: peak value of reference acceleration
M: Total mass
The total mass M is the sum of “Specimen mass, Table mass, Fixture mass and Other
mass” entered in this dialog box and the “Armature mass” specified in the system rating

information.

The excitation force check is effective only if the controlled variable was the acceleration.

(2) Frequency range check
This check is made to evaluate whether the control frequency is within the usable
frequency range.
Although there is a similar protective feature of “control frequency range” setting in the
excitation system information, this is a feature to perform this check for each test.
While the usable frequency range for the excitation system is defined, it may be limited

depending on the characteristics of specimen and fixture etc.. Use this feature in such

cases.
[Refer] : The registered definition contents of Safety check is loaded and used.
[Register] : The defined contents of Safety check is saved and registered as a file.



*1 Feature of standard rating check
1) This check is made to evaluate whether the reference level is held within the excitation
system rating. If the controlled variable was the acceleration, the velocity and displacement
will also be checked.
Refer to ‘6.7 System Rating Check’ about the details.
2) If a “control frequency range” was specified in the excitation system information, a check

is made to evaluate whether the control frequency is within the “control frequency range.”

Note) When specimen and/or fixture is attached to the armature, it may occur that the required
acceleration level can not be reproduced within the usable frequency range because of

resonance or anti-resonance of the attached specimen and / or fixture.



Chapter 5 Reference Waveform Definition

5.1 Reference Waveform
Reference Waveform is generated.

The reference specified in definition decides the waveform to be generated on the shaker table.

Available Reference Waveform types to be defined in this system are as below ;
* Classical Shock
* Measured Waveform
+ Sine Burst / Sine Beat
* Defined Waveform (Symmetric Compensation)

+ Damped Sine

If any item other than "single shaker" is selected in the excitation system configuration, multiple
y g Y g p

reference waveforms are registered via the Reference definition dialog.

Reference definition @
Mo. Kind Data name Add...
1 Classical Shock Datal
2 Measured waveform Data2
3 Sine Beat/Sine Burst Data3
4 Symmetric Compensation Datad Kind change(T)...
5 Damped Sine Datab

[ Meazured wavetarm entire definition. . ]

Mame of data
Data2 Set
Sampling frequency 4096.00 1,

Drata length 45708 paints

[Add] : New reference waveform is added. The dialog box of Reference Waveform
Definition is displayed.

[Change] : Definition of the selected reference waveform is changed.

[Kind change] : Reference waveform type of the selected reference waveform is changed and
defined again. The dialog box of Reference Waveform Definition is displayed.

[Delete] : The selected reference waveform is deleted from the registered data.

[Measured waveform entire definition]

: Multiple measured waveforms are defined at a time.

* Sampling frequency:
Sampling frequency of the reference waveform is displayed.

Sampling frequency of each reference waveform is united into the sampling frequency of reference



waveform registered first. When changing sampling frequency, delete all the waveforms registered,
and define reference waveform from the beginning.
* Data length:

The largest data length in the registered reference waveforms is displayed.

If the data length of the reference waveform of each control channel is different, the largest data
length among the used reference waveforms is applied. Referring to reference waveform of smaller
data length than this, zero data is added to the end.

* Data name:
Data name of each reference waveform is set up.

Reference waveform of the control channel is specified by this data name.

Select one among the available Reference Waveform types displayed in the dialog box of Reference
Waveform Definition as below. And press the [Next] button to define each Reference Waveform

selected.

[ Reference Waveform Definition T

R eference waveform pe

Clazzical Shock J

teasured \Wavetam

Sine Beats/Sine Burst

Syrmmetric Compenzation[']

D amped Sine

| Refer |

[ Meut > ] [ Cancel




5.2 Classical Shock
Acceleration waveform data based on the requirement defined by each Shock Testing Specification is
generated.

This item is available only when the dimension of controlled variable is specified as ‘Acceleration’.

Classical Shock waveform is expressed as an acceleration waveform as below and the shape of this
waveform is specified by the following items ;
+ Waveform type (Half-sine, Saw-tooth, Trapezoid)
* Peak amplitude (Peak Acceleration)
* Pulse width
* Tolerance [Test Specification] (IEC-68-2-27, MIL-STD-810C)

Waveform type
(Half-sine)

Peak amplitude

Tolerance

Pulse width



Classical Shock waveform is composed by the definition of three definition displays.

When [Classical Shock] is selected, the definition dialog of Classical Shock (1/3) to specify the
following items appears ;
* Waveform type
* Peak amplitude

+ Pulse width etc. in Time Parameter

Classical Shock (1/3) ’T‘
Type Half-sine ]
Amplitude 2000 == m/s? -

Tirne Parameters

i Auto-zet of sampling frequency and
== data length()

Sampling freq.

[ ata length [ ms |

Pulse width o=

Supplemental Time(F]..

< Back ][ Next > l [ Cancel

Press [Next] when these items are defined.



When the definition in the dialog of Classical Shock (1/3) is completed, the definition dialog of
Classical Shock (2/3) to define Tolerance appears ;

Classical Shock (2/3) 7
Taolerance
type MIL-5TD-810C i
Setting | Define Taolerance. ..

Supplemental Parameters
Summetrical(S]
Compenzation wave type  Typed -
Optirnization level

<[ b

Dizplacement precedence Yelocity precedence
0.00
Peak level Pre-pulse 900 ==
Peak level Post-pulse 30.0 =+
[ <¢ Back ][ Mext > l [ Cahicel

The definition of Classical Shock is completed when the Tolerance is determined.
The generated acceleration waveform is displayed by pressing [Next].

The system returns to the definition dialog of Classical Shock (1/3) by pressing [Back].



When the definition in the dialog box of Classical Shock (2/3) is completed, the definition dialog of
Classical Shock (3/3) appears. In this dialog of Classical Shock (3/3), the generated acceleration
waveform is displayed.

The system returns to the definition dialog of Classical Shock (2/3) by pressing [Back].

The definition of Reference Waveform is completed by pressing [End].

Classical Shock (3/3) -]
@ Acc. Ir
300.0 MV Max [ 2000
250.0 Min m
200.0 Wel. mss -
150.0 Maw | 10312
100.0 Wi, m
50.0 Diizp. mm -
0.0 b ax 7.1765
500 Min. 83167
-30.0
0.0ms 100.0 200.0 300.0 339.6054

<¢ Back || End(E] l [ Cancel | | Reqizter

5.2.1 Waveform type (Type)
(1) Meaning
This item is for specifying the type of waveform data to be generated.
1. Half-sine
Saw-tooth
Trapezoid
Triangle

Synthesize (Generalized Trapezoid)

A

Haversine

‘Rise time’ and ‘Fall time’ are specified in the following clause only when ‘Synthesize’ is

selected as Waveform type.

5.2.2 Peak Amplitude (Amplitude)
(1) Meaning
Level of nominal waveform data to be generated is specified by peak value (0-p).
The value of this item should be set at the smaller value than maximum rating of excitation

system to be used.



5.2.3 Rise time / Fall time
(1) Meaning
Rise time and Fall time are specified in the following clause only when ‘Synthesize’ is selected
as Waveform type.
The set values of Rise time Tr and Fall time Tf are specified as percentage to ‘Pulse width’ D

of nominal waveform data specified later.

Tr Tf

D(msec)

5.2.4 Time Parameter

This item is for setting the parameters concerning to time for defining a waveform data.

< Remarks for Definition >
When Reference Waveform specified in Test Specification cannot be defined, Sampling

frequency and Data length are needed to be corrected properly.

5.2.4.1 Auto-set of sampling frequency and data length
(1) Meaning
This item is for setting a proper sampling frequency and data length automatically among
the specified pulse width. The values of sampling frequency and data length are selected
automatically when the check box of “Auto-set of sampling frequency and data length” is
checked.

5.2.4.2 Sampling frequency (Sampling freq.)
(1) Meaning

This item is for setting of Sampling frequency fs that is used at the conversion of analog
data to digital data.

Frequency range fmax that specifies the upper limit of frequency of the measurement
control is related with Sampling frequency fs as below ;

fmax =fs/2.56

Sampling frequency should be set at the proper value to measure the required frequency.

For example, when the observation up to 2000 [Hz] is required by Test Specification, the
value of fmax should be set to more than 2000 [Hz] at least.

Also, the available Pulse width is limited by Sampling frequency.

The value of Sampling frequency fs is selected to make more than about 30 points of Data



length within the Pulse width. However, it varies depending on the Waveform type and
other conditions.
Data length within the Pulse width is obtained by the following expression. Denoting
Data length within the Pulse width as Nd and Pulse width as D [ms] ;
Nd=D X fs/1000

5.2.4.3 Data length
(1) Meaning
This item is for specifying Data length (Na) of Acceleration Waveform to be generated.
The time length Ta [sec] of Reference Waveform data is obtained from Sampling
frequency fs and Data length Na as below ;
Ta=Na/fs
The available Pulse width is limited by the time length Ta of Reference Waveform data.
The value of Data length is selected to make the time length of Reference Waveform
more than about 20 times of Pulse width. However, it varies depending on the Waveform

type and other conditions.

5.2.4.4 Pulse width
(1) Meaning
This item is for setting of Pulse width (duration) Dw for a half period of the nominal

waveform to be generated by a value having the unit of [ms].

< Note for available range of set value >
The setting of this item is directly influenced by the length of set time length Ta of

Reference Waveform data. The set value of this item is closely related to the set value

of Sampling frequency and Data length. (*.© Ta=Na/ fs)

The set values of Sampling frequency and Data length are needed to be corrected
when the set value of this item cannot be defined in the available range obtained by

the current setting.



5.2.4.5 Supplemental Time Parameter
Supplemental Time Parameter is provided for the special cases. Usually, the default values
are acceptable.
Note that the setting of Supplemental Time Parameter cannot be corrected when ‘Auto’ is set.
The definition dialog of Supplemental Time Parameter as below appears by pressing

[Supplemental Time Parameter].

o

Supplemental Time Parameters

Pulze position 0.0 = . | 0k |
Fest time: Pre-pulze 00 = Cancel |
Rest time: Post-pulze 0.0 = e

5.2.4.5.1 Pulse position
(1) Meaning
The position for setting of nominal waveform is specified.

Normally, this item is set to the default value (‘0 %’ : denoting the center).

Actual definition method is as below ;

Corresponding position used for setting of the center point of nominal waveform
within the length of reference waveform as a whole (frame time) is specified by
percentage to Frame Time Length TI [ms] having its center position as a base point of
Reference Waveform.

For example, when this item is set to 10 %, the center position of nominal waveform
is set at the point of 0.6 Tl [ms] having the beginning point of Reference Waveform as

a base point. When —10 % is set, the center position is set at 0.4 Tl [ms].

5.2.4.5.2 Rest time
(1) Meaning

In this system, the function that ensures the region of ‘acceleration zero’ in front and
rear of the nominal waveform pulse is available. The parameter that specifies the
region of the acceleration zero to ensure compulsorily is called as ‘Rest time”’.

Rest time can be specified independently on each side (front and rear) of the nominal
waveform, and it is distinguished by ‘Pre-pulse’ and ‘Post-pulse’.

The setting of Rest time makes the required displacement quantity increased.

As long as there is not necessity, set both Rest time : Pre-pulse and Post-pulse to the

default value 0 [ms].



5.2.5 Tolerance

5.2.5.1 Tolerance Type
(1) Meaning
Each Test Specification has a fixed allowance range of equivalency to the Reference
Waveform of response and it is called as ‘Tolerance’.

In this item, type of Tolerance to be set is selected.

< Tolerance Type >
This system has the function to set the defined Tolerance automatically for some
representative Test Specifications.

(D Half-sine
‘MIL-STD-810C’, MIL-STD-810B’, ‘MIL-STD-202F’, ‘IEC 68-2-27 (JIS C
60068-2-27)’, ‘DIN 40 046, © User definition’ , ‘Specify’

@ Saw-tooth
‘MIL-STD-810C/D/E’, ‘MIL-STD-810B’, ‘MIL—STD-202F’, ‘IEC 68-2-27
(JIS C 60068-2-27)’, ‘DIN 40 046, ‘User definition’ , Specify’

(@ Trapezoid
‘MIL-STD-810D/E’, ‘IEC 68-2-27(JIS C 60068-2-27)’, ‘DIN 40 046°, ‘User
definition’ , ‘Specify’

@ Triangle, Synthesize or Haversine

‘User definition’ only



< Standard Test >
If ‘MIL-STD-810C’ or other standard tests which have been prepared in advance are
selected, the tolerances stipulated by the standards will be automatically set.
Press the ‘Tolerance Setting’ button to display the window with which the tolerance

forms and parameters for the selected standard test can be checked.

Half-sine
[ A
Ideal Half-Sine Pulse
4 —[o= A

Tolerance Limits —,

EE A

L :
TT e = |

0.300

< P|1 I —P| A
0.300 T

Standar MIL-3TD-810C Refer(R)... Register|G)... MIL basis | DK_H Cancel
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< ‘User definition’ mode >

The original Tolerance can be defined by selecting ‘User definition’.

Set the tolerance type to ‘User definition’ and press the ‘Tolerance setting’ button to

open the dialog box below:

Tolerance setting |7
Left edge of Right ed
PRE i MAIN e POST
Trangient region
FRONT [ T4
RE&R %
| Ok, | L Cancel ]

In ‘User definition” mode, Tolerance is divided into three portions ; ‘Main Pulse’
which is the portion having the nominal waveform, ‘Pre-pulse’ which is the front
portion of Main pulse and ‘Post-pulse’ which is the rear portion of Main pulse.
Tolerance is defined by setting of the upper and lower values for each portion with
using percentage to Peak amplitude of the nominal waveform.

Also, if' it is necessary, the length between Main pulse and Pre/Post-pulse is specified
by percentage to the Pulse width of nominal waveform, and upper/lower limit values of

the connection point between Transient Region and Main pulse are specified.

Upper

Pre-pulse:Upper Post-pulse:Upper

Main pulse

Pre-pulse:Lower
e

Post-pulse:Lower

front rear

Transient Region

However, Transient Region can be defined only when the set value of Pre(Post)-

pulse by percentage is smaller than that of Main pulse. That is, the Transient Region

cannot be defined when this condition is not satisfied. (If the condition is not satisfied at

the both side, both sides of Transient Region can not be defined.)



< ‘Specify’ mode >
If the tolerance type is set to ‘Specify’, you can arbitrarily set the parameters for the
tolerance defined under the test standard.

Set the tolerance type to ‘Specify’ and press the ‘Tolerance setting’ button to open the

definition window below:

Half-sine

1150 = A

Ideal Half-Sine Pulse
‘ 0.850 : A

Tolerance Limits —,

0.200 = A A

0050 |-NA o200 = A

R ! |
==l =B ]

0.050 =] 4

< ’|‘ T '| 03 =] A
0300 [= T

Standar | ReferR]... ‘ |Hegister[ﬁ]_.| MIL basis vl | 0K, | ‘ Cancel

The using test standard as the base

< Operating procedure >
<Step 1>
Select the using test standard as the base.

Tolerance forms vary depending on the test standard selected.
<Step 2>

Modify the tolerance parameters.
<Step 3>

Press the ‘Register’ button, and then name and register the set tolerance.
<Step 4>

Press the ‘OK” button to define the tolerance.
To reuse the registered tolerance, press the ‘Refer’ button and select the tolerance

condition file.
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5.2.6 Compensation wave parameters
This item is for defining of the condition to add the Compensation wave to nominal waveform for
generating the Reference Waveform to realize the shock testing under the conditions set in each
item described in the above.
This item is constructed by some small items to specify the following conditions ;
(D Symmetrical Compensation wave is specified.
(@ Shape of Compensation wave is specified.
(3 Optimization level is specified when the compensation wave type is set to ‘Type 4°.

@ Upper / Lower limit value of Compensation wave is specified.

5.2.6.1 Symmetry of Compensation wave

(1) Meaning

Specify the symmetry of the Compensation wave to be added from the selection
window.
Select the setting method according to the following cases.
In case that the shape of Pre-pulse and Post-pulse of Tolerance are the same ;
Set ‘Symmetrical’.

In other cases ;

Set ‘Asymmetrical’.

More precisely, the judgment of symmetry in this small item is done only on the
magnitude of Tolerance in the vertical direction.

When the Peak levels of Tolerance in the Pre and Post-pulse are equal, the judgment
should be ‘Symmetrical’.

Therefore, even if the symmetrical Tolerance shifted the pulse position of the nominal
pulse from the center of Frame Time, the case is judged symmetric still. (Though the
Tolerance is obviously asymmetric by looking a the center point of Frame Time is the

axis of symmetry. We are watching just only the Peak levels of Pre/Post-pulse.)

If ‘Symmetrical’ is set internationally to a symmetrical Tolerance, the following
operation is executed ;

Compensation wave is added symmetrically with the smaller one (Pre/Post) of
asymmetrical Tolerance. As a result, the displacement requirement to the excitation
system of the reference waveform to be produced becomes larger certainly compared
with the ‘Asymmetrical’ case.

Compensation wave is added symmetrically by checking the check box of

‘Symmetrical’.



5.2.6.2 Compensation wave type
(1) Meaning

. 2
acceleration [m/s”]

. 2
acceleration [m/s”]
[&)]

S

The type of Compensation wave which is used at the operation for adding the

Compensation wave is specified.
Following three types of Compensation wave are available ;

Type 1 : The most smooth type of Compensation is added. The necessary

displacement becomes the largest among three.

Type 2 : The good balanced Compensation wave that has both the smooth shapes

and the reduction ratio of necessary displacement is added. Select Type 2
for compensation wave type when Type 4 is unusable.

Type 3 : Compensation wave that the necessary displacement becomes smaller than

Type2 is added. Instead, the shape of Compensation wave is not so
graceful.

Type 4 : Compensation wave is add with setting to take the smaller precedence
between displacement and velocity. When the displacement takes
precedence, Compensation wave that the necessary displacement becomes

the smallest is added. Type 4 is recommended for general use. However, it

is unusable when Tolerance type is set to “User definition”.

150

100

displacement [mm]

time [sec.]

Compensation wave (Type 1)

150
€
100 £
2
50 g
[0]
o
°
0 @
©

-50
0

time [secl]

time [sec.]

Compensation wave (Type 2)
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. 2
acceleration [m/s”]

) 2
acceleration [m/s”]

150

T T T T T T T
IS S S S I S — "
100 | | | | | | £
e e R ”
| | | | | | c
S R R
| | | | | | o
I S T SO | S S I B 3]
: : : I I I —m
0 ’ | | %
SN S S S S °
7o) HN S S SN SN S
0.2 04 0.6 08
time [sec.]
Compensation wave (Type 3)
L I S N L I B N
IS S S S W I S — " SO N Y | WL N A
100 | | | | | | £ | | | | | |
A N R " e e
| | | | | | c | |
S R R : ;
| | | | | | (0] | |
T S R ST R B o \ \
| | | \ | | = | |
0 N & j j
SRS S 7 SN S ° |
-50 ‘ 1 1 1 1 1 1 1
0.2 04 0.6 08
time [sec.] time [sec.]

Compensation wave (Type 4)

There is the following relation between the type and the necessary displacement ;

As much as Compensation wave gathers close the Main Pulse, the necessary
displacement becomes smaller.

The reference waveform shows the acceleration waveform which will be produced at
the table of the excitation system. Because the type of the displacement waveform is made
by integrating twice by time, roughly speaking, the non-zero component of acceleration
waveform has the contribution in displacement proportional to the square of time. Even if
the same velocity change is produced, the displacement values which produced between
the adding large acceleration at a short time and the adding small acceleration at a long
time are different.

The former can be less that the latter. That is, the secret of saving of the displacement is
‘not to give the table a time to move’.

Though it is better that there is no Compensation wave, this one is to be obliged to add.
In case that the maximum displacement rating of the excitation system is larger enough,
the type like ‘“Type 1’ of which region is long and has a small acceleration level is more
close to ideal.

On the other hand, when the necessary displacement of the testing to be defined is too
large and there is no room on the maximum displacement rating, even if ‘the grace’ is
sacrificed, the given freedom of Tolerance can make the displacement minimum. In such a

case, the characteristics of ‘legal’ Type 4 may be the great help.



The larger the number is selected, the smaller the necessary displacement can be set.

Normally, ‘Type4’ is recommended which is set as the default level.

5.2.6.3 Optimization level

(1) Meaning

This item is available to use when Type 4 is selected for Compensation wave type.

Generally, the necessary displacement becomes smaller while the necessary velocity
becomes lager, or otherwise.

Optimization level is for specifying the smallest necessary displacement or velocity by
the level 0 to 1. The value closer to 0 set to take the smaller necessary displacement
precedence. The value closer to 1 set to take the smaller necessary velocity precedence in
generating the compensation wave.

Normally, ‘0 (displacement precedence)’ is recommended which is set as the default level.

The setting of velocity precedence is useful when the necessary velocity is large enough

and the maximum displacement rating has a margin of value.

5.2.6.4 Peak level of Compensation wave

(1) Meaning
The maximum and the minimum level of Compensation wave to be produced are
specified in a percentage value based on Tolerance.
The setting is operated for each pulse (Pre/Post).
The purpose of this setting are as follows ;
A : Compensation wave should be made within the Tolerance for the control error.

B : ‘Compensation by Pre/Post-pulse only’ is set.

For the purpose of A, the value of this item is set ‘90%’ as the default value. Normally,

this value is recommended.

In the following, the above B is explained ;
The meaning of ‘Compensation by Pre-pulse only’ is that ‘there is no Compensation
wave in Post-pulse region’. As in the same way, the meaning of ‘Compensation by Post-

pulse only’ is that ‘there is no Compensation wave in Pre-pulse region’;
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‘Compensation wave : Peak level (Pre-pulse)’

Set ‘0%’ to the set value of ‘Post-pulse’.

‘Compensation wave : Peak level (Post-pulse)’

Set ‘0 %’ to set value of ‘Pre-pulse’.

However, note that in the followings ;
As the Reference Waveform is actually produced after the setting, the waveform data at

the concerning portion to be produced is not accurately zero. The value about 0.5% of the

Peak amplitude remains.

It is caused by the phenomenon to be produced I the optimization routine.



5.3 Measured Waveform
The waveform data stored as a digital data is used as Reference Waveform.
Usable waveform data file formats are ; CSV, TSW (standard format for F2 control system of IMV),
UFF (dataset58), MTS (RPCIII).
+ CSV File
The waveform data should be described in CSV data file format specified by K2 system.

The maximum Data Length of available waveform data is SM points.

When [Measured Waveform] is selected, the definition dialog (1/2) appears to define the items as
below ;
* File Selection

« Edit Function

Measured Waveform Definition(1/2) |

File selection

C5V format -

00 mg2

Loading. .

Diizplay data zelection

@ W aveform
PsD 800
0.0ms 200.0 434 8623
Edit
Unda | i Filtering... i | Edging... | | Freq. conwersiar. .. |
| Scalar calculation. . | lData lenath change...] |Make compensatinn...l
Original zampling freq. | 10240.00 1, Original data length 4966 Loinge
<4 Back || Mext »» ] [ Cancel

When these items are defined, press [Next]. Then, the generated acceleration waveform is displayed.
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(Note)._The [Next] button becomes available when the conditions as below are satisfied ;: ‘Sampling

frequency should be usable in K2.” and ‘Not to exceeds over the maximum Data Length

usable as waveform data.’

Editing of [Freq. conversion] or [Data length change] should be operated to satisfy the conditions

in the above.
When an error occurred in Sampling frequency, the mark as “***’ is displayed on the present
Sampling frequency. Also, when an error occurred in Data Length, the mark as “***’ is displayed

on the present Data Length.

Then the definition dialog (1/2) is completed, the definition dialog (2/2) appears. In this dialog, the
generated acceleration waveform is displayed.
Press [Back] to return to the definition dialog (1/2).

Press [End] to finish the definition of Reference Waveform.

Measured Waveform (2/2) |I|
@ Acc. m/s2
3g.p s Mas | 209549
Min [ 357858
T el m/s hd
[GEYE ’m

-10.0

bit. -1.006e-3
=200
Dizp. mm -
-30.0
[GEYE

ol Wi, £.467e-6

.I -
¥ =
)
o
e
]

500
0.0ms 100.0 200.0 300.0 4000 484.8633

<< Back || EndIE] ] l Cancel | | Reqizter




5.3.1 Data File Format

5.3.1.1 CSV File
(1) File Format
Text File (MS-DOS format)

(2) Data

Sampling frequency data at each time is described as below in order of time passing.

1st column 2nd column 3rd column
Ist line Time (ms) Data Name 1, | DataName 2, | DataName3, | -~
2nd line 00 ***‘*** ***‘** ***‘** ------
3rd line At Aok ok ok ok ok k| e
2At Ak ok ook ok R KK e
T’ ***‘***, ***‘***, ***‘**’ ------
+ It is not necessary to specify the data in a 1st line.
* The order of data (column) are not specified specially.
+ Time data is not necessary to me specified.
(3) Unit of Data

Unit of data to be described is determined by selecting a Data File.

(4) Sampling frequency
Sampling frequency of data to be described is specified after selecting the data file.

Sampling frequency can be calculated automatically from time data when time data exists.



5.3.2 Data Loading

5.3.2.1 Data File Selection
When [Loading...] is pressed in the definition dialog (1/2), the selection display as below
appears.

Select an objective data file.

&7 Load CSV file

(.3

g

Look in: :_'EI Documents - @ T

= i E2Bmac Projects
e 55 | K2Endurance? Projects
Recent Places | |0200-1.CSV

| Sample_Fs512.csv

Desktop

=1
Libraries

A

Computer

Metwork

File name: - Cipen

Files of type: ITe:dfiIe{‘.csv;‘.t:d} v‘ | Cancel J

Delimiter

[¥] Comma [ Tab [ Semicalon [ 5pace

Comment

Column number




5.3.2.2 Data Unit and Sampling frequency

When the objective data file is selected, the dialog as below appears.

Where, the data of specified condition is loaded by setting of Data Unit and Sampling

frequency.

=

Data condition setting
Sampling frequency [Fs) | 10000000 —
Level unit \
Quartiy  Acceleration  lpit mSE2 -
BAgzignment
[¥] Calculate Fz from time data
@ Level 7 Tirne Unit  msec -
Column No.  Name Assignment
1 Time[sec] Time
ey temi Levsl :
3 ftemz
4 ttem3
< i | »
k. l [ Cancel

>

When Time Data is defined in
Data File, Sampling Frequency
is available to be calculated
from the Time Data.

Or, Sampling Frequency can
be set directly by canceling the
check of ‘Calculate the Fs from
Time Data’.



5.3.3 Data Edit
This item is for editing the data, such as, ‘Cut-off the unnecessary Frequency range’ and ‘Convert
the Sampling frequency to the value usable in K2’, etc.

Processes of Data Edit as below are available ;
* Filtering
+ Edging
* Frequency conversion
+ Scalar calculation
* Data length change

+ Make compensation

The operation of Data Edit is canceled by pressing [Undo].

5.3.3.1 Filtering

This item is for operating of Filtering to the waveform data loaded.

The definition dialog of Filtering as below appears by pressing [Filtering] button in the
definition dialog (1/2).

P "

Filtering @
[¥] Low-pass filkerL] [¥] High-pass filker[H]
! Buttenwarth ' Buttenmarth
@ Linear phasze @ Linear phase
) Truncate ) Truncate
Frequency rezclution 1600 - Frequency rezolution 1600 -
Cut-off frequency 100000 = 1, Cut-off frequency 100000 = 1y,
Filter slope 16800 = 4o/decade Filter slope 1600 = wp o
| 8] | l Cancel

5.3.3.1.1 Type of Filter
(1) Meaning
Type of Filter is selected.
* Low-pass filter
In this type, the low frequency component of waveform data is passed.
* High-pass filter

In this type, the high frequency component of waveform data is passed.



5.3.3.1.2 Filter Characteristics
(1) Meaning
Filter Characteristic is selected. Generally, the default setting of ‘Linear Phase’ is
used.

* Butterworth
Nth-order Butterworth Filter.
How to specify the order N is described after the next clause.

* Linear phase
The Linear Filter cuts the components without giving any non-linear phase
change to the input signal.
This system adopts the specifications that the slope at the attenuation band can
be defined without changing the phase in all the frequency elements at all.

* Truncate
The characteristics of the Frequency range which is the object for the filter
processing is truncated to zero bounded by the specified cut-off frequency fc.
The phase characteristics are the same as the ‘Linear Phase’ in the previous

clause.

5.3.3.1.3 Frequency resolution
(1) Meaning
The frequency resolution is specified to carry out Fourier Transform and Inverse
Fourier Transform by FFT technique for the filter processing of the waveform data.
Therefore, the input lower Cut-off frequency fc is determined when frequency

resolution is specified.

5.3.3.1.4 Cut-off frequency
(1) Meaning
This item specifies the Cut-off frequency for Filtering.
The possible lower value fc_min is determined by the Sampling frequency fs of the
objective waveform data of the Filtering process and the frequency resolution L as

follows.
fc min= Af[Hz] Af=fmax/L, fmax=1s/2.56

5.3.3.1.5 Filter order
(1) Meaning
This item is defined only when ‘Butterworth’ is specified for Filter Characteristics.

The order N is inputted that specifies the Cut-off Characteristics of the Filter.



5.3.3.1.6 Filter slope
(1) Meaning
This item is defined only when Filter Characteristic is ‘Linear Phase’. The Slope of
the attenuation transient band characteristics S[dB/decade] that is correspondent to the
order of the Filter is specified.
When this item is defined, Filtering process according to the following formula is

executed within the objective range.
=A(f) Afsf<fe
AN /I(f/ fe)*'* fe <f<fmax
A(f)  Amplitude value

A'(f){

5.3.3.2 Edging
This item is for operating the edging process that achieves to smooth the loaded waveform
data at the beginning/ending edge to zero. Half-length Hanning Windowing is used in this
process.

When [Edging] button is pressed in the definition dialog (1/2), the definition dialog of Edging

appears as below.

Edging/Windowing/Clipping B

Froceszzing wpe Windaw function T et
i@ Edaing(E) Left-zide HalffL] | 0K J

"1 Hanning(H) Right-zide Half[R] | o |

1 lrwverzed Hanming(T)

~ 1 Half-lenigth Hanningl)

" Clipping(C]
E dging *fidth [frant/rear] 2000 == ..
Peak lewvel D=

5.3.3.2.1 Edging Width
(1) Meaning
This item is for specifying of the time for edging Te.
Windowing by Half-length Hanning is operated to time data from the beginning to
the ending edge.

5.3.3.2.2 Peak level
(1) Meaning
This item is for specifying the Peak level of Half-length Hanning to be used. The

default value of this item is ‘1°.



5.3.3.3 Frequency conversion(Freq. Conversion)

The process of Frequency conversion is operated to the waveform data loaded.

There are two functions as below ;
@ Signal frequency conversion
When in such a case that vibration test is simulated with a model, the signal
frequency of a measured waveform data has to be converted as the original measured

data is not suitable for the use. This function is for such need.

@ Sampling frequency conversion
As the measurement condition of the waveform data does not meet that of the K2

Application, a new data is made adding some changes to the waveform data.

Sampling frequency of waveform data should be ‘the one usable in K2°’. When this

condition is not satisfied, the value of Sampling frequency is needed to be corrected by

operating the process 2.

When [Freq. conversion] is pressed in the definition dialog (1/2), the definition dialog of

Frequency conversion as below is displayed.

F )

Frequency conversion @
Original zampling frequency IW Hz [ uk. |
Original data length lw points lﬂj

o

Signal frequency conversion

[7] Canvert the signal frequency(C)

Signal freq. conversion ratio .| times

Sampling frequency conversion

Ato-zettinglA)

[7] Da ot operate the filkering. [F]

Sampling frequency (W] Specify

2560.00 = |

5.3.3.3.1 Signal frequency conversion
This item is for converting the Signal Frequency of the waveform data itself.
In general, it is necessary to convert the Sampling frequency in this case, too.

To execute this function, select the check box [Convert the signal frequency].



5.3.3.3.1.1 Signal frequency conversion ratio(Signal freq. conversion ratio)
(1) Meaning
This item is for specifying the signal frequency conversion ratio of the
waveform data. When the signal frequency is converted, the Sampling frequency

is also needed to be converted, in general. The operation is described later.

5.3.3.3.2 Sampling frequency conversion

This item is for converting the Sampling frequency of the waveform data. (Process @)

5.3.3.3.2.1 Auto-setting
(1) Meaning

This item is defined only when the signal frequency is converted.

As mentioned above, when the signal frequency of the waveform data is
converted, it is also necessary to convert Sampling frequency. However, in this
case, Sampling frequency is automatically set to meet the set value of the signal
frequency. Sampling frequency us determined according to the following rules ;

(D Calculate a provisional Sampling frequency s’ from the signal frequency
ratio.
fs'=b-fs b : Signal frequency conversion ratio
@ Determine a Sampling frequency fs” which is closest to fs’ and can be

used in the K2 Application over fs’.

5.3.3.3.2.2 Do not operate the filtering
(1) Meaning

When Sampling frequency conversion is carried out, this system executes a
sequence of digital processing by the necessary combination of Decimation /
Interpolation that is mentioned in the next clauses. At this time, the Low-pass
Filter processing is achieved at each stage during the process, according to the
general rule of Decimation / Interpolation.

This Low-pass Filtering process is very legitimate when using the waveform
data made by capturing an existing analog signal rationally.

On the other hand, in such a case when the waveform data is generated or
defined in completely digital manner neglecting the Nyquist’s Theorem, the
usage of the LPF in the process may not suitable to fit the ‘requirement’.

This item is provided for such a case. When it is defined, frequency conversion
is achieved by a simple linear interpolation without using the rational Decimation
/ Interpolation method.

However, when carrying out this item (Do not operate the filtering ), Signal

frequency conversion cannot be operated.



5.3.3.3.2.3 Sampling frequency
(1) Meaning

This item defines a new Sampling frequency fs’.
Sampling frequency available in K2 is selected by the procedures as below ;

<Procedures>

<Step 1>

Uncheck check box of ‘Specify’ and press the input area of Sampling frequency.
[7] Do not operate the filtering. [F]

Sampling frequency  [7] Specify

4

Sampling frequencies available in K2 are listed. Select a proper value for Sampling

<Step 2>

frequency from the list.

[7] Do rot operate the: filkering. [F)

Sampling frequency [ Specify
4

J

X3

51200.00 A
40960.00 |

25600.00 '

20430.00

12800.00
10240.00
8132.00
5120.00
4056.00
2560.00
2043.00
1280.00
1024.00
215.20
512.00
409.60
256.00
204.80
123.00
102.40

\. J

In this item, the waveform data in which Sampling frequency is changed from fs to
fs’ is produced keeping the frame time (T = R/fs) unchanged (the data length R is

subject to the same change as fs).

The sampling time interval At increases or decreases in inverse proportion to the

change in fs as follows ;
At'=1/1s

Example : Conversion by the factor 1/2 ;



Sampling frequency is halved so the time interval At is doubled. A new data itself
will be produced to give a coarser sampling of the same time length of the waveform.

In order words, in every two contiguous data, only one data is left, and other
sampling points of the old data are useless and discarded. But if this simple method is

done straightforwardly, some unexpected distortion will be produced.

In this system, through the digital processing by a Decimator, a new waveform data
item consisting of only the frequency components less than fmax (fmax = £5°/2.56) :

the new fmax has no frequency components included in the old fmax frequency band.

Example : Conversion by the factor2 ;

Sampling frequency is doubled, so the time interval At is halved. A new data item
will be produced to give a more finely-grained sampling of the same time length of the
waveform.

In other words, a sampling point is added between each pair of sampling points,
which creates new data.

In this system, through digital processing by an Interpolator, a new waveform data
consisting of frequency components less than the old fmax is produced using the new
Sampling frequency fs’. So some frequency components are not added to the new
fmax frequency band from the old fmax.

In contrast, in an easier way, for example, when an intermediate data is produced by
linear interpolation from two data points, the high-frequency components that are
never observed in the original measurement may be added to the new fmax frequency
band unnoticed.

This clause is about the process when the previous item is not set to ‘Do not operate
the filtering’, and for the case of setting to ‘Do not operate the filtering’, Frequency

conversion is executed according to the logic of the simple linear interpolation.

When the converted Data Length R’ exceeds over the maximum Data Length usable

in K2, Data Length should be edited by Data length change.



5.3.3.4 Scalar calculation
This item is for setting of the calculation between numeral values of the waveform data
loaded.

When [Scalar calculation] is pressed in the definition dialog (1/2), the definition dialog of

Scalar calculation appears as below ;

Scalar calculation T
Calculation
| Objective region(d]... |
) Addla] @ hultiphhd] ' Replace[R]
oK |
Setting Method | Gt |
@ Reqgion(E) 1 Pozition(P)
Calculation value 1000 =
Objective region 00 ¢== 434 8633

5.3.3.4.1 Calculation
(1) Meaning
This item defines the calculation type between the waveform data and numeric value.
- Add

The defined quantity is uniformly added to the current waveform data.

* Multiply

The waveform data is transformed in proportion to the defined multiplier.

* Replace

The current waveform data is replaced by the defined value.

5.3.3.4.2 Calculation value
(1) Meaning
This item defines the value to be calculated.
When the calculation type is specified to ‘Multiply’, this item is set to the untitled
value. When the type is specified to ‘Add’ or ‘Replace’, the unit must be the same as

that of the current waveform data.



5.3.3.4.3 Setting Method
(1) Meaning
This item defines the objective range to be calculated.
* Region
To specify the objective region of the calculation by defining the beginning
point and ending point.
Select [Objective region] to display the dialog as below. And define the

beginning and the ending points that become the objects for calculation.

Specify range

30,0 M/s? | Cancel |

0.0ms 2000 484 8633

Cursor
" . b
Beain @ End

1000 5 e [ Minig) | <=> 3000 g [ Manll) |

* Position
Only the data of the specified time position is the objective data of the
calculation. Namely, only the data for one point on the specified time axis is
processed by the calculation.
When [Objective position] is selected, the dialog as below appears. And

define the position of the objects for calculation.
Beginning point setting

Lo |

30,0 M/s? | Cancel |

000 = e | MingS) | | Maxll) |




5.3.3.5 Data length change

This item is for changing the waveform data length.

Data Length of the waveform data should not exceed over the maximum Data Length
usable in K2. When this condition is not satisfied, the data is needed to be edited by

cutting off unnecessary part of data and reducing the Data Length.

Select [Data length change] in the definition dialog (1/2). The definition dialog of Data

length change as below appears.

[ Data length change E@
Original data length [ 4966 poime ([ 4848633 ) | Dbiectiveregion.
Diata length after comversion 4966 = poirts | 484.8633 ) | 0K |

Processing type Drata position | Eanesl |
@ Data length converzion[D] Center[C]
Drata TrinarminglT] @ LeftL]
) Data Editing(E] _ Right(R]

5.3.3.5.1 Processing type
(1) Meaning
When Data Length of waveform data is converted, the following methods are

available ;

* Data length conversion
The desired Data length which will be converted from the current data length is
specified. Data Length can be increased or decreased from the current data
length.

* Data trimming
The data in the specified region is trimmed from the objective waveform data
and the rest is used as a new waveform data.
Data Length is decreased from the current data length.

* Data editing
The data in the specified region is trimmed from the objective waveform data
and the trimmed part is used as a new waveform data.

Data Length is decreased from the current data length.



5.3.3.5.2 Data Length
(1) Meaning

This item is specified only when Processing type is specified as Data length
conversion and is defined a new Data Length R’.

In this item, the waveform data of a new Data Length is generated, while Sampling
frequency fs is kept unchanged.

In other words, the Frame Time T increases or decreases in proportion to the Data
Length as follows ;

T=R'/fs[s] R': A new Data Length

* The old Data Length R > The new Data Length R’ ;
Part of the old data is discarded in proportion to the decrease of the Frame

Time T (the discarded area depends on the defined data position stated later).

* The old Data Length R < The new Data Length R’ ;
Zero data is added to the old data in proportion to the increase of the Frame

Time T (the added area depends on the defined data position stated later).

5.3.3.5.3 Data Position
(1) Meaning
This item should be inputted only when the Processing type is ‘Data length
conversion’ and this item defines the reference position for changing the waveform

data, led by changing the data length.

+ Center
The data is increased or decreased with keeping the center of the old data as a

base. The data is added or discarded uniformly on the right and the left.

* Left
The data is increased or decreased with keeping the left end of the old data
fixed. The data is added or discarded from its right end.

* Right
The data is increased or decreased with keeping the right end of the old data
fixed. The data is added or discarded from its left end.



5.3.3.5.4 Objective Region
(1) Meaning
This item is valid only when ‘Data trimming’ or ‘Data editing’ is set in Processing
type.
When [Objective Region] is pressed, the dialog box for setting of objective region

appears.

Specify range

I

30,0 M/s? | Cancel |

0.0ms 2000 484 8633

Cursor
1 " 3
Beqin @ End

1000 5 [ Mings) | == 3000 o [ Manil) |

5.3.3.6 Make compensation
In this item, Compensation Wave can be added to the loaded waveform data if it is necessary.
However, to do the Compensation Wave adding, the dimension of the physical quantity of

the waveform data must be acceleration.

When [Make compensation] button is pressed in the definition dialog (1/2), the definition

dialog of Compensation Waveform adding as below appears.

Make compensation 7
Compenzation type 0k
© OPTIMIZE(D)] Compengation wawve condition : -

| Cancel !

“) Half-gine(H] | Compenzation wave parameters definitian. ..

I
W

5-35



5.3.3.6.1 Compensation type
(1) Meaning

This system supports the following two modes for adding a Compensation Wave ;

* Half-sine
This item specifies to add Half-sine Compensation Wave, which enables the
final velocity to terminate at zero, to the read-in waveform data based on the

defined parameters. Final Displacement has non-zero value generally.

* OPTIMIZE
This item specifies to give automatically the optimized Compensation Wave
(zero final velocity, zero final displacement and minimum required
displacement) under some constraints and adds it.
However, the Data Length available to operate Compensation by OPTIMIZE
is limited up to 16384 points.

5.3.3.6.2 Compensation by Half-sine
In the definition dialog of Make compensation, select the check box of ‘Half-sine’ of
Compensation type.
When [Compensation wave parameters definition] is pressed, the definition dialog of

Compensation by Half-sine appears as below.

o

Compensation by Half-sine

-2l

Wwiidth of compenzation wane

30.0

[¥] Manually specify compenzation wave beginning point

Compenzation wave beginning paint | 4848633 . | Beginning paint setting(B]... |

ms

Interyal before compensation wave 1000 = . Ok
[7] Manually zpecify compenzation wave beginning point | Cancsl j
Maw. displacement 1000 =2 Beginning point zetting(B]..
Level of compensation wave 10 s

[ Compensation by Half-sine IE
Interval before compensation wave 1000 = ms Q. |

| Cancel T




5.3.3.6.2.1 Interval before compensation wave
(1) Meaning
This item specifies a data interval (zeroes) between the waveform data and

Compensation Wave data.

5.3.3.6.2.2 Manually specify compensation wave beginning point
(1) Meaning
There are two Compensation Methods ; AUTO and MANUAL. In the

event of Manual, the beginning point of Compensation Wave is specified.

Auto :  The check box of ‘Manually specify compensation wave
beginning point’ is not checked.
Manual : The check box of ‘Manually specify compensation wave

beginning point’ is checked.

Depending on which method is selected AUTO or MANUAL, the succeeding
items are different as follows ;
+ AUTO
Max. displacement
Level of compensation wave
* MANUAL
Compensation wave beginning point

Width of compensation wave

5.3.3.6.2.3 Max. displacement
(1) Meaning
This item is valid only when AUTO is selected.
Based on the set value of this item, the maximum displacement of Reference
Waveform with Compensation Wave to be generated is determined.

The set value of this item should be less than that of the shaker to be used.

5.3.3.6.2.4 Level of compensation wave
(1) Meaning
This item is valid only when AUTO is selected.

Peak Level of compensation wave (Half-sine) to be added is specified (0-p).



5.3.3.6.2.5 Compensation wave beginning point

(1) Meaning
This item is valid only when MANUAL is selected.
In the definition dialog of Compensation by Half-sine, the dialog box for

specifying the beginning point as below appears by pressing [Beginning point

setting].

Beginning point setting

0K

Cancel |

39 g MAe2

W00 = g | MinE || Marl) |

The set value affects the maximum required displacement of the waveform data,

so set a proper value.

5.3.3.6.2.6 Width of compensation wave

(1) Meaning
This item is valid only when MANUAL is selected.

Compensation Wave width equivalent to a half period sinusoid (half-sine wave)

is inputted.

The set value affects the maximum required displacement of the waveform data,

so set a proper value.



5.3.3.6.3 Compensation by OPTIMIZE

In the ‘OPTOMIZE’ method, an optimization processing called ‘Displacement Optimize
Routine’ is applied to generate a suitable Compensation Wave.

This method is developed especially for ‘Classical Shock’ waveform compensation
originally, and gives the best solution having minimum displacement value. However, this
process applies the method to a Measured Waveform data.

(Tolerance that is a strict constraint condition in Classical Shock waveform is not

considered in Measured Waveform.)

In the definition dialog of Make compensation, select the check box of ‘OPTIMIZE’ of
Compensation type. Then, the definition dialog of Compensation by OPTIMIZE appears by

pressing [Compensation wave parameters definition].

Compensation by OPTIMIZE i |

Yelocity change constraint region 00 c==> 4848633 oK.
tax. displacement 1000 = Cancel

| Objective region... |

2

However, Data Length of the waveform data that is possible to be generated by
Compensation Wave by OPTIMIZE is limited up to 16384 points as the total length.



5.3.3.6.3.1 Velocity change constraint region
(1) Meaning
Velocity change value in the specified time region is held to be equal to that of
the original waveform (the original waveform suffers some modification in shape
anyhow corresponding to the depth of optimization).
Specify the region inside where the original shape should be held to have little
change from the original (velocity change is held exactly the same to the

original).

Press [Objective region] in the definition dialog of Compensation by
OPTIMIZE. The dialog box as below appears. Specify the beginning and the

ending point of Velocity change constraint region.

Specify range
0K
30,0 /S | Cancel |

0.0ms 200.0 484 8633

Beqin @ End

1000 g [(MingS) | <= 3000 = [[Manll) |

5.3.3.6.3.2 Max. displacement
(1) Meaning
This value gives the allowable maximum displacement value in the
optimization processing as a constant.
The smaller the value is set, the smaller the displacement is required. In return,
the modification of the waveform shape becomes larger.
The value should be smaller that the rating displacement value of the excitation system

to be used.



5.3.4 Measured waveform entire definition

This function is for loading the measured waveform provided for multi-axis control.
It is designed to correspond with CSV format of K2 and TSW format of F2.

The editing procedure of this item has been shown in “5.3.3” already.

Measured Waveform Definition(1/2)

File zelaction

C5V format

-

| Loading...

Dizplay data zelection
(@) \waveform

FsD 800

Edit

Unida Filterirg.. Edaing. .. Freq. conversion..

Scalar calculation.. [iata length change... Make compengation,

Original zampling freq. Hz Original data length points

<< Back Mext > Cancel |

5.3.4.1 CSV file Case

Select the ‘CSV format’ and press the [Loading] button in File selection of Reference definition.
The available files are listed in the dialog of Load CSV file.

In this dialog box, the required data file can be selected.

1,7 Load CSV file
Look in: __:'l Documents - & ¥ -
R K2Bmac Projects
ol | K2Endurance Projects
RecentPlaces | |0200-1.C5V
L Sample_Fs512.csv
Desktop
=
Libraries
L
Computer
'
W
Metwork
File name: | - [ Open
Files of type: lText file{™.cav:™ ath '] ‘ Caneel |
Drelimiter
[¥] Comma [T Tab [ Semicalon [T Space
Comment
Colurnm number




Select a file and it is displayed in File name. Press [Open]. The dialog box of Data condition
setting appears.

Select a waveform data among the available data to be assigned. The selected waveform is
assigned by pressing the [<<] button.

Also, the sampling frequency, physical quantity and unit are possible to be specified and

required to be set at waveform data loading.

Data condition setting 7
S ampling frequency [Fs] 51200 = ..
Lewvel unit
Physical Quantity  Acceleration = Upit m/s? -
Azsignment
Azzigned data Ayailable data to be azzigned
tem1 Time[zec]
ftemz
ftem2
L4
i
] ] [ Cancel




5.3.4.2 TSW file Case
Select the ‘TSW format’ and press the [Loading] button in File selection of Reference definition.
The available files are listed in the dialog box.

In this dialog box, the required data file can be selected to open.

The parameters including sampling frequency and unit, are recorded in TSW file format.

The recorded data condition can not be changed at TSW format loading.

Ly ] Open
Look in: __EI Documents S W
= K2Bmac Projects
ol 13 | K2Endurance? Projects
Recent Places [z |10_50_2.TSW
|| Wavel02 tsw
" = Testfel000 iz taw
L Wavel0l tsw
Desktor ™40 50 275w
=l
Libraries
A
Computer
Metwork
File name: Testfs1000Hz - Open |
Flescftyps:  [TSWiile (*TSW) v [ Coned |
Linit Ima’s2 vJ I Graph display... J
Mo Group name Time . ;
1 TranRef oo igz] U i
Fow a
Colurnn 1
Drata length a0m points
Sampling frequency 100000
Lewel 0.00 45
Kind Drata oy
- - - -General waveform
« 1 b




5.4 Sine Beat / Sine Burst
Acceleration waveform data of Sine Beat / Sine Burst is generated.

The dimension of Controlled Variable is limited to ‘acceleration’.
Sine Beat / Sine Burst have the shapes of acceleration waveform as below. And, the shapes of
waveform are defined by the following items ;
+ Amplitude

* Frequency of sinusoid to be generated

+ Data length (number of cycles) of data to be generated

1/f
é f : Frequency

\ |
. V\l _ \/A\//\V“

Data length (n X 1/f)

A
A 4

n:Number of cycles

Sine Beat

/f
f : Frequency

e N VAT \ )

YV VUV YV

Data length (n X 1/f)

A
A 4

n:Number of cycle

Sine Burst



When [Sine Beat / Sine Burst] is selected in Reference Waveform Definition, the definition dialog

(1/2) for specifying the items as below which define the shape of waveform appears.

* Waveform type
+ Amplitude

* Frequency of sinusoid to be generated

* Data length (number of cycles) to be generated

Sine Beat/Sine Burst {1/2)

Sine Burst

Type
Arnplitude | 'ID.D| = |m,-’s2

> |

Sampling frequency

Autola)

Sampling frequency | 25
Frequency
Cycle
Frame tirne
Fause time Iiﬂﬂ

o

&
-
ry
-

&

-

-

-

n nn
JRLL

Hz [Period al o

Cycle

times

ms [Length 246084 10 )

Cancel

Edaing(E]
Rize cycle
Fall cycle

‘window function | Hanning

S Cycle

Cycle

Press [Next] when the definition of these items is completed.

The generated acceleration waveform appears by pressing of [Next].




When the definition of the dialog (1/2) is completed, the definition display (2/2) appears and the

generated acceleration waveform appears.

Press [End] to complete the definition of Reference Waveform.

Sine Beat/Sine Burst (2/2)

®@pge;  |ms?
2
120 ™S Man 3.8441
10.0
. hin. -5.8441
250 b & 7.878e-3
0.0 e ——
- Min -7 12e-3
250
() Disp. mm w
5.0
750 (LETR 7.824e-3
-10.0 Min. -5.240e-3
-120
0.0ms 50 10.0 15.0 200 24 6094
<¢ Back End[E] Cancel Register

5.4.1 Waveform type (Type)
(1) Meaning
This item is for specifying the type of sinusoidal pulses.
1. Sine Beat
The parameters which specify Sine Beat are Peak amplitude A, Frequency f and Cycle n.
In this system, Sine Beat can be expressed by the following equation ;
Al(t)=A -sin(2 = ft)-sin(2 = ft/p)
p : The ratio defined by frequency f and modulating frequency fm.
p = 2n is adopted in this system.

As exceptional, this waveform has a characteristic of Reference Waveform only as a
nominal waveform itself. That is, the velocity waveform and the displacement waveform
which are the integral value of this nominal waveform satisfies the final condition without
Compensation Wave.

2. Sine Burst
This pulse is equivalent to the length for integer number of period of sinusoid.

The parameters which specify Sine Burst are Peak amplitude A, Frequency f and Cycle n.



5.4.2 Physical quantity (Quantity)
(1) Meaning
This item is for selecting the physical quantity of waveform data to be generated among

‘Acceleration’, ‘Velocity’, ‘Displacement’ and ‘Force’.

5.4.3 Peak Amplitude (Amplitude)
(1) Meaning
This item is for setting of the amplitude of waveform data to be generated by peak value (0-p).
The value of this item should be set to the lower value than the maximum rating of the

excitation system to be used.

5.4.4 Sampling frequency / Auto-set of Sampling frequency(Auto)
(1) Meaning

This item is for setting of Sampling frequency fs that is used at the conversion of analog
data to digital data.

Frequency range fmax that specifies the upper limit of frequency of the measurement
control is related with Sampling frequency fs as below ;

fmax =fs/2.56

Sampling frequency should be set at the proper value to measure the required frequency.

For example, when the observation up to 2000 [Hz] is required by Test Specification,
the value of fmax should be set to more than 2000 [Hz] at least.

Also, the available frequency of sine is limited by Sampling frequency.

The value of Sampling frequency fs is selected to be more than about 15 times of the
frequency of sine to be generated. However, it varies depending on other conditions.

When the check box of ‘Auto-set of Sampling frequency’ is checked, an applicable

Sampling frequency is selected within the specified frequency of sine automatically.

5.4.5 Frequency
(1) Meaning

This item is for inputting the frequency of sinusoid to be generated.

5.4.6 Cycle
(1) Meaning
This item is for specifying the number of sinusoidal pulse, that is, the number of periods of

the waveform cycle to be generated for the specified frequency.



5.4.7 Frame time
(1) Meaning
Frame specifies the number of Sine Beat / Sine Burst generated by the frequency and the
waveform cycles.
Where, this item is for setting of the times for repeating Sine Beat / Sine Burst generated by

the specified frequency and waveform cycles.

5.4.8 Pause time
(1) Meaning
When the multiple frame are specified. This item is for setting of pause time between the
frames.

The zero reference for the specified time in this item is put between each frame.

5.4.9 Edging
(1) Meaning
This feature is effective only for the Sine Burst.
The edging is applied for a sine burst waveform to bring the rising and falling edges to zero

smoothly. For the window function, either ‘Hanning’ or ‘Ramp’ function may be selected.
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Select [Sine Burst], check ‘Edging’ and then set:
* Rise cycle,
* Fall cycle, and

* Window function.



Sine Beat/Sine Burst (2/2)
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5.4.9.1 Rise cycle
(1) Meaning
Specifies the number of cycles (time) for applying the rising edge process.
Setting this to ‘0° will nullify the rising edge process.

The sum of ‘Rise cycle’ and ‘Fall cycle’ cannot exceed the overall ‘Cycle’.

5.4.9.2 Fall cycle
(1) Meaning
Specifies the number of cycles (time) for applying the falling edge process.
Setting this to ‘0’ will nullify the falling edge process.

The sum of ‘Rise cycle’ and ‘Fall cycle’ cannot exceed the overall ‘Cycle’.

5.4.9.3 Window function
(1) Meaning

This setting selects the window function used for edging.



5.5 Symmetric Compensation (Defined Waveform)
The function is this item is for generating a waveform data by using each type of pulse and the same
pulse to the specified one having the inverse polarity.

The dimension of Controlled Variable is limited to ‘acceleration.

Symmetric Compensation (Defined Waveform) has the shape of the acceleration waveform as below.
And the items that defines the shape of waveform are listed as below ;
+ Waveform type
* Peak amplitude
* Pulse width
* Interval before front pulse
* Interval between the Pulse

+ Interval after rear pulse

Waveform type
(Half-sine)

Peak amplitud

“—>

‘ ‘
Pulse width

Interval Interval Interval
before between after
Front Pulse the Pulse Rear Pulse



<Compensation Wave>

Compensation of this Waveform type is used to make the final velocity zero.

The result of the final displacement depends on the method of Compensation Wave adding.

(When Compensation Wave is added after the Main pulse ;)
This is a popular method.
In this case, Compensation Wave having the same Pulse width, the same Amplitude and the inverse
Polarity as those of Main Pulse is added to the waveform after the Main Pulse.

The final displacement zero is not obtained.

(When Compensation Wave is added to front and rear of the Main Pulse ;)
In this case, Compensation Wave having the same Pulse width, 1/2 of the Amplitude and the inverse
Polarity as those of Main Pulse is added to the front and rear of waveform.

The final displacement zero is obtained.

Compensation Wave added after the Main Pulse (Normal)  Compensation Wave added to front and rear of the Main Pulse
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When [Symmetric Compensation] is selected, the definition dialog (1/2) for setting of the items which
defines the shape of waveform appears.
* Waveform type
* Peak amplitude
* Pulse width
+ Interval before front pulse
* Interval between the pulses

+ Interval after rear pulse

Symmetric Compensation (1/2) ’T‘
Tupe Half-sine v
Arnplibude 1000 == m/s? -

S ampling frequency

[V] &utola)

Sampling frequency | 128000

Pulse width 100 = e
Interval before front pulze 200 :, ms
Interval between the pulses 150 = ms
Interval after rear pulze 200 :- ms

[ Make compensation at pre/post-pulse(P)

<4 Back |[ et = J [ Cahcel

Press [Next] when the setting of these items is completed.

The generated acceleration waveform appears by pressing of [Next].



When the setting of definition dialog (1/2) is completed, the definition dialog (2/2) appears and the
generated acceleration is displayed.
Press [Back] to return to the definition dialog (1/2).

Press [End] to complete the definition of Reference Waveform.
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5.5.1 Waveform type (Type)
(1) Meaning
This item is for specifying of the type of waveform data to be generated.

+ Half-sine
Pulse waveform for a half period of sinusoid

* Haversine
Pulse waveform for one period of waveform cycle expressed by Hanning function

* Triangle

Pulse waveform for a half period of triangle waveform

Actually, a type of pulses specified in this item and the equivalent pulse to the specified one
having the inverse polarity are generated as a pair (the pulse having the inverse polarity is used

as Compensation Wave).



5.5.2 Peak Amplitude (Amplitude)
(1) Meaning
This item is for setting of the level of waveform data to be generated by peak value (0-p).
The value of this item should be set to the lower value than the maximum rating of the

excitation system to be used.

5.5.3 Peak position
(1) Meaning
This item is set only when ‘Triangle’ is selected as Waveform type.
Peak position is specified by the percentage to Pulse width D (defined later).

The center of pulse is positioned at 50 %.

< Y
< P

Tp

< >
< >

D(msec)
0% 100%

5.5.4 Sampling frequency / Auto-set of Sampling frequency(Auto)
(1) Meaning

This item is for setting of Sampling frequency fs that is used at the conversion of analog
data to digital data.

Frequency range fmax that specifies the upper limit of frequency of the measurement
control is related with Sampling frequency fs as below ;

fmax =fs/2.56

Sampling frequency should be set at the proper value to measure the required frequency.

For example, when the observation up to 2000 [Hz] is required by Test Specification, the
value of fmax should be set to more than 2000 [Hz] at least.

Also, the available Pulse width is limited by Sampling frequency.

The value of Sampling frequency fs is selected to make around 15 points of Data Length
within the Pulse width. However, it varies depending on the Waveform type and other
conditions.

Data Length within the Pulse width is obtained by the following expression. Denoting
Data Length within the Pulse width as Nd and Pulse width as D [ms] ;

Nd=D X fs/1000
When the check box of ‘Auto-set of Sampling frequency’ is checked, an applicable

Sampling frequency is selected within the specified Pulse width automatically.



5.5.5 Pulse width
(1) Meaning

This item is for inputting the Pulse width for a half-period of waveform data to be generated.

5.5.6 Interval before front pulse
(1) Meaning
This item is for specifying the length of zero data when it is added before the Main Pulse.

This item is set to O[ms] as an initial value.

5.5.7 Interval between the pulses
(1) Meaning
This item is for specifying the length if zero data when it is added between the Main Pulse and
Compensation Wave having the inverse polarity.
This item is set to 0 [ms] as an initial value.
When this item is set to 0 [ms], a half-period of pulse having the inverse polarity succeeds the
Main Pulse without interval, that is, a waveform data for one period is generated.

Note that the required displacement is sure to be increased when the interval of this item is set.

5.5.8 Interval after rear pulse
(1) Meaning
This item is for specifying the length of zero data when it is added after a half-period of pulse

having the inverse polarity. This item is set to 0 [ms] as an initial value.

5.5.9 Make compensation at pre/post-pulse
(1) Meaning
Generally, Compensation Wave (a half-period of pulse having the inverse polarity) is added
after the Main Pulse. However in this item, it is added before and after the Main Pulse.
Compensation Wave added before and after the Main Pulse has the same Pulse width as that of
the Main Pulse and 1/2 of Amplitude as that of the Main Pulse. In this case, both the final

velocity and the final displacement are set to zero.



5.6 Damped Sine
Acceleration waveform data of Damped Sine is generated.

The dimension of Controlled Variable is limited to ‘acceleration’.

Damped Sine has the shape of the acceleration waveform as below. And the items that defines the
shape of waveform are listed as below ;
* Waveform Type of Damped Sine (Synthesized Waveform Type)
* Peak Amplitude of Damped Sine
* Frequency of Damped Sine
+ Damping Ratio of Damped Sine
* Sampling Frequency
* Data Length (Number of Data Points)

Compensated, Exponentially Decaying Sinusoid (CEDS)

Zero Residual Displacement Decaying Sinusoid (ZERD)

Wavelet (WAVSYN)




Also, more complex waveform can be generated by superposing these waveforms of Damped Sine.
Damped Sine generated in this system satisfies the conditions as below ;
Initial Velocity = Final Velocity =0

Initial Displacement = Final Displacement = 0

When [Damped Sine] is selected, the definition dialog of Synthesized Waveform for setting of the
items that define the shape of waveform appears.
- Synthesized Waveform Type
+ Amplitude of each Component Waveform (Damped Sine)
* Frequency of each Component Waveform (Damped Sine)
* Damping Ratio of each Component Waveform (Damped Sine)
* Sampling Frequency

* Data Length
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Press [Next] when the setting of these items is completed.
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When the setting of definition dialog of Synthesized Waveform is completed, the display of Damped
Sine (2/2) appears and the generated acceleration waveform is displayed.
Press [Damped Sine (1/2) ] to return to the definition dialog of Synthesized Waveform.

Press [OK] to complete the definition of Reference Waveform.

5.6.1 Synthesized Waveform Type
(1) Meaning

This item is for specifying of the type of waveform data to be generated.

(D Compensated, Exponentially Decaying Sinusoid (CEDS)
CEDS (Compensated, Exponentially Decaying Sinusoid) was originated by
D.O.Smallwood*'.
Waveform § (t) is generated by superposing Exponentially Decaying Sinusoids as
element waves ;
)'c'(t)zzn: U (t — 1) Aiexp{—Ciwi(t—r)}sin wi(t—r)
i=1 (5-6-1)
Compensation wave hasn’t been added to this form yet. So, another additional
Exponentially Decaying Sinusoid  m is added,
X(t)=i U (t — ti)diexp{—Cimi(t—Ti)}sin oi(t—T:)
i (5-6-2)
+U (t+Tm) Amexp{—Cm@m (t+Tm)}sin @m(t+1Tm)
and this form of synthesized waveform is produced. U(t) in this expression indicates the
Heaviside’s step function.

The problem is how to decide the Compensation wave item. Smallwood calculates the



velocity and displacement expression of (5-6-2) by using Laplace transform, then decides
Amand t m as a function of wm, 7 m. Thatis, Frequency and decaying rate of
Compensation wave is given as user defining quantity, and calculate Am and 7t m are
decided using these quantities (Ai, { i, wi, T i).

The method of this system is the method of Smallwood in the above as it is. Therefore,
only in this case, Compensation wave parameters as w m and t m are needed to be specified
in addition to the Component waveform parameters (A1, {i, wi, ti).

For some combination of wiand { i, enough decaying won’t be damped in the defined
Frame Time (N/fs). In such a case, it is impossible for the waveform to converge in the
Frame Time. To avoid such situation, this program controls the available input value range
of i:Atfirst wiis to be specified. And minimum possible { i for the decaying Sinusoid
to converge near to zero within the Frame Time is calculated and used as the minimum
input range value for { i. To be more exact, the time length which is gotten as the resultant
of subtraction of Delay Time which is stated below from the Frame Time is used instead of
‘Frame Time’ in above statement.

The Time Origin is set to the beginning point of the Frame Time. When Delay Time is set
to non-zero value, the corresponding time distance is maintained for delay, and the CEDS
waveform is generated accompanied by preceding Compensation Wave according to the
above stated procedure.

In some cases, the program may change the Specified Delay Time to a longer one.

*1) Reference : D.O.Smallwood
“Matching Shock Spectra with Sums of Decaying Sinusoids Compensated for Shaker Velocity
and Displacement Limitation.”

Shock and Vibration Bulletin. 44(3) : 43~56

@ Zero Residual Displacement (ZERD) Decaying Sinusoid
D.K.Fisher and M.R.Posehn took another approach to make a compensated decaying sinusoid
than CEDS *2,
The waveform was named as ‘ZERD’ (Zero Residual Displacement) and has a property of

self-compensation by itself.

The definition of ZERO is :
X(t)=Aexp(1){ exp (—¢ wt)[sin wt—wtcos(wt+y )], t 20
a1, =24
Y=tan (—)
¢ -1 (5-6-3)

Quantities to be specified in this expression are A, » and (. Also Delay Time <
can be specified in this program.
Same as in the case of CEDS, minimum possible value of { , maximum value is 99%,

is determined for giving o to satisfy the convergence condition by the program.



This waveform has a distinctive envelope of ZERD wave.

*2) Reference : Christian Lalanne
“Mechanical Vibration & Shock Mechanical Shock Volume II” : 253~258

Hermes Penton Science

@ Wavelet (WAVSYN)

The following expression defines a kind of a wave pocket (Wavelet)*3.
And the Wavelet is designed to have the self-compensation nature like as ZERD, and called

‘WAVSYN’.
X(t)= Asin(kt)sin(wt) 0=t=T
0 other t
k= w/m
T=m=n/w
m=3,579,+ + - (5-6-4)

Where m is a number of half-period wave and called “’Number of Peaks’. ‘Number of

Peaks’ m must be an odd integer number larger than 3 for WAVSYN to have the

self-compensated property. ‘Number of period’ m corresponds to Damping Ratio { in
other waveform above. But the properties are reciprocal : large value of m corresponds to
a small value of (.

Quantities to be specified for defining a WAVSYN are A, o, m and Delay Time <.
Possible value range for m corresponding to the given value of o is controlled by the
program. In case your requirement is not accepted by the program, try follows ;

+ Set Data Length N larger.

+ Set Frequency (denoted « 1is above) larger, if it is acceptable for the testing.

*3) Reference : R.C.Yang
“Safeguard BMD System - Development of a Waveform Synthesis Technique”
SAF-64 (New York : Ralph M Parsons Co, Aug. 28, 1970)

5.6.2 Sampling Frequency
(1) Meaning
This item is for specifying the Sampling Frequency of waveform data to be generated.
By the setting of this item, ‘Frequency Range fmax’ that is defined when this data is used in
the waveform control program is determined.
Frequency Range fmax is related to Sampling Frequency fs by the equation as below ;
fmax = fs / 2.56 [Hz]



5.6.3 Data Length
(1) Meaning
This item is for specifying the number of data points sampled by Sampling Frequency in the
above clause for expressing the waveform data.
The whole length T[s] of waveform data is determined by the equation as below ;

T=N/fs [s] N : Number of Data Points

5.6.4 Frequency of the Compensation Wave
(1) Meaning
This item is defined when CEDS is selected as Synthesized Waveform Type.
This item is for specifying the frequency of Compensation Wave (Exponentially Decaying
Sinusoid) to operated the compensation to the superposed acceleration waveform of specified
Exponentially Decaying Sinusoids in order to obtain ‘Final Velocity zero, Final Displacement
zero’. Ordinary, a smaller value than the minimum frequency of the other component

waveform is set.

5.6.5 Damping Ratio of the Compensation Wave
(1) Meaning
This item is for specifying the damping ratio given to CEDS in the previous clause.

Ordinary, this item is set to ‘100 %’ .

5.6.6 Component Waveform Parameters (Damped Sine)
The definition of Synthesized Waveform is executed by using the buttons as below ;

[Add] : Damped Sine is registered.

[Change] : Components of the registered Damped Sine is corrected.
Select the number of waveform to be corrected by the mouse and press this
button. Then, the parameter of the objective waveform appears.

[Delete] : The registered Damped Sine is deleted.
Select the number of waveform to be deleted by the mouse and press this

button.

5.6.6.1 Frequency
(1) Meaning
This definition item is common to each special waveform, CEDS, ZERD and WAVSYN.

This item is for specifying the frequency given to each component.



5.6.6.2 Amplitude
(1) Meaning
This definition item is common to each special waveform, CEDS, ZERD and WAVSYN.
This item is for specifying the initial amplitude Ai given to each component.
The dimension of Controlled Variable for the special waveform data generated by this

system is limited to ‘acceleration’.

5.6.6.3 Damping Ratio
(1) Meaning
This definition item is common to CEDS and ZERD. This item is for specifying the
Damping Ratio { i given to each component.
<Minimum value>

The minimum value of this item is defined as below ;

Damping Ratio { i by which the amplitude of component waveform is damped lower
that 1/100 of Initial Amplitude A1 at the ending edge of frame time is used as lower
limit value.

That is, the lower limit value is defined as the condition assuring the sufficient
damping for each waveform within the set data length (specified by fs and N).

When the lower limit value is too large, try follows ;

* Set Data Length N larger.

+ Set Delay Time smaller.
<Maximum value>

CEDS : 999.99 %

ZERD : 29 %

5.6.6.4 Number of Periods (WAVSYN)
(1) Meaning
This item is defined when WAVSYN is selected as Synthesized Waveform Type.
The meaning of Number of Periods corresponds to Damping Ratio in CEDS and ZERD.
Note that the large Number of Periods corresponds to the small Damping Ratio.
<Minimum value>
Minimum number of Periods is specified to 3 in WAVSYN.
<Maximum>
The program sets that the defined waveform specifies the maximum number of

periods converged within the defined data length.



5.6.6.5 Delay
(1) Meaning
This definition item is common to each special waveform, CEDS, ZERD and
WAVSYN.
This item is for specifying the delay time t i given to each component.
That is, the set value of this item defines the time origin of Synthesized Waveform.
For example, when ti= 10ms is defined, the waveform is generated as the wave that

begins at 10 ms passed from the data generation start.



Chapter 6 Supplementary Explanation for Operation

6.1 Tolerance Check in Shock Test other than in Classical Shock

The setting of Tolerance in Shock test is included in the definition items of Reference Waveform in
Classical Shock. However, in other types of Reference Waveform, the definition of Tolerance is
independent of the definition items in Reference Waveform (Test Definition).

Tolerance is a criterion of judgment for control result and doesn’t give any influence to the control
ability.

Tolerance of Reference Waveform other than in Classical Shock is not included in the definition file
of each Test File. It is defined at each time of testing operation. Tolerance is defined by the item as
below ;

+ Upper Limit/Lower Limit of Tolerance

(Set by the percentage to Peak Value of Reference Waveform)



6.2 Excitation Level Change
Excitation Level is changed by the procedures as below in Excitation Condition.

The contents of Excitation Condition can be changed in the state of waiting for Excitation start.
The initial value of Excitation Level is defined in Initial level of Control Condition Definition.
< Procedures >

<Step 1>

Select [Operation] — [Excitation condition] in Menu bar.
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<Step 2>

Excitation Level is specified in this item.

The initial value is set to the value specified in Initial level of Control Condition.

In the dialog as below, Excitation Level is specified to ‘100 %’ as an example.
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<Step 3>

Excitation Level is corrected to the specified value in the above.

The excitation is started at the specified Excitation Level by pressing of [Excitation start].
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6.3 Polarity Change of Reference Waveform
Polarity of Reference Waveform is changed by the procedures as below in Excitation Condition.

The contents of Excitation Condition can be changed in the state of waiting for Excitation start.

The initial value of Polarity of Reference Waveform is specified in Polarity of Control Condition

Definition (Detailed Definition).

< Procedures >
<Step 1>

Select [Operation] — [Excitation condition] in Menu bar.

e
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<Step 2>
Select the type of Polarity.

The initial value is specified to the value defined in Polarity of Control Condition.

In the dialog as below, Polarity is specified to * —(minus)’ as an example.
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<Step 3>

Polarity is corrected to the specified value in the above.

The excitation is started in the specified Polarity by pressing of [Excitation start]

1 Multi-SHOCK - 2/5hock

File(F) Test definition(T) Operation(P) Edit(E) View(¥) Window() Option(Q) Help(H)

2 jl L,M; f‘j [;'i Pl g

Preview

Test save Datasave  Print Ope.end | Start
L L
Excitation level  Reference Frogiess Enror ralio
100.0 Waiting for excitation start
% % %

Drive  Tolerance

XFR function | Drive | Reference / Response |Operation status I—

Waiting for excitation start
2017/02/01 16:57.05

Reference peak value +(m/s?)

Response peak value +(mjs?)

/ Sampling frequency 2560.00 Hz
- Data length 28981
XFR measuremeant averaging Gtimes
Repetitive output Nat execute
L. s 1000%00 )
I Palarity Negative Eldi
T aupie
Ch-X Ch-y Ch-Z
Tolerance check
Ermorratio (%)
Control error peak value  +(%)
(ms)
Control error peak value  -(%)
(ms)
Physical quantity Acceleration Ch-X Ch-y Ch-Z

m

E=dmdl =2
Abort
Level
100.0
%

Increment

<
!

2
L

Polaity

Negative

HO X H X

Waiting for excitation start

NUM

Invalid

Excitation stop timer setting

2/1/2017 16:57:05




6.4 Repetitive Excitation

6.4.1 Operation of Repetitive Excitation

The operation of Repetitive Excitation is set by the procedures as below in Excitation Condition.

The contents of Excitation Condition can be changed in the state of waiting for Excitation start.

The condition of Repetitive Excitation is specified by two items as below ;

* Repeat times

* Interval

The initial value of Repetitive Excitation is specified in Repetitive Excitation of Control Condition

Definition (Detailed Definition).

< Procedures >

<Step 1>

Select [Operation] — [Excitation condition] in Menu bar.

.

<1 Multi-SHOCK - K2/Shock

FileiF} ~Test definition(T) | Operation(P) | Edit(E) View(V)

X '|Y |z

E witation lesvel Refere

1000

4

XFR functic
Waiting for e
2017/02/011
Sampling fre
Data length

XFR measurement averaging

Operation start(F2)

End(F3)
Excitation condition(Fa}...

Excitation start(F7)
Stop(F9)
Retry(F10)
Iteration(F11)

XFR renewal(F12)

XFR measurement againfA)
Previous drive(P]

To Oth drive()

Level schedule start(5)

Level schedule retry(R)

X

Window(W) Op

O perati
D

Flimes



<Step 2>

Check the check box of ‘Operate’ in the items of Repetitive Excitation.

Check the check box of ‘Infinite’ when the times of repeat are not specified. On the other hand, the
times of repeat can be specified by inputting the times in Repeat Time and specifying the interval of
repeat after canceling the check of ‘Infinite’.

The initial value is set by the condition defined in Repetitive Excitation of Control Condition Definition.

In the dialog as below, Repeat Times is specified to 10000 times and Interval is specified to 100 ms as

an example. Excitation condition @
Excitation level Polarity
Level 1000 % | 0.00 gp ) @+

[ Increment 10.0 : ]

Cancel

Tolerance check

0.0 ¢ | 1171224 ms Objective region All region
Upper % Lower

Fepetitive excitation

/J Operate
PS4 4
Infinite  Repeat times 10000 = times 1000 5 s interval
(1)
@ Monitoring at the masimum value Abort changing ratio | %

Excitation stop timer

@ Mat zpecify

Specify time interval 0 hours 0 = minutes later

Specify time instant ‘Wednesday, February 01, 20017 50213 PM

<Step 3>
Repetitive Excitation is corrected to the specified value in the above.

The excitation is started in the specified condition of Repetitive Excitation by pressing of [Excitation
start].

0 Multi-SHOCK - K2/Shack =N ECH
File(F} Testdefinition(T) Operation(P) Edit(E) View(¥) Window(W) Optien(Q) Hel, N N R
= —— The times of excitation that actually
= NS X ~
. - : repeated are displayed.

Test save Datasave  Print Preview

Yz |

Feference Frogiess Eiron ratio Diive  Tolerance  Abort

E xcitation lewel

1000

Qlion status

XFR function | Drive | Reference / Response Op®

Level

I A ..
o — The specified value of Repetitive
Waiting for excitation start
2017/02/01 170339 Times is displayed.

/ Sampling frequency 2560.00 Hz
y Data length 29981 = et
e T i —7 e

Repetitive output 10000 times 100.0 ms interval I \Q/

=l LRy R L)) E e
Palarity Paositive \—/
Loop renewal times Othloop

Ch-X Ch-y Ch-Z

Tolerance check Palarity

Error ratio (%)

Pasitive
Contral error peak value

Control error peak value

Ch-X Ch-y Ch-Z

Response peak value +(m/s? -
ELEEE]T

Waiting for excitation start NUM 2/1/2017 | 17:03:39




6.4.2 Monitoring at the maximum value

This function is for monitoring response during repetitive excitation.

By using this function, for example when excitation system or sensor system becomes abnormal

and response is changed, the excitation can be stopped.

The peak value of response at current excitation is compared to the peak value at first excitation

during repetitive excitation. And when the change ratio is larger than the specified ratio (Abort

changing ratio), the excitation is stopped.

< Procedures >
<Step 1>

Set 'Repetitive Excitation' of the previous section.

Excitation condition

Excitation level Polarity

Level 1000 -5 | 000 4m) @+ ——
== Cancel

[ Incrernent 100 =)

Tolerance check,

| 00 == | 1171644

Objective region All region

Upper % Lower %
Repetitive excitation
L X
00 . > 7] Operate
@ Infinite | Repeat times 10000 |- fimes 100000 =+ mg interval

tonitoring at the maximum value Abort changing ratio %,

Coimibmbimn abmr bemr

< Step2 >

Check the check box of ‘Monitoring at the maximum value’.

Specify Abort changing ratio. In the dialog as below, Abort changing ratio is specified to 20% as an

example.
Excitation condition
E xcitation lewel Palarity
1000 = « 0.00 @ + —_—
Leval 1% [ di | Cancel
[ Incremert 100 =)
Tolerance check
| 0.0 <==>| 1171e+4 o Objective region &l region
S A4 Upper — Lower — %
1)
@ Fiepetitive excitation
| Operate
000 Infirite  Repeat times 10000 | limes 100000 ms interval 000
° . . ||/ | Monitaring at the maximum value Abort changing ratio 200 : =g -

Excitation stop tirmer




The example that response becomes small during repetitive excitation is shown below.

) Multi-SHOCK - K2/Shock == =
File(E) Test definition(T) Operation(P) Edit(E) View() Window(W) Option(Q) Help(H)

5 Bl B 59 2% vl | ! 4

Testsave Datasave  Print Preview Quick Ope. end Restart

R

Progress Enmor ratio Diive  Tolerance  Abort

B R == C © e

XFR function | Drive | Reference / Resporse | Operation status o]

Reference espf)m;eauenn E
B A QE 2 F e (@

Excitation level Reference

100.0

B Response

/ I Reference
B Tolerance upper limit Increment
B Tolerance lower limit i
nﬂ\‘x
D.0sec 50 nnm
; Polarity

Repetitive excitation

Excitation stop timer setting

NUM 1/5/2017 10:40:49

2017/ 1/510:40:00 Repeattimes 2 / 10000
2017/ 1/510:40:22 Repeat times 3 / 10000
2017/ 1/510:40:23 Repetitive excitation is aborted because the response of input channel [Ch-X] becomes smaller than the initial resg
2017/ 1/ 5 10:40:23 Excitation is stopped.(Excitation stop by abort check)
(Excitation stop bv abort check)
Excitation level : 100.0 % ( 0.00 dB)
Response(Reference) peak value(Ch-X)im/s? : + 0.0 {+ 13.1486) , - -0.0 (- 12.3517)
Response(Reference) peak value(Ch-Y)m/s?l: + 0.0 (+ 11.3929) . - -0.0 (- 8.6305)
Response(Reference) peak value(Ch-Z)[m/s? : + 0.0 (+ 8.1835) , - -0.0 (- 5.4665)

m

‘ i D
HO® &8 ¥

Excitation is completed.(Excitation stop by abort check)

When response becomes smaller during repetitive excitation than Abort changing ratio, the

excitation is stopped and the abort message is displayed in History window.



6.5 Set Up

The function of Set up is described in this clause.

&

Select [Option] — [Set up] in Menu bar to display the dialog of Set up.

i) Multi-SHOCK - K2/Shock
File(F} Test definition(T) Operation(P) Edit(E) View(V) Window(W) | Option(O} | Help(H)

N= — _' == -~ Set up(A]...
| =) _;n_ f rj ﬁj Graph setting(G)...

I I
MNew Simple Open  Test save Print Preview Environment setting(E)...

Web monitor setting(W)...

Excitation lewvel Reference E-mail sending function setting(M]...

P
Report generator setting(R)...
. ECO mode maintenance settings()...
Test definition | Reference graph High speed camera communication settings(H)...

N Customize toolbar button(C)...

&) Test Definition Information Select language(S)...

") VO Module Configuration

Testtype
Exc. Svstem Confia.  Multinle shakers

6.5.1 Tolerance
Select the tag of Tolerance. The initial value of Upper Limit/Lower Limit of Tolerance is specified
for Excitation Condition.

Upper Limit/Lower Limit of Tolerance is specified by the percentage to Peak Value of Reference

form.
Wavefo o =

Tuolerance initial value oK.
Upper 100 = 5 ]
Ly Cancel

000 (Lamen 100 |

uto-save at the excitation completiory
Calculation method of emror

@) RMS reference Paak reference

DigplacementAfelocity calculation process
@ Auto Marual Not execute
Processing method

DC-cut processing for velocity

High-pass filter

Cut-off frequency =] Hz
Order

Transmizszibility display unit
dB E4 @ Unit/Unit

Enable ta specify an excitation level that exceeds 100%
Display canfig for operation

Store Initialize:

[teration

Set objective region to reference waveform length

Usze Hanning window




6.5.2 Calculation method of error

The calculation method of error is selectable between ‘RMS reference’ and ‘Peak reference’ in the

dialog box of Set up.
Setup (]
Tolerance initial value oK.
100 [ = ————
Uz =l = Cancel
Lower 100 == .y
Calculati thod of
l alculalion method of ermor
k. ref
000 @ RM5 reference Peak reference
<
DizplacementMelocity calculation process
@ Auto M anual Mot execute
Procezsing method
DIC-cut processing for velocity
High-pass filter
Cut-off frequency Hz
Order
Tranzmizzibility display unit
dB % @) UnitsU nit
Enable to specify an excitation level that exceeds 100%
Display config for operation
Stare Initialize
Iteration
Set objective region to reference waveborm length
Llze Hanning window
RMS reference :
Calculating the percentage of error ratio by comparing RMS of error waveform to reference
waveform.
Error ratio[%] = RMS of error waveform / RMS of reference waveform x 100

Peak reference

Calculating the percentage of error ratio by comparing Peak of error waveform to ‘Peak to

Peak’ of reference waveform.

Error ratio[%] = Peak of error waveform / p-p of reference waveform X 100
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6.5.3 Displacement/Velocity Calculation Process

Select the tag of Displacement/Velocity Calculation Process. This item is for specifying the method
of Displacement/Velocity Calculation Process. This item is valid only when the Controlled Variable
is set to ‘Acceleration’.

Based on the reliability of definite integral characteristics and acceleration data in the lower
frequency range, when the check of system rating is operated by the displacement/velocity waveform
simply integrated, the test operation itself cannot be executed because of the error that too much
displacement/velocity of Reference is obtained. This function is for operating the adjust process to
get a proper displacement/velocity waveform with avoiding the phenomenon in the above. However,

carefully use of this function is required because too much displacement/velocity is real in some
cases.
Note that the displacement/velocity waveform calculated from acceleration waveform must

be treated as a reference. Use displacement sensor when accurate response displacement waveform

is needed to be obtained. - =
Tolerance initial value
ak.
< Auto > g 100 B - A
=1 & Cancel
* In case the reference waveform type is ‘Measured Lower 100 =
waveform” or “Sine burst waveform” oo , - :
°¢ Buto-zave at the excitation completiors
* VelOCItY DC Cuttlng : ON Calculation method of error
. High-pass ﬁlter prOCCSSing . ON @ RMS reference Peak reference
Cutoff frequency . max [ ZAf, control DisplacementVelocity calculation process
lower limit frequency], Degree : 1 ® futo Manual  © Not exccute
Pracessing method
* Other cases . .
DC-cut proceszing for velocity
* Velocity DC cutting : OFF P
* High-pass filter prOCCSSing : OFF Cut-off frequency =g
Order
< Manual >
Adjusting process is operated as below ; Transmissibilty display urit
+ DC-cut processing for Velocity e % @lUniAnt

DC component is cut off at calculating the
. Enable to epecify an excitation level that excesds 1007%
velocity waveform.
+ HPF
High-pass Filtering (Butterworth Filter) is
operated to the displacement waveform to adjust it.

When this item is selected, the values of ‘Cut-off

Display config for operation

Store Initialize:

Iteration

Set objective region to reference waveform length

Llze Hanning window

frequency’ and ‘Order’ are specified. The larger the

value of Cut-off frequency is specified, the smaller
the displacement is calculated. And, the larger the value of Order is specified, the steeper the
slope of Filter is obtained.

The signals in the lower frequency range exceeding over the usable frequency band of
Accelerometer should be cut-off. The signal component in the lower frequency range is
needed to be removed beforehand because it is amplified by processing of integral.



6.5.4 Transmissibility display unit
This item is for specifying the display unit of Transmissibility between the data having the same
dimension each other.
The display unit of Transmissibility between the data having different dimensions is described as

‘Unit/Unit’ in all cases.

Setup @

Tolerance initial value oK
u 100 = ¢ ————
(32 - Cancel

Lawer -10.0

»

futo-save at the excitation completiord

Calculation method of error

@ AMS reference Peak reference

DigplacementMYelocity calculation process
@ duto M anual Mot execute

Processing method

DC-cut processing for velocity

High-pass filker

Cut-off frequency Hz
Order

Tranzmissibility dizplay umit
~ dB 4 @ Unit/Unit

Enable to specify an excitation level that exceeds 1005

Dizplay config far operation

Stare Initizlize

Iteration

Set objective region to reference wawveform length

Uz Hanning window
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6.5.5 Auto-save at the excitation completion
This item is for saving the data file automatically at the excitation completion.
The file name of data to be generated is as below.
Test file name XXX.vdf
XXX : The sequential serial number is obtained at each time when the excitation is completed.

In repetitive excitation operation, only the latest excitation data is saved.

6.5.6 Enable to specify an excitation level that exceed 100%

This function allows to set higher excitation level than 100%. The upper limit is 200%.

Use this function after fully understanding the dangerousness. Wrong use may damage the
system. To perform higher than 100% of excitation, we strongly recommend raising the
reference waveform level itself without using this function.

Rating check is held at 100% during definition. It cannot therefore be seen whether higher than
100% of excitation is available or not at the end of definition. Since rating is checked before every
excitation, however, such a safety function as ‘higher than the rated excitation is unavailable’ works.

6.5.7 Display config for operation
* ‘Store’ check box
Check ‘Store’ to store the display configuration during testing. Display configuration is
stored for each test type. If the display configuration is stored, graphs and others based on the
same settings as those for the previous testing will be displayed during next testing. Uncheck
‘Store’ not to store the display configuration modified thereafter.

+ ‘Initialize’ check box

Select ‘Initialize’ to format the display configuration.

6.5.8 Iteration (Correction of Drive data)
By iteration, an unwanted response may occur outside the reference waveform region. If this
happens, use this function.
+ “Set objective region to reference waveform length’ check box
This eliminates any effect of errors outside the reference waveform region from the iteration
processing. However, because errors outside the reference waveform region will be removed
forcibly, the use of this function may cause unwanted components in the drive waveform
immediately before and after the reference waveform region. For this reason, the “use Hanning
window” check box described below should be selected in most cases.
+ ‘Use Hanning window’ check box
Errors outside the reference waveform region will be disregarded in consideration of
continuity of the error waveform in the iteration processing. However, the error convergence of

response waveform in regions at the beginning and end of the reference waveform will be poor.



6.6 Reference Waveform Type Change

The procedures of correcting the defined Reference Waveform Type are described.

< Procedures >
<Step 1>

Select ‘Reference waveform’ in Test Definition items and press [Definition change] button.

Test definition | Reference grag

3 Test Definition Information
-9 0 Module Configuration

ation
W'C') Reference waveform

B Excitation systemn setting
AN 49 Input channel
@ ..... | Level schedule
aad 1l | Timing signal
----- | SRS Analysis Condition

<Step 2>
The display of reference definition appears by pressing the [Definition change] button.

Select a waveform and proceed to the type selection to define the waveform.

i

Test definition | Refarence grap

&) Test Definition Information
43 VO Module Configuration

&% Fxcitation Sustem Information

Change form

Cha Type selection fn
000 7 ) CXCILSTION system setting
° -3 Input channel
.| | Level schedule

add ~-[_] Timing signal
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<Step 3>

Select one of the Reference Waveform Type to be defined in the dialog of Reference Waveform
Definition. Then, press [Next].

The definition dialog of each waveform type appears. Refer to Reference Waveform Definition in

Chapter 5 about the details of each type.

o "

Reference Waveform Definition @

Reference waveform type

LClazgizal Shock,

Measured W avetorm

Sine Beat/Sine Burst

Symmetric Compenzation(]

Damped Sine

Mewut »» ] [ Cancel




6.7 System Rating Check
As one of the safety functions, the displacement and velocity waveform of the Reference Waveform is
calculated and checked by comparing with the value of System Rating when the Reference Waveform is
specified as acceleration.

If the values exceed over the System Rating, the error or the warning messages are displayed.

Test definition Reference ora ph
S TEStL{[;é;i:oT szor:]atio: Reference waveform type Classical Shock ik
ﬁ Viedule Fenfigura 'ont_ Waveform type Half-sine
rmation .
Sampling frequency 2560.00 Hz
Ref f
Sl Peak amplitude 2000.0 mjs?
.43 Excitation systemn setting Pulse wldﬂ_.l_ 11.0ms
z Pulse position 0.0%

w-&9 Input channel A |
_____ ] Level schedule Restt!me:Pre-pulse 0.0ms =
_____ ] Timing signal Resttime:Post-pulse 0.0ms
_____ 1 SRS Analysis Condition Tolerance type MIL-STD-810C

Compensation wave Asymmetry
Compensation wave type Typed(Optimization level:0.00)
Peak level:Pre-pulse 90.0 %
Peak level:Post-pulse 90.0 % W
Total length 399.6094 ms(1024 points)
Min. Max. 7
2017/ 2/ 210:35:21 Test definition is completed.
Reference acceleration is exceeding over the system rating.
\.
4 m | ¥

Refer to “6.5.3 Displacement/Velocity Calculation Process” about the calculation of

Displacement and Velocity waveforms.

Refer to “4.17 Safety check” about the System Rating Check by excitation force.

6-17



6.8 Error ratio
When the excitation is completed, the results of excitation, such as the result of Tolerance Check and
Error ratio, are displayed.

This Error ratio is calculated according to the method in “6.5.2 Calculation method of error”.

lewvel Reference

13.1486

Error ratio

ay
‘o

#FF function | Drive | Reference / Response | Dperation S\G'l'n?‘_/—

Progress

mjs*

Excitation is completed. (Excitation is completed correctly)
2017/02/02 10:47.55
Sampling frequency 2560.00 Hz
Data length 29931
*FR measurement averaging Btimes
Repetitive output Mot execute
Excitation level 100.0 % ( 0.00 dB)
Polarity Positive
Loop renewal times Oth loop
Ch-X Ch-Y Ch-Z
Tolerance chack Ok QK QK
Error ratio (%6) 16.5128 54190 26145




6.9 Operation of Level Schedule
Level schedule operation is available when the level schedule is defined.

The outline of Level scheduling process is described as below ;

____________________________________

Excitation and
Tolerance check

Operation of Iteration

A

Have the maximum
times of Iteration
been operated?

lYES

Stop the schedule at
failing in the iteration
processing.

NO

YES

Repetitive excitation
operation

Repetitive operation completion

Pause the NO

schedule

Waiting for the operator’s command.

Retry the schedule operation

Go to the next schedule item
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Operation of Level Schedule is executed along the following procedures.

< Procedures >
<Step 1>
When a test file with its Level schedule defined is selected, the button of [Level schedule] is
activated in the state of waiting for the excitation start.

Press the [Level schedule start] button to operate the level schedule.

© o
<
<

. Multi-SHOCK - K2/Shock £
File(F) Test definition(T) Operation(P) Edit(E) View() Window(W) Option(Q) HelpH)
=3 L =5 X
A LA T P ‘ b=
I L
Testsave Datasave Print Preview Ope. end Start Sch. start
oy 1z |
Excitation level Reference Progress Error ratio Drive  Tolerance  Abort
XFR function | Drive | Reference / Response |Operation status -
| : ! . r X 30.0
FEFEIE EYE IR -
= Response
B Reference |0|
Bl Tolerance upper limit =) RS
B Tolerance lower limit |0| |_,| ’W
[ a2 |

Palarity

Positive

Repetitivs excitation

Invalid

Excitation stop timer sstting

NUM 12/29/2016 16:40:26

Waiting for excitation start

On the other hand, when the general excitation operation needs to be operated, press the button of

[Exc.start].



< Step 2 >
(1) In case that ‘Iteration’ is defined in Level schedule
Iteration is operated when the Tolerance check is resulted in NG before executing the
repetitive operation.
When ‘Stop the schedule at failing in the iteration processing’ is set, the system abort the
testing operation and proceeds to the state of excitation completion in case that it is resulted

in NG in Tolerance check after the maximum times of Iteration.

(2) In case that ‘Pause the schedule’ is defined in Level schedule
The system is set to the state of waiting for operator’s command when the schedule is
paused after the excitation completion according to the current schedule items.
Press the button of [Level schedule retry] to restart the schedule.
Press the [Stop] button to stop the schedule operation.

Stop the schedule Retry the schedule

i) Multi-SHOCK - K2/Shock == EcE ]
File(F) Test definition(T) Operation(P) Edit(E) View(V) Window{W) Option(Q) Help(H)
2 P P _ =
L L L
Testsave Datasave Print Preview Quick Stop Sch, retry
X v [z |
Excitation level Reference Progress Enmor ratio Drive  Tolerance  Abort
300 6 ! Excitation is completed C (\ C
= / s
%
XFR function | Drive |Reference / Response | Operation status o
' e ] 30.0
eI ET-IF IR :
g0 m/s? ChX B Response =
B Reference
B Tolerance upper limit Inerement
= Tolerance lower limit ’—
100
A
Polarity
Positive
Repetitive excitation
Valid
Excitation stop timer setting
o ®
Excitation is completed. (Excitation is completed correctly) NUM 12/29/2016 16:48:54

(3) In case that ‘Continue’ is defined in Level schedule
The system operates the next schedule item automatically after the excitation completion of

the current schedule items.



<Step 3>
When the Level schedule is completed, the system is set ti the state of Excitation completion.
The Level schedule can be operated again by pressing the [Retry] button.

When the [Retry] button is pressed, the system returns to the state of waiting for the excitation
start as < Step 1 >.

Press the [Exit] button to finish the testing operation.

Testsave Datasave Print Preview Quick

L A I

Exit Retry the Level schedule operation
i), Multi-SHOCK - K2/Shock === ==
File(F) Test definition(T) Operation{P) Edit{E) View(V) Window(W) Option(Q) Help(H)
=3 Ly =& 5 s
2L e P - ¢ [t

Restart  Iteration

Excitation level Reference Progress Ermor ratio Diive  Tolerance  Abork

XFR function | Drive |Reference / Response |Operation status

Level
| Spon SO g 100.0
BNl QE e 2 (& i
95, m/s? Ch¥ === Response -
B Reference
e Tolerance upper !In‘!lt |ncrement
e Tolerance lower limit ’—1[) il
s
Polarity

Repetitive excitation

Invalid

Excitation stop timer setting

00sec 20 40 60 an 100

117109

Excitation is completed.(Excitation is completed correctly) NUM 12/29/2016 17:03:05




6.10 Using / Deleting of Live Data in Operation
The data (necessary for test operation) obtained at test abort (end) can be used by saving that of Test
Definition File in the condition of Excitation Stop.
The saved data is called as Live Data in Operation.
The types of Live Data in Operation are as below ;
+ XFR Function

* Drive

When Live Data in Operation is saved in Test Definition File, the merits and demerits as below exist ;

[Merit]
< Using of XFR Function >
Transfer Function obtained in a test operation can be used in the next test. (XFR
Measurement can be skipped.)
However, pay attention to the danger when the system configuration and the condition of
sensors and specimens are different. In such a case, XFR Function is needed to be measured

again as the same as in an ordinary test.

< Using of Drive Waveform >
Drive waveform obtained in a test operation can be used in the next test. The test operated
previously can be replicated to have the same control accuracy.
However, pay attention to the danger when the system configuration and the condition of
sensors and specimens are different. In such a case, XFR Function is needed to be measured in

a new environment and Drive is generated newly.

[Demerit]
A part of Test Definition contents cannot be corrected until the used Live Data in Operation is
deleted.



6.10.1 Using of Live Data in Operation

Live Data in Operation can be used when the excitation operation is finished.

6.10.1.1 Add the live data in operation at finishing the operation
< Procedures >
<Step 1>
At finishing the operation, a message window appears as below. The system asks that the
current status is needed to be added to the definition file.
Select [YES].

¥ )

Multi-SHOCK - K2/Shock ==

[9} Add the current status to the definition file?

<
e\\’l Yes | | Mo | | Cancel

< Step 2>

The dialog box of “Save option” is displayed. Select “Carry on the live data in operation to the
definition” and select [OK].

r )

Save option @
Reflect the graph dizplay condition ta the definitian.

A JIiCarmy on the live data in operation o the definibion | Cancel |

- XFR function
Available to correlate with the definition after XFR measurement.
* Drive waveform

Available to correlate with the definition after Drive generation.



<Step 3>
The names of data related to the definition are added in the display of Test Definition.

E wcitation level Reference

Test definition | Reference grapl

&) Test Definition Information

_ -4 YO Module Configuration

- 49 Excitation System Information
: [-49 Reference waveform

- -4 Control condition

#-4&9 Excitation system setting
-89 Input channel

&9 Level schedule
..... | Timing signal

1) XFR function data
1) Drive data
149 Operation status

LUndefined




6.10.1.2 Add the live data in operation in Test definition mode
< Procedures >
<Step 1>
In Test definition mode, the XFR function data can be imported from data files by the
operation below.

The data available to import is the XFR function.

Select [File] — [XFR import] in Menu bar.

) Multi-SHOCK - K2/Shock
File(F) | Test definition(T) Operation(P) Edit(E}] View(V) Window(W) Opti

Mew(M]... Ctrl+M
Simplified test definition(Z) )
Open(0]... Ctrl+ 0
Save(s) Ctrl+5
Save as(A)...

Register as a standard(G]... Progres:

Ancther Excitation System Information loading(F)...

Mew Input Environment Information loading(T)...

Mew Input Environment Information saving(K}...

W

AFR import (Y])...
SHC
Save graph data(M]... ] X
' 23
Print(P)... Ctrl+P Not | 2
Preview(V) Not
_ _ Mot
Printer setting(R]... on
Page setup(U]...
. 4
Report generation(T)...
Quick report generation(Q]... . nvironn
1 Multi-SHOCK o. £
2 Chlsersh. A3 -2\Multi-SHOCK )
3 C\Users\..\3-1-1\Multi-SHOCK oup nar
nel
4 Chlsersh,. AL0AMulti-SHOCK
name
Exit () A
” IFIET GUTpOT voltage



<Step 2>
Select a file to import (the XFR function) and press [Open].
These items are available only when the selected test data file has consistent condition having

the same sampling frequency other parameters with the Test definition.

i) Open )
Lookin: | | My Documents - @7 mr
= Name = Date modified Type Size
ke : @ Data 1/5/2017 5:24 PM Excitation data file
o2 1 I
| Desktop
u=n})
Libraries
Computer
w
4 1 3
Metwork
File name: Data - Open
Files of type: Excitation data file(* vdf2) v] I Cancel I
Application SHOCK
Comment <




<Step 3>

The imported data is added and displayed in the Test definition information as a related data.

) Multi-SHOCK - K2/Shock
File(F) Test definition(T) Operation(P) Edit(E)] Vi

s BSOS TR

| |
Mew Simple Open  Test save

Excitation level Reference

Test definition | Reference graph

&) Test Definition Information

43 /0 Module Configuration
49 Excitation System Information
/ [jt'j Reference waveform

49 Control condition

-4&9 Excitation system setting
-9 Input channel

t‘j Level schedule

..... | Timing signal

----- | SRS Analysis Conditi

#YS') KPR function data
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6.10.2 Deleting of Live Data in Operation
The added Live Data in Operation can be deleted by the procedures as below ;

< Procedures >
<Step 1>
Select the Live Data in Operation to be deleted. Press the [Delete] button.

2 Multi-SHOCK - K2/Shock
File(E} Test definition(T) Operation(P) Edit(E)

N ¥ =
S e R

I {
Simple Open  Test save

E xcitation lewvel R eference

Test definition |Reference grapt

&P Test Definition Information

-9 /O Module Configuration
-9 Excitation System Information
/ -#3 Reference waveform

-4 Control condition

-3 Excitation system setting
-%9 Input channel
-4 Level schedule
..... | Timing signal

R ANSY KPR function data
022 Ly { =N

<

6 Delete -4 Operation status

< Step 2 >

The confirmation message appears as below. Select [Yes].

Multi-5SHOCK - K2/5hock 3

KFR function data is to be deleted.
QK?




6.11 Skipping of XFR Measurement (Use the XFR Function of Live Data in Operation)
In a Test File having the XFR Function of Live Data in Operation, the related XFR Function can be
used and XFR Measurement can be skipped in test operation.
However, pay attention to the danger when the system configuration and the condition of sensors and
specimens are different. In such a case, XFR Function is needed to be measured again as the same as in

an ordinary test.

Refer to Using / Deleting of Live Data in Operation about the details of using XFR Function.

< Procedures >

<Step 1>

Load the Test File using the XFR Function of Live Data in Operation and press [Operation start] button.
000
°

\

£ Multi-SHOCK - K2/Shock (=R
File(F) Test definition(T) Operation(P) Edit(E) View(\) Window(W) Option(Q) Hel
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m SRS Analysis Condition
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Repetitive excitation
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< I b
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<Step 2>
XFR Measurement of the controlled system is executed.

Press [ XFR measurement start] button.

000
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<Step 3>

The dialog for selecting operations concerning with XFR Measurement appears when XFR Function of
Live Data in Operation is used in the test.

When both Loop Check and XFR Measurement are needed to be skipped, cancel the checks in all of the
check boxes and press [OK]. After [OK] button is pressed, XFR Function of Live Data in Operation is
loaded and the system proceeds to the state of ‘to Oth Drive’.

XFR measurement

#FR funchon data iz referred to.

Operate new #FR Meazurement. \

Operate %FR Measurement continuouzly,

-

The phases of XFR Measurement is composed by Loop Check and XFR Measurement. Loop Check is
needed to be executed for operating XFR Measurement. Four selections are provided in this item ;

1) Skip both of Loop Check and XFR Measurement (the contents as in the above).

2) Operate Loop Check and skip XFR Measurement only (the check for cables and control system
connection).

3) Operate new XFR Measurement. Loop Check is operated automatically before the XFR
Measurement.

4) Operate XFR Measurement continuously (See the next clause). Execute XFR Measurement and
add the measured data to the current XFR function (to increase the average times of XFR

function). Loop Check is not operated.



6.12 Continuous XFR Measurement
This item is for operating XFR measurement continuously and adding the measured data to the current
XFR function.
It is usable when the averaging times of XFR function need to be increased after operating XFR
Measurement.
The condition of continuous XFR Measurement is described as below;
* Loop Check is not operated.
* Drive waveform at XFR Measurement is calculated according to the XFR function to be
added. So, the drive waveform is obtained as random waveform that equalized to have the

flat characteristics in frequency component of control response

< Procedures >

<Step 1>

Load the Test File using the XFR Function of Live Data in Operation and press [Operation start] button.
X
°
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Or otherwise, select [Operation] in the menu bar after completing the XFR Measurement.

Select [ XFR measurement again]| Then, the confirmation message appears.

Select [Yes] in this dialog.
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<Step 2>

Press [ XFR measurement start] button.
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<Step 3>
The dialog for specifying the measurement method of XFR function is displayed.
Check the check box of “Operate XFR Measurement continuously” and press [OK] after setting the

required usage below. Then, the continuous measurement of XFR function is executed.

+ Specify the objective XFR function to be added
When the XFR function loaded in a test file needs to be used, select “Use the transfer function
related to the definition”.
When the current XFR function needs to be used, select “Use the transfer function obtained in
the previous measurement”.
*+ Specify the averaging times

Input the required times of continuous measurement in “Measurement times”.

I =

XFR measurement

#FR funchon data i referred to.

Loop check OM

iDperate new <FR Measurement.

4 .
| Operate #FR Meazurement continuouzh,

I1ze =FR related to the definition.

@ Uze #FR obtained in the previous meazurement.

\ Measurement imes g trmes |




6.13 Using Drive of Live Data in Operation

In a Test File having the Drive of Live Data in Operation, the related Drive can be used and Drive
Generation can be skipped in test operation.

Drive waveform generated in a test operation can be used in the next test. The test operated previously
can be replicated to have the same control accuracy.

However, pay attention to the danger when the system configuration and the condition of sensors and
specimens are different. In such a case, XFR Function is needed to be measured in a new environment

and Drive is generated newly.

Refer to Using / Deleting of Live Data in Operation about the details of using Drive.

< Procedures >

<Step 1>

Load the Test File using the Drive of Live Data in Operation and press [Operation start] button.
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<Step 2>
XFR Measurement of the controlled system is executed.

Press [ XFR measurement start] button.
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<Step 3>
When the XFR Measurement is completed, the system proceeds to the state of ‘waiting for drive
generation’ automatically.

Press [Drive generation] button.
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< Step 4 >

The dialog for assuring the operations that Drive Generation is skipped and the related Drive of Live
Data in Operation is used appears when Drive of Live Data in Operation is used in the test.

Press [Yes] to use the Drive of Live Data in Operation. When [Yes] button is pressed, the Drive of Live

Data in Operation is loaded and the system proceeds to the state of waiting for Excitation Start.

Multi-SHOCK - K2/5hock £3

f - 1 The related drive data is to be used.
QKT

} Yes | | Mo

000
<

When [No] button is pressed, the Drive is generated newly from the Reference Waveform and the XFR

Function as the same as in an ordinal test.

6.14 Tolerance Check of SRS SHOCK
Tolerance Check in Shock test, such as Classical Shock, is operated for Control Response Waveform.
On the other hand, in SRS SHOCK test, it is operated for Response Analysis SRS (the result of SRS
Analysis of Control Response Waveform).
The same waveform control is operated both in Shock test and SRS SHOCK test. So, note that the
Tolerance Check of excitation results in NG even if the control is completed perfectly when the Tolerance
Check of Reference Analysis SRS (the result of SRS Analysis of Reference Waveform) results in NG.

RMS error of SRS SHOCK test is calculated from the RMS value of the error waveform and that of

Reference Waveform as the same method as in Shock test.
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6.18 Excitation stop timer
6.18.1 Outline
This function is intended for stopping the excitation at the specified time.
Excitation stop timer is set in Excitation condition.
Setting of Excitation stop timer is valid in the state of ‘Waiting for excitation start’.

Excitation stop timer has 2 setting methods.

* Specify time interval
The excitation is stopped when the specified excitation time has passed.
* Specify time instant:

The excitation is stopped at the specified time.

When the specified stop condition of this function is satisfied, the excitation is stopped immediately.
And the current excitation is not counted the number of repeated times when repetitive excitation is
operated.

This operation is the same as when the excitation is stopped by command of operator.

6.18.2 Specify time interval
< Procedures >
<Step 1>
Select [Operation] — [Excitation condition] in Menu bar or press [Excitation condition] button in
Manual operation bar as shown in the figure below.

Then the dialog of Excitation condition is displayed.

Lewvel




<Step 2>

Select ‘Specify time interval’ and specify time interval of excitation.

Time interval is specified by ‘hours’ and ‘minutes’.

The example of setting of this item is shown below. In this case, the excitation is stopped 25 hours
and 30 minutes later from excitation start.

Specify time interval and press [OK] button.

o
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ki) 1% dé | Cancel
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Operate
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Fanitaring at the maximum walue

Ahbort changing ratio x

E wcitation stop timer

L 2.
<
1
Mat zpecify @
o e 30 = . /
009 /yﬂ Specify time interval — hours — minutes later
(1)

Specify time inztant konday |, December 2B, 2016 11:51:49 Ak

The upper limit of ‘hours’ is 999 and the upper limit of ‘minutes’ is 59.



< Step 3 >
When setting of this item is completed, the remaining time is displayed in Excitation stop timer
setting position in Manual operation bar.

As shown in the following figure, the specified time is displayed when the excitation is not started.

Lewvel

[nizrement

QE w

| ke |

Pualarity

R epetitive excitation

Invalid

Excitation stop timer zetting

253

Remairmng time

<Step 4>
When the excitation is started, the timer is started and the remaining time is decreased.
When the excitation is stopped by command of operator etc., the remaining time and the setting of

time interval are initialized.

Excitation stop timer setting

Remaining time



6.18.3 Specify time instant
< Procedures >
<Step 1>
Select [Operation] — [Excitation condition] in Menu bar or press [Excitation condition] button in
Manual operation bar same as ‘Specify time interval’.

Then the dialog of Excitation condition is displayed.

<Step 2>

Select ‘Specify time instant’ and specify time instant to be stopped the excitation.

Time interval is specified by ‘date’ and ‘time instant’.

The example of setting of this item is shown below. In this case, the excitation is stopped at 6:30
PM December 31, 2016

Excitation condition
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Excitation stop timer
1)
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Specify time interval 13 hours 53 Tiguees later

\ @) Specify ime instant Saturday |, December 31,2016« 11:51:494M —

Press [ ¥ ] button to be specified ‘date’ as shown in the dialogue above. The calendar is displayed.

Specify ‘date’ to be stopped the excitation. In this case, specify ‘December 31, 2016°.

@ Specify time instant Saturday | December 31, 2016 l:]

1 Decemnber, 2016 4
Sun Mon Tue Wed Thu Fni

2 28 29 30 1 2

4 5 § 7 & 9 Specify date by the calendar

1 12 12 14 15 16
18 19 20 2 2 23
s 0w/ 29 30§
1 2 2 4 5 & 7
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<Step 3>
Specify ‘time instant’ to be stopped the excitation. In this case, specify ‘6:30 PM”.
Press [OK] button.

Excitation stop timer
Mot specify 009
Specify hime interval 18 hours 53 minutes later ﬁ
@ Specify time ingtant Saturday . December 31, 20016 { B:3000PM = F’
< Step 4 >

When setting of this item is completed, Ending time is displayed in Excitation stop timer setting

position in Manual operation bar.

The excitation is stopped when time becomes at the specified time instant.

Lewvel
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E xcitation stop timer zetting
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R erhamding time

When the excitation is stopped by command of operator etc., the remaining time and the setting of

time instant are initialized.
This is the same as ‘Specify time interval’.

And when the specified time instant has been passed, the remaining time and the setting of time

instant are initialized.
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Chapter 7 Theory of SRS SHOCK (Option)

7.1 Shock Response Spectrum (SRS)

7.1.1 Description of SRS

The concept of Shock Response Spectrum was established by M.A.Biot in 1930s.

Biot proposed the concept of SRS in the view that the Effect to be given by earthquake waveform
should be considered rather than the earthquake waveform itself when the problem of earthquake-
proof building was treated.

Suppose an input signal expressed as a waveform is given to a series of Single Degree-Of Freedom
(SDOF) system (for abstracting the resonance characteristics of buildings and constructing the
constant definition). The peak of this waveform obtained by calculating the response output
waveform of each SDOF system is treated as the maximum response of this resonance system. Such
maximum response value are calculated as a function of resonance frequency of SDOF system in

order and plotted as spectrum. This spectrum is called as SRS of input waveform to be considered.

In the problem of the earthquake-proof, it is important finally to know the maximum value of
response (for example, a design for strengthen construction can not be executed when relative
displacement to be generated at maximum between the ground and buildings is not known). The
operation of ‘extracting the maximum value’ that is especially peculiar in the concept of SRS is
based on such a necessity.

As stated, the Effect of input waveform can be expressed by the quantity of SRS. However the
characteristics of actual constructions are different each other, it can be said that SRS makes ‘the
effect of each waveform’ possible to be grasped as the concept corresponding to the waveform itself
by converting its characteristics to ‘a series of infinite SDOF system formed in order of resonance
frequency closely’ which is a unified concept of every building. Here, note that the relation between
waveform and SRS is not as one to one. SRS corresponding to a specified waveform is decided as
one, but waveforms corresponding to a specified SRS can exist for plural numbers (not unique). (It is
explained by the complex algorithm of SRS calculation as below ; especially, all other waveform

information are abandoned by the operation of ‘extracting the maximum value only’.)

However, the concept of SRS was produced from the problem of earthquake-proof, its utility is
applied not only in the field of earthquake but in others. Generally, the concept of SRS must be
useful in the field where the response to a relatively short signal is considered. Our shock testing is
not an exceptional.

Shock testing is operated by some abstracted waveform such as Half-sine for a long time (that is,
‘Classical Shock Waveform’, which has the advantage of easy defining for specifications but is not
realistic). According to the progress of controller techniques, the importance of testing by ‘measured
waveform’ is gradually recognized. Recently, specification and operation of the testing from the
view of ‘damages given by the shock’ is to be required. The importance of SRS concept becomes to

increase.



7.1.2 Terms of SRS
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(1) Definition of SDOF System
As stated in the above, SRS is defined through the medium of ‘infinite SDOF System’.
However ‘infinite system’ is needed to be replaced with ‘finite system’ at calculation of SDOF
system on the computer. This calculation can be done by defining of the following quantities ;
1) Max. Frequency for Analysis fmax
2) Min. Frequency for Analysis fmin
3) Density of Analysis Frequency
SRS is obtained by calculating the response from each SDOF system configured at the
density specified between [fmin, fmax]. It is rational that the density of frequency is specified
in logarithmically and the method that specifies the density by the configuration number for
octave is commonly used. This system also follows this method, and the number of SDOF
system to be configured and resonance frequency of each system are defined.
4) Damping ration of SDOF System
When obeying to the specification of IEC in Fig.7-1-1, SDOF system is treated as not-
damped system. Damping Ratio { is specified by generalizing SDOF system as a damped

system. However, { should be the value common to all the SDOF system.

(2) Type of SRS
5) Initial / Residual Boundary

As shown in Fig.7-1-1, SRS has Initial Response SRS and Residual Response SRS. These
SRS can be expressed as +1, -1, +R, -R distinguished by positive and negative. Initial Response
is the response obtained before the input waveform decreases to zero. And Residual Response
is the SDOF system output obtained after the input waveform is completed.

The boundary where the input waveform finishes at zero can be specified easily in the case
of, for example, Half-sine. But it can not be specified in the case of general waveform ; it is
not assured that the input waveform finishes at zero in this generally case. Therefore, in the
case of general waveform, this software has the specification that Initial / Residual Boundary

is defined by the operator because the boundary should be defined by the operator of the

calculation for the above reason.

SRS is divided into some types, such as ‘“+I’, ‘-R’, and these ‘I’ and ‘R’ is influenced
naturally by the setting if the boundary. However, to avoid the complexity of the setting,
‘maximax SRS’ defined as ‘the maximum value of +1, -1 +R, -R’ is used ordinary. ‘maximax
SRS’ means that maximum value of SRS which is basically the gathering of maximum values.

‘T’ and ‘R’ changes by the setting of the boundary, but ‘maximax’ does not.

In addition to the above items, this software has the specification that absl which is the
maximum of the absolute value of ‘+I” and ‘-I’, ‘absR’ which is the maximum of the absolute

value of ‘“+R’ and ‘-R’ are displayed.



The following SRS are displayed in this software ;

+1: positive maximum values among the initial responses

-1 negative maximum values among the initial responses (as absolute value)
absl : maximum value as absolute values among the initial responses

+R: positive maximum values among the residual responses.

-R: negative maximum values among the residual responses (as absolute value)
absR : maximum values as absolute value among the residual responses

maximax : maximum values as absolute value among all of the responses

(3) Absolute Acceleration SRS and Relative Displacement SRS
Input to the SDOF system is done by Acceleration waveform. As the output of this system,
two cases that using the Acceleration waveform and using the Displacement waveform are
available.

In the view of the displacement, relative displacement between the base ground and SDOF

system is needed to be known. So SRS is calculated by using the maximum value of the
relative displacement.

On the other hand, in the view of the acceleration, the destruction caused by acceleration is
influenced by the acceleration that the SDOF system has referring to the inertial system, not by
the relative acceleration between the base ground and SDOF system. (This acceleration is
usually called as ‘absolute acceleration’ with stress.) SRS is calculated by using the maximum

value of the absolute acceleration to be obtained.

The concrete calculation methods of these values in the above are described in the following

clause.

7.2 Construction of SDOF System Digital Filter

7.2.1 Outline

As stated in the above clause, the core of SRS Analysis is constructed by the calculation of SDOF
system output waveform for a given input waveform. This calculation (simulation of waveform
passing through a SDOF system) is executed by configuring of IIR Type Digital Filter in this
software. In this clause, the method of this calculation is described.

And Interpolation and Decimation procedures which are required for ensuring the analysis
accuracy of this simulation are also described later.

In this system, SRS is obtained by direct calculation of waveform data using the digital filter
method. However, an analytical method and its result for some classical waveform appears in
Reference (3) listed at the end of this chapter and this article provides an excellent description about

the basic concept of SRS.



7.2.2 Description of SDOF System and Construction of SDOF System Digital Filter
Our SDOF system is shown as Fig.7-2-1. In this system, the input

to the system is the acceleration waveform of the base denoted as o _‘{Tg_\{(t)
3(t) » the output of the system is denoted as  ji(y) when the [ m /T\Z(t)
absolute acceleration SRS is calculated and as z(?) when the K %(1)
relative displacement SRS is calculated. 4\
The equation of motion expressing this system is as below ; §
my+cy+ky=cx+ kx (7-1) Fig.7-2-1

At first, the transfer function of this system is calculated for constructing the digital filter for
simulating this dynamical system. (7-1) can be described as follows by using the Laplace transform
method ;

(s’+2¢w,s+w,” )Y (s)=(2lw, s+w,” ) X(s) (7-2)
on =.k/m
¢ =cl/Cc

Cec =2Vmk

Here, the critical attenuation coefficient of this system is denoted as Cc.
According to (7-2), the transfer function of the absolute acceleration is calculated as follows ;
2 2

s°Y (s 20w, s+ o

Haa, ( S) _ ( ) _ é’ n n

-2 = — . (7-3)
s°X(s) s°+20w, s+,

On the other hand, the transfer function Hrd(s) corresponding to the relative displacement is

calculated by this equation ;
Z(s)

H, ()= ) (7-4)
With noticing the following condition,

z(t) = y(t) - x(t) (7-5)
(7-1) can be expressed by x(t) and z(t) as below ;

mzZ(t)+cz(t)+kz(t) = —mX(t) (7-6)
So, the equation is obtained as follow ;

(s’ +2¢w, 5+, )Z(s)=—5> X(s) (7-7)
And, (7-4) is obtained as below ;

H(s) = -1 (7-8)

2
s’+2¢ o, s+ o,

According to the above, the transfer functions of this system treated are obtained. Then, IIR Type
Digital Filters having the transfer function as in the above are designed. The method of this filter
design is not described in this manual. Refer to Reference (2) if you interested in it.

Coefficients of IIR Type Filter is obtained by replacing (7-3) and (7-8) with z transfer in the form
of (7-9) as follows ;

a,ta z
1-b, z7 -b, z7

1

H(z)= (7-9)



In case of the absolute acceleration ;
a,=20 o,/ fs
-2 4’2

1
a,=a,exp(-¢ @,/ f5)| ——=—==sin(\{1-* @,/ f5)—cos(y1-¢* w, ] f5) :

b =2exp(~¢ @,/ f5)cos(\1-& @, / f5)
by=—exp(-2¢ @, / f5)

In case of the relative displacement ;

a,=0
- / . e
al= eXp(C"(Dn ﬁ)Sll’l( l—C_,z (Dn/fS‘)/j[S (7_11)
J1-C2 o,
b =
bl B }Same as in the case of the absolute acceleration of the above

7.2.3 Interpolation and Decimation
<Necessity of Interpolation>

Output waveform of an arbitrary SDOF system can be calculated by passing the input waveform
data through the IIR Type Filter in the above. However, unpredictable calculation error may
occur when this calculation is executed without any protection.

Example of this calculation error is shown in Fig.7-2-2. SRS (maximax) in Fig.7-2-2 was
obtained by passing a Half-sine waveform of 11 ms, 1 m/s* sampled at fs = 8192 Hz through
SDOF system in the above without any protection. As displayed in this graph, the calculation
error occurred apparently in higher range (comparing with the graph of Fig.7-2-3 which shows
the correct result by calculating rightly).

How does this calculation error occur? Main pulse of Half-sine for 11 ms sampled at 8192 Hz is
expressed by 90 (= 8192 Hz X 0.011 s) of the data points. Such an input data is inputted to SDOF
system and its output is calculated by this system. However, when the resonance frequency of
SDOF system rises higher, the number of data points expressing the output waveform which
corresponds to the resonance frequency become insufficient. For example, in the resonance
system of 1000 Hz, the output waveform has the dominant components for 1000 Hz. However in
this case, only 8 (= 8192 Hz X 1/1000 Hz) of data points expressing the components of 1000 Hz
for one period are obtained.

As this result, action of the digital filter for output waveform data calculation becomes abnormal
and its calculation results in unreliable. SRS is the collected peaks of SDOF system output
waveform. However, in such a condition, it is not assured that the peak values are correctly

acquired by calculation. That is, for obtaining the correct SRS, the filtering calculation should be

executed under the condition in which number of data points for one period is assured to be

sufficient to acquire the correct peak values.




SRS (maximax absl absk)

Fig.7-2-2 Example of SRS Analysis Error

SRS (maximax absl absR)

e T

4B pHz 199.9 * o i6e0.8 594.33

Fig.7-2-3 Correct Analysis Result

<Interpolation>

To prevent such calculation error in the above, the method of Interpolation is generally used. In
the above example, 8192 Hz of Sampling Frequency is too small to treat the phenomenon
produced at 1000 Hz. So that, the Sampling Frequency is raised effectively based on the given
data by the method of Interpolation. Of course, Interpolation is executed providently.
Interpolation is a sophisticated method that enables us to obtain the data looks like the sampled
data at the higher frequency than actually used one without adding any components that are not
included in the original data. (This method is due to the use of FIR Type Filter that does not
generate any phase distortion theoretically. Refer to Reference (5) about the method of
Interpolation.)

The data in Fig.7-2-3 is calculated by this process in the condition that the correct peak
detection is assured. In this system, at the same time with proceeding of analysis band to the high
frequency range, SRS Analysis is executed by using the calculation algorithm which enables us

to obtain a correct result with Interpolation operation for each time.



<Difficulty to operate Interpolation>

However, as you can imagine, Interpolation is very extravagant process. When Sampling
Frequency is raised as twice higher, the number of data points also becomes as twice larger. In
some cases, the waveform for one period is needed to be expressed by 256 of data points to
assure the correct result. The original data expresses the waveform for one period by only 2 of
data points, at the theoretically possible maximum analysis frequency (Nyquist frequency). (In
this case of fs = 8192 Hz, Nyquist frequency = 4096 Hz.) In this case, the Sampling Frequency is
needed to be multiplied by 128 times (=256/2) and the quantity of data is also multiplied by 128
times as this result. When the original data is 4 Kpoint, the data is obtained as 512 Kpoint by
Interpolation.

In both cases, the correct SRS can be calculated by using out new algorithm for Interpolation.
Actually, as stated later, when ‘Level 5’ is specified for calculation, the SRS Analysis is
executed with keeping the number of data points for one period as over 256 points. However, it
is not avoidable that the calculation quantity increases when Interpolation time increases and it

takes a longer time to obtain the result.

<Decimation>

As the opposite operation with Interpolation, Decimation is the process to reduce the number of
data points with lowering the Sampling Frequency effectively. In Decimation, the method of FIR
Filtering is used and a kind of ‘magic’ is executed.

As opposed to Interpolation, Decimation is usable when the number of data points is too large in
the lower frequency range and IIR Filter becomes unstable (feed-back process is included in this
calculation). Stability of the numerical filter depends on the word length for data calculation. In
this software, though the problem of such instability is almost solved by executing the filtering
calculation itself with double-precision, Decimation process is executed in the meaning of

making the analysis accuracy equal at each band.

<Necessity of Interpolation in SDOF System having a large Damping Ratio>
The problem of instability of filter occurs when SDOF system with large damping ratio is set.
By this reason, the value of  is often limited about 10% at most. However, in this software,

the correct SRS analysis can be executed even at { = 90% by calculating in ‘Level 5’ mode.

<Setting of Analysis Accuracy>
As stated in the above, analysis accuracy can be raised by increasing the times of Interpolation.
But it takes a longer time for analysis in this method.
Therefore, the function for setting of Analysis Accuracy is available in this software and this
function can be used depending on the purposes.
Level 1 : Minimum number of waveform data for one period is specified as 16.
Level 2 : Minimum number of waveform data for one period is specified as 32.

This one would be the standard. When { <10 %, sufficient accuracy is obtained.

Level 3 : Minimum number of waveform data for one period is specified as64.



Level 4 : Minimum number of waveform data for one period is specified as 128.
Level 5 : Minimum number of waveform data for one period is specified as 256.
Maximum number of waveform data for one period is quantity which specifies the Decimation

operation and set as 512 for each Level commonly.

<Operation in Calculation of Output Waveform through SDOF System>
In Calculation of Output Waveform through SDOF system that simulates waveform passing
through a specified SDOF Filter and displays the output waveform itself, Interpolation is also
executed (otherwise, the result can not be obtained correctly). However, in this case, all the
points are calculated in this operation but data extraction is operated for graph display because
the number of data points to be displayed as a graph is limited.
The examples are shown in Fig.7-2-4 and Fig.7-2-5. The reason why Interpolation is needed to

be executed is clearly shown.

i.af ‘

: Input Waveform )
Output Waveform \
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g.amsec .0 18.e i5.8 2a.9455

Fig.7-2-4 Calculation Example of SDOF System Input/Output Waveform
with insufficient Interpolation

-

-
@.0msec 5.8 i8.8 5.8 20,9195

Fig.7-2-5 Example of Correct Calculation



7.2.4 Configuration of SDOF System Filters
In SRS Analysis, a series of SDOF system filters is configured based on the specified SRS
Analysis Condition. The operation that how this filter configuration is executed is described in this
clause.
The components to define the filter configuration are Max. Frequency of Analysis (fmax), Min.

Frequency of Analysis (fmin) and Density of Analysis Frequency.

(1) Converting ‘octave’ — ‘decade’

Density of Analysis Frequency is usually defined by the number of filters for each octave
(filters/decade).

On the other hand, it is to be desired that the frequency values for configuring the filters
actually include a good number to leave off (such as 100 [Hz] or 1000 [Hz]). Actually, the
filtering frequency used for 1/3 octave analysis in the field of acoustics in set to such numbers.
However, this filtering frequency cannot be realized by using the octave definition only as it is.

In this software, the filtering frequency is defined as in the following method ;

The value m’ [filters/decade] which is obtained by converting the specified Density of
Analysis Frequency m [filters/octave] to the decade band unit. According to this value, the
actual filtering frequency is decided for each decade. (That is, the filtering frequency definition
is actually executed as the decade band.)

However, the conversion of m — m’ is executed by calculating the integer number m* from
the integer number m. So the frequency which is different from the frequency calculated by
octave band method is selected for the error of rounding. (As a result of this, a good number to
leave off is selected ; for example, when 1 [Hz] is used as a basis, 1000 [Hz] is selected instead
of 1024 [Hz].)

(2) Maximum / Minimum Frequency
In case that the values of specified fmax and fmin are not equivalent to the filter frequency
calculated as in the above unfortunately, the frequency of composed filters fn is set as the
value between the lower and the upper limit. That is, SDOF system filters having the sequence
series of fn which satisfies the following condition is configured ;

fmin = fn = fmax



7.3 Synthesizing of Waveform having the Reference SRS

7.3.1 Outline
In this clause, the method of ‘SRS Filtering’, that is, method of synthesizing a waveform having the
Reference SRS is described.
The process of SRS Filtering is composed by the following three stages ;
First stage : Definition of Reference SRS
Second stage: Setting of initial value of component waveform for synthesizing
Third stage : Operation of SRS Filtering Calculation

Main concept of these stages is described in the clauses as below.

7.3.2 Reference SRS
Reference SRS is the reference used in the operation of the SRS Fitting, that is, the reference to
which the SRS of synthesized waveform should be equivalent equal.
(1) One of the analysis types can be specified for Reference SRS between Absolute
Acceleration and Relative Displacement.
(2) In both cases, Tolerance is defined for Reference SRS (unit : dB).
(3) Reference SRS is defined by one of the following two methods ;
A. Define by Break points
B. Refer to SRS File
The points for Reference SRS definition are as in the above. Reference SRS has the basic role to
decide ‘the stage’ for SRS Fitting itself by its specified contents. That is, the process of SRS Fitting
executed after setting of Reference SRS is operated based on the setting based on all the set
parameters of Reference SRS (Max./Min. Frequency of Analysis, Density of Analysis Frequency,
etc.). Component waveforms are specified as the waveforms having frequencies that are contained in
the SDOF System Filter Resonance Frequency defined by Reference SRS (this is used basically just
for convenience). Then, SRS analysis for the synthesized waveform by using these component
waveforms of the above is operated in the same condition as that of Reference SRS (the analysis

should be operated in such a condition).

7.3.3 Importance of Initial Value of Component Waveform for Synthesizing
The synthesized waveform to be used for SRS Fitting can be selected among three types in this
system.
The role of SRS Fitting is described as follows ;
Initial value is given to the parameter of each component waveform according to the type of
synthesized waveform to be selected. According to this initial value, a waveform is generated and
operated by SRS Analysis to compare with Reference SRS. Then, a synthesized waveform having

the SRS that is controlled to be closer to the Reference SRS as possible is calculated by iterative
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manner with correcting the parameters of component waveforms to make the SRS equivalent equal
to the Reference SRS.

However, note that the iterative process of the above does not always result in success. It could be
occur that the SRS of synthesized waveform cannot be controlled to be closer to the Reference SRS
by the iterative process for any times.

This case can be classified into two cases. One is the case that the SRS of synthesized waveform
can be controlled to be closer to the Reference SRS as possible by some method. And another is the
case that the SRS of synthesized waveform cannot be controlled by any method.

In the former case of the above, the values given to the component waveforms for synthesizing
initially are of great importance (initial value).

It seems so hard to treat the condition of convergence to the reference generally in such a
complicated process like as SRS Fitting. However, it can be said that the convergence of SRS can be
realized in the cases of which component waveforms for synthesizing are given with proper initial
values (the number of such cases is uncertain).

The available methods to give the proper initial values for realizing the convergence are as
follows ;

A. Manual (all the setting is done by the operator)
B. Auto

As far as we know, it is difficult to set the initial value by the operator in the function ‘A’. This
method requires a lot of skills and a preliminary examination to operate the control successfully.

On the other hand, the function ‘B’ is provided to solve this difficulty automatically. As stated in
the above, the process of SRS Fitting is complicated, so this function cannot assure the convergence.
However, in the most cases, it can be said that the function ‘B’ is much more effective that the
function ‘A’.

The importance of initial value is described with emphasis in the above. The most important item
in the initial value setting is the frequency selected among the available frequency given to the
component waveforms. When the frequency of initial value setting is not selected properly, the SRS

cannot be controlled to be closer to the Reference SRS.

7.3.4 SRS Fitting Calculation
The algorithm adopted in this system for executing the iteration of SRS Fitting is very simple.
Denoting the amplitude of component waveform corresponding to i-th frequency component
(SDOF System Filter Resonance Frequency) as amp [i], the next amplitude of component waveform

is decided by the following equation ;
refsrs[i] (7-12)

ampli}=ampli} synsrs [i]

Here, refsrs [i] is i-th component of Reference SRS and synsrs [i] is i-th component of synthesized

waveform SRS. The characteristics of this method are described as follows ;



(1) synsrs [i] is decided not only by amp [i] but also by contribution from the components other
than i-th component which are certainly existing. So it cannot be assured that the SRS is
controlled (as synsrs [i] = refsrs [i]) by the equation (7-12). However, this equation is used
because there is no other good simple method.

(2) In this software, other parameters of component waveform are not controlled. A good result
may be obtained by controlling other parameters but such an operation requires the calculation

processor faster that some ten times of PC to execute the control in actual time.

<Reference>

(1) J.S.Bendat / A.G.Piersol
RANDOM DATA : Analysis and Measurement Procedures
John Wiley & Sons Inc. (1971)

(2) G.Strang
Linear Algebra and Its Applications
Academic Press (1976)
(3) R.S.Ayre
Transient Response to Step and Pulse Functions
Shock and Vibration Handbook 2nd Edition Chapter. 8, McGraw-Hill
(4) Oppenheim / Schafer

DIGITAL SIGNAL PROCESSING

Prentice-Hall, Inc.

(5) R.E.Crochiere / L.R.Rabiner
Optimum FIR Digital Filter Implementations for Decimation,

Interpolation, and Narrow-Band Filtering
IEEE Transactions, Vol:ASSP-23 No.5:444~456
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Chapter 8 Test Definition of SRS SHOCK (Option)

8.1 Outline of SRS SHOCK Test Definition
Test definition of SRS SHOCK is almost the same as that of normal SHOCK test but has a different
method of Reference definition.

SRS SHOCK test is defined by the setting of the information in Table 8-1 in order for each Test types.

Table 8-1 Definition Information

Setting Information

(1) I/0O Module Configuration

(2) Excitation System Information
(3) Reference SRS
(4) Control Condition

(5) Excitation System setting
(6) Input Channel

(7) Safety check*

(8) Level Schedule

> 10 |0 |0 O |0 O |O

>

(9) Timing Signal

O : Information that must be defined
A\ : Information that is defined if necessary

Note) *1 This item is valid only when ‘Single shaker' is selected in system configuration.

Information of Test completely defined is to be saved in a file as a specified format of ‘Test File’.
Test operation can be executed by loading a file in which the information of Test defined beforehand

is saved as a Test File.
SRS Analysis Condition of Monitor waveform is the condition of analysis defined in Reference SRS.
The Definition of Reference SRS is described in the following clauses.

Other items of test definition are the same as those in normal SHOCK test. Refer to “Chapter 4 Test
Definition” about the details.



8.2 Reference SRS

In SRS SHOCK test, Reference SRS is used as reference by the operator when the waveform control
is operated. Also, the judgment of the control result is operated by SRS.

The dimension of Controlled Variable is limited to ‘acceleration’.

If "multiple shakers" is selected in the excitation system configuration, multiple reference SRS can be

registered via the reference definition dialog.

Reference definition @

No. Kind Data name add...

1 Compensated, Exponertially De... Datal

2 Zero Residual Displacement De... Data?
3 Wavelet(WAVSYN) Data3

Mame of data

Datal Set

Sampling frequency 8192.00
D ata length 2152 poiris

[Add] : New reference SRS is added. The reference SRS definition screen is displayed.
[Change] : Definition details of the selected reference SRS are changed. Reference SRS

definition screen is displayed.

[Delete] : Selected reference SRS is deleted from the registered data.

- Sampling frequency:
Sampling frequency of reference SRS is displayed.
Sampling frequency of each reference SRS is united into the sampling frequency of the reference
SRS registered first. When changing sampling frequency, delete all the reference SRS registered,
and define reference SRS from the beginning.

- Data length:

Data length of reference SRS is displayed.
Data length of reference SRS is united into the data length of the reference SRS registered first.

When changing data length, delete all the registered reference SRS, and define reference SRS from
the beginning.

+ Data name:
Data name of each reference SRS is set up.

Reference SRS of control channel is specified by this data name.



Reference SRS is determined by setting the information as below in order.

(1) SRS Analysis Condition
The items that defines SRS Analysis Condition are listed as below ;
* Sampling Frequency
+ Data Length (Number of Data Points) of Reference Waveform
* Frequency Range and Resonance (series of SDOF Resonance Frequency) of SRS Analysis
+ Damping Ratio of SRS Analysis
* SRS Analysis Type

(2) Reference SRS Condition
In Reference SRS Condition, Frequency / Amplitude / Tolerance are defied as a break point.
Series of frequencies has already defined in SRS Analysis Condition. So, Amplitude / Tolerance are

specified at the objective Frequency to be selected in this operation.

(3) Waveform Synthesizing Condition
The condition of Synthesized Waveform satisfying the Reference SRS Condition is defined.
Synthesized Waveform is generated by composing the multiple component waveforms. Component
waveforms are defined in Damped Sine. Refer to 5.6 Damped Sine about the details of Damped Sine.
The items that defines waveform synthesizing are listed as below ;
+ Synthesized Waveform Type
* Auto /Manual setting of component waveform
* The condition of Frequency Range and spacing of component waveform in Auto

* Frequency and Amplitude of each component waveform in Manual

(4) Operation of SRS Fitting
The synthesized waveform generated in Waveform Synthesizing Condition is used as Reference
Waveform. This synthesized waveform is generated to satisfy Reference SRS Condition. However,
generally, it is difficult to satisfy Reference SRS Condition in the initial setting of synthesized
waveform.
So, each components of synthesized waveform is needed to be corrected so that the SRS Analysis
(Reference Analysis SRS) of Reference Waveform (Synthesized Waveform) converges within the

Tolerance specified in Reference SRS Condition.
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Chart and the relations of information for defining the Reference SRS are described in the above page.

However, the definition displays as below appears in order of the information to be defined when a test
is newly defined.

(@ SRS Analysis Condition Definition : (1) SRS Analysis Condition Definition
!

@ SRS Analysis Condition

Reference SRS Definition : (2)Reference SRS Condition Definition

!

@ Synthesized Waveform Definition : (3) Waveform Synthesize Condition Definition
!

(D Reference SRS Definition

l
@ Display of Reference SRS : (4) Operation of SRS Fitting

Select ‘Reference SRS’ in Test Definition and press the [Correct] icon when Reference SRS of the

defined test is needed to be corrected.

5. K2/BMAC
File(E) Test definition(I) Operation(B) Edit(E) View(() Window(W) Option(

Save Print  Preview Ope. start

E=citation lewel Reference Progress

- SRS Prnject Test definition Reference ora
!i Test Caseld

&P Test Definition Information
=5 IrO Mu:udule Configuration

7 a' Reference SRS

Information

Change >
(>4 &) Excitation system setting POS
¢ . . -9 Input channel o

----- | Level schedule
@ ----- | Timing signal @

----- | Extended control




A dialog of Reference SRS Definition is displayed when the [correct] icon is pressed.

Reference SRS definition @

Feference SRS definition (1/2) Reterence SHS definition [2/2)

SRS analysiz condition / Reference SRS

SRS Analysis Condition |:|
Sampling frequency 819200 Hz m
Data length 4096 points
Max frequency of analysis 1000.00 Hz
Min. frequency of analysis 1000 Hz
Density of analysis frequency 12 filters/octave
Diamping ratio of SDOF system 50%

Analysis type Absolute acceleration
Initial/Residual boundary 0.0ms -
Wi aveform spnthesize condition

Waveform Synthesize Condition |:|
Waveform type WaveletWAVSYN) m
MNo. Freq[Hz] Refim/s?] Amp[m/s?] Period num[1/2cyc] Delay[ms]

1 10.00 10,0 11993 10 0o

2 1061

3 11.25

4 11.94 -0.7895 1 0o

5 1266

6 1343 -




8.2.1 SRS Analysis Condition
In the dialog of Analysis Condition Definition, the condition of SRS Analysis is defined.

The display of SRS Analysis Condition / Reference SRS Definition appears by pressing the [OK]

button in Analysis Condition Definition when the setting of each parameters are completed.

Analysiz condition @
Sampling frequency 215200 - He
4088 ) Cancel
Drata length 4036 ~ oot
e Refer
Max. frequency 000.00 = Hz \—I
Reqizter
Min. frequency 1000 = H,
Density of frequency 12 = filters foctave
Damping ratio 5.0 : = Add a damping ratio...
By @ value
Analysis ype Absolute acceleration - mis? -
Initial/F ezidual boundary 0.0 = s
Analysis accuracy Level 2 -

8.2.1.1 Sampling Frequency
(1) Meaning
This item is for selecting the Sampling Frequency fs of the waveform data to be generated.
Frequency Range fmax used when the waveform control program operates this data is
specified by the setting of this item.
Frequency Range fmax is related to Sampling Frequency fs by the equation as below ;

Fmax =fs /2.56 [Hz]

8.2.1.2 Data Length
(1) Meaning
This item is for specifying the number of data points to express the waveform data that
sampled by Sampling Frequency in the above clause.
The whole length T [s] of waveform data is defined by the equation as below ;

T=N/fs [s] N : Number of data points

8.2.1.3 Max. Frequency of Analysis
(1) Meaning
This item is for specifying the maximum value of frequency range at SRS Analysis. SRS
is obtained by calculating the response of each SDOF system configured for each Density
of Analysis within the segment between Min. Frequency of Analysis specified in the

following item and Max. Frequency of Analysis specified in this item.



8.2.1.4 Min. Frequency of Analysis
(1) Meaning
This item is for specifying the minimum value of frequency range at SRS Analysis. SRS
is obtained by calculating the response of each SDOF system configured for each Density
of Analysis Frequency within the segment between Min. Frequency of Analysis specified

in this item and Max. Frequency of Analysis specified in the above item.

8.2.1.5 Density of Analysis Frequency
(1) Meaning

This item is for specifying the density of SDOF system filters prepared to operate SRS
Analysis.

That is, in this item, the number of SDOF system to be set for each 1 octave is set.
(filters/octave)

Total number of SDOF filters to be composed is defined by the specified value of this
item and the specified values of Min./Max. Frequency Analysis. Maximum of total number

is 256 in this system.

8.2.1.6 Damping Ratio of SDOF System
(1) Meaning
This item is for specifying the common value to all the filters as damping ration of SDOF

system filters prepared to operate the SRS Analysis as below ;

C
(==
C

Where, C. is the criteria damping factor of SDOF system ;

Ce=2,mk

Generally, the value Q and the damping ratio ¢ is related as below ;

1
s

8.2.1.7 Analysis Type
(1) Meaning
This item is for specifying the type of output waveform data to be calculated, that is, the
type of SDOF System to be defined. One of the following types of output waveform can be
selected ;
a. Absolute Acceleration Output Waveform

b. Relative Displacement Output Waveform



8.2.1.8 Initial / Residual Boundary
(1) Meaning

This item is for setting of a data which denotes an effective completion time of input

waveform and is used as the base for calculating the initial response SRS (+1, -1, absl) and

the residual response SRS (+R, -R, absR) in the process of SRS Analysis operation (which

defines the boundary of ‘Initial” and ‘Residual’).
The setting of this item influences the SRS data to be obtained largely but does not

influence the maximax SRS.

8.2.1.9 Analysis Accuracy
(1) Meaning
This item is for selecting the accuracy of simulation calculation operation to obtain the
output waveform from SDOF system.
Analysis Accuracy can be selected among the 5 levels from ‘Level 1’ to ‘Level 5.
When a larger number of levels is set, the calculation becomes more accuracy and the
calculation takes more time (increasing almost exponential functionally).
The schedule of operating the interpolation is automatically dedicated according to the
resonance frequency of each SDOF system.
In ordinal cases with Damping Ratio < 10 %, enough accuracy can be obtained by the

setting of ‘Level 2°.

8.2.1.10 Add a Damping Ratio
(1) Meaning
In addition to the Damping Ratio specified in Damping Ratio of SDOF System, SRS

Analysis by multiple Damping Ratios is simultaneously operated. However, in SRS Analysis

by multiple Damping Ratio, only the maximax SRS is analyzed.

Press [Add a Damping Ratio] button when multiple Damping Ratios of SDOF System is
needed to be specified. The dialog box as below appears by pressing of [Add a Damping
Ratio]. Press [Add] and input the value of SDOF Damping Ratio.

Damping ratio list
Damping ratio of SOOF system(%] | 0k |
10.0 % Cancel |

[amping ratio

500 = . Add

LChange

| Delete |




8.2.2 Reference SRS Condition

In the dialog of SRS Analysis Condition / Reference SRS Definition, the condition of Reference

SRS is defined.

When the setting of each parameter is completed, the dialogs as below appear by pressing the [OK]

button.

* In ‘New Definition’ : The dialog of Synthesized Waveform Definition is displayed

* In ‘Correction Definition : The dialog of Reference SRS Definition is displayed.

SRS analysis condition / Reference SRS @
Analysiz condition oK.
P
rSampIing frequency 8192.00 Hz | Cancel |
Data length 4096 points
Max frequency of analysis 1000.00 Hz The contents of the
Min. frequency of analysis 10.00 Hz 2 / defined SRS Analysis
Density of analysis frequency 12 filters/octave .. .
Damping ratio of SDOF system 50% Condition are dlsplayed.
Analysis type Absolute acceleration
NoitizlBaciduzl boundan: 000 7
X3
°
—
\
Reference SRS
No. Frequency [Hz] Amplitude]m./=2] Tolerance (upper)[dB]  Tolerance (lower)[dB] - PreSS the [Deﬁne] button
1 1000 100 3.00 300 to correct the contents of
2 10.61
:onxs SRS Analysis Condition.
5 1266
6 1343 il
Component
Frequency Hz Tolerance [upper) dB LChange
\tmobuce [ e o = (oo ] ) Reference SRS Condition
is defined
CSY file(S)...

SRS Analysis Condition used as the Reference of SRS Fitting is defined (SRS of the synthesized

waveform should be equal to this reference).

(1) One of the analysis types can be specified for Reference SRS between Absolute Acceleration

and Relative Displacement.

However, this setting has already specified in ‘Analysis Type’ of 8.2.1 SRS Analysis

Condition.

(2) Reference SRS is defined by the method of ‘Define by Break Points’.

However, this frequency series of break points has already defined in ‘Max. Frequency of

Analysis’, ‘Min. Frequency of Analysis’ and ‘Density of Analysis Frequency’ of 8.2.1 SRS

Analysis Condition as same as the frequency series of SRS Analysis. Only the amplitude is

defined.
(3) Tolerance of Reference SRS is defined.

Definition contents completed to be defined in SRS Analysis Condition is displayed as in the above.

SRS Analysis Condition can be corrected by pressing the [Define] button in Analysis Condition.




8.2.2.1 Setting of Break Points
(1) Meaning
Break Points are defined by the procedures as below ;

(D Select a Frequency that is used for setting of a break point among the frequency list.
@ Input the values of Amplitude and Tolerance.
(@ Press the [Change] button.

Break Point can be set to the frequency that you need to be defined.

SRS analysis condition / Reference SRS

Analysiz condition

=l

Sampling frequency 819200 Hz i

Data length 40396 points

Max. frequency of analysis 1000.00 Hz

Min. frequency of analysis 10.00 Hz =

Density of analysis frequency 12 filtersf/octave

Damping ratio of SDOF system 50% i

Analysis type Absolute acceleration

Initial/Residual boundary 0.0 ms i

Reference SRS
| No. Frequency [Hz] Amplitudem.’s2] Tolerance er[dB]  Tolerance Jower)dE i
(- 10.0 300 -3.00 L

3 125 —~
4 11.94
5 1266
6 1343 i
Campanent

Frequency 1000 p,  Tolerance [upper) 3.00 : dB

o
< = =
of | . Amplitude 100 = /2 [laver) 300 = gp

LSV filg(S]...
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The defined break point can be deleted by the procedures as below ;

(@D  Select a frequency that is used to set a component wave among the frequency list.

@ @ Press the [Remove] button.

SRS analysis condition / Reference SRS

=
Analysis condition

Sampling frequency B8192.00 Hz i
Data length 4096 points

Max. frequency of analysis 1000.00 Hz

Min. frequency of analysis 1000 Hz 3

Density of analysis frequency 12 filters/octave

Damping ratio of SDOF system 50% 1

Analysis type Absolute acceleration

Initial/Residual boundary 0.0ms i

Reference SRS

= il PR i N  —

)

10.00 10.0 3.00 -3.00

a=n-a)

11.25 o0

11.94
1266 |

1343 s ®

14 aC

S S 0 e Lo l

Cormpanent

Frequency 10.00 p,  Tolerance [upper) 3.00 : dB

i 100 = 300 =
Amplitude = m/s2 [lower) ~ dB 00
L4

Covms ) [

The frequencies that have no amplitudes defined in this item are set by the system

according to the following condition.
When the amplitudes of f2 and 5 are set by the operator among the frequency data of f1,

2, f3, 4, 5, 16, {7 ;
3, f4 : The amplitudes calculated from the amplitude of {2, f5 are given.

f1, f6, f7 : The amplitudes are set to zero.



8.2.2.2 To set the Break Point by CSV File
‘Frequency-Amplitude Tolerance’ saved in a specified file can be used as a break point data to
be loaded by pressing the [CSV File] button.

The formats as below are available to be loaded ;

(1) CSV File
A CSV format file that is written as the values divided from each other by a comma as

below ;

Frequency [Hz], Amplitude, Tolerance:Upper [dB], Tolerance:Lower [dB]

Unit of the Amplitude is not specified in CSV File. The unit specified in Analysis
Condition is used as the Amplitude unit.

The setting of Tolerance can be submitted. The default value of set when it is submitted.

Description example of CSV File is shown as below (from the left, Frequency [Hz],

Amplitude, Tolerance:Upper [dB], Tolerance:Lower [dB]).

5.689, 10, 6, -6 CR
8.612, 20, 6,-6 CR
11.56, 20, 6, -6 CR

( CR : Carriage Return)
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(Substitution for approximate value of Frequency at referring to a file)

This system substitutes the frequency sequence described in a file which is referred to
approximate value of Frequency automatically when the values are different from the
Frequency sequence in Analysis Condition.

An example of loading a CSV File and substituting the values for approximate

frequencies are shown in Fig.8-2-1, Fig.8-2-2 and Fig.8-2-3.

The frequency 4.2 Hz in Fig.8-2-2 is not found in the frequency sequence of Analysis
Condition in Fig.8-2-1. However, in Fig.8-2-3, this system substitutes the value for an

approximate value as 4.12 Hz at loading the data.

Mo, Freg.[Hz] Amp.[mis2]

412
4.38
4.04
4.92
0,22
.04

i
L D O —d O O [ D0 PO

I — O 3 00
J= M) — = Q0

—

Fig.8-2-1 Frequency sequence of Analysis Condition

Frequency sequencej

42, 10, 6, -6
6.8, 20, 6, -6
69, 30, 6, -6
73, 40, 6, -6

Fig.8-2-2 CSV File to be loaded

=
(=]

Y B T SOl I o s RO

Freq [Hz] Amp [mis2]

412 1.0
4.38
4.64
4.92
2.22
2.94
0.08
6.24
4.61
1.02
1.44

I
a2
i o

Fig.8-2-3  After loading the CSV File in the above



8.2.3 Waveform Synthesize Condition

8.2.3.1 Outline
In this dialog, the generation condition of synthesized waveform is defined.
The dialog of Reference SRS Definition appears by pressing the [OK] button when the setting

of each parameter is completed.

Synthesized waveform definition

Sampling frequency 815200 p,  Unit| m/s?
Data length 4096 pairts
Synthesized wavefarm ype Wavelst(WAVSYN) -

Frequency of the compensation wavefarm Hz

Damping ration of the compensation wavefarm

Component waveform

=
=]

|0 En e 6 P —
—
p—ry
(5]
(]

Frequency [Hz] Reference [m/s2]  Amplitude [m/s2]  Wavefomn [halfcycle]  Delay [msec] it

10.00 10.0 1.0 10 nn
u.uu u.u u u uLu

1.0 T

=
=]

-

—y
AT

3 e 0 L0
1 Lo o e

Componentz definition(T]... |

Initial value is given to the component waveform parameters for synthesizing used at SRS
Fitting. Setting of component waveform parameters for synthesizing, that is, setting of initial
value for waveform synthesizing can be done by one of the following two methods ;

a. Auto-set
b. Manual input of each Component Waveform
(1) In either cases of a, b, only the component given as initial value having the amplitude
which is not zero is treated as the objective for controlling by SRS Fitting calculation.
That is the component which is not given as the initial value is obtained as zero by any
times of iteration operation. So the necessary component for fitting operation is needed to
be given as initial value.

(2) Although frequencies are not necessary to be selected among these frequencies decided by

the SRS Analysis, this function is for simplifying the operation by providing the frequency

data from the system side.

8.2.3.2 Sampling Frequency fs
(1) Meaning
This item is for indicating the Sampling Frequency of synthesized waveform.
The value of this item has been defined in Max. Control Frequency fmax of Time

Parameters. It cannot be changed in this display.
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8.2.3.3 Data Length N
(1) Meaning

This item is for specifying the length of synthesized waveform.

As same as Sampling Frequency, the value of this item has also been defined in Number
of Control Frequency Lines L of Time Parameters. It cannot be changed in this display.
Whole length of synthesized waveform T [s] is defined by the following equation ;

T =L/ fmax [s]
L : Number of Control Frequency

fmax : Max. Control Frequency

8.2.3.4 Control Unit
(1) Meaning
This item is for specifying the control unit.
The dimension of the control unit is specified to the ‘acceleration’.
Control unit can be selected when the Analysis Type of SRS Analysis Condition is
specified to ‘Correlation Displacement’.
The unit of Analysis Type of SRS Analysis Condition has defined and cannot be changed
when the Analysis Type of SRS Analysis Condition is specified to ‘Absolute Acceleration’.

8.2.3.5 Synthesized Waveform Type
(1) Meaning
This item is for specifying the waveform type generated as synthesized waveform.
In this system, the following three types are available ;
1. Compensated, Exponentially Decaying Sinusoid (CEDS)
2. Zero Residual Displacement Decaying Sinusoid (ZERD)
3. Wavelet (WAVSYN)

Refer to 5.6 Damped Sine in Chapter 5 about the details of these waveform in the above.

8.2.3.6 Frequency of the Compensation Wave
(1) Meaning

This item is defined when CEDS is selected as Synthesized Waveform Type. This item is
for specifying the frequency of Compensation Wave (Exponentially Decaying Sinusoid) to
operated the compensation to the superposed acceleration waveforms of specified
Exponentially Decaying Sinusoids in order to obtain ‘final velocity zero, final displacement
zero’.

Ordinary, a smaller value than minimum frequency of the other component waveform is

set.



8.2.3.7 Damping Ratio of the Compensation Wave
(1) Meaning
This item is for specifying the damping ratio given to CEDS in the previous clause.

Ordinary, this item is set about [100 %].

8.2.3.8 Components Definition
Each component wave parameter used in waveform synthesizing is defined.
The dialog of Component Wave Definition appears for defining each item when the
[Components Definition] button is pressed in the display of Synthesized Waveform Definition.
The definition contents of Component Wave are determined by pressing the [OK] button in
the dialog of Component Wave Definition. Then, the system returns to the Synthesized

Waveform Definition display.

-

Component waveform definition

Compaonent specifying method o

@ ,-’-\u sel; Aubo-zetting parameter definition(P)... |

g

Cancel

M anual input of each companent wawetorm Lutn-set(d)

Na. Frequency [Hz] Reference [m/s2]  Amplitude [m/s2] Waveform [hafcycle]  Delay [msec] i
1 10.00 100 10 10 0.0

2 10.61

3 11.25

4 11.54 -1.0 1 0.0

5 12.66

B 13.43 i
Companent

Frequency Hz  Mumber of periods haff-cycle Change(C]
Reference mfa2 Delay . Remove(R)
Amplitude — m/s2

8.2.3.8.1 Components Specifying Method
(1) Meaning
In this system, the following two methods for specifying the initial values given to
synthesized component waveforms available ;
A. Manual input of each Component Waveform
B. Auto-set
However, it is difficult to set the initial values by the operator in the function ‘A’.
This method requires a lot of skills and a preliminary study to operate the calculation
successfully. To avoid this difficulty, the function ‘B’ is provided to solve this
problem automatically. As stated in the above, the process of SRS Fitting is completed,
so this function cannot assure the convergence. However, in most cases, it can be said

that the function ‘B’ is much more effective than the function ‘A’.
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When ‘Auto-set’ is selected, press [Parameter Auto-setting Definition]. Then, each
kind of parameters for auto-setting is set in the dialog box.

On the other hand, when ‘Manual input of each Component Waveform’ is selected,
the parameter in the frequency tables of Component Waveform Definition is defined

by selecting the frequency for setting of the initial value.

8.2.3.8.2 Auto-set of Component Waveform

Component Waveform is automatically defined by the procedures as below ;

@ Select the item of ‘Auto-set’ in the dialog of Component Waveform Definition.

@ Press the [Parameter Auto-setting Definition] button.

(@ The necessary parameter is defined in the dialog of Component Waveform
Parameter Auto-setting Definition.

@ Press the [OK] button in the dialog of Component Waveform Parameter Auto-
setting Definition.

(® Press the [Auto-set] button to return to the dialog of Component Waveform

Definition. The Component Waveform parameter is set according to the Auto-set

Parameters.
Component waveform definition @
Component specifying method oK

4 Auto-setting parameter definition(P’ ——————
— E 4 14 Cancel
| tanual input of each component wavefarm Aulorsetfe) Y

Mo. Frequency [Hz] Reference [m/s2]  Amplitude [m/s2] Waveform [half: Delay [msec] i

1 10.00 100 1.0 10

2 1061

3 11.25

4 11.94 -1.0 1 1

5 1266

§ 1343 N

2 i e .. . \ PO
Compaonent N
Frequency Hz Mumber of periods - haff-cycle Change(Cl |
Feference m/s2 Delay msec FemovelR) ®
Amplitude m/s2
Component waveform auto-set parameter definition @

/Cc-mpnnent waveform masimum frequency  3200.00 \: Hz

Companent wavelarm minimunm frequency 800 =, Cancel

MNumber of component wavebarm skip 2 :

Amplitude polarity pattern Altemate as +afd - -

Min. number of periods 3= half-cycle

Max. number of periods 3200 = half-cycle

Companent wayebom duration 5000 = neec

Iritial delay 00 = msec

\Delay increment 0.0 ): CErETEET




8.2.3.8.2.1 Component Waveform Auto-set Parameter Definition

Component waveform auto-set parameter definition @
Component waveform masimum frequency 320000 4, [T 0K
Compotient warveform minimum frequency 600 = Hz ‘ﬂ/
MHumber of companent waveform skip 2 :

Amplitude polarity patters Altemats as +and - A
in. number of periods 3 : half-cycle
tax. number of periods 3200 : half-cycle
Compotient warveform duration 500.0 = msec
Initial delay 0.0 : msec
Delay increment 0.0 : msec/octave

8.2.3.8.2.1.1 Component Waveform Max. Frequency
(1) Meaning

This item is inputted only when ‘Auto-set’ is selected as Components
Specifying Method. When the initial values of waveform synthesizing are
automatically set in this method, this item is for defining the maximum value
of frequency for auto-setting. When the frequency data larger than the
specified value exists in the table of SDOF Filter frequency series, auto-
setting of the initial value cannot be done. Ordinary, the maximum value

within the input range is inputted.

8.2.3.8.2.1.2 Component Waveform Min. Frequency
(1) Meaning
When the initial values of waveform synthesizing are automatically set in
this method, this item is for defining the minimum value of frequency for
auto-setting. When the frequency data smaller than the specified value exists
in the table of SDOF Filter frequency series, auto-setting of the initial value
cannot be done. Ordinary, the minimum value within the input range is

inputted.

8.2.3.8.2.1.3 Number of Component Waveform Skips
(1) Meaning
It may be inconvenient for the purpose of SRS Fitting of the component
waveforms are given to all the frequencies having Reference SRS at
Component Waveform Auto-setting. In such a case, the convergence can be
disturbed by interference between each SRS corresponding to the component
waveform. So, it is valid for good convergence to specify the setting of

component waveform as ‘Skip’, that is, the component wave is set after each
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constant interval.

This item is for specifying the number of Skips described in the above. For
example, when the number of Skips is specified as 1, Component Waveform
setting is done every other series of SDOF Filter Frequency. The default

setting to set one component waveform for each 1/2 octave.

8.2.3.8.2.1.4 Amplitude Polarity Pattern
(1) Meaning
It may be inconvenient that too large peak value is obtained as the result of
superposing of the Component Waveforms when all the polarity of
amplitudes are set equally at the setting of amplitude value A; in Component
Waveform auto-setting. (Especially, in the case that all of the delay are set to
zero.) In this case, it may be valid that the polarity is set by switching + and —

alternately. In this item, the pattern of switching polarity is specified.

8.2.3.8.2.1.5 Min./Max Damping Ratio
(1) Meaning

This item is inputted only when ’CEDS’ or ‘ZERD’ is selected as
Synthesized Waveform Type. The range of Damping Ratio ¢ i given to each
Component Waveform is specified by setting of the minimum and the
maximum values for auto-setting of this system.

Basically, minimum value of Damping Ratio is specified as follows ;

The Damping Ratio ¢ i by which the amplitude of Component Waveform is
damped lower than 1/100 of initial Amplitude A; at the ending edge of frame
time is used as the lower limit value. That is, the lower limit value is defined
as the condition assuring the sufficient damping for each waveform within the
set data length (specified by fs and N).

However, it is actually considered that superposing of multiple Component
Waveforms occurs inevitably for Damping Ratio of each Component
Waveform at the ending edge of frame time. The (i given to each
Component Waveform is calculated by the method prepared in this system

and set automatically at auto-setting of Component Waveform. When the

calculated (i exceeds over the set value of lower / upper limit of this item,

C iis changed to the specified value of this item (Clipping). That is, the limit
{ iis set between the value of the minimum and the maximum specified by
this system. Such a proper process as in the above is definitely important to
be operated for realizing the convergence to Reference SRS.

The standard value which is proper for the set value of this item is as follows

when the number of Component Waveform Skip is specified as the default

value ;
CEDS : minimum 20 %, maximum 40 %

ZERD : minimum 30 %, maximum 60 %



8.2.3.8.2.1.6 Min. / Max. Number of Periods
(1) Meaning
This item is inputted only when ‘WAVSYN’ is selected as Synthesized

Waveform Type. The range of Number of Periods given to each Component
Waveform is specified by setting of the minimum and the maximum values
for auto-setting of this item. The meaning of Number of Periods corresponds
to Damping Ratio in ‘CEDS’ and ‘ZERD’. Note that the large number of
periods corresponds to the small Damping Ratio. This item has an important

meaning for the convergence of SRS because it is also gives the effect of

Clipping at auto-setting as same as that described in the above.

8.2.3.8.2.1.7 Component Waveform Duration
(1) Meaning
The time before the sufficient damping executed by each Component
Waveform, that is, the valid length of Component Waveform in the meaning
of actual effect is called as Component Waveform Duration.
This item is for setting of a common duration to each Component

Waveform at auto-setting of Component Waveform. According to the set
value in this item, Damping Ratio (CEDS, ZERD) or Number of Periods
(WAVSYN) to realize the setting of this item is automatically set

corresponding to the frequency of each Component Waveform by this system..

8.2.3.8.2.1.8 Initial Delay
(1) Meaning
This item is for setting of a common delay time given to all the Component
Waveforms. The setting value of this item has the function that shifts the time

origin of Synthesized Waveform (from the beginning edge of frame time).

8.2.3.8.2.1.9 Delay Increment
(1) Meaning

This system has the function of giving the delay time as the function of
frequency which is set to each Component Waveform. And this item is for
setting of increment as a coefficient of the function. The unit of this item is
[ms/octave] including the increment of delay for 1 octave of frequency ratio.

The setting range of this item is influenced by the set value if Initial Delay in
the above. For example, when the value other than zero is given as Initial
Delay, the value of this item can be specified as a negative value (the delay
decreasing according to the logarithm of frequency).

The meaning of setting the other value than zero to this item can be found
when some actual process is simulated (such as a platform having a
construction in which the response is generated from the lower frequency
range) or when the interference between the Component Waveform as stated
in “8.2.3.8.2.1.4” is needed to be avoided (for example, when the
acceleration of excitation system is limited).



8.2.3.8.3 Manual input of each Component Waveform
Component Waveform is defined in manual by the procedures as below ;
D Select the item of “Manual input of each Component Waveform’ in the dialog of
Component Waveform Definition.
@ Select a frequency to be set for Component Waveform among the frequency list.
@ Input the value of Amplitude and Damping Ratio that required to set the
Component Waveform.

@ Press the [Change] button.

The setting of components is needed to be set for each frequency required.

EXE)

Component waveform definition

Component specifying method

) Auta-zet Auto-ggfing parameter definition(F)...
Canicel
@ Manual input of 2ach component waveform Suto-set)
|y Eraquenefal = sl s Wl istcmipalisspslalm Dol rsas] -
1 10.00 10.0 10 10 0.0
3 1125
4 1154 -1.0 1 0.0
5 1266
[ 1343 o
Campongnt

Change(C)

RemovelR)

Frequency 1000 p,  Mumber of periods 0 =4 haff-cycle
Fieference 100 2 Delay 00 = e

Amplitude 10 = ez




The defined components can be deleted by the procedures as below ;
@ Select the item of ‘Manual input of each Component Waveform’ in the dialog of
Component Waveform Definition.
@ Select a frequency to be set for Component Waveform among the frequency list.

(@ Press the [Remove] button.

Component waveform definition

Component specifying method

() Auto-zet Auto-zetting parameteyfefinition(F)...

[ @ Manual input of each component waveform Auto-setfd)]

!

MNo. Frequency [Hz] Reference [m/s2] Amplitude [m/s2]  Waveform [halfcycle]l  Delay [msec]

1 10.00 0.0

2 1061

3 1125

4 1194 -1.0 1 0.0

5 12,66

3 1343 = \
Component O

Frequency 1000 1y, Mumber of periods 0 = haff-cycle Change(C)
Reference 100 ez Delay 00 = eec Remgve(R)

Amplitude 10 = e




8.2.4 Operation of SRS Fitting Calculation
After completing the definitions of SRS Analysis, Reference SRS Condition and Waveform
Synthesizing Condition, the assuring display of Reference SRS appears by pressing the [Reference
SRS definition 2/2] tab. In this display, the matching of the result of SRS calculation from the

specified parameter is shown.

Reference SRS definition (2/2) (23w
Wt SRS Acceleration  |m/s2
100.0 ™5 B Tolerance (upp{ T30
I Tolerance (lowe =
B Reference anall  min, -10.9831
e Componentway|
Welocity m/s
Man. 39262
100 i [ 45ke2
Dizplacement | mm
Man. 05023
bdi. .5779
1.0 {
Tolerance check
[LERS NG <
Min. 0K
\L
0.10
10.0Hz 100.0 1000.0
4 n 3
Dizplay data
@ SRS ‘W avefarm kltaration[ﬁ] |
| < ﬁal ” Completed) E]| | Cancel | | Refer | | Fiegister |
V4
000
<
000
¢ The definition of Reference SRS is
completed by pressing the [Completed].
Press the [Iteration] button to execute
the repetitive operation of SRS Fitting The result of the Tolerance Check for
Calculation. Reference Analysis SRS is displayed.

This graph is a result of the first processing. In this example, the synthesized waveform SRS is
exceeding over the Tolerance band in the lower frequency range specially.

In this state, the calculation of Iteration process is executed.

When Iteration is to be executed, press the [Iteration] button in the assuring display of Reference
SRS.



In the graph as below, the result if Iteration executed for some times is shown. In this example,

the synthesized waveform SRS exists within the Tolerance in all ranges.

Reference SRS definition (2/2) [
2
— oo SRS Acceleration  |m/s:
100.0 M/s? e Tolerance (upp
I ax 6.9030
e Tolerance (lowe
= Reference anal]  Min, £.7399
o Componentway
Welocity mis
Man, 3.500e-2
100 Min -3.7962-2
Dizplacement | mm
Man, 0.4786
Mi. -0.5239
10
Tolerance check
Max. 0K
Min. 0K
0.10
10.0Hz I 1000.0
4 n (2
Dizplay data
@ SRS W avefom
<< Back || Compleled[ﬁ” | Cancel | | FRefer | | Register

It cannot be assured that convergence will be realized in all the cases. However, Iteration Process

in very effective for 1 ~ 2 times of operation.
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Chapter 10 Multiple Controlled Variables

Basically, the available controlled variables in Multi-SHOCK are physical quantities that specified in

the reference waveform definition. However, this function makes it possible to set multiple controlled

variables like velocity and acceleration or acceleration and force in an excitation definition.

Available controlled variables are ;

Acceleration
Velocity
Displacement
Force

Strain

EU (arbitrary unit)

Among these controlled variables, ‘Force’, ‘Strain’ and ‘EU’ are required to be specified in the

definition of Excitation system information. So, please refer to the next clause.

10.1 Excitation information setting

Generally, the excitation system information is provided with the system rating information at

shipping from IMV. The setting of original information does not have to be changed in normal use.

However, the setting that corresponding each controlled variable is required when the control

operation is executed by multiple physical quantities. The setting method is described below.

<Step 1>

Open [Option] in the Menu bar and select [Environment setting] among the items below.

W) Help(H)
-~ Set up(Al...
Graph setting(G]...

: M

Environment setting(E]...

Web monitor setting(W)... X
E-rnail sending function setting(M]...

Report generator setting(R)...

ECO mode maintenance settings(I)...

High speed camera communication settings(H]...

Customize toolbar button(C]...

Select language(s)...

3]

- I SO TGy | PRI N | 1
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<Step 2>

The dialog box of System Information setting appears. There are some names of excitation system
information that have defined beforehand are listed.

In this dialog, add a new excitation information definition.

Press [Add] in Excitation System Information.

System Information setting

b odule Configuration [nformation
k.

Madule 1D Module type

000 4ch 140 module TYPE 1| Cancel

Benew...

E xcitation Syztem Infarmation

Exc. System Info. Mumber of excitation group

System1 3

System¥ 1
Change... IS A4

Delete
Input Ervironment [nformation

Input Environment Information name  Mumber of input channel

Sy=lnp1 3

Syslnp2 2 Add(F)..

Change[H]...

Delete(E]
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<Step 3>

The dialog box of Excitation System Information appears.

Input the name of Excitation System Information and press [Add] in Excitation group.

Excitation System Information

Excitation group

E xcitation Sustem Information name  AccFarceStrain

Group name

Mumber of channels

Add
Change

Delete

Contact [0 Infarmation

Undefined Define(E]... Change(t)... CancelR]

k. Cancel
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< Step 4>
The definition dialog of excitation group appears. In the following example, three kinds of excitation

groups are to be set. At first, the excitation group for controlling the acceleration reference is defined.

Input ‘Acceleration’ in Excitation group name and specify the channel name to ‘Acc’ as an acceleration
channel. Select each item at Module ID, Ch No. and Polarity and press [Add] to set these contents to an
output channel. The specified channel is displayed in the list of Output channel.

Next, input the rating information of acceleration/velocity/displacement. These rating information are

also described in the System specifications.

Then, press [OK] to complete the settings. j
5

Excitation group /

E xcitation group name  Acceleration

Ok
DOutput channel m
| Channel name Medule ID Ch Polarity Delete

Channel namp  &cc Add

Module D 000 ~ ChNo Chi - ) Poaiy @+ - Change |

Iritial output voltage default value 300 = mV ms Armature Masz = kg

Riating Information
[] Contral frequency range iz limited.

Check the rate [] Other control quantities

(Flated Force Acceleration Welocity Dizplacement N
N m/s2 - m/s - mm -
SINE = 0p 2000 = 500 = o
RaMDOR — s 1000 = 50.0 pp
SHOCK L 0p 300.0 500 p-p)
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<Step 5>

The system returns to Step3.

Proceed to the next excitation group setting by pressing [Add] again.

The excitation group having ‘Force’ as a controlled variable is to be defined.

The settings, such as velocity/acceleration are set as the same way as in Step4.

Then, click the check box of ‘Other control quantities’ to activate this item. Select ‘Force’ and its unit.

Set proper values for rating among the values around the peak of normal reference waveform.

Excitation group

Excitation group name  Force E

Output channel
Channel name Module 1D Ch Polarity | Delete

e o Ch2 Positive |

Channel name  Force Add
Module 1D 000 =  ChhNo Ch2 - Polarity @ + (7 - Change

Imitial output voltage default value 300 | mV ms Armature Masz = kg

Rating Information

|| Contral frequency range iz limited.

Check. the rate [7] Uther control quartities
Rated Force Acceleration Welocity Dizplacernent Force -
N m/s2 - m./s - mm - N -
SIME = 2000 = 030 = o 500 =1 o [ o000
RemDoM [ | e 1000 =1 [ETIE= 500 = o 400.0
siock [ o 3000 = g, 030 = o splE 1000.0 =
\——

Also, set the excitation group having ‘Strain’ as a controlled variable by the same procedure above.
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< Step 6 >

All the set groups are listed in Excitation System Information when the setting is completed. Press [OK]
in this dialog box.

The system returns to System Information setting as Step2. Press [OK] in the dialog box of Step 2 to

finish the setting operation of Excitation System Information.

-

Excitation System Information

E ucitation System |nformation name  AccFarceStrain

Excitation group

GEroup name Mumber of channels Add
Acceleration :Il Changs

Force

it

Delete

Caontact [0 |nfarmation

Undsfined ChangefM)..| | CancelR] [0k (LEancel]
dNCE

Notice) In control operation by multiple physical quantities, the unit of each physical quantity for the
excitation system information should be the same as the unit of waveform given as a reference
waveform.

When these units are different, the operation requires calculation process to convert a different
unit to the reference unit. It may cause the major error of gain characteristics between each
channel and the trouble in control operation.

Specially, the units of distortion, ‘Strain’ and ‘W’, are calculated as difference units
substantially in the control logic because there is million times of difference between these units.

(No calculation operation is executed to convert to the same unit in this case.)
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10.2 Operation example by multiple controlled variables
In this clause, the operation procedure from test definition to excitation operation is described with an

example. The reference waveform is to be generated in Multi-SHOCK. Each item is set as below

including the sensor sensitivity.

Acceleration reference : 50m/s?, SINE 100Hz

Force reference : 50N, SINE 50Hz
Strain reference : 20p, SINE 20Hz
Waveform length : each 1 seconds

Acceleration sensor sensitivity — : 100mV/( m/s?)
Force sensor sensitivity : 50mV/N

Strain sensor sensitivity :20mV/p
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<Step 1>

The dialog box of Test type selection appears. Select “Multiple physical quantity” among the items in

Excitation System. Also, select proper items in Excitation System Information and Input Environment

information each. Press [OK] to proceed to the next test definition.

Test type selection @

Test type Ewcitation Spstem

(7 Single shaker
) 5RS (71 Multiple shakers

ultiple phypzsical quantity

E wzitation System [nformation

System1
SystemX

[rput Environment Infarmation

Sysinp1
Sysinp?

Pgtestin |

/J ok || Cancel

-
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< Step 2 >
Press the [Next] button to open the dialog box of Reference definition.
Press [Add].

) New test definition - K2/Shock
File(F) Test definition(T) Operation(P) Edit(E)

Simple Open  Test save

E wcitation level Reference

Test definition

[ Test Definition Information
... YO Module Configuration

/ ----- &) Excitation System Information

i _| Reference waveform

----- | Control condition

Reference definition
Mo. Kind Data name Add...
Change. ..
K.ind change(T]...
Delete

Meazured waveform entire definition. ..

Reference waveform data name

Set

Sampling frequency Hz 0k
[rata length paints
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< Step 3>
The dialog box of Reference Waveform Definition appears. Select the [Sine Beat/Sine Burst] button and

press [Next].

Reference Waveform Definition @

Reference waveform type

| LClazszical Shock

| Measured W aveform

/{' Sine Beat/Sine Burst ]
000

® ‘ . | Symmetnic Compensationli’]

Damped Sine

Reter

Mewt > | | Cancel |

Set an acceleration waveform to Sine Beat/Sine Burst by inputting the required items.

Press [Next].

Sine Beat/Sine Burst (1/2) @

Type l Sine Beat H Sine Burst

(uantity Acceleration -
Arnplitude: 500 = m/s? -

Sampling frequency
| Autald)

Sampling frequency | 1280.00

Frequency 100.00 =, [Period 00 )
Cypcle 100 = Cycle
Frame time 1 = times

Pause time 00 - s [Length 999.2188 s )

| <¢ Back |[ Mest »» ] | Cancel |
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< Step 4 >
The defined waveform is displayed as below. Press [End] if it is OK.

Sine Beat/Sine Burst (2/2)
ofige e
60.0 ™5? [LEDS lm
Min [ 49.9615
Wel. m/s -
LR

8.027e-2
. Je-2

M

-8.01
Dizp. mm
[LETS IW
om0

-

Hir.
0.0ms 200.0 400.0 600.0 800.0 999.2188
<< Back | End[E] | | Cancel | | Reaqister
P A4

L 4

The defined waveform is added to the list of Reference definition. Select it and input its name in

Reference waveform data name. Then press [Set].

Reference definition

Add.. |

No. Kind Data name |

LChange...

Delete

| Find change(T]... |

S ampling frequency 128000
1280 points

[rata length

Reference waveform data name

Strain |

Cancel

5
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<Step 5>

In the same way as above, the reference waveform of “Force” and “Strain” can be defined.

Press [OK] when all the settings are completed.

Reference definition @
MNo.  Kind Data name: [ add... ]
1 Sine Beat/Sine Burst Acceleration
2 Sine Beat/Sine Burst Force [ Change... ]
3 Sine Beat/Sine Burst Strain
[ Kind change(T)... ]
[ Delete ]
Meazured waveform entire definition. .
Reference waveform data name
Strain Set
Sampling frequency 128000 p,
Data lenath 1280 points

(A4

Here, the reference waveform setting is finished. Proceed to the control condition setting by pressing

[Next] button in the main display.

< Step 6 >

Set “400” for Control frequency lines and press [OK].

Control condition
Frequency range lm Hz Sampling frequency lm Hz
Contral freg. lines 400 * [deltaf= m Hz ]
Contral frequency 1.25 ¢==x 000.00
Max ohservation freq.  500.00 =
Loop check MNomal -
Initial level 00 == | -1046 4p)

Cancel

Detaled »»

Fiegister
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<Step 7>
Press [Next] to proceed to the Excitation group configuration.
Select the acceleration in the list of Available excitation group and press [Add].

Excitation group configuration @
Excitation group  Initial output voltage{mV) XFR measurement levelimV)  Number of input channels
Change...
Delete
Available excitation group
Excitation group MNumber of input channels
ar.

< Step 8 >
The dialog box Excitation group setting appears. Set the values in Output level at XFR measurement.

Press [OK].
For multiple physical quantities, “Excite by white noise” is always active.

Excitation group setting - Acceleration @

Loop check

[ Initial output voltage setting 300 - qy s

Output level at <FR meazurement

LI

400 = oy

Excite by white noize

Min. random phaze-frequency 000 =,

In the same way as above, Excitation group of “Force” and “Strain” can be set.
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<Step 9>

Press [OK] when the required excitation groups are all registered.

Excitation group configuration @

Bxcitation group  Initial output voltage(mV) ¥FR measurement levelimy)  Mumber of input channels

Acceleration 30.0 40.0 1
Force 0.0 40.0 1
Strain 300 40.0 1 Change...

Delete

Awallable excitation group

Excitation group MNumber of input channels
000
(1)
Add.
< Step 10 >

Press [Next] to proceed to Input channel configuration. Select a channel from the list and press [Change].

S ad

Input channel cenfiguration \

Inpt type: Polaty ~ Type  Reference  Abortlevel + Abort leve™

Voltage input (AC)
2 ChY Acceleration  D0DCh2 50.0mV/N Voltge inpt (AC) + Not used

3 ChZ Acceleration  000-Ch3 200 mVAL Voltage input (AC) + Mot used

]

No. Channelname Group Name  Assignment Sensitivity Add,

Mot used -
Accelerstion w
TEDS updatel(T]

0K

[\nput sensitivity Ioadmg] [ Rieter Register
ancel
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<Step 11 >

The dialog box of Input channel element appears. Set the required items, such as ‘Sensitivity’,

‘Excitation group’ and ‘Reference waveform’.

Press [OK]
000
<
Input channel element @
Input channel information
M arne Ch ModulelD 000 - Ch Chl * FPal @ +
Cancel
Quantity  Acceleration w Inputtype  Woltage input (AC) - Cal cancel(R)
Sensitivity 1000 = mV/m/s3 - TEDS connection(T]
Channel type  Control - Excitation group  Acceleration -
Abort level zetting
== 99.9228 mj/s? - 8999229 — m/s? Ahort level at XFR measurement 1000 = %,
Reference waveform o =
“wWeighting factor 10 =
Acceleration - Zerm reference | Reference waveform araph display
i Error evaluation factor 10 =
Talerance [upper] - mfs®
Tolerance [lower] m/s?

Set other input channels in the same way as above.

< Step 12>

Press [OK] when the configuration of all channels is completed

Input channel configuration @
Mo. Channelname Group Name  Assignment Sensitivity Input type Polarity Type Reference  Abort level + Abort level - Add...
1 ChX Acceleration  000-Ch1 100.0 mV/(m/s?) Voltage input (AC) + Control  Acceleration  100.0 m/s? -100.0 m/s2
2 Chy Force 000-Ch2 50.0mV/N Voltage input (AC) + Control ~ Force 2000N 2000N Lhange...
3 ChZz Strain 000-Ch3 200mViie Voltage input (AC) + Control  Strain 50001 S00.0p
Lelete
Acceleration
TEDS update(T)
|nput sensitivity loading | | Refer ‘ ‘ Register | 3
Cancel
o
<
<

Then, the definition is complete.
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In the operation of multiple controlled variables, the excitation process is the same as that of one

controlled variable. But, the result of XFR function is to be obtained as below. These units are displayed

in the legends.

XFR functich | Drive

Bt QF 2| & @ @

1.000e-3
1.000e-5
1.000e-7

Ch-Y/Force

daink i

1.250Hz 1000 5000  1250H: 100.0 5000

1.250Hz

EEATIL.

Ch-Y/Strain

vdilu.

Ch-Z/5train

-
010 Ch-X/Acc Ch-X/Force Ch-X/Strain e XFR function

Ch-X: (m/s?){mV
Ch-Y : NfmV
Ch-Z : p/mV

100.0 500.0

Please refer to ”Chapter 3 Basic Operation” about the motion at excitation.
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