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Chapter 1 Outline of the System

1.1 Specification

1.1.1 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 :  Maximum 25,600 line

(4) Sampling Frequency fs : 2.56- fmax

(5) Control Dynamic Range : More than 84 dB

(6) Reference Waveform Maximum Length : 16K points (standard specification)
200K points (with LONG WAVEFORM Option)
5000K points (with MEGA POINT Option)

(However, it may be limited by conditions.)

(7) Input Channel
1) Number of Channels :  Maximum 64ch. (Control channel is limited to 1.)
(However, it may be limited by conditions.)
2) Type of Channel : Control Channel / Monitor Channel
(8) Output Channel

1) Number of Drive Channel : 1
2) Other Output Channel : 1 (Timing output is available.)
(9) Reference Waveform Type
e Classical Shock Waveform (Half-sine, Haversine, Saw-tooth, Triangle, Trapezoid )
e Sine Beat / Sine Burst
e 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 : * Controlled System Transfer Function, Coherence
+ Transmissibility between Input Channels (amplitude, phase)
+ Transfer Function between the reference and the response waveform
(11) Data Save : Saving various type of data
(12) Option SRS, LONG WAVEFORM, MEGA POINT



1.1.2 SRS (Option)

(1) Function :

(2) Number of SDOF Filters :
(3) Analysis Type :
(4) Analysis* Display Data :

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.

Maximum 256

Absolute Acceleration, Relative Displacement
Reference Analysis

Control Response Analysis

Monitor Analysis

1.1.3 LONG WAVEFORM (Option)

(1) Function :

(2) Max. Length of Referenc

1.1.4 MEGA POINT (Option)

(1) Function :

Maximum 16K points of Reference Waveform can be used in standard
SHOCK. However, much longer waveform data is usable as a
reference waveform when this option is added.

e Waveform : 200K points

Maximum 200K points of Reference Waveform can be used in
SHOCK with LONG WAVEFORM option. However, much longer
data is usable as a reference waveform when this option is added.
LONG WAVEFORM option is required to be added before adding the
MEGA POINT option.

(2) Max. Length of Reference Waveform : 5000K points



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.

Menu Bar

File Tool Bar

/

Operation Tool Bar

Operation Status Panel

\ Test Definition Tool Bar

/ Status Bar

Manual Operation Tool Bar

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 in Ver.20.0.0.0 or later
K2+/SHOCK (*.sho2, *.srs2)
The file created in Ver.10.0.0.0 or later
K2/SHOCK (*.sho2, *.srs2)
The file created before Ver.10.0.0.0
K2/SHOCK (*.sho, *.srs)

- Graph Data File :  The file created in Ver.10.0.0.0 or later (*.vdf2)
The file created before Ver.10.0.0.0 (*.vdf)

* Environment setting File
(I/0 Module Configuration Information, Excitation System Information, Input channel
Information) : SystemInfo.Dat2
Note 1) Saved in \IMV\K2 Plus’ on System Drive. Deleting inhibited



2.3 Test Type
Following types of tests are available in K2+/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 replicatiing 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 SHOCK Test

< Example >

An example of Shock Test is described as below ;

[Reference Waveform]

* Type of Waveform : Half-sine

* Peak amplitude Value:  200m/s*

* Pulse width : 11 ms

+ Tolerance : IEC{IS 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,
‘Input01°).
Also, the rating information of Excitation System has already been registered in Excitation System

Information (in this example, ‘Exc01’).

[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’.

#7 K2/Shock
File(E) Testdefinition(I) Operation(P) Edit(E) View) Window(W) Option(Q)

= 4

=1 o= -

Mew Simple Open

Excitation lewvel Reference Proaress

mjfs?

< Step 2 >
Select ‘Shock’ in Test Types. And, select appropriate item each from the list of ‘Excitation System

Information’ and ‘Input Channel Information’.




< Step 3 >
Press the [Next] button.

%7 Mew test definition - K2/Shock
File(F) Test definition(T} Operation(P) Edit(E) View(V] Window(W) Optic

= == N

MNew Simple Open  Testsave [ats s Print Preview po

Ewcitation level Reference Progress

Test definition

Nafinetion

[ Test Definition Informaticn

L. &9 1/0 Module Configuration
&) Excitation System Information
| Reference waveform

¢°°

| Control condition
| Excitation system setting
| Input channel

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

Reference Waveform Definition 7 @

Reference wavelorm type

[ Classical Shock ‘l
l Measured Waveform I
[ Sine Beat/Sine Burst I
‘ Symmetric Compensation]y] |
[ D amped Sine I

Refer

Mest = 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.

A4



< 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)

Toleance

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

Setting | Define Tolerance. .

Supplemental Parameters

Symmetrical(5)

Compensation wave twpe  Typed -

Optimization level

4 [;

Dizplacement precedence Welocity precedence
Peak lavel:Pre-pulse 800 = o
Peak, levelPost-pulse 90.0 ==
<« Back ” Hewt = {l Cancel
L 2.
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) (=230

@ Ao, m.s2

2
300.0 ™5 Max 200.0

Tk

Min. -32.8079
el m/s -
b &, IW
Min | 06382
Diizp. mm -
b &, Im
Min | 54158

0.0ms 50.0 100.0 150.0 199.6034

<< Back || End(E] | | Cancel | | Register

(In case of not convergent)

When the generated Reference waveform doesn’t converge, that is, the reference waveform data
exceeds over the Tolerance, return to the display of < Step 2 > (page 1/3) and check off “Auto-set of
sampling frequency and data length” and 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.

7 Mew test definition - K2/Shack
File(F) ~Test definition(T) Operation(P) Edit{E) View(V) Window(W) Optio
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Mew Simple Open  Testsave | ave Print Preview
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Test definition |

[ Test Definition Information
" 170 Madule Configuration
&3 Excitation System Information
&3 Reference waveform
| Control condition
| Excitation system setting

| Input channel

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

P A4
o1
O T
°C1)
Control conditiol i .

Frequency range 1000.00 1,  Sampling frequenc_l,l‘ 2560.00 |y, 0K,
Control freq. lines 400 + |idekai= 250 1) | Cancel
| 280 21 | 100000 =1 Detailed >3

Max. ohservation freq | 1000.00 == |ﬂ

Contraol frequency

Loop check MNamal -

Initial level 300 =k 1046 4p)

IS A4

@



< Step 10 >

Press the [Next] button.

X3

<Step 11 >

-

#7 Mew test definition - K2/Shock
File(F} Test definition(T) Operation(P) Edit(E) View(V) Window(W] Optio

Print Preview  Repo

MNew

Encitation level Reference Frogress
i:' Test definition
i : I:
5 [J Test Definition Information
49 IO Module Configuration
.4 Reference waveform
43 Centrol condition

-4 Excitation System Information
| Excitation system setting

e[| Input channel

Press [OK] button.

Excitation systern setting @

Loop check

[ Initial cutput voltage setting 300 = mV ms

Cancel

Output level at ¥FR measurement

by Cantral Unit [ Ao 31907 = | 2 —
b aximumm voltage 60.0 = mV ms

Excite by white noize
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< Step 12>
Press the [Next] button.

.

%7 New test definition - K2/Shock
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Mew Simple Open  Testsave [ats ia Print Preview
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— Test definition
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< Step 13>
Select ‘Ch.1° and set as ‘Control’. Also, select ‘Ch.2’ and set as ‘Monitor’. Then, press [OK] button.

e




< 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
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MNew 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 definition

[ Frequency range == Hz

Cahicel

100 =

Fizt\e mass 00 =
Reqizter(R)...

74.0
Armatun mass ReferlF]...

1




<Stepl6>

Now, the definition is completed.

New test definition - K2/Shock
File(F) Test definition(T) Operation(P) Edit(f) View(V) Window(W) Option(0) Help(H)
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Test definition | Reference graph
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&) Test Definition Information
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&) Reference waveform
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€ Input channel

L) Safety check
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Timing signal
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:

Increment
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Repetitive excitation
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2019/ 4/17 08:36:46 Test definition is completed.
2019/ 4/17 08:36:46 The required force [16.80 kN 0]
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Test definition is completed.
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<Step 17>
Save the defined test information to a test file.
Click the [Save] button.

T New test definition - K2/Shock
File(F} Test definition(T) Opegafi

Edit(E) Vie

Mew Simple

Excitation lewvel Feference

¥ Test Definition Information
-8 /O Module Configuration

{ W Furitatinn Guctarn Infarmatinn

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

name’.




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

000
<

G:\Users\imv\Documents\TEST004.sho2 - K2/Shock
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2019/ 4/17 08:36:46 Test definition is completed.
2019/ 4/17 08:36:46 The required force [16.50 kN 0]
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Test definition is completed.
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<Step 2>

Transfer Function of the controlled system is measured.

Press the [ XFR measurement start] button to execute.

P A4
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<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.
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< 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.
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<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.

9 &
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< 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.
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<Step 7>

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

Select [Operation] — [Excitation cond

&\ jmv\Documents\TESTO0.sho2 - K2/Shock

F) Test definition Edit(E) View(V) Window(W)
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< Step 8 >

NUM 4/17/2019 08:44:26

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

£, GAUsers\imADocuments\TESTO04.sho2 - K2/Shack
File(F) Test definition(T) Operation(P) Edit(E) View(V) f/ Window(W) Option(Q) Help(H)

[ L
Testsave Datasave [fint  Preview Report  Quick

44 [

Ope. end Restart  lteration

Excitation lsvel Reference Progress Errar ratio Drive  Tolerance  Abort ECO  HV-S5HOCK

e @ @ @ @

m/s?

XFR function | Drivd |Reference / Response |(lperation status T
\ & =

AR A QE e & F @ E R

= Response
o Max 2000122  mjs?
Min. -32.797% m/fs?

375723 mfs?

3000 /e

Increment

100

B Referance
Max 2000 s
Min. -32.8079 2 0p
375718 ms

Polarity

Positive

Repetitive excitation

Invalid

Excitation stop timer setting

0.0ms
E=R= R DR R
Excitation is completed. (Excitation is completed correctly) NUM 4/17/2018 08:48:04

When the Tolerance Check results in

OK, Nothing lights up.



3.2 Simplified Definition

This definition mode is for defining a Classical-shock test in a simple way.

< Example >

An example of Shock test of described as below ;

[Reference waveform]

* Waveform type Half-sine

* Peak amplitude value ~ 200m/s’

* Pulse width 11ms

* Tolerance IEC(JIS C) 60068-2-27

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

[Control condition]
* Control frequency lines 400 lines
* Initial excitation level : 30 %

+ XFR measurement Auto-set

[Information of sensor to be used]
One accelerometer of piezo-electric
Input terminal of K2+ Hardware to be used : Ch.1 of Module ID 0
Channel name : Ch.1  (Sensitivity :3 pC/(m/s?)

Also, the rating information of excitation system has already been registered in Excitation System

Information (in this example, ‘System1”).

[Information of specimen]

Specimen mass : 10[kg]

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

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



< Operation procedures >
<Step 1>
Press the button of [Simplified] to start the ‘Simplified Definition’.

=7 K2/Shack
File(E} Test definition(I) Operation(P) Edit(E) View()) Window(W] Option{Q)
_-. -r- {; - -
| i
Simple Open
E wcitation level Reference Frogress

X

<Step 2>
In the first definition dialog, input the values to ‘Waveform type’, ‘Peak amplitude’ and ‘Pulse width’.
Press the [Next] after filling all of the items.
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< Step 3>

In the next reference waveform definition dialog, Tolerance is defined.

Press the [Next] button after inputting all the setting items of Tolerance.

Classical Shock (2/3)

Tolerance

e IECHIS C) 60068-2-27

Setting | Define Tolerance. .

Supplemental Parameters

-

Symmetrical(S]

Compensation wave type  Typed -

Optimization level

Fi

Displacement precedence Yelocity precedence
Peak levelPre-pulze 50.0 : 7
Peak levelPost-pulze 500 = "
<< Back ” Mext > &| Cancel
000
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< Step 4>
The definition of Reference waveform is completed.

The generated reference waveform is displayed as below. Press the [End] button.

Classical Shock (3/3) |
@ Acc m/s2
2
300.0 ™' M 200.0
250.0 Min. -32.8079
200.0 el m/s -
i 05992
1000 Min.
Dizp. mm -
50.0
EEM 50636
0.0
it -5.4158
50.0
0.0ms 50.0 100.0 150.0 199.6094

¢<Back || EndfE]

K| | Cancel | | Fegizter

Al

L 4

(In case of not convergent)

When the generated Reference waveform doesn’t converge, that is, the reference waveform data
exceeds over the Tolerance, return to the display of < Step 2 > (page 1/3) and check off “Auto-set of
sampling frequency and data length” and specify arbitrary values of Sampling frequency and Data
length.

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



<Step 5>

Select ‘System1’ among the items of Excitation System Information. And press the button of [Add].

Simplified

Excitation System Information

- e

Control freq, lines 400
Initial Level 300 =

Output level at XFF measurement

v ldebaf=| 250 )
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Input channel
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Riefer to |nput Environment (|

These items need to be set as below ;
Control frequency lines : 400, A
Initial excitation level : 30 %
XFR measure : Auto

-

Add...

Cancel

< Step 6 >
Set the Input channel element as below, and press the [OK] button ;
Channel name : Ch.1
Module ID : 000
Ch: Ch.1
Input sensitivity : 3.0pC/(m/s?) DA
1)
Input channel type :  Control @

Input channel element \ @
Input channel infarmation ok
Name | Ch1 ModulelD 000 ~ Ch Chi - ] Pol. @ + | Concel |
Quantity  Acceleration - %ut type  Charge input {1mV/pC) -

Senzitivit 30 pC/im/s) -
Charnel ppe  Control MR

Ahbart level zetting

+ (33333333

mjs®

Ahart level st $FR measurement 1000 = o,

\

Input type needs to de set as charge.




< Step 7>
Press the [OK] button.

Simplified (==
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Reference wavefom definition. .
Cortrol freq, lines 400 ~ [dekal= 250 1)
Inial Level 00 =y [ 1046 4g)
Output level at XFR measurement
7] by Control Unit V] Auto 31907 |7 /s e
Input channel
No. Channelname Assignment  Senstivity Input type Polaity ~ Type  Abortlevel + Abott level -
1 chi 000-Ch1 3.0pCHm/sY Chiarge input (1 mV/pC) + Cortrol  400.0m/s2 -400.0 m/s? Pefer ta Input Enviranment (1)
Add.,
Changs.
Cancel
o
<
<
< Step8 >

Select ‘Safety check’ and press the button of [Change].
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< Step9 >
Select ‘Excitation force check’ and input the value as ‘Specimen mass : 10 [kg]. And press the button of
[OK].

Safety check definition

Frequency range — e== Hz

o | Excitation force check,

Reqizter(R]...

ReferlF)...

<Stepl0>

Now, the definition is completed.
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<Save of a test >

<Step 1>

Save the defined test to a file.
Press the button of [Save].
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<Step 2>
The dialog as below appears. Specify an arbitrary direction in a ‘Folder’ and input a name to ‘File

name’.




< Operation of test >
<Step 1>
Press the button of [Operation]
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<Step 2>
Transfer function of the controlled system is measured.

Press the [ XFR measurement start] button to execute.

P A4
L 4
). G:\Users\imv\Documents\New folder\ TEST004.sho2 - K2/Shock o= 5=
File(F) Test definition(T) Operation(P) Edit(E) View() Window(W) Option(Q) Help(H)
= 2 (R L
2 Lo e ) &I
L | -
Testsave Datasave Print Preview Ope. end Start
Excitation level Relerence Progress Enar ratio Diive  Tolerance  Abort ECO  HV-SHOCK

XFR function

DEGN|QE 2| & F| & A @

1 g {m/e2my

HED ¥ =X

Waiting for XFR measurement

NUM

of > [E—— (0 (0 (O (O
mjs?

Increment

Riepetitive excitation

Excitation stop timer sefting

4/17/2019 11:01:40




<Step 3>
Loop check and XFR measurement are operated.

The system is automatically set to the state of waiting for drive generation when the XFR
measurement is completed.

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

i, GAUsers\imv\Documents\New folder\ TESTO04.sha? - K2/Shack

E=) Eoh [
File(F) Test definition(T) Operation(P) Edit(E) View(V) Window(W) Option(0) Help(H)
=Y D (O
A Lo e oy __
t L
Testsave Datasave  Print Preview Stop
Excitation level Relerence Progress Errar ratio Drive  Tolerance  Abort ECO HW-S5HOCK

mre (O

k] / 8
m,

XFR function

[
SEAgtpl| QE 2| & & & & ]

1 g /2y

Increment

I

Repetitive excitation

Excitation stop timer setting

JHD K

In XFR measurement

NUM 4/17/2019 11:02:41




< Step 4>
When the XFR measurement is finished, the graph of XFR function appears in the display.

The drive voltage is to be generated after checking the obtained transfer function normal.

Press the button of [Drive generation].

X 000
<

i) G:\Users\imv\Documents\New folder\TESTO04.sho2 - / o= ==
File(F) Test definition(T) Operation(P) Edit(E) Window(W) Option(Q) Help(H)

5 P x

4 ]
Preview Ope. end! Start

Excltation level  Rleference Progress Ertor ratio Diive Tolerance Abot  ECO  HY-SHOCK

Waiting for drive generation O (:\ O C O

XFR function

SN QE 2| & F| & LA @

1. /2y

Increment

Repetitive excitation

180, dearee

Excitation stop timer setting

250Hz

HE @O A =K

Waiting for drive generation

NUM 4/17/2019 11:04:03




<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
correct because the Initial level has been set to 30 %.

Check the display of the drive waveform and the Excitation level. Then, press the [Exc. start] button to

start the excitation operation.

X

Preview Ope. end

=g
3 iy
L | -
Test save Data save

Drive  Tolerance  Abort ECO  HW-SHOCK

@ee e e e

Excitation level Reference Progress Eror ratia

=

EE R EEETEEE] )

e Drive

Max. 16232 mV 0p o
Min -3064.1 mV op — — Increment
5611 ™V ms N w0

[

Palarity

Positive

Riepetitive excitation

Invalid

Excitation stop timer sefting

HE D H 35X

Waiting for excitation start NUM 4/17/2019 11:22:01




< 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.

i, GAUsers\imv\Documents\New folder\ TESTO04.sha? - K2/Shack
File(F) Test definition(T) Operation(P) Edit(f) View(V) Window(W) OptioglO) Help(H)

e e -

Testsave Datasave  Print Preview  Repffrt Quick Ope. end

Drive [ Talerance ECO  HW-SHOCK

adepee

XFR function | Drivg | Reference / Response  Opffation status -
eference [ Respansi — B
30.0

Excitation level Reference o Error ratio

N

= Response
Jong ™ o Max 535024  m/s?

o
Min -11.9012 m/s* o (ST
10.2873 m/sms
100
B Reference
Max 60.0 m/s40p (=3

Min -9.8424 m/s§op
11.2715 m/sfms
e Tolerance upper lim

e Tolerance lower limi
Polarity

Positive
Repetitive excitation

Invalid

Excitation stop timer setting

L =)
2019/ 4/17 11:17:58 Excitation is completed f
(Excitation is completed correctly)

Excitation level - 30.0 % (-10.46 dB)
Response(Reference) peak value[m/s? : 53.5024 (60.0), -11.9012 (-9.8424) hd
BHDHEHK

Excitation is completed. (Excitation is completed correctly)

NUM 4/17/2019 11:18:52

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.

020

he

< ‘ . \imviDocuments\New folder\ TESTOO4 sho2 - K2/Shock
: View(V) Window(W) Option(0)

st definTeomy

Operation(P) | Edit(E)

Operation start(F2)

End(F3)

Excitation condition(F8)...

Excitation start(F7)

Excitation level Refere Stop(F3
Retry(F10
Iteration(F11
N FR renewal(F12
XFR funetic
XFR measurement again(A)
b b Nt Al Previous drive(P)
- To Oth drive(D)
20000 ™V Level schedule start(5)

Ope. end

Progress Error ratio

>

Start

Waiting for excitation start

Drive  Tolerance  Abort ECO  Hy-SHOCK

e e e e

Opearation status

= Diive

Max 16195
Min. -3053.4
560.3

Level
g 30.0
mV op ]
mv op |2‘ —— Increment
mVms |g‘ ‘Z| o
B
Polarity

Repelitive excilation
Invalid

Excitation stop limer sefting

HHD ¥ EX

Change the excitation condition

< Step 8 >

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

NUM 4/17/2019 11:23:58

Excitation condition

Excitation lewel

Paolarity

Lewvel 1000 = o

[ Increment

Tolerance check

000 gg )

@ +

099 |

Lpper %

Repetitive excitation

| Dperate

Ewcitation stop timer
@ Mot zpecify
Specify ime interval

Specify time instant

00 <==>| 3996094

Infinite Repeat times 2

tonitaring at the mawimurn value

’_L'-

Lower %

times iRy

hours 0

Friday June 28,2013

Ahart changing ratio g

| ok

| Cancel |

ms interval

2

minutes later

5:17:33 PM




< 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.

P A4

2 New test definition - K2/Shock

=2 ECE S
File(F) Test definition(T) Operation(P) Edit(E) View(y) Window(W) Option(Q) Help(H)
_N _L,_.J “"‘ T i"
3 Ly = »
L L v
Testcave Datasave  Print Preview
Excitation level Reference Fiogress Enon ratio Diive  Tolerance  Aboit ECO  HY-SHOCK

1000

e eeee

XFR function | Drive | Refarsnce / Responss | Operation status

EE NI

e Drive
400 MV

Max. 293
Min. 589 mv/ . Inciement
103 mV ms @ 7w
B
Polarity

Positive
Repstitive excitation
Invalid

Excitation stop timer setting

HE @O H = K

Wsiting for excitation start

NUM 4/17/2019 13:53:40




< 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.

) New test definition - K2/Shock
File(F) Test definition(T) Operation(P) Edit(E) View(V) Winfow(W) Option(0) Help(H)

==

Testsave Datasave Pri

Mo i

Restart  Iteration

Previev‘v Report Quick

£3

Excitation level Reference Progress Error ratio

Diive  Tolerance  Abort ECO  HY-SHOCK

@eeeee

4
T Lewvel
T |

XFR function | Drivd |Referance / Response Clperation status

en "

e Response

Polarity

Paositive

Repetitive excitation

Invalid

Excitation stop timer setting

2019/ 4/17 13:50:21 Excitation is completed
(Excitation is completed correctiv)
Excitation level : 100.0 % ( 0.00 dB}
Response{Referance) peak value[mj/s? - 201.9964 (200.0) , -39.1054 (-32.8079)

000 ™ Ch1 Max 2019964 mfs’0p
Min -39.1054 s20p Increment
379598 /5°ms 10.
e Reference
Max 2000 /52 0p [\e®
Min -32.8079 m/s? 0p
375718 m/s?ms

4 i v
HEHDEHE
Excitation is completed.(Excitation is completed correctly) NUM 4/17/2019 13:51:29
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EENEIY EEIEIEEI | 1009

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

100 |77

[
»

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 (‘Input01’ in this
example).
Also, the rating information of Excitation System has already been registered in Excitation System

Information (‘Exc01’ 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’.

27 K2/Shack
File(F} Test definition(T) Operation(P) Edit(E) View(V) Window(W)
Open
Excitation lewvel Reference F

- I

000

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

Channel Information.




<Step 3>

Press the button to go to the next definition item.

%7 New test definition - K2/Shock
File(F} Test definition(T) Operation(P) Edit(E) View(V) Window(W)

IR 2 3 o}

Mew Simple Open  Testsave [ata sa Print Preview

r

Ewcitation level Reference Fron

’i Test definition
] - act Dafini

Next J T.est Definition Infermation
(-4 1/O Medule Configuration
-4 Excitation System Information
| Reference SRS

| Control condition

< Step 4>
Press the [Define] button.

L e



<Step 5>

Press the [Define] button.

< Step 6 >

This item is for setting of SRS Analysis Condition.

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

* Sampling Frequency
* Data Length

8192Hz
4096
* Max. Frequency of Analysis 1000Hz
* Min. Frequency of Analysis 10Hz
Analysis condition N ’E
Sampling frequency 8152.00 ¥ | Hz |T
Data length 4096 ¥ poirt |m
M. freque 1000.00 =1 ) |£|
| Register |
i frequency \ 10.00 He ) -
Density of frequency ’712 = fiters/octave
[ ampinig ratio 5.0 o Add a damping ratio...
Analysiz pe Absolute acceleration - mis? -

Analysiz accuracy

Level 2

Iritial/Residual boundaryl (11—

-

P A4



<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.
SRS analysis condition / Reference SRS

Analysiz condition ok
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 0.0 ms >

Liefine...
Reference SRS

Frequency [Hz] Amplitude[m/s2] Tolerance (upper}[dB]  Tolerance Jower)[dB]

Component
Frequency 10.00 ;  Tolerance [upper] 300 = dB
Amplitude 100 = m;’s2] [lower) 300 = gp

C5¥ 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 \ E‘

Analysis condition K
Sampling frequency 8192.00 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 0.0 ms b

Reference SRS
Mo, Frequency [Hz] Amplitude]m/s2] Tolerance jupper)[dB]  Tolerance flower)[dB] i
7 74438
7 789.65
76 83768
i 88862

—ri——le N

0o '
<
® . . Component
@ Frequency ] 100000 p;  Tolerance (upper) 300 = 45
[.-’-‘«mplitude 100 | =" ] [lower) 300 = g4p

C5Y file(5)...




< 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

D ata length

8152 0D Hz Unit|m 52
4036 paoints

Canhizel

[
[ o |

Synthesized waveform wpe

Wavelet(WAVSYN)

7]

Frequency of the compenzation wavefarm
D amping ration of the compensation wavyefarm

Component wavefarm

- | Hz
[ =

Mo, Frequency [Hz] Reference [m/=2]

10.0

| et b —
-
]
b

Amplitude [m/s2]

1.0 10

-1.0 1

Waveform [half-cycle]

Delay [msec]
0.0

0.0

Components definition(D1]. ..

< Step 10>
Press the [Next] button.

Reference SRS definition (1/2)

SRS analysis condition / Reference SRS

SRS Analysis Condition
Sampling frequency
Data length
Max. frequency of analysis
Min. frequency of analysis
Density of analysis frequency
Damping ratio of SDOF system
Analysis type
Initial/Residual boundary

819200 Hz

4096 points

1000.00 Hz

10.00 Hz

12 filters/octave

50%

Absolute acceleration
0.0 ms

‘waveform synthesize condition

DefinelR]...

Waveform Synthesize Condition

Waveform type WaveletWAVSYN)

Mo Freq[Hz]

1 10.00
1061
1125
1194
1266
1343

100 10

-1.0

DN WM

Reflm/s?] Amp[m/s? Period num[1/2cye] Delay[ms]

10 ]

11 0.0

| Relter

Next » “ Cancel |

Diefine(D)...

N
<



<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) Gl
m— o once SRS ) Acceleration  |m/s2
100.0 ™5 s Tolerance (UPP| 4.0 3707
e Tolerance (loweg
s Reference anal]l  Min, -10.9831
o Componentway
YWelociy m/s
Max. 3.9482-2
Mir. -4.528=-2
Dizplacement | mm
Max. 0.5901
Mir. -0.5502
Tolerance check
Max. NG
Min. oK

Dizplay data

@ SRS () Wavefom [keration(F]

<< Back ||CUmp\elEd[E]|| CGI”N | ‘ Riefer H Register
N\

000
<



< 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)

m— o once SRS 9 fAcoeleration  |m/s2
1000 82 B Tolerance (Uppf 4., £.9030
e Tolerance (lowe
I Reference anall  Min £.7399
o Componentway
YWelocity m/s
Mas. 3528e2
< Min [ 72
Dizplacement | mm
ek 05377
Min -0.5291
1.0
Tuolerance check
Max. 0K
Min. oK
0.10 \
10.0Hz i 1000.0
Dizplay data
SRS ) Wavefom | tterationR) |
<< Back || Completed[E]U Cancel | ‘ Refer ] | Fegister
I
000
<




(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)

gg m/s?

100.0

2000 300.0

4000 4953779

Dizplay data
15RS @

| Iteration[B)

<< Back “ Cump\eledﬁﬂ |

Cancel | ‘

Riefer l | Register

I Reference SP!‘I,n Secsleralon [z )
Mak. 6.5030
Min. 6.7399
Welacity m/s -
Ma. 3.524e-2
Min. -3.772e-2
_ Dizplacement  mm -
Max. 05377
\_ Hin 0.5291 Y,
Talerance check
Ma ok
Min. lol(i

[ >




< Step 13 >
Press the button to go to the next definition item.

S0 Mew test definition - K2/Shock
File(F) Test definition(T) Operation(P} Edit(E] View(V) Window(W

. 1 | t
Mew Simple Open  Testsave [lats save  Print Preview

[] Test Definition Information

¥ /0 Module Configuration
&P Excitation System Information
&9 Reference SRS

Excitation lewvel Reference

Test definition

#

| Contral condition
| Excitation system setting

T .o v

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

0000 <
<
T i

Control conditio @
Frequency range 320000 1y, Sampling frequency lm Hz 1] 4 |
Contral freq. lines [deltaf= ’W Hz ] | Cancel
Control frequency | 400 = ¢==s | 3200.00 = o, Detailed »»

Max. observation freg, | 3200.00 = |ﬂl

Loop check Nomal v

Iritial lewvel 00 ;




< Step 15>

Press the button to go to the next definition item.

T New test definition - K2/Shock

Simple Open

Reference

Excitation level

File(E) Test definition(T) Operation(P) Edit(E)

Test save [af

Fr

View(¥) Window(W)

&S |

Preview

Test definition

BT-

X

&) Reference SRS

-] Input channel

< Step 16 >
Press the [OK] button.

[ Test Definition Information
¥ VO Module Configuration
&) Excitation System Information

&3 Control condition
|| Bxcitation system setting

Excitation systern setting

Loop check

[ Initial output voltage setting 300

Output level at ¥FR measurement

by Ciontral Uit At
b aximumm voltage

Excite by white noize

3.1907

Cancel

mV ms

me2 ms

600 =y

X



<Step 17 >
Press the button to go to the next definition item.

7 Mew test definition - K2/Shack
File(F) Test definition(T) Operation(P) Edit(E] View(V] Window(W)

Simple Open Testsave [atisave  Print Preview

Fr

[ Test Definition Information

. /0 Module Configuration
4 Excitation System Information
& Reference SRS

&) Control condition

) Excitation system setting
-] Input channel

E=citation level Reference

Test definition

< Step 18 >
Select ‘Ch.1” and set as ‘Control’. Also, select ‘Ch.2’ and set as ‘Monitor’. Then, press [OK] button.
Input channel configuration [
No. Channel name  Assignment Senstivity Input type Polarty Type Abort level + Abort level - Add
"2 Che s Nowt T — Change...
Delete

:

TEDS Update(T]

i

Inpulsens\tlvllyloadmg][ Refer ]I Register =

022 /

°
@

ancel




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

Test definition

[ Test Definition Information

-9 /O Module Configuration
49 Excitation Systermn Information
-4 Reference SRS

43 Control condition

-4 Excitation systern setting
-9 Input channel

..... | Safety check

----- | Level schedule

----- | Timing signal

< Step20>

Select ‘Excitation force check’ and input the value as ‘Specimen mass

[OK].

: 10 [kg]. And press the button of

Safety check definition

[T Frequency range o g== Hz

Excitation farce check

100 = kg| Table mass 00 = kg
0.0 (ther mazs 00 kg

eCimen mags

Cancel

I




< Step21 >

The definition is completed.

“ New test definition - K2/Shock

File(F) Test definition(T) Operation(P)
e

Test save

MNew

Simple  Open

E xcitation level Reference

m

Edit(E)

View(¥) Window(W) Option(0) Help(H)
=9 rj g
% #
P Tz e
Progress Ernor ratio

Drive

N ¢ @

Tolerance

Test definition

SRS analysis data

[E=8 Hol =7

Abort ECO  HW-5HOCK

D e
i OV ) odule Lon ‘gummn_ Exc. System Config. ~ Single shaker 3
&) Excitation System Information
XFR function data Not exist
&) Reference SRS
L. . Drive data Not exist
49 Control condition " | t
N . Operation status Mot exist neremen
&) Excitation system setting . 7
& Input channel Module Configuration
& Safety check Module ID Madule type .
] Level schedule 000 4ch /O module TYPEII e
| Timing signal
Excitation system environment
Exc. System Info System]
Qutput channel
Module ID Ch Paolarity
000 Chi Positive
Initial output voltage 300.0 mV ms Fiepetitive excitation
Armature Mass 74.0kg
Rating Information
Control frea. ranae 0.00 <==> 20000.00 Hz X Excitation stop timer sstting
] m r
2019/ 4/17 14.13:.09 Test definition is completed. -
. o 3 2019/4/17 14:13:09 The required force [0.5799 kN 0]
HED YA
Test definition is completed. NUM 4/17/2019 14:13:38




< Save of test >
<Step 1>

Save the deﬁrrled test information as a test file.

7 New test definition - K2/Shack
File(F} Test definition(T) Operation(P) Edit(E) View(V] Window(W) Optic

B P v

Print Preview  FRepo

Excitation lewel Reference Progress

Test definition | SRS analysis data |

&} Test Definition Information

") /0 Module Configuration
4 Excitation System Information
) Reference SRS

&3 Control condition

) Excitation system setting
#-49 Input channel

Testtype SRS
Exc. System Config.  Singl
XFR function data Mote
Drive data MNote
Operation status MNote
Module Configuration

<Step 2>
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’.




< Operation of test >
<Step 1>
Press the button of [Operation start].

P A4
<
) New test definition - K2/Shock
File(F) Test definition{T) Operation(P) Ecit(F) View(V) Window(W) Option(0) Help(H)
ks § 2% P P : B
& i % “
| 4 i L 2
New Simple Open  Testsave Print Preview Ope. start
Excitation level Reference Progress Error ratio Crive  Tolerance  Abort ECO  Hv-5HOCK
Test definition | SRS analysis data L
evel
D e
— o ;
9 V0 Module Configuration Exc. System Config.  Single shaker 5
&) Excitation System Information XFR function data Mot exist
/ &) Reference SRS
L. . Drive data Mot exist
) Control condition ) | |
Operation status Mot exist neremen
&) Excitation system setting . /] ’—
& Input channel Module Configuration
{ ) Safety check Module ID Module type e
L[] Level schedule 000 4ch 1/O module TYPEII
+.._] Timing signal
Excitation system environment
Exc. System Info System1
Qutput channel
Module ID Ch Polarity
000 Chi Positive
Initial output voltage 300.0mV ms Fiepetitive excitation
Armature Mass 740kg
Rating Information
. Control frea. ranae 0.00 <==> ZE'DDD.DD Hz . i Excitation stop timer setting
2019/ 4/17 14:13:09 Test definition is completed. -
5 - 3 2019/ 4/17 14:13:09 The required force [0.5799 kN 0]
HED 4 H
Test definition is completed. NUM 4/17/2019 14:13:38




<Step 2>
The transfer function of controlled system is to be measured.

Press the button of [ XFR Measure].

o
<
<
T C\Users\IMV\Documentshtestl.srs2 - K2/Shack =@ =
File(F} Test definition(T) Operation(P) Edit(E) View(V) Window(W) Option(0) Help(H)
== 1 - 1
T !
=N X :
Testsave Datasave  Print Preview Ope. end Start
Excitation level Relerence Progress Error ratia Crive  Tolerance  Abort ECO  HY-SHOCK
] / Waiting for XFR me: emen (\ C C ‘ 0 (\
m

XER function
L - Level

==

—
WA QE A @R |

; I XFR function
/ 1.p m/sa/my Ch1:(m/s3/mV

Inerement

1

1.000e4 Fiepelitive excitation
1g0.p degres

0.0

{ M. ¥ = &

Waiting for XFR measurement

NUM 7/1/2013 9:29:35 AM




<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.

T C\Users\IMV\Documents\testOl.srs2 - K2/Shock

A Ly =3 r?

Test save Datasave Print Preview

Excitation level Reference

File(F) Test definition(T) Operation(P) Edit(E) View(V) Window(W) Option(0) Help(H)

Enror ratio

4 8
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< 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].
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<Step5>

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.
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< 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 red mark is lit in this box when

the Tolerance check resulted in NG.

#F test0l.srs2 - K2/Shock =8 E=E ]
File(F) Test definition(T) Operation(P) Edit(E) View(V) /' Window(W) Option(0) Help(H)
" - )
Y Y ! <
[ = 1 |
Test save Data save Preview Ope. end Restart  Iteration
Excitation level Relference Enor ratio Drive  Tolerande  Abort CO  HY-SHOCK
Excitation is completed C C\ )
| XFR function SRE analysis data | Oferation status )
HUGEQFe 8@ = E
,, e Reference SRS
/ 10,0 M/ I Reference analysis SRS
I Response analysis SRS i eremert
B Tolerance upper limit ,W
B Tolerance lower limit
f®
Polaity
Repetitive excitation
Exitation stop timer setting
0 _
=¥ HE
B(c\ta‘tlon is complet‘ed“‘(&cltat.mn is comp\‘étad‘corract‘\yj | | I NU.N.‘I- .7«'.1.:’20.13. 9:;1.2:23 AM




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.

Excitation is completed.
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<Step 7>

Check the drive waveform and change the Excitation level to 100 %.

Press the button of [Exc. Condition].
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< Step 8 >

Set the Excitation level to 100 % and press the [OK] button.
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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 os 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.
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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) * 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 is also not needed to be defined in Control Condition.

Control condition | 7 |

Frequency range 1600.00 1y, Sampling frequency | 4036.00 1y, l 0K |
Cantral freq. lines 400 * [dehaf= 400 1) | Cancel

P

Contral frequerncy 400 = (== 160000 = . | Detailed 3 |
Z Refer
Max cbservation freq. 180000 — . |—|
| Reqister |
Loop check MNomal - |
Initial level 00 =+ | -1046 4p)

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.



4.4 Excitation System setting

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

Excitation system setting @

Loop check ok
dritial output voltage zetting 300 — Ly e Cancel

Output level at #FR meazurement

| by Contral Unit |3 Auto 31907 - m/s2 ms

M awimum voltage 60.0 : mY ms

Excite by white noize

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 ;

Excitation Level (RMS)
Reference Peak Value
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’

When you use the drive having flat frequency characteristics not the drive that makes the
response frequency characteristics flat, check ‘Excite by white noise’.This setting is valid when
Output level at XFR measurement is specified by Output Voltage (when ‘by Control Unit’ is not
checked).



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. Channel name  Assignment Senstivity Inpt type Polarty  Type Abort level = Abort level - \ Add |
Ch2  000Ch2 T050pC/m/ss) ) Woritor - — [ Change.
3 Ch3 000-Ch3 3.010 pCrm/s?) Charge input {1 mv/pC) + Manitor
4 Chd 0D0-Chd 3.0pCm/s?) Charge input {1 mv./pC} + Manitar ‘ Delete
©)
Control -
TEDS Update(T]
| ok
Input sensitiviy IoadlngJ | Refer J ‘ Register | /m
[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.

[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.

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



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.



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

Analysis condition E
S ampling frequency 8192.00 Hz | 0k, |
Data length 1024 i | Cancel
Max. frequency 320000 = |ﬂ|

| Reqister |
Min. frequency 8.00 = y, -
Denzity of frequency 12
Dramping ratio 50 =« Add a damping ratio..

[ By value

Ainalyzis type Absolute acceleration - misd -
Initial /'R esidual boundary (118 s
Analpsis 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.



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 ;
;€
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
°7%

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, 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.
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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 4.6.4 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

Damping ratio list ﬁ

Dramping ratio of SDOF system|%] | k. |
100% | | Cancel |

Dramping ratio

200 =4 | Add |
| Change |
| Delete |




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 New test definition - K2/Shack
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<Step 2>
Define the ‘Level Schedule’.

Level schedule 7
Mo. Level{’)  Excitationcount Excitationintervalimsec) Polarty herstion Pausa
2 60.0 1times 0.0 Posttive  5times Stop the operation at the emor detected. QFF
3 70.0 100 times 0.0 Positive Mot operate ON
4 100.0 10000 times 0.0 Positive  5times Stop the operation at the emor detected. OFF
Delete
Level 300 = - Excitation count T Add
Excitation interyval 1214 Polarity @ + -
[¥] Iteration 7] Pausze the scheduls.
P aw.numbers of [keration b s
[¥] Stop the schedule at faling in the iteration processing.
7] Repeat the whole scheduls
Infirite: Hepeat times | times
[ oK I | Cancel

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

[Add] : 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.

[Change] : 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.

[Delete] : This button is for deleting the registered schedule.

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

4.7.1 Level
(1) Meaning

This item is 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.



4.7.3 Excitation interval(Time interval)
(1) Meaning

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

4.7.4 Polarity
(1) Meaning

This item is for setting of the excitation polarity (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.
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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 100ms ~200ms 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.

27 Mew test definition - K2/Shock
File(F} Test definition(T) Operation(P) Edit(E) View(V) Window(W)

= ' = o =
S [ B —~ j
T S S : :
Mew Simple Open  Testsave [ats:a Print Preview

E=citation level Reference F

Test definition |F€eference graph!

&9 Test Definition Information
-9 /0 Module Configuration
49 Excitation System Information
-3 Reference waveform
A . . - 4% Control condition

-9 Excitation system setting
=49 Input channel




< Step 2>

Specify the ‘Module ID’ and the output channel ‘Ch.” as Ch2.
Input 5V’ to ‘Output Level’.

P

Tirming signal 7 -'

000 - Ch Che -* Mk

utput level 5.0 =y Cancel l

Signal output range \ LGraph display..

| L==% |

Specify range... |

ma

<Step 3>

Press the [Specify range] button in Signal Output Range.

The dialog of Signal Output Range setting appears by pressing of [Specify range].

’ Tirming signal 7 ﬁ

ModuelD 00} « [Ch Ch2

- 0K
Dutput level 50 =y m|
Signal output range Graph dizplay..

| S | ms
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<Step 4>
Input ‘100ms’ as the value of ‘Begin’ and ‘200ms’ 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

|  Cancel |

0.0ms 100.0 200.0 249.7559

Cursar

4 k

Eegin @ End

[ 1000 = |_Min.[5] |<==> T

1N

=1
=
[=]
]
=
W
——/
=
i
o
i




<Step 5>
Press [OK].

-

Tirning signal

Modue D 000 - (Ch Ch2 -
Output level 50 :, v

Signal output range

| 100.0977 <==>| 199.9512

ms

| Specify range.;|

BB

==\

| Cancel |

| Graph dizplay... |

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

[Graph] button.

-

Timing signal |__"§’_.@
ModuleID 000+ Ch Ch2 - | ok |
Output level 5.0 v | Cancel |
Signal output range | Graph dlsplayx
| 1000977 ¢ 1999512 00
<
| Specify range... |
Tirming signal waveform
e Reference
12.0 ™82 Vo B Timing signal
100 50
750
40
50
30
250
20
0.0
R
-3.50 oo
00ms 500 2000 2497559
|- Cloze |




4.9 Iteration (Correction of Drive data)
4.9.1 Outline
Iteration is one of methods for control accuracy improvement.
The control error data can be gotten from reference data and control response data.

And drive data is corrected for control error data to reduce.

4.9.2 Basic Operation

<Procedures>

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

1 Help(H)

% >

Ope. end tat I Iteration

Error ratio Drive  Tolerance

141819 itation is completed

Ty
o



4.10 XFR renewal(Correction of XFR)
4.10.1 Outline
XFR renewal is one of methods for control accuracy improvement.
XFR function of the controlled system can be gotten 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 lteration’) is executed in this state, the current drive data is

corrected by using the renewed XFR function.

4.10.2 Basic Operation
<Procedures>
<Stepl >
Select [Operation] — [XFR renewal] in Menu bar in the state of ‘Excitation completed’.

-

%7 New test definition - K2/Shock
File(F) Test definition(T) [Operation(P) | Edit(E) View(V) Window(W) Op
: StartiF2) .
= | | Stop(F3)

Excitation start(F7)
E witatiaon level Fefers Stop(F9)
Retry(FL0)

Iteration(F11)

e F12)

[XER functid ol i

m XFR measurement again(A)
Excitationis Previous .driVE':P] jonis cor
2013/07/01 1| To Oth drive(D)

( ;"{ Sampling fre| Level schedule start(%)

Diata length Level schedule retry(R)
XFR measurementaveragmg S OmEs
Repetitive output Mot execute
Excitation level 30.0 % (-10.46 dB)
Polarity Positive




<Step2>

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

-

Mew test definition - K2/5hock 3

i "_"'-.I The drive data is to be replicated by the renewed XFR function.
OK?

" -

Yes ] | Mo

+ 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’ about the following operation.



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>
<Step1>
Press [Drive data edit] button in Manual operation bar.

Level

—  Increment
|g| ¥ 100

Cne )

[Drive data edit] button




<Step2>
The dialog box as below appears.

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

22 [ Diive data edit |
1)
@ ~»  Specify frequency weighting factar
| Specify PSD Level
2
°
N|
> HextM] s Cancel




<Step3 >
The drive data edit dialog box as below appears.

This procedure is as follows.

(1) Select the data name of drive waveform to be edited.
(2) 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.
(3) Press [Apply] button.
(Repeat the operation of (2) ~ (3) as necessary.)

L 2.4
<
*AD . —
@ Setting of the objective region
Drive data edit (Specify frequency wefGhting factor) [
D ata name
OLﬂDLI‘t L4
Drrive PSD
e Edited
3500 ™V e Origing 10000,0 ™V/Hz

0.0sec 50 99988 0.80Hz 10.0 100.0 3200

( Curzor \

4 I

Lewel

@ Beqin " End

\ "0 Tims | Minis] | (=ey 99987793 [T ms | Maxll) | J

ﬁuencﬂHz} Level Band width(%) Slope width(%) \

— 0.80Hz 10.0 100.0 3200
Lewvel zetting
Center frequency 2 Hz
Lewvel z
Band width = 5 Add(d]
Slope width : 3 Chanige(R) / Apply

! Restore the initial data | | Ok, | | Cancel

@ Setting of the frequency weighting factor




<Step4 >
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.
(1) Specify the objective region.
Set 'Begin' to 3000[ms] and set 'End' to 7000[ms].
(2) Specify the frequency weighting factor in Level setting.
Center frequency : 10[Hz], Level : 0, Band width : 50[%], Slope width: 50[%]
(3) 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) ’E‘
Drata namne
Output -
Cirive FsSD
e Edited

e Originz 10000.0 MVA/Hz

0.0sec 5.0 9.9988 0.80Hz 10.0 100.0 3200
Cursor Level
4 b
1 Begin @ End
30000 5 mg | Min(S) | ¢oas 70000 == ms | b L] |

Frequency(Hz)  Lewel Band width(
00

0.80Hz 10.0 1000 3200

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

Band width 500 (= 5 Adda)
Slope width 500 = 3 Change[ﬂ]l

Hestnletheprecedingdatal | Restore the intial data | | QK




(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+s)+100)

:

fbl = f0+((100+fw)~100)  f0 fbh = f0x((100+£w)=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

<Step5>
When editing is executed in the state of ‘Waiting for excitation start’ The edited waveform is set

as the drive waveform.

| XFR 'Function: Drive |Reference / Responss EOper:ation status|

U Qe @ 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 | | ] i | 5.9988

= T L




4.11.3 Specify PSD level

<Procedures>

<Step1>
This function is valid in the state of "Waiting for excitation start'. This is same as 'Specify

frequency weighting factor' of the previous section.

<Step2>
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 |

pa e | Specify frequency weighting factor |
° pecify frequency weighting
1)

@ + Specify P50 Level J
000

°m 4 MemtiM] = I I Cancel I




<Step3 >
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 hame
Output
Dirive
. E dite:d wawefarm
2500 ™V B Original waveform
T I
o0
-100.0
2500 s
D.0sec 20 40 6.0 an 59958
PSD

0.80Hz 10.0 1000 3200
Frequency 2 Hz
Difve - Vit [ Spocty eauency (4|
Slope width =1y

| Undo | | Ok | | Cancel




< Step4 >
Set frequency by moving the cursor and press [OK] button.
Set frequency to 10[Hz] in this example.

rE‘reginning point setting
| 0K <

100000 MV4/Hz | Caricel

100.0

0.80Hz 10,0 1000 3200

00 =y, | Mins) || Maxb) |




<Step5>
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 30555958 = V2/He |ipEi_fi"_quﬂci
Slope width = % Apply

\ | Undo | | Ok | | Canicel

A\

Set Drive value and Slope width value




< Step6 >
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

10000.0 my2/Hz
100.0
10

1.000e-2
1.000=-3

1.000e-5
0.80Hz 10.0 100.0 3200

Frequency ~ Hz

Drive 43405 2 my2/Hz | Specify frequency |

P 100 = [ Apol

i

<Step7>

The edited waveform is set as the drive waveform.



4.12 Safety check
4.12.1 Outline

i =

Safety check definition [5m]
T Fiequencyrange | 5000 = ooy 120000 =,
| Excitation force cheack lﬂl
Specimen mass 100 = kg Table mass 00 = kg
Fisture mass 00 = kg Other mass 0.0 = kg m
Amnature mass 740 = kg Total mass 840 = kg m

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

cascs.

[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)

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.



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 two 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

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;

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) |- B[Sl

@ Acc. m

2
300.0 ™S M, 200.0

250.0 Mit. -h2.3661

rh

200.0 Vel m/s |
150.0 M an. 1.0312
100.0 Min | 03853

50.0 Digp. mm -

0.0 b ax 7.1765
-50.0 i, -3.3161
-80.0

0.0ms 100.0 200.0 300.0 339.6094
| <¢ 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

2
3
4. Triangle
5. Synthesize (Generalized Trapezoid)
6

. 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/ {s)

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 I
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 T1 [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 T1 [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.

O 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
7%= A
Ideal Half-Sine Pulse
" — [ A

Tolerance Limits —,

[0 - A A

L4 i
i | =" |
om0 = A = ;|< e EE

Standar MIL-STD-810C ReterR].. Register(G)... MIL basiz ‘ QK || Cancel |




< ‘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 [-®
Left ed f Right ed
PRE i MAIN AN POST

Lower 200 = % 200 <y % 200 g

Tranzient region

FROMT 5

RE&R -

ak | | 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 Post-pulse:Lower
I—— «-—

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.)
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< ‘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

1.150 =1 A

Ideal Half-Sine Pulse
‘ 0.850 : A

Tolerance Limits —,

0.200 = A A

0.050 -~ A 0200 = A

R !
==l =B ]

0.050 : A ‘ ’|‘ T . | 0.300 : A
0300 [T
Standar | ReferR)... | |F|egister[§]_._ | MIL basis VI | ak, | | 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.



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 ;
(@O Symmetrical Compensation wave is specified.
@ Shape of Compensation wave is specified.
(@ 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’.
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5.2.6.2 Compensation wave type
(1) Meaning

. 2
acceleration [m/s”]

. 2
acceleration [m/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 £
=)
=
50 e
o
[&]
Y
0 I}
©

-50

time [sec.]

Compensation wave (Type 1)

150
€
100 £
2
50 g
[0]
o
Y
0 @
©

-50

0

time [sec.]

time [sec.]

Compensation wave (Type 2)
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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.
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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’;



‘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 (RPCII).
+ 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 varies depending on the kind of options.

In standard specification, the maximum Data Length is specified as 16384 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] 7 @

File zelection

CSV format -

| Loading...

160 mg2

10.0

o0 ) Digplay data selection

@ Waveform
-100 I PSD 800
-16.0
0.0ms 50.0 100.0 183.9648

Edit

Unda | | Filtering... | | Edging... J | Freq. conversion. .. |

| Scalar calculation. . | lData length change...J |Make compensatinn...l

Original zampling freq. | 5120000 4, Original data length 3420 pints

[ <4 Back ” Hewt = ] I Cancel |

When these items are defined, press [Next]. Then, the generated acceleration waveform is displayed.

(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) [-F
mss2
2
16.0 ™S i 125469
bt -13.0265
100
Vel mis -
50
(LTS 1.145e-3
0o bit. -3.307e4
5.0 Diizp. mm -
00 (LTS 2.787e-2
kin. 44286
-160
0.0ims 500 1000 1500 1835648

<+ Back || End(E] l I Cancel | | Register
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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

1st line Time (ms) Data Name 1, | Data Name 2, | Data Name 3, | -
2nd line 0.0, otk ok dokok ok e
3rd line At otk ok ok ok SRR L IR
2At sk kokok kokk Kok kkk kk | ...

: £ . b . b
T skskesk skskesk skskesk skeskesk skeksk sksk | eeeel.

b . 9 . b . b

+ 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.



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.
<CSV File>
.Dataf condition setting
5 ampling frequency [F=) | 256000.00 ‘\H\
Lewvel urit
Quantiy  Acceleration » Upnit mSz2 -
Azzighment
[¥] Calculate Fx from time data
@ Level () Time rit  msec -
Column No.  MName Assignment
i tem 1 Time
2 ftem2 Level
3 ftem3
‘ m | ¢
(] l [ Cancel

When Time Data is defined in
Data File, Sampling Frequency
L 1s 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).

Filtering IEI
[¥] Low-pass filkerL] [¥] High-pass filter[H)
_ 1 Buttenworth _ Buttenworth
@) Linear phaze @ Linear phaze
' Truncate _ Truncate
Frequency resolution 1600 - Frequency resolution 1600 -
Cut-off frequency 1000.00 = Hz Cut-off frequency 50000 = Hz
Filter slope 1600 == 4p/decade Filter slope 1600 = 4p/decade
0K | 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/ 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 |- % |3

Froceszing wpe Window function e e

{{=]e]

@ Edging(E] Left-zide Half[L) ok
71 Hanring(H) Right-zide Half[R] | Beiniael

) Inversed Hanning(T)

1 Half-length Hanninglé)

" ClippinglC)
Edging Width [frant/rear] 500120
Peak level T =

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 ;
(D 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.

e -

Frequency conversion 'ﬁ'
Original zampling frequency | 256000.00 1y, | Ok,
Original data length | AN04 ints lﬂj

AREEE G

Signal frequency conversion

[] Corvert the signal frequency(C)

Signal freq. converzion ratio . times

Sampling frequency conversion

Buto-zetiingld)

[ Do not operate the fitering. [F)

Sampling frequency [V Specify

2560.00 =1

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 fs’ 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 f5s’.

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.
X3

<Step 2>
Sampling frequencies available in K2+ are listed. Select a proper value for Sampling
frequency from the list.

[ Do nat operate the fikering, [F1

Sampling frequency [ Specify
( N\

51200.00
40560.00 l

25600.00 | X
20480.00 M
12800.00

10240.00

8192 00

5120.00

405600

2560.00 ,
\ )
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/f1s

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 |-

Calculation

| Ohbjective position(O]... |

() Addia) @ bultiphbd] I Feplace(R]

|§ 0K |
Setting Method | Gt |
"1 RegionlE] @ Position(F)
Calculation value 1EE_D

Objective position 60

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

Lok |

16.0 /52 | cancel |

Cursor

4 L3

Beqin @ End

562891 =1 |_Min_[5] | = 1470312 2 [ Mani) |

* 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 paint setting

Lok |

16.0 Vs [ Canea |

0.0ms 50.0 100.0 183.9961

728164 = oo [ ping) | [ Menll) |




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 |i.@

e Objective region..
Original data length AT104 boirts { PG} L PIPRIE fRaic
Drata length after conversion 47104 = points | 123.9961 ) | Ok |

Froceszzing wpe D ata pozition | banest |
@ Data length conversion[D] Center[C]
Drata Trimrming(T] @ 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'/1fs[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
ok |
16,0 M/s? | Cancel |
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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 i @
Compensation type oK
Compensation wave condition : -
@ OPTIMIZE(D) g —
- T | Cancel |
“) Half-sine(H] | Compenszation wave parameters definition... !




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.

* "

Compensation by Half-sine @

Interval before compenzation wave 1000 = . OF. |
[7] Marually zpecify compenzation wave beginning point l Cancel _|
Maw. displacement 1000 =2 Beginning point zetting(B]..
Lewvel of compensation wave 10 =

[ Compensation by Half-sine @
Interval before compenzation wave 0.0 pti s OF. ]
[¥] Marually zpecify compenzation wave beginning point | Cancel j
Compenzation wave beginning point | 1839961 o | Beginning paint setting(B... |
Width of compenzation wave 1000 = .




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
160 ™ [ Concel |

500 = e | Minig) | [ Masl) |

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 7 |

Yelocity change constraint region 00 «<=> 1839961 0k
tax. displacement 1000 = Cancel

| Objective region... |

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
Ok,
16.0 ™2 | Cancel |

0.0ms 50.0 100.0 183.9361

Curzar
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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.



5.4 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) >
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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) >
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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 x 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) W‘
Type Half-sine i
Amplitude 1000 == m/s? -

Sampling frequency

(] &ital)

Sampling frequency 1280.00

Pulse width 00 = s
Interval befare front pulze 200 = ms
Interval betwean the pulses 150 = ms
Interval after rear pulse 200 :- ms

[ Make compenzation at pre/post-pulze(P)

<¢ Back ” = ] [ Cancel

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 %.
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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 j (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 o m is added,
X(t)=i U((t—ti)diexp{—Cimi(t—Ti)}sin 0i(t—Ti)
i (5-6-2)
+U (t+Tm) Am exp{—Cm@m (t +Tm)}sin @m(t+Tm)
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 © m are
decided using these quantities (Ai, { i, wi, T ).

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 >0
Y =tan 71(#)
¢ -1 (5-6-3)

Quantities to be specified in this expression are A, » and . Also Delay Time t 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 « 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)*>.
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, w, 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 « is 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

18 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 9 %

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 t 1= 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)

The initial value of Upper Limit/Lower Limit of Tolerance is set at [Set up].

Refer to “6.5.1 Tolerance” about the details.



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.
%0
°
°
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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. °°°°
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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]
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6.4 Repetitive Excitation
6.4.1 The 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.
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<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.
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<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].
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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.
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<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. : :
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The example that response becomes small during repetitive excitation is shown below.
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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.
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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

Waveform.

6.5.2 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.

<Auto>
* In case the reference waveform type is ‘Measured waveform” or “Sine burst waveform”
* Velocity DC cutting : ON
+ High-pass filter processing : ON
Cutoff frequency : max [ 2 A f, control lower limit frequency], Degree : 1
* Other cases
* Velocity DC cutting : OFF

+ High-pass filter processing : OFF
<Manual>
Adjusting process is operated as below ;
+ DC-cut processing for Velocity
DC component is cut off at calculating the 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 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.
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6.5.3 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.

6.5.4 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.

6.5.5 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.

6.5.6 Store the display status for operation
* ‘Store the display config’ check box
Check ‘Store the display config’ 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 the display config’ not to store the display configuration modified

thereafter.



* ‘Store the graph scale’ check box
Check ‘Store the graph scale’ to store the scale of the displayed graphs during testing. The
graph scale is stored for each test type. If the graph scale is stored, graphs based on the same
scale as those for the previous testing will be displayed during next testing. Uncheck Store the

graph scale’ not to store the graph scale modified thereafter.

+ ‘Initialize’ check box

Select ‘Initialize’ to format the display configuration and the graph scale.

6.5.7 Calculation method of error
The calculation method of error is selectable between ‘RMS reference’ and ‘Peak reference’ in the
dialog box of Set up.
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

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.
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6.5.9 Clear history
* ‘Clear history at operation start’ check box
Check ‘Clear history at operation start’ to clear the history of earlier times at operation start

automatically.

6.5.10 Data save
* ‘Set the data file name automatically’ check box
Check ‘Set the data file name automatically’ to set the destination folder and the file name
automatically. If this item is checked, a dialog of [Save as] doesn’t appear even if [Data save]
is selected from the menu or the tool bar. The data file name is set to the name of the test
definition file plus a 3-digit sequence number, and is saved in the same folder as the test
definition file.
Example) When the test definition file is “C:/K2Data/ShockTest.sho2”,
the data file is saved with the name “C:/K2Data/ShockTest001.vdf2”.

If the same name exists, it is saved with the name increased by one sequence number.

If this item is unchecked, a dialog of [Save as] appears and it is possible to select the folder

and the file name as desired.



6.6 Reference Waveform Type Change

The procedures of correcting the defined Reference Waveform Type are described.

<Procedures>
<Step 1>

Select ‘Reference’ in Test Definition items and press [Definition Change] button.
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<Step 2>

Select ‘Type selection’ in menu items.
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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.

Reference Waveform Definition T @

Reference waveform type
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| |
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| J
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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.
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I Excitation System Inform}tion
I Sampling frequency 409.60 Hz
L | Peak amplitude 5000 m/s?
Change P : Pulse width 100.0 ms Irciement
Excitation system setting B 7 ,7
& Input channel Pulse position 0.0 %
1 Litetechiedil Resttime:Pre-pulse 0.0ms e
[ Timing signal Resttime:Post-pulse 00 ms v
i..] SRS Analysis Condition Tolerance type MIL-STD-810C L
Compensation wave Asymmetry b
Compensation wave type Type4{Optimization level:0.00)
Peak level:Pre-pulse 90.0 %
Peak level:Postpulse 90.0 % Eerntlice b i
Total length 24975586 ms(1024 points)
Min. Max
Acceleration -130.9592 m/s? 500.0 m/s* Excitation stop timer setting
Velocity -85438 m/s 232606 m(s
Displacement -1.722e+3mm 13775348 mm -
r2013,’ 7/210:33:56 Test definition is completed. =
Reference acceleration is exceeding over the svsiem raling. =
Reference velocity is exceeding over the svstem ratina.
. Reference displacement is exceeding over the system rating.
4] n N\ -
= I # = ;
Test definition ic m;p\eted. HUM 7/2/2013 10:34:55 AM

Refer to “6.5.2 Displacement/Velocity Calculation Process” about the calculation of Displacement

and Velocity waveforms.

Refer to “4.12 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.

The Error ratio is calculated according to the method in “6.5.7 Calculation method of error”.

7 New test definition - K2/Shock
File(E) Test definition(T) Operation(P) Edit(E) View(] Window(W) Option(Q) Help(H)

]

Preview port

s oo A kg

!

Test cave Datasave  Print

Encitation level Reference Progress Error ratio

I_XFR function | Dirive | Reference / Respﬁmm&ﬂatbﬂ status |
Excitation is completed. (Excitation is completed correctly)
20130702 10:38:29 AM

’;/ Sampling frequency 4096.00 Hz
= Data length 1024
XFR measurement averaging Gtimes
Repetitive output MNot execute
Excitation level 30.0 % (-10.46 dB)
Polarity Paositive
Loop renewal imes 0thloop
Reference peak value +(mjs?) 30
- (m{s?) -0.7858
Response peak value +(mfs?) 30792
- (mfs?) -0.7072
Control error peak value  +(%) 17.7548
(m/s?) 8.709e-2
(ms) 195.58008
Control error peak value - (%)
(m/s?)
(ms)
Toloranecs checlk (al’d
Error ratio (%) 16.0632




6.9 Operation of Level Sc

Level schedule operation

hedule

1s available when the level schedule is defined.

The outline of Level scheduling process is described as below ;

____________________________________

Excitation and
Tolerance check

Operation of Iteration

4

h

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 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. 009
<
A7 New test definition - K2/Shack == =
File(F) Test definition(T} Operation(P) Edit(E) View(V) Window(W) Option(0) Help(H)
= o = ™ "
i R v x‘_.ﬂ > »
=Y , b=
Testsave Datasave Print Preview I Ope. end Start Sch. start
Excitation level Reference Progress Enror ratio Drive  Tolerance  Abort ECO HW-S5HOCK
Waiting for excitation start (_\ C C C\ C
XFR function | Drive Reference / Response EOner'ation status |
R — - ] 30.0
HupaQEe S & xE i
3 B Response £
450 /S an Max 00 mis*0p |§‘
M ] m/s0p —— lncrement
g m/s*ms LS 00
I Reference D |—|
Max 30 m/s?0p [ Y]
Min.  -0.7858 mis?0p L|
0.4905 m/sms
Palarit
s Tolerance upper limit St
= Tolerance lower limit Positive
Fepetitive excitation
Invalid
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Excitation stop timer setting
.50
2437559
j i Fal
Waiting for excitation start NUM 7/2/2013 10:41:05 AM

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
N\ N\

7 New test definition - K2/Shack (=3 EcHiE>d
File(F) Test definition(T) Operation(P) Edit(E) View() Window(W) Option(Q) Help(H)
— {1 i | |
ol T i x«! ; -
3 L3 e P . =

Testsave Datasave Print  Preview Ope. end Sch. Retry

Excitation level Reference Progress Eiror ratio Dive  Tolerance  &bort ECO  HY-SHOCK

30 i 6052 [ I p—— (j“ (‘ C C (\
mjs? %

%FR function | Drive |Reference / Response |Operation status|

Level

| Reference/ _ | 30.0
FEFFIEEEIEEEE ) '
3 = Response =
/ £ M i Max  3.0310 mfs*0p
Min -0.7569 mez ip Inciement
0.4910 mfs?ms 100
I Reference ,7
Max. 40 m{s® 0p If P
Min.  -1.0477 m/s* 0p s
0.6540 mfs?ms

Palarity

mm Tolerance upper limit
MR 538 v s

Repetitive excitation

Excitation stop timer sefting

2497559

Excitation is completed.(Excitation is completed correctly) NUM ) T/2/2013 10:44:14 AM

(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 to 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.

. Retry the Level schedule operation
Exit
7 New test definition - K2/Shock (=N ECH|E
File(f) Testdefinition(T) Operation(P) Edit(E] View(l) Window(¥) Option(Q) Hel
= Lo W] oy |
N | al® Z x11 K .«]
=3 L o , < it
Feck < Bizta <o W Doyt O Docoress i Ope cnd Restart’ " iferation
Excitation level Fieference Progress Errar ratio Drive  Tolerance  &bort ECO  HV-SHOCK
500 50 10 L — (\ C C‘ C C“
% mfs? o
XFR function | Drive |Reference / Response |Operation status| |
| Reere: : X s % ﬂ
MugtaQF2g §=
3 = Response
/ 70 M2 sl Max 49926 m/=20p
Min -13119 m/s®0p iroent
0.8181 m{s?ms
100
I Reference
Max 50 mfs?ip i
Min. -1.3096 m/s® 0p
0.8175 m/s?ms
Polarit
s Tolerance upper limit S
B Tolerance lower limit Positive
Repetitive excitation
Valid
_____________________________ Excitation stop timer setting
T RO OO O OO o AT PN I TN WIS
2457559
j .t
Excitation is completed.(Excitation is completed correctly) NUM 7/2/2013 10:44:59 AM




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>

Save the test file.

The confirmation message as below appears at saving the file.

Select [Yes] in this dialog box.

New test definition - K2/Shack

{6} Add the current status to the definition file?

<Step 2>
The dialog box of “Save option™ is displayed. Select “Carry on the live data in operation to the

definition” and select [OK].

Reflect the graph dizplay condition bo the definition, | ] 4

[FiCanmy on the live data in operation ko the definition ] | Cancel |

o0
/ ’
DAL /

i

- XFR function

Save option

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.

r

©h C:\Users\]haW\DocumenE\aaa.shoZ- K2/Shock
File(F) Test definition(T) Operation(P) Edit(E) View(V] W

P——p— =
s BB S8

Simple Open Testsave [atasave  Print

E=citation level Reference

I 'III SE - -

Test definition |Reference araph
&3 Test Definition Information

MNo. Lev

&8 /0 Module Cenfiguration 1 100
-3 Excitation System Information 2 ZD.{
49 Reference waveform 3 30-{
&3 Control condition i 41]'.{
.49 Excitation system settin :
o ¥ . 5 500

-49 Input channel
&9 Level schedule
----- | Timing signal

&9 XFR function data
&9 Drive data
\6 Operation status

Undefined




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.

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

DA Mew(N)... Ctrl+M
<
6 Simplified test definition(Z) )
Open(0)... Ctrl+0
Save(s) Ctrl+5
Save as(A)..
Register as a standard(G]... Frogress

Another Excitation Systemn Information loading(F)...

Mew Input Environment Information loading(T)...

Mew Input Environment Information saving(K)...

[ xRimpor(vn.. < ]

Save graph data(M]...

Print(F]...
Preview(V)
Printer setting(R]...
Page setup(U)...
Report generation(T)... 4
Quick report generation(Q])...  nvironm
1 SHOCK 0. f
2 Chlsers\imv\ Documents\ SHOCK ]
3 C:\Users\..\Multi-SHOCK oup nan
4 CAUsers\,.\3\3-2\Multi-SHOCK el
name

Buit (X 1.

” mitrET outpit voltage



<Step2>
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.

) Open ==
Lookin: | My Documents -~ @ T E
= MName ° Date modified Type Size
ke : @ Data 1/5/2017 &:52 PM Excitation data file

Recent Places

u=ll

Libraries
Computer
W
] 1 3
Metwark
File name: Data - Open
Files of type: Excitation data file{" vdf2) v] I Cancel ]\
Application SHOCK
Cammernt =




<Step3>

The imported data is added and displayed in the Test definition information as a related data.

£ SHOCK - K2/Shock
File(E)] Test definition(I} Operation(P] Edit(E] Wiew(}

Simple Open  Testsave Pri

Test deﬁﬂition Reference gra ph

Excitation level Reference

&) Test Definition Information

49 VO Module Configuration
) Excitation System Information

/ -4 Reference waveform

-3 Control condition

t‘j Excitation systern setting

#-&9 Input channel
..... | Level schedule

XFR n

----- | Timing signal
----- 5RS Analysis Condition

') XFR function data




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.

T CAUsers\IMV\Documents\aaa.sho2 - K2/Shock
File(E) Test definition(T) Operation(P) Edit(E)

Simple Open  Testsave [ats

Excitation level Reference

Test definition | Refersnce gra

[}

€9 Test Definition Information

- /O Module Configuration
-3 Excitation System Information

/ -4 Reference waveform

-4 Control condition

) Excitation system setting 022
009 - °
A .. -3 Input channel

-4) Level schedule ®

aad N | Timing signal
rr—— L1 cpe Apakscie Condition
| RS ) <R function data

| ) ey DTTE T

lDelete -4 Operation status

<Step 1>

The confirmation message appears as below. Select [Yes].

ChlUsers\IMW\Documents\aaa.shod - K2/5hock | 23 ]

XFR function data is to be deleted.

oK?
) Yes ] | Mo

X



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.
0%0
°

= e ]

#7 CAlsers\IMV\Documents\asa sho2 - K2/Shock

File(F) Testdefinition(T) Operation(P) Edit(E) View(V] Window(W) Option®

= Ae= &=
T \S B =9 ﬁ’? —
: >
I { [ 4
New  Simple  Open Testsave Print  Preview ; 5
Excitation level Rieference Progress Error ratio Dive  Tolerance  Aboit ECO  HY-SHOCK

B ¢ C 6 66

Test definition | Reference gr‘aph!

Level

5] |
-4 /0 Moedule Configuration
-4 Excitation System Information
43 Reference waveform

& Control condition

&9 Excitation system setting
w43 Input channel
43 Level schedule

| Timing signal

£ XFR function data

b o
.48 Operation status

<[ TR ’

Testtype
Exc. System Config
XFR function data
Drive data
Operation status
Module Configuration
Module ID
000
001

Excitation system environment

Exc. System Info
Excitation group

Excitation group name  Output

Qutput channel

Channel name

Output

Initial output voltage

Armature Mass

Rating Information
Control freq. range

SHOCK
Single shaker
Exist

Exist

Exist

m

Inciement

1

Module type
4ch /O module TYPE-1
Sch Input module TYPE-1

Multi

Repetitive excitation

Module ID Ch Polarity
000 Ch1 Posiths Excitation stop timer setting
30.0 mV ms
50kg
Nao limitation
Rated Force Acceleration Velocity Displace =
I 3

am 2 = ;

Test operation start

NUM 7/2/2013 10:51:01 AM




<Step 2>
XFR Measurement of the controlled system is executed.

Press [ XFR measurement start] button.
022
°

T C\Users\IMW\Documentshaaa.sho2 - K2/Shock [= H =] g2
FilefF) Testdefinition(T) Operation(P) Edit(E) View(V) Window(W) Option(0) Help(H)
_— 1 ] | 1
Y X!
2 e o5 .
Test save Datasave  Print Preview I Ope. end
Drive  Tolerance  Abort ECO  HY-SHOCK

Excitation level Reference Progiess Emor ratio

] / 2
m

XFR function |

e e e e e

| xFR
dugEleEa 8 F L E

S 1 m/2ymv Output

Increment

]

1.000e-1

1.000e-2

1.000e-3 Repetitive excitation

Excitation stop timer setting

10004
1800 dearee
1000

00

| ¥ = X

XFR measurement start NUM 7/2/2013 10:51:54 AM




<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 function data is referred to.

7] Loop check OM
~ [7] Dperate new ¥FR Measurement.
22 [] Dperate 2FF M t continuaus|
[T Dperate sasUrEmEnt Continuously,
1)

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.
a4
<
<
AF CAUsers\IMVADocuments\asa.sho? - K2/Shack =|[-=
File(F) Test definition(T) Operation{P) Edit(E) View(V] Window{W) Opti p
= 1 = — oy
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Definil =il
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3 Iéx . : u: ;" '?ufmtm"t_ Exc. System Config.  Single shaker
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= 43 Control condition Difie data bt
: & Excitation system setting Bperaioh slaus Bt I
-6 Input channel Module Configuration
& Level schedule Module ID ‘Module type e
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Drive data Excitation system environment
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Armature Mass 50kg
Rating Information
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Rated Force Acceleration Velocity Displace =
" " il e S .
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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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<Step3 >
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”.

XFR measurement

#FR function data is referred to.
Loop check O

[] Operate new XFF Measurement,

[¥] Operate %FF Measurement continuously.
I Usge #FR related ta the definition,

@ Use =FR obtained in the previous meazurement,

o

teazurament times 8 tmes




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.

Chlzers\IMW\Documents\aaa.chold - K2/5hock X

f "y y The related drive data is to be used.

Y o

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.



6.15 (This section is left blank intentionally.)

6.16 (This section is left blank intentionally.)

6.17 (This section is left blank intentionally.)



6.18 Excitation stop timer
6.18.1 Outline
This function is 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 stop 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 of repeat times when repetitive excitation is operated.

This operation is 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.

Lewel




<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.

Excitation condition @

Escitation lewel Folarity oK. !
Level 300 = - [ -10.46 dB ] @+ (- —————————
T Cancel |

[ Increment 10.0

Tolerance check

| 0.0 <==>| 243.7559 . Dhjective region &ll region
Upper " Lower i b

Repetitive excitation

[¥] Operate

[T Infirite  Repeat times 10 B fimas 00 = me interval

[7] Manitaring at the masimum value  Abort changing ratio =2l

090
L 4 iy ;
| Ewcitation stop timer
® (1 Mot gpecify
N
\Aa Specify time intarval 25 == hours 30 = minutes later }4/
1 Specify time instant Tuesday . Julp 02,2013 11:04:408M =

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.

Drive  Tolerance  Abort ECO  Hv-SHOCK

Waiting for excitation start C C C C C

Level

==

e Response
Max 00 mfs® 0p 5
Min. 00 m/s* ip ‘_| Increment
0.0 I"I"I,lrS2 ms 0 _’ 100
e Reference E' —
Max 30 mys? 0o ‘ e |
Min. -0.7858 m/s® 0p el
0.4905 mys° ms

Pualarity

e Tolerance upper limit
= Tolerance fowsrfimit

Fepetitive excitation

Excitation stop timer zetting

25:30

Remaining 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.

E scitation stop timer zetting

Remainitg 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 March 18, 2010

Excitation condition @
E xcitation level Palarity f 5
Lewvel 300 == -10.46 4p ) @+ (- A
T Cancel |
[ Increment 0.0 == ]

Tolerance check

| 0.0 <==>| 249.7599 o Objective region All region

Upper — Lower o b

Repetitive excitation

[T Operate

Infinite Flepeat times 2l s 0.0 > ms interval PO
<

tonitoring at the maximum value Ahart changing ratio : i

Ewcitation stop timer

000 (1 Mot zpecify
°® ) Specify time interyal 0 hours D min later
® = @ Specify time instant Monday . March 15, 2010 v! B:AO0PM

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 ‘March 18, 2010°.

E xcitation stop timer

1 Mot specify
Specify time interval 0 hiours 0 mirutes later
© Specifytime instant | Thusday . Maich 18,2010 | =] 63000PM %

[ 4 March, 2010 C ‘

| Sun Mon Tue Wed Thu Fri Sat |

A I 2 .3 4 5 & :

7 8 9 10 11 45} Specify date by the calendar
20

4 5 5} 7 8 9 10
[ ] Today: 7/2/2013



<Step 3>

Specify ‘time instant’ to be stopped the excitation. In this case, specify ‘6:30 PM”.
Press [OK] button.

Escitation stop timer

Mot gpecify ¢°°
<
(7 Specify time interval 0 havirs 0 miriLtes later
@ Specify time instant Thurzday . March 18,2010 = | B:30:00 P

<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 constant.

Lewel

oy N
30.0

ay
o

@

Ineranment

Dl
e ]
Pualarity

Positive

Fepetitive excitation

Excitation stop timer zetting

03/18 18:30:00

Ending time

When the excitation is stopped by command of operator etc, the remaining time and the setting of

time instant are initialized.
This is same as ‘Specify time interval’.

And when the specified time constant has been passed, the remaining time and the setting of time

instant are initialized.



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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frequency by selecting the peak value of output waveform of each resonance system.

Fig.7-1-1 Concept of SRS
(Refer to IEC Pub. 68-2-27)



(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. ‘I’ 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 ‘+1” 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 ;

+ 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 _ L _‘{Tg_\{(t)
denoted as  j(¢), the output of the system is denoted as (1) [ m /T\Z(t)
when the absolute acceleration SRS is calculated and as z(?) when %(t)
the relative displacement SRS is calculated. 4\

The equation of motion expressing this system is as below ; :
my+cy+ky=cx+hkx (7-1) Fig7-2-1
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’+2Cw,s+w,”)Y(s)=(2lw, s+w,” ) X(s) (7-2)
on =Jk/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
H.(s)= sY(s) 20w,5+w,

-2 = — . (7-3)
s°X(s) s7+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() (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,s+w," )Z(s)=—5> X(s) (7-7)
And, (7-4) is obtained as below ;

H(5) = -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, z” -b, 77

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(y1-& @, / f5)
by=—exp(-2¢ @,/ f5)

In case of the relative displacement ;

a,=0
- / . e
al= eXp(C"(Dn ﬁ)Sll’l( l—C_,z oon/ﬁ)/fs (7_11)
J1-¢2 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.
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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.
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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 0O |O

>

(9) Timing Signal

O : Information that must be defined

A\ : Information that is defined if necessary

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’.

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

l

@ SRS Analysis Condition
Reference SRS Definition : (2)Reference SRS Condition Definition

l

@ 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.

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

§ &R
8 [ |
New Simple Open  Testsave

Excitation level Referance

--
| o T

Test definition

| Test Definition Information
&9 IO Module Cenfiguration
e Information

| Excitation system setting




A dialog of Reference SRS Definition is displayed when the [correct] icon is pressed.



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.

Analysis condition
5 ampling frequency 815200 il - - b
Data length 4036 ~  paint | Cancel
Max. frequency 100000 == |£|
tin. frequency 10.00 = Hz |ﬂ|
Diensity of frequency ’712 + fiters/octave
Diamping ratio 50 = - Add a damping ratio...

] By 3 value

&nalysis type Absolute acceleration - mfsd -
Initial/R esidual boundary 0=
Analysiz 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 fimax 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 8.2.1.6 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
D amping ratio of SDOF system(#) | Ok |
100% Cancel |

Damping ratio

50.0 = . 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 &
Analysis condition
e . | (il
Sampling frequency 819200 Hz ‘_ | Cancel ‘
Data length 4096 points The contents of the
Max. frequency of analysis 1000.00 Hz - .
Min. frequency of analysis 10.00 Hz = / defined SRS Analy51s
Density of analysis frequency 12 filters/octave . .
Damping ratio of SDOF system 50% Condition are dlsplayed'
Analysis type Absolute acceleration
Initial/Residual boundary 0.0 ms ¥
\ X
| Defire.. | N
(Hefarance SRS \
Mo. Frequency [Hz] Amplitude[m/s2] Tolerance (upper)[dB]  Tolerance (ower)[dB] & PreSS the [Deﬁne] button
7 »o L A0 300 : to correct the contents of
R SRS Analysis Condition.
5 12.66
6 1343 2
Component
Frequency Hz  Talerance (upper) - dB Change \
Amplitude o s llowe) ~ldB Bemcve )  Reference SRS Condition
SV flefS)... is defined

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

Sampling frequency

Data length

Max. frequency of analysis
Min. frequency of analysis
Density of analysis frequency
Damping ratio of SDOF system
Analysis type

Initial/Residual boundary

8192.00 Hz

4096 points

1000.00 Hz

10,00 Hz

12 filters/octave

50%

Absclute acceleration
0.0ms

(-2 |[mesa]

Cancel

m

Reference SRS

| Mo. Frequency [Hz] Amplitudem/s2] Taolerance (upperi{dB]l  Tolerance (ower)[dB]

LE"R A

3 1125

4 11.54

i 1266

[ 13.43
Carmponent

Amplitude mis2

Frequency 1000 |y, Tolerancs (upper) 300 = 4p

(lower] 3.00 == 4p




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

Analpgiz condition

Sampling frequency 8192.00 Hz ,--A-
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 0.0 ms b
Define...
Reference SRS
I Mo Frwlrv [Hz1 wrm il L
_:: 1.
1 1125
4 11.54
5 1266
6 1343
Component
Freguency 1000 ;  Tolerance (upper] 300 = dB
L 2.4
: . o
Amplitude 100 == 2 (lower) A0 = e R

CS5Y file(5)...

The frequencies that have no amplitudes defined in this item are set by the system
according to the following condition.
When the amplitudes of 2 and f5 are set by the operator among the frequency data of f1,
2, 3, f4, f5, f6, f7 ;
f3, f4
f1, fo, f7

: The amplitudes calculated from the amplitude of {2, f5 are given.

: The amplitudes are set to zero.
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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)




(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, Freq[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 sequence

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

Ma.  Freg[HzZ] Amp [mis2]
1 412 1.0
2 A58
3 dad
4 A%

o 022
6 5.54
FN i
B 424
B 4.1 2.0

10 .02 3.0

11 7.44 4.0

Fig.8-2-3  After loading the CSV File in the above
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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 813200,  Unit|m/s? l DK_J
Data length 4096 oirss | Cancel |

Sunthesized waveform type Wavelst(WAVSYN) -

Frequency of the compenzation wavefom = Hz

Dramping ration of the compensation waveform

Component wavetorm

No. Frequency [Hz] Reference [m/s2]  Amplitude [m/sZ] Waveform [halfcycle] Delay [msec] =

10.00 10.0 1.1993 10 0.0

10.61

11.25

11.54 -0.7855 1 0.0

12.66

1343 -

1N b b0 B —

Componentz definition([1]... J

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.



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.
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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 B
Component specifying rethod | oK. |
@ Auto-set Auto-zetting parameter definition(F]... | |—

Cancel

(71 Manual input of each component wavetom | Auto-setd] |
Nao. Freguency [Hz] Reference [m/s2]  Ampliude [m/s2]  Waveform half-cycle]  Delay Jmsec] i
1 10.00 100 1.1553 10 X1}

2 1061

3 11.25

4 11.54 £.7855 ! 0o

b 12.66

6 1343 o
Component

Frequency Hz  Mumber of periods  hafcycle Charnge(C)
Reference /a2 Delay -~ msec 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’.
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 ;

D 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 i
Companent specifying methad 0K |
Auta-zetting parameter definition(P]... ‘7
Cancel
L X 3 1 Manual input of each component waveform &
< ‘ Auto-setfd)
(1)
‘ . (2.4
Ma. Frequency [Hz] Reference [m/s2]  Ampltude [m/s2]  Waveform fhalf Delay [msec] ‘ A
@ 1 10.00 100 1.1953 10

2 10,61
3 11.25
4 11.54 -0.7855 1
5 1266
6 1343

Companent

Frequency Hz  Mumber of periods - | hatf-cycle Change(C)
Reference mis? Delay -~ msec RemoveR]
Amplitude = om/s2

Component waveform auto-set parameter definition |2

6m|:n:nnent wavefarm masimum frequency 2200.00 ) Hz

Component wavetorm minimum frequerncy 6.00 = Hz |ﬂ|

Mumber of component wawveform skip 2

L X
<
° . : ;
‘ Amplitude polarity pattern Altemate as + apd - -
: tin. number of periods 31 half-cycle

Max. nurnber of periods 3200 = hialf-cycle

Component wavefam duration 5000 =L

Iiitial delay IRIR—

&Ia}l increment oo ) msec/octave
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8.2.3.8.2.1 Component Waveform Auto-set Parameter Definition

Compenent waveform auto-set parameter definition |E|

Component waveform maximum frequency 220000 = Hz

Component wavetorm minimun frequency 600 =, |ﬂi

MHumber of companent wawveform skip 2 :

Amnplitude polarity pattern Altemate as +and - i

tin. nurber of periods 3 : halfcycle

b aw. number of periods 3200 :- halfcycle

Component waveform duration 5000 = msec

Imitial delay 0.0 : msec

Drelay 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
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
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calculated (i exceeds over the set value of lower / upper limit of this item,
i is changed to the specified value of this item (Clipping). That is, the limit
 i1s 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 ;

@ 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.

Component waveform definition

Component specifying method

() Auto-zet

Auto-zetting parameter definition]P]..

| Cancel

['{3- M anual input of each component waveform

Alto-zetd]
| Mo Freguency [Hz] Beference Imis2]  Ampli -
3 s o 22
4 1194 0.7855 1 0.0 (1)
b 12.66 @
6 1343 o
Component

Change(C)

RemaovelR]

Freguency 10,00 4y, Mumber of periods 10
Reference 100 s Delay 00 == reee
Arplitude 11993 = m/s2

: haff-cycle




The defined components can be deleted 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.

@ Press the [Remove] button.

-Component waveform definition

0K
Cancel

Aibo-getd)

Component specitying method

) Auto-zet Auto-zetting parametgf definition(F)..

@ Manual input of each component wavekorm

10 6]
3 11.25
4 11.54 7855 1 0.0
5 12.66
6 1343
Component

Frequency 10.00 y;  Mumber of periods 102 half-cycle Change(C)
Reference 100 ez Delay 00 s Remove(R)

Arnplitude 11993 2 i




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) B

@) Acceleration  |m/s2

i

= Reference SRS
100.0 M/s? B Tolerance (upp Wi 1
e Tolerance (lowe
I Reference anali  Min.
o Componentwa

ta
)
=)

707

Welocity
Max
Min. 2
Dizplacement
Max

Min.

ﬁ[olerance check

=
o

2 g
. &l e L
=] | P (] s

Max.

)
)

A

Min

10.0Hz 100.0 1000.0
Dizplay data
@ SRS ) waveform Iteration(B)
| ¢ %ck H Completed(E] | Cancel | | Refer I | Register |
000

R X

Press the [Iteration] button to )
The definition of Reference SRS is

execute the repetitive operation of .
completed by pressing the

SRS Fitting Calculation.

The result of the Tolerance Check ———
for 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) 7 |[=3
m— o once SRS 3) Acceleration ,r
mys2
- = . = [
e Reference anall  Min, ’W
o Component way
Welocity mys
[EEFS 3.524e-2
Hin. -3.772e-2
Displacement | mm
bd g 05377
Mir. 05251
Tolerance check
[LEFS oK
Hin. oK
10.0Hz 100.0 1000.0

Dizplay data
@ SRS ) Wavetorm

<< Back ||Comp|eted£]|| Cancel | | Refer ” 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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