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Chapter 1 Theory

1.1 Soft-Clipping Option
This optional functionality is for limiting the peak voltage of the drive signal which is an output
voltage signal of the K2/RANDOM to be input to the power amplifier of the vibration system.
While the clipping functionality itself has been provided as ‘Clipping’ since the first release of the
application, this new functionality is called ‘Soft-Clipping’ in contrast to the existing one which is based
on a simple hard clipping process. Now a much sophisticated technique of ‘Soft-Clipping’ makes it

possible to provide better performance.

1.2 Gaussian random signal
When a drive signal output by a random vibration controller is analyzed in the aspect of amplitude
distribution, it will be found that its probability density function (PDF) has the shape of the ‘Normal

distribution’. Such a signal is called Gaussian random noise signal.
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Fig. 1

Fig.1 shows a typical Gaussian random noise signal, and the overlaid bell-shaped curve on the signal is
the PDF of the signal obtained after long time observation, which is showing the shape of the Normal
distribution.

Normal distribution (also called as Gaussian distribution) is expressed in the following mathematical

form:

1 (x—u)’
p(x)= T OXP| T @
2rno 20
As seen in this example, when random noise signals are analyzed, many of the PDFs of the signals can
be almost exactly expressed by this formula. This fact is simply expressed that enormous proportion of
the random noises are Gaussian. Mathematicians may state that it is a result of the Central Limit
Theorem which guarantees that arbitrary random signals independent of each other will get close to

Gaussian when they are superimposed and averaged. Mathematical statement sounds rather
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complicated, but it is very usual and general situation found in the world we live. Signals always tend to
lose particular information underlying in them and get more disordered, and finally they result to be
Gaussian.

The statistical nature of the Gaussian random signal is characterized by the two parameters; the
average [ and the standard deviation . In addition, it is usual that the random signal is observed as an
AC signal of p=0 with the DC component is neglected or separated. In this case, the standard deviation
o of the signal is equal to the root mean square (RMS) of the signal. Therefore the position of the scale
‘1’ in the Fig.1 is showing the level of the RMS value of this signal.

To express a level of a random signal it is convenient to express the level measured by the RMS value
(= o) as a unit, because when the level is expressed in the unit of ¢ the event occurrence probability of
the signal of the level is possible to be immediately estimated assuming that the signal is Gaussian.

For this reason, a quantity called ‘Crest Factor’ is often used to express the peak value A, of the signal
in the unit of RMS value Ams (=0) . The crest factor, when denoted ‘CF’, is defined as follows:

A A
CF="2 20 ©
O

rms

1.3 Necessity for clipping
K2/RANDOM outputs a Gaussian drive voltage signal, and so there comes high level voltage peak of
4~5 0 at a low probability obeying to the Gaussian distribution.

When the excitation level is low compared to the rating of the shaker system, there is no problem
caused by such high CF peak. But when the testing is carried out at around the system rating, as the
power amplifier would be also operating at around the rating, an over-specification stop of the amplifier
could occur when such a high CF peak signal is input to the amplifier. Then, testing would be aborted.
Also, there is a possibility that a high peak excitation force generated by the armature table
corresponding to the high CF drive signal and the specimen will be exposed to an effect caused by the

too high peak force which is not expected for the testing.



1.4 Hard-Clipping

To avoid such an undesired case to happen, a functionality of ‘Hard-Clipping specified by crest factor

)

has been provided in this system. This is a voltage limiting functionality to clip the voltage signal at a

pre-defined limitation as shown in the Fig.2
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Tirme dacsctarm

drzral |

Tims ‘awwiors

—tn W "

— Cubak by Fad clpdng
e €z

e n L L L n n L
h QM e 093 oM S0e 00F 007 Gfe oo D
o

Fig. 2

All the voltage values at the points of the signal exceeding the limit voltage determined by the

specified CF value and the RMS value (=c) at the moment are replaced with the limit value. This

procedure is simple and clear, but the spectrum (PSD) is more or less modified according to the clipping
amount. In addition to this, analogue distortion is added after the D/A conversion by the transient
response events that occur in the analogue parts when the clipped signal passes the circuit and the signal
would show some overshooting. As a result, actual peak voltage would exceed the planned limitation

value, and also the spectrum of the response signal would be more or less different from the plan.



1.5 Soft-Clipping

Some smart solution to avoid the disadvantages of the Hard-Clipping, which is a non-Gaussian random
vibration control technique, is applied that makes it possible peak values of the whole signal not exceed
the limit value without giving any modification of the PSD of the drive signal. This technique is named
as ‘Soft-Clipping’ and implemented in this optional functionality.

The procedure is exemplified in the Fig.3. The original signal is the same as the one in Fig.2, but the
produced final drive signal has no such flattened parts seen in the Fig.2. To keep the peaks not exceed
the limit with keeping the PSD unmodified, other parts of the waveform of the clipped peak parts are all
modified slightly in the time-domain.

Soft-Clipping procedure Drive waveform
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Fig. 3

And in case of Hard-Clipping, the clipping level voltage is determined by the product of the specified
CF value and the drive RMS value at the moment, so even when the excitation level is lower than 0dB
the drive waveform output by the controller has been always treated clipping.

In contrast, in the case of Soft-Clipping, the voltage limit value is determined by the product of the

specified CF value and the drive RMS value at 0dB excitation level of the reference spectrum, so when

the excitation level is small still compared to the 0dB level, the drive signal clipping does not occur.
When the excitation level gets near to 0dB and there appears a peak that could exceed the limit value,
then the Soft-Clipping works to keep the drive signal not exceed the limit, that is, Soft-Clipping does

not occur when the excitation level is small.



Chapter 2 Operation

2.1 Specifying the Soft-Clipping
In the Test Definition mode, double-click the [Excitation system setting] title in the Test Definition

list. Then, the setting window for Excitation system setting appears:

Excitation system setting 74

Irutial cutpast voltage | 10.0 ! : mV ms LS
Cancel

Clinia
_ Soft Cipping
#){To minimize the peak output voltage without deteriorating the control |

peifomance |

Peak vollage limiting | Nomal v ET

() Hard-Clipping by crest factor

O None

Oulput voltage “sooon o=

limit value L 100000" - mV

Abort 1atio . 500 = "
HPF  Not used

Fig. 4

To specify the Soft-Clipping, set the radio button of the selection item ‘Soft-Clipping’ active among

the method selection of ‘Clipping’.

The default setting of the Peak voltage limiting is set ‘Normal’. Selection is provided among below

items (see Fig.5):

® Normal : The drive peak limit voltage is set to the value corresponds to 3c. (Excepting
the case the value is set larger than ‘3.0 enforced by the system according to

the control conditions.)

e [ oose :  The drive peak limit voltage is set to the value 0.2c larger than that in
‘Normal’
e Severe : The drive peak limit voltage is set to the possible smallest value determined

by the system according to the control condition of ‘fmax’ and spectral

resolution setting of ‘Line’
® Specify : Arbitrary value possible within the selectable range of the setting value is to

be specified (Fig.6) .



Restriction of HPF usage

When ‘Soft-Clipping’ is selected, the selection of HPF usage is restricted disable and selection is fixed
to ‘Not used’.

Excitation system setting X

Initial cutput voltage : mV mms Ok

Choni
Soft-Clipping
(®) (To minimize the peak oulput voltage without deteriorating the control
perfomance. |
Peak voltage limiting | Nomal [ 30 2] soma
MNormal
(O Hard-Clipping by crest fac Loose

O Mone

Output voltage
limiit walue

Abort 1atio

HPF Mot used

Fig. 5

Excitation system setting X

Initial output voltage [ 100 nvime =

Clipping
Soft-Clipping
(®) [T minimize the peak output voltage without deteriorating the control
perfarmance. ]
Peak voltage liniting | Specfy vl 250]% 5ma
Ble==>60

) Hard-Clipping by crest factor
(O None

Output voltage 1000002
limit value ! .0: = mV

Abort ratio 50.0 ' =

HPF | Not used

Fig.6



2.2 Setting of the PDF analysis

Amplitude probability density function (PDF) real-time analysis is provided by this optional

functionality.

The real-time analysis of the PDF consumes some computational power. So, if PDF monitoring is not

necessary in your testing, PDF analysis setting may better not to be done.

Setting of the PDF analysis is possible to be done for the

‘Control channel’.

input channels only that are specified as

The drive voltage output waveform signal can also be PDF analyzed and the graph of it can be

displayed with those of the response signals. But in case of the tests of ROR/SOR in which the drive

spectrum can be quickly varied from time to time along with the narrowband sweeping, the PDF graph

displaying of the drive signal is suppressed. PDF analysis is provided basically for stationary signals.

< Setting procedure >

(1) [Amplitude probability] in the [Test Definition] is double-clicked to open the setting window

for the PDF analysis:

Amplitude probability density analysis X

Analysis Time | 120 -3 sec

Analysis Channel

Channel name Analysis | i‘ém_e |
'

22 Operate

Cancel
Fig.7

(2) In the setting window, all of the names of the control channels are listed (in this example, ‘Z1’

and ‘Z2’). And to operate or not to operate of the analysis is to be specified in the ‘Analysis’

column.

The default setting is ‘Operate’. If there is no need to operate analysis for some of the control

channels, the setting of the channel should be changed to ‘Not operate’ (Fig.8).

‘Analysis Time’ specifies the duration of the time

waveform subject to the PDF analysis.

The default setting is ‘120s’ and the analysis result of the recent 120s of the signal is displayed

as a graph.

On the other hand, in the case of ROR/SOR in which non-stationary signals can be input for

analysis, the default value setting is changed to ‘5s’

value on necessity.

. The setting can be changed to a longer



(3) When the setting is finished, press the [OK] button.

Amplitude probability density analysis X

Analysis Time =

Analysis Channel

Channel name Analysis Operate
Z1 Operate

Cancel

Fig.8

Then, as shown in below, the content of the [Test Definition Information] is updated.
And the icon in the left-side column changes as seen in the figure.
When the PDF analysis setting is desired to be returned to the undefined state, press this icon to

reset the definition.

SN ReleaseTest Ver 14 S.0.0 LT Lot AR 2 LB T 1 Wan§0_Bdbit_lpn Regressend|i2e0_Ran_20_2000Hz fras=4000H: 21, 22 MHRM.ranl - K2/Randem - o x
Fileif) Test definition(T) Operation(?] EdtfE) Diaplay(V) Windew[W) OptieniO] HulpH)

h L\_ .';;,-_% : :‘s@ w E' X' 44 | B
Mew Sroh Open Heise e Wim Prdew Ope. stan |
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insion information
— &5 110 Module Configuration Analysis Time 12050
1 Anatysis Channel
j &3 Excitation System Information A s
{ ) FundsmentsliConteol Conditi
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&) Data Save Condition
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Fig.9



2.3 Special instruction : Recommended setting of the ‘fmax’

Let us notify the frequency band of the reference spectrum defined by an expression as [f1, f2] here,
where f1 denotes the lowest frequency and f2 the highest frequency.

As stated in the section 1.4, the actually measured crest factor value CF gets to be a little bit larger than
the set value in the specified value CF_s in the ‘Clipping’ setting in [Excitation system setting], and this
tendency becomes prominent when the frequency f2 gets nearer to the control frequency rage fmax.

When you wish to make the actual CF value as small as possible, that is as near as possible to the
specified value CF_s, set the control condition as the fmax value is about twice of the highest frequency
2. (To set fmax as f2 =fmax/2 is a good setting for better accuracy of CF control, which is known

experimentally.)

2.4 Operation of test execution
The operation of test execution is basically the same as the usual operation of the K2/RANDOM.
When the setting of the Clipping is over, press [Ope. Start] to enter in the operation mode.

4 1240_Ran_20_2000Hz_fmax=4000Hz Z1, Z2 ¥4 Charge.ran2 - K2/Random - X
File(F) Testdefinition(T) Operation(P) Edit(E) Display() Window(W) Option(Q) Help(H)
ij = ¥ =y % =l < B
= = 1 “
s T , =
Mew  Simple  Open Testsave Print  Preview Ope. start
Reference Level Respanse Drive Drive Liroit Blarmi Abort ECO
dB mV ms
Test definition Reference
e
] TesT%ef’\uAm:nr \gfnr;natmn Outputchannel
= ;'*’E’x t: “: :" ‘?”f’“‘””t Channel name Module ID Ch Polarity
-6 Excitation System Information w00 om bostive
( i~ Fundamental/Control Conditi
H Initial output voltage 10.0mV ms
Change || &) Excitation system setting
H Clipping
€ Control Reference
H Soft-Clipping Normal [3.00 sigma ]
49 Input channel
:.€) Data Seve Condition Qutputvoltage limit value TDDDELD mv
L) Safety check Abort ratio 500 %
|- Amplitude probability density | HPF Notused
£-[] Aux output
< >
HE@ H 3
Test definition is completed. NUM 1/7/2020 12:55:39

Fig.10



Then, the system starts to move into the operation mode. Below is a screenshot of a system with ISM-

EM, the energy-saving option, is equipped.
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When the transition to the operation mode is completed, the [Start] button become available to start the

excitation:
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When the [Start] button is pressed, the drive signal outputting is started and the initial equalization to
make the response acceleration PSD to be equal to the reference PSD is carried out. When the PSD

control is established stable, then the random vibration testing is started.

0 R 2 N e
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2.5 Displaying the PDF graphs

Real-time histogram analysis of the specified input channel signals under the specified condition is
started when the testing is started and the analysis results are displayed as PDF graphs.

To activate the PDF graph displaying, move to a page on which you wish to display the graph. And
press the [Window] button in the top-side ribbon on the screen and select the [Graph] button, then the
Graph type selection window appears as below. Select ‘Amplitude probability density’, and specify the
graph displaying specifications:

In the setting window,

Input channel signal name to be displayed is specified.
And below graph display specifications are selected:
[] Display the Normal distribution
[] Normalize the horizontal axis by RMS
[ 1 Display the drive PDF

Graph type selection X

PSD [Reference/Response] oK
PSD [Monitor]

PSD [Drive] C |
Transmissibility [Response] ance
Transmissibility [Monitor]

Response waveform

Amplitude probability density

Display unit Input channel

w2

Dizplay the Marmal
distribution

Narmnalize: the:
harizontal axis by RMS

All channels

Orverlaid

Fig.14
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When the setting is completed, press [OK] to make the graph displayed on the screen:
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To check the detail of the part at where CF value takes large values, it is convenient to use the
logarithm scale for the horizontal axis. To do this ‘Log’ setting, press the [Scale] button among the

graph display specification setting buttons.
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2.6 Operation status
In the [Operation status], there displayed RMS values of all the channels and crest factor CF of the

channels of which signal’s PDF analysis has been specified to be operated.

#2240 Ran_20 2000Hz frmax=4000Hz Z1, Z2 AR A Chargeran2 - K2/Random —
File(F) Test definition(T) Operation(P) Edit(E) Display(V) Window(W) Option(0) Help(H)

s 035 9 o)

Testsave Datasave  Print Preview

Pause

Stop

Response Drive Elapsed time Drrive Lirnit Alarm Abort ECO

XK K

Reference/response Operation status  Paged Paged Level
eSO SO . 0.00
25254 m{s®ms
Tolerance Alarm check Abort check dB
/‘ Basic 0.00[ 1000.00] 0.00[ 1000.00] Hz
Input channel data Crestfactor Increment
Z1(000-Ch1) 2.5265 m/s*ms 3.81 sigma 0 ¥ 1.00
Z2 (000-Ch2) 25242 m{s*ms
Drive data Crestfactor
(000-Ch1) 15.9 mV ms 259 sigma v
SUgnl Q2 & F =& L
10 21 Drive Amplitude probability density
Mormal distribution
1.000e-2
1.000e-3
1.000e-5
1.000e-6
.00 00 6.0 £0c 0.0 6.0
1< >
HEHDEAEEK

In excitation. NUM 12/25/2019 15:41:26

Fig.17

It should be noted that these values displayed in [Operation status] are all ‘theoretical values’ obtained

in the digital signal processing by the controller. When the actually output analogue voltage signals are

measured, it is usual that the measured value of CF is slightly larger than the displayed values on the

screen. This is caused by the transient response occurs in the analogue circuit noticed in the section 1.4.

And, it is experimentally confirmed that the divergence amount of measured value from theoretical one

is smaller in case of the Soft-Clipping than that in Hard-Clipping.

(Fig.17 shows an example of 2 issues (Operation status and PDF graphs) displaying on the same single

page.)

Note on the automatic PDF graph resetting

In case of the Energy-saving system with ISM-EM equipped, the field coil current optimization is

carried out just after the random vibration testing started and the scale of the drive signal varies in
accordance with the change of the field current. This change requires the PDF analysis horizontal
axis to be adjusted once again. For this purpose, the data and the graphs of the PDF display is

automatically reset once the ISM optimization is completed.



2.7 Countermeasure to CPU overload error
This optional functionality of Soft-Clipping is for to keep the drive peak voltage within the limit value
that is determined by the 0dB reference level (RMS) and by the specified CF value, and to implement
this functionality a technique of ‘Non-Gaussian random signal generation’ is applied. Smaller the
required CF value, heavier the computational power for the functionality to work in real-time manner.
More exactly, the computational load to the CPU also depends on the control condition (fmax, L) and
characteristics of the controlled system. Of course, the CPU clock and memory condition have much
influence on the performance.
Affected by such many factors, CPU overload error of the application can occur. When the error
event occurs, the system automatically stops the vibration control procedure safely with publishing the
error message as seen in below. The drive voltage output is quickly squeezed to zero in a stably

controlled manner never to make any damage to the equipment and specimen.

4t 1240 Ran_20_2000Hz_frax= 20000Hz Z1, Z2, 73,24 FRERFH rand - K2/Random - [n]
File[F) Test definition(T) Operation(P) EditiE) Display(V) Window(W] Optien{0) Help(H)
— w - L i xlj
- = . i | ]
2B cHapw, | LR
Test save Datasave Print  Preview Report  Guick Ope. end Retry |
Fieference Level Resporse Diive: Elzpzed fime Diriver Liri: Az Aboat ECO

Reference/response Operation status  Paged Paged

Lewvel
Excitation i completad (Test is aborted by CPU load.) ~
Elapsed time 00214
Increment
£ 1.00

/ Level 0.00 dB (Increment +1,00 dB)
- Check result Alarm 0K Abort NG
Realtime processing CPU load factor  11.70 % {Peak 17.17 %)

Reference data
100.0020 m{s*ms

Response data
100.0349 m/s® ms

Tolerance Alarm check Abort check
Basic 0.00{ 1000.00] 0.00[ 1000.00] Hz

Input channel data Crest factor
Z1 {000-Ch1) 106 2218 mjs? ms 365 sigma
£2 (000-Ch2) 100.9660 mys®ms 366 sigma
Z3{000-Ch3) 96.5326 m/s* ms 365 sigma
Z4 (000-Ch4) 96,0842 mfs* me 364 sigma

Drive data Crestfactor
{000-ChT) 2970 mV s 337 sigma =

HE @I 2K

Excitation is completed.(Test is aborted by CPU load.)

Fig.18

When such an error event occurred, please return to the Test Definition stage and double-click
[Excitation system setting] to open the setting window for ‘Clipping’, and loosen the CF setting than
before. Then try the operation once more. (When the setting was at ‘Normal’, then try ‘Loose’. When
‘Specify’ was used, loosen the CF value for 0.1 or so.)

Even the value CF is fixed, computational load gets heavier when the control line number L is set

larger. So, if possible, reducing the line number L will contribute to reduce the CPU load.



