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Excitation Technigues
Do’s and Don’ts

Peter Avitabile Marco Peres
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Excitation - Do’s and Don'ts




Excrtation Considerations

Objectives of this lecture:

Overview impact testing considerations - part 1

Overview shaker testing considerations - part 2

Identify some typical concerns

Provide some examples

IMAC 27 presentation covered shaker excitation technigues

IMAC 29 presentation covered shaker testing considerations
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MODAL SPACE - In Our Own Little World

Could you explain

and how is it
used for solving
dynamic problems?

modal analysis

Tllustration by Mike Avitabile

Series of articles on various
aspects of modal analysis
currently in its 15th continuous

year of publication

Or. Peter Avitabile
Structural Dynamics & Acoustic Systems Lab UMASS

A,




Measurement Definitions - Refresher

/INPUT

ANALOG SIGNALS \
E o
= — ANTIALIASINGFILTERS ——§
AUTORANGE ANALYZER
¥ ADC DIGITIZES SIGNALS ————§
[ APPLY WINDOWS ————§

] COMPUTE FFT v
LINEAR SPECTRA

T

§———— AVERAGINGOF SAMPLES —§

« »

COMPUTATION OF AVERAGED
INPUT/OUTPUT/CROSS POWER SPECTRA

T

« ¥ »

COHERENCE FUNCTION

E ’
OUTP!
SPI UM

sssss OUTP
POWER POWE
SPECTRUM SPI

LLLLL

Actual time signals
Analog anti-alias filter
Digitized time signals
Windowed time signals
Compute FFT of signal

Average auto/cross spectra

Compute FRF and Coherence
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Measurements - Linear Spectra - Refresher

X(t) h(t) y(t) TIME

INPUT @—— SYSTEM ——@ OUTPUT FFT IFT

Sx(f) H(f) Sy(f) FREQUENCY
X(t) - time domain input to the system
y(t) - time domain output to the system
Sx(f) - linear Fourier spectrum of x(t)
Sy(f) - linear Fourier spectrum of y(t)

H(f) - system transfer function

h(t)y - system impulse response
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Measurements - Power Spectra - Refresher

Rxx(t) Ryx(t) Ryy(t) TIME

INPUT @&—— SYSTEM ——@ OUTPUT FFT

IFT
Gxx(f) Gxy(f) Gyy(f) FREQUENCY

Rxx(t) - autocorrelation of the input signal x(t)

Ryy(t) - autocorrelation of the output signal y(t)

Ryx(t) - cross correlation of y(t) and x(t)
Gxx(f) - autopower spectrum of x(t) Gy (F)=S,(f)eS, (f)

Gyy(f) - autopower spectrum of y(t) ny(f)zsy(f)os’;(f)

Gyx(f) - cross power spectrum of y(t) and x(t) Gyy(F)=Sy(f)eS,(f)

T H E
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Measurements - Derived Relationships - Refresher

S,=HS,
H1 formulation

- susceptible to noise on the input
- underestimates the actual H of the system

S sS-HS 1575
SX .SX GXX h
Hz formulation Z;;,,:;/ ations
- susceptible to noise on the output for H exist
- overestimates the actual H of the system or I exis
. . S¢S, G
Sy.Sy :HS>< OSy H: y z/: yy
S;eS, G,

COHERENCE
, _(S55)(5eS) G,/G, H,

" T (Se8)(S,eS) G, /G, H,
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Typical Measurements - Refresher

Measurements - Auto Power Spectrum Measurements - Cross Power Spectrum

S

AVERAGED NPUT ERaGED olfe|

POWER SPECTRUM POWER SPECTRUM

G XX (f G yy (f)

INPUT FORCE OUTPUT RESPONSE

WWWW G,

AVERAGED INPUT

AVERAGED CROSS

POWER SPECTRUM POWER SPECTRUM

; r f
&T : m : : i VX( ! m =
- . 1 =]
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Modal Analysis & Cont rols Laborat ory Modal Andlysis & Cont rols Laborat o

Measurements - Frequency Response Function

et

AVERAGED NPUT P e ERaceD ofHuT

POWER SPECTRUM POWER SPECTRUM POWER SPECTRUM

G () G(f) G (f)

@

o G 5 e

FREQUENCY RESPONSE FUNCTION

FREQUENCY RESPONSE FUNCTION

H(f)

Dr. Pefer Avitabile
Modal Ardlysis & Controls Laboratory

&I g m &g‘%
b !'l.? Measurement Definitions Dr. Peter Avitcbile UMASSE ) !'I, 'T Measurement Definitions
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Impact Excitation

Objectives of this lecture:

Overview impact excitation techniques

Review hammer/tip characteristics

Review special DSP considerations

Identify areas of concern and things to consider

f MODAL
SRS HO P

11 Dr. Peter Avitabile
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Impact Excitation

An /m/ou/sive excitation which is very short in the time window
4

usually lasting less than 5% of the sample interval.
ADVANTAGES & ——
- easy sefup . e e
- fast measurement time = H e
- minimum of equipment | A—
- low cost — .
CONSIDERATIONS —
- poor rms to peak levels (LU0 (ot
- poor for nonlinear structures — n—
- force/response windows needed S -
- pretrigger delay needed R PP -
- double impacts may occur — -

- high potential for signal overload and underload of ADC

12 Or. Peter Avitabile
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Practical Modal Impact Test Checklist

General
* Range settings for channels
» Freguency range - bandwidth - BW

Hammer
* Pre-trigger settings
« Hammer tip selection
« Windows

Response
« Windows

FRF / Coherence
 Measurement considerations

13 Or. Peter Avitabile
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Impact Excitation - Hammer Tip Selection

The force spectrum can be customized to some extent
through the use of hammer tips with various hardnesses.

A hard tip has a very short pulse and will excite a wide
frequency range. A soft tip has a long pulse and will excite

a narrow frequency range.

However, the hammer tip alone does not totally determine
the freguency range excited. The local flexibility of the
structure must also be considered.

14 Or. Peter Avitabile
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Impact Excitation - Hammer Tip Selection

METAL TIP HARD PLASTIC TIP

-976.5625us TIME PULSE 123.9624ms -976.5625us TIME PULSE 123.9624ms

— |

OHz FREQUENCY SPECTRUM 6.4kHz FREQUENCY SPECTRUM

6.4kHz

SOFT PLASTIC TIP RUBBER TIP

-976.5625us TIME PULSE 123.9624ms -976.5625us TIM E PULSE 123.9624ms

FREQUENCY SPECTRUM 6.4kkz

. , . 15 Or. Peter Avitabile
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Impact Test - Pretrigger Delay - Sometimes Confusing

If the leading portion of the time pulse is not captured then
there will be a distortion of the measured input spectrum

t=0
NO PRETRIGGER USED

PRETRIGGER SPECIFIED

16 Dr. Peter Avitabile
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Impact Test - Double Impact

Double impacts can occur due to a sloppy hammer swing or
many times due to the responsive nature of many
structures. They should be avoided wherever possible.

DOUBLE IMPACT DOUBLE IMPACT
Real \ Real
-976.5625us TIME PULSE 998.53516ms -976.5625us TIME PULSE 998.53516ms
OHz FREQUENCY SPECTRUM 800Kz OHz FREQUENCY SPECTRUM 800Hz
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Impact Excitation - Windows May Be Necessary

If response does not die out then a window may be required

M]W\,\MN\NVWM& ACTUAL TIME SIGNAL

MAMM_AA AAMMAAA AMAM\_:\mﬁA"AﬂAA_;\M S AMPLED SIGNAL
WWVWW WWVWW WWVWW UWWWW

N

WINDOW WEIGHTING

WWW WINDOWED TIME SIGNAL
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Impact Excitation - Exponential Window

If the signal does not n
naturally decay within the
sample interval, then an Q—. T=NA't

exponentially decaying
window may be necessary.

However, many times %ﬂgﬂﬂ%%%&

changing the signal
processing parameters such
as bandwidth and number ﬂ
of spectral lines may - Uﬂu“v“v"v“ vﬁu“u“v“v“v
produce a signal which
requires less window
weilghting

19 Dr. Peter Avitabile
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Impact Excitation - Force & Exponential Window

2008

Use of the Force Window

Jorce window * Defining the force window
J?J;!-:—F o — length in seconds
s h h_:"f — length as %T
0y, f‘«l;ergﬂwmbf Wi
el "

ringing of anti-aliasing filter
] l

0 0.1T 0.2T T
» The"length" of the force window = the duration of the leading unity
portion 20

IMAC-XXVI -- Modal Excitation — Dave Brown University of Cincinnati

20 Dr. Peter Avitabile
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Impact Excitation - Right Hammer for the Test

Measurement adeguacy depends on what is regquired

40
COHERENCE
dB Mag \ \ ]
| ‘ FRF
N
) INPUT POWER SPECTRUM o
| |
-60
OHz 800Hz
40 COHERENCE
FRF JAN
"
dB Mag / \":
R SPECTR H
-60
OHz 200Hz
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Impact at One Point - Listen at Another - What FRF?

H out/in

H row/col

Magnitude

NS

A

AR

7 7 ?
? ? ?
Imaginary
? ? ?
? ? ?
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Impact at One Point - Listen at Another - What FRF?
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Drive Point Measurements

Drive point measurement

Same input and output location - in the same direction

I

1

Response at 4

2 3

i E

B
ﬂ—-M

Input at 4

JUNIA
Do
AW
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Reciprocity - H .1, = H;

Reciprocity is an underlying necessity for modal theory

— =

1 2 3
= i
) )

£CK

A AP
|
T
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Reciprocity - H ,.;m = Hj;

Reciprocity is an underlying necessity for modal theory

H out/in M RECIPROCAL
i Q M MEASUREMENTS
| STRUCTURE UNDER TEST | M
FORCE _“Lm
‘%” “j” M \
l Z:’SRPL?CT'LSJEREUI\IDERTEST | M M M M M M‘ M M
FORCE E _“%
4
-
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Reciprocity - H .., = H; - What can go wrong?

Or. Peter Avitabile
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Impact Test - Multiple Reference Impact Test

Either a row or column of the

FRF matrix is needed to i i A
) W A
estimate mode shapes N A A
W S

_ - U S
W S

U S

N S

W‘W W*MNM WW WW M‘M M‘“ M“M M‘N W Ref#2 Ref#1 Ref#2 Ref#3

0 - secd:3:+ - test2? (,2133

IR ETR N AN AN

0,00 55[55 111t11 1EE£EE 222[22 277[77 333&33 388{88 444t44 499{99

bbb
b

1 - secd:2i+ - testZ7 0, 0403521

| T
e e
1 3

rrrrrrr I 7T
0,00 55[55 11 11 1EE EE 222 22 277 77 333 33 88[88 444t44 499{99
2 - secdiZi-Y - testZ7 -0,0231161

TN T
Hr (rrrrrrrrrrrrrr”rr
0 55‘55 111 11 IEE EE 222 22 277 77 333 33 388 28 444 44 488 33

. o
o

eodili+k - test 0,0002455
L T T T

T FH'I'FHFUH'WWWF

0,00 55 55 111 1 188 [ 222 22 2?? 7 333 22 ESB ] 444 44 493,99

T H I
MODAL

28 Dr. Peter Avitabile
Structural Dynamics & Acoustic Systems Lab

Excitation - Do’s and Don'ts




Shaker Test vs. Impact Test - What is the difference?

Typical Shaker Test

Typical Impact Test

Excitation - Do’s and Don'ts

Structural Dynamics & Acoustic Systems Lab
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Measurement Definitions

—
CAPTURED TIME DATA STREAMED TO DISK .

RECORD 1 RECORD?2 RECORDZ RECORDA RECORDS RECORDE

INFUT

RECORD 1 RECORDZ RECORDI

QUTPUT

AVERAGED
FRF DATA

ol RS e | Dot

¥ ¥ FRF DATA
LINELR LINEAR
INPUT COMPUTE FFT SUTPUT
SPECTRUM LIHEAR SPECTRA EPECTRUM e T
. ' (7[00 EE‘AEE 111{11 1EEIAEE 222&22 277{77 335‘33 KEB‘AEE 444{44 433‘33
™ AVERAGING OF SAMPLES e [[osoodsReek - toot7 DCHGRRY
L] . SSMARAGASASAAARSARAARASES
COMPUTATIO“ OF AUE RAGEI] 0,00 55,55 111,11 166,66 222,22 277,77 333,33 388,00 444,44 499,09
IHPUT/OUTPUT/CROSS POWER SPECTRA oozt - et RO TIES
Vo'.oo 55,55 111,11 160,65 220,22 277,77 333,33 308,00 444,44 439,99

CQUTPUT
PO ER 3 - secdilith - best? 0,0002455

PECTRUM ‘

000 55,55 111,11 160,66 222,07 277,77 333,33 300,00 444,44 439,99

INPUT CROEE
PORAYER PORER
SPECTRUM SPECTRUM -:

»
COMPUTATIOH OF FRF AHI] COHEREHCE

FREQUENCY REEPON 5E FUNCTION COHERENCE FUNCTION
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FRF from Impact or Shaker Data

Impact Data

LINEAR [
INPUT
SPECTRUM

«

INPUT [ |  cross
POWER POWER
SPECTRUM SPECTRUM

. '

ANALOG SIGNALS

. E -

¥ ANTIALIASING FILTERS —
AUTORANGE ANALYZER {

¥ ~ ADC DIGITIZES SIGNALS ——————§

INPUT OUTPUT
¥ APPLYWINDOWS ——§

INPUT ouTPUT

[ COMPUTE FFT ¥
LINEAR SPECTRA

¥ AVERAGINGOF SAMPLES —————§

COMPUTATION OF AVERAGED
INPUT/OUTPUT/CROSS POWER SPECTRA

»
COMPUTATION OF FRF AND COHERENCE

LINEAR
OUTPUT
SPECTRUM

»

OUTPUT
POWER
SPECTRUM

T

HIH

T

==

LINEAR LINEAR
INPUT WW OUTPUT
SPECTRUM SPECTRUM

INPUT CROSS
POWER WMW POWER
SPECTRUM SPECTRUM

FREQUENCY RESPONSE FUNCTION

‘COHERENCE FUNCTION

Shaker Data

ANALOG SIGNALS
INPUT W OUTPUT
3 ~ ANTIALIASING FILTERS
AUTORANGE ANALYZER
¥ ADCDIGITIZES SIGNALS 1
INPUT OUTPUT
¥ APPLY WINDOWS E—

INPUT W % ouTPUT

COMPUTE FFT
L LINEAR SPECTRA

¥ AVERAGING OF SAMPLES
“ »

COMPUTATION OF AVERAGED
INPUT/OUTPUT/CROSS POWER SPECTRA

OUTPUT
POWER
SPECTRUM
N [ »

COMPUTATION OF FRF AND COHERENCE

FREQUENCY RESPONSE FUNCTION COHERENCE FUNCTION
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FFT Reference vs. Modal Reference - Confusing Nomenclature

m SHAKER TEST Ref erence means dlf f erent
e things to different people
b Mm b L i That is why there is a "swap”
#4%  ROVING IMPACT TEST
M HP35665 FFT Analyzer
i :

FHIES
T use [ Accelerometer_[J
DY —]
O | AnavvzeR Impact Hammer v
1234 \Iz/
y X
OUT-l I
e FORNO)
IN
® 0
. , . 33 Dr. Peter Avitabile
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Why Do Initial Conditions Need to be Zero?

Laplace Domain Equation of Motion

(rr152+cs+k) X(s) = f(s) + (Mms+o)xg + mMXg
Characteristic Applied Initial Initial
Portion Force Displacement Velocity

Assuming that initial conditions are zero

(ms®+cs+k) x(s) = f ()

34 Dr. Peter Avitabile
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Why Do Initial Conditions Need to be Zero?

= o USER PERCEPTION
T e R R e . % | SAMPLE CAPTURED T
= (vwcania) =
“‘:_ L] | T Urriithaet ! Cakd A (10
i 10838
20000 07500 -
e RESPONSE SAMPLE el
ot CAPTURED 02500 - h
o) B e e S ST T e R e e i S L
0000 ke Frequency (Hz)
Y ok e ik oam ake m T R T digasr H2m il
_ s
w el (600000 - |
::: 50.0000 - 1] |
ik £0.0000 - !
' WINDOWED SAMPLE ]
CAPTURED Sme e T T
100000 - |
o- A
2% 250 20 s P am s00 st b0 aw =10.0000 - II
220000 5 i ! i i " " ' . ' : ' ! | "
o 40.00 BOD0 12000  1B000 20000 24000  ZE000  E2000 36000 40000 44000 48000 52000  SE1ES
e Frequency (Hz)

T H I
MODAL

HOP (
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Why Do Initial Conditions Need to be Zero?

cohz 1) il

o 4000 8000 12000 18000 20000 24000 28000 32000  IB000 40000  440.00 48000  S20.00 58188
& Frequancy (Hz)
dagramr) H_21m 0
£4.0000 -

10,0000 - . !

_ 0 om0 sao0 100 18000 2000 200 2000 000 MO0 ANDG0 MO00 S000 SO0 e
CEn 3 Frequancy (Hz)

SAMPLE CAPTURED WITH
RINGING OF FIRST SAMPLE

A e ksl 0 el aw

TN

] SAMPLECAPTURED WITH S
RINGING OF FIRST AND 6 e ke mw e e e e mo wo ao wo wo wa G
SECOND SAMPLE e

50,0000 - 1
00000 - |

L BN W i w0 M a0 A% e ek 300000 -

Tima (vecenaiy

I 10,0000 - ~—f
0-
10,0000 « " ‘i

i ] 1 | | | | | |

-30.0000 - 0 ' " x . . o ' . & i ' ' -
9 4000 Ba0d 12000 160D 20000 2000 28000 000 8000 40000 4000 4000 E2000  EELSE
e Fraquancy (H2)

T H E
MODAL
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Too Hard a Hammer Tip Can Cause Problems

Energy is imparted to the structure beyond the frequency
range of interest and may overload or saturate the response

awlf ¥ 1 —
— _
dB Mag \ \— I = | \l
—t
T *'\\
-60
OHz 800Hz
50 [ 4 . - 7
B 1 \ l’?
dB Mag A i VIR
DL AN ] V‘\__
RNAY VY — —
! y
OHz 200Hz
40 v
F : .
AN A
- Fi i i
dB Mag . / ‘-\\ I L
y
-60

200Hz

-30

dB Mag

-80

50

dB Mag

-50

le

128 HZ BW

»|

A N

HAMMER TIP

0Hz

OF INTEREST

EXCITES MODES
OUTSIDE BAND

400Hz

A AN

AU [ T

A

Ib-,ll\ Wi \M""

0Hz

Excitation - Do’s and Don'ts

37

Dr. Peter Avitabile
Structural Dynamics & Acoustic Systems Lab

400Hz




Impact Spectrum Considerations

Selecting the right impact tip to excite the right frequency
range is critical to optimizing the measured response

128 HZ BW INFORMATION BEYOND BW
le »le

-30

STRONG RESPONSE WEAK RESPONSE
e

dB Mag 40
1.0 VOLT 1.5VOLT
ENERGY ENERGY dB Mag 4.0 VOLT 0.1 VOLT
80 ENERGY ENERGY
0Hz 128Hz \/_\

50 -60
0Hz 800Hz
dB Mag 40 ’ Y ] Y
1.0 VOLT 3.0 VOLT dB Mag
-50 ENERGY ENERGY
OHz 128Hz

9.0 VOLT 0.5 VOLT

-60 ENERGY ENERGY
OHz 800Hz
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Exponential Window - Can It Be a Problem?

While a window
may be ultimately
required, never
start with the
window applied
before the raw
measurement is
reviewed.

How many peaks
are observed in

3.5

Real

-1.5

2.5

Real

-2.5

50

TIME PULSE

-25.391ms

973.633ms

WINDOWED RESPONSE

A ANA

(A had 'l )

-25.391ms

973.633ms

A A I A
4B Msg N TN A JAN ) /]
the measured FRF. ~ / \u/ S ’\\V/ R j\ S //
\ L Y A
50 ! [FREQUENCY RESPONSE FUNCTION
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Exponential Window - Can It Be a Problem?

Here is a
measurement
where a significant
amount of damping
is applied to the
measurement.

How many peaks
are observed in
the measured FRF.

2.5

Real

-2.5

1.2

Real

-800
mV

25

dB Mag

-25

RAW TIME RESPONSE

Yl |

N l'l"l

-25.391ms

973.633ms

WINDOWED RESPONSE

4

-25.391ms

973.633ms

N

\

N

/

/

AN
N\

N

AN
~

/
/
/
/
|

/]
N/
\/

V

!FREQU ENCY RESPONSE FUNCTION

OHz

400Hz
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Exponential Window - Can It Be a Problem?

Picking a longer
time block allows
the response to
naturally decay
and lessens the
need of the
exponential
window.

How many peaks
are observed in
the measured FRF.

2.5
\

Real

-2.5

2.5

Real

-2.5

50

dB Mag

-50

RAW TIME RESPONSE

-25.3906ms 1.9736s

| WINDOWED RESPONSE
N T T T T

-25.3906ms 1.9736s

I\ A

I\ /

/7“
/

[ NN/

\

AW
Af
}

]
T —

A/

[

!FREQUENCY RESPONSE FUNCTION

/ \ [ [ [ [ [

OHz

400Hz

MTWO CLOSELY SPACED MODES
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Exponential Window - Can It Be a Problem?

Window should only be applied once it is deemed necessary

25 ¥ . 25 r . . 1
* Vi | RAW TIME RESPONSE| Vi | RAW TIME RESPONSE|
v | TimE PuLsE] LI [ — T — - T T T
Real NTHITEN Real L
Real
T .
25 I 25
15 A v
v -25.391ms 973.633ms -25.3906ms 1.9736s
-25.391ms 973.633ms
25
25 y 12 y ‘ ‘ | Vi
I I AR i WINDOWED RESPONSE} i WINDOWED RESPONSEi | ! WINDOWED RESPONSE!
1
Real L, Real H Real ‘
MMM AMAAMAAR YA L
| ' all Y Ll A A l‘
' ' l ) L
1 1
25 800 H 25 y
v mv -25.3906ms 1.9736s
-25.391ms 973.633ms -25.391ms 973.633ms
50 - 50
n 1
N A N AN P | 7
0 g Nk AN T / 1 o KR | EEEEAN .
JANIE| N1/ ™~ N S| e AN AN I~ ] [~ N T\ J/
/ N/ N i NN/ IR ~ N7 I / N —~ N/ I N
VA | / \/ / Y V. AV I ()
\' Wi \Yj \/ I |
50 [FREQUENCY RESPONSE FUNCTION | . [FrRequeNcy response FuncTio} | <o |FREQUENCY RESPONSE FUNCTION |
400Hz P : : “00H2 400Hz

[\
0OHz
mrrwo CLOSELY SPACED MODES]

7
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Double Impacts - A Problem - Or is it 22?

Picking a poor measurement location avoids the double impact
but does the measurement look better?

T
W COHEREMCE

FREQUENHCY
RESPOMSE
FUHCTION

COHERENCE

T

FREQUERCY
RESPONEE
FUNCTION
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Double Impact - Common Difficulty
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If you can't avoid double impact - what about multiple impacts
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So if you can’t avoid double impact - what about multiple
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So if you can’t avoid double impact - what about multiple
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Multiple Impacts - A Possibility
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Should I ook at all the measurements ?

This measurement looks fine - but do all look this good?

IMPACT EXCITATION

TIME RESPONSE

ACCELEROMETER RESPONSE

%

FORCE
SPECTRUM

COHERENCE /\

DRIVE POINT FREQUENCY RESPONSE FUNCTION
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Should I ook at all the measurements ?

Here's a measurement that doesn’t look as good as the rest.

COHERENCE
IMPACT EXCITATION FORCE
SPECTRUM
|
TIME RESPONSE ‘
ACCELEROMETER RESPONSE \
' ] l
FREQUENCY '
RESPONSE
FUNCTION '
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All measurements should be reviewed

IMPACT EXCITATION

TIME RESPONSE
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Filter Ring

Sometimes there can be some ringing on the impact input.

This is referred to as "filter ring”

Depending on the bandwidth and impact spectrum, this may
or may not appear on the measured data

The following slide shows the effects of this phenomena
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Filter Ring

400 HZ BANDWIDTH SETTING 1600 HZ BANDWIDTH SETTING

RED AIR CAPSULE RED AIR CAPSULE

BLUE PLASTIC BLUE PLASTIC

BLACK METAL BLACK METAL
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2KHz excitation for 500 Hz BW

Sometimes data may be collected for multiple purposes.
One group wants data to 500Hz and another needs 2KHz.

can a test be constructed with one set of accelerometers to
acquire the data for both test ranges?

Difficult to achieve unless you have infinite resolution and
infinite spectral resolution.
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2KHz excitation for 500 Hz BW
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Impact Location Effects - Skewed and Same Point

When performing impact testing it is important
to impact the same point in the same direction
for all averages.

One case will be presented to show the effects
of having a skewed input, that is different for
each average of the measurement.

Another case is presented to show the effects
of impacting close to the same point, but not
exactly the same point, for all averages.
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Impact Location Effects

Notice that the coherence for the skewed input is not as
good as the measurement with consistent input excitation
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Impact Location Effects

Notice that the coherence for the impact around point is not
as good as the measurement with consistent input excitation
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HA MME R

STRAW
SLEEVE
SWIVEL \
JOINT [B :

B /”‘”

Adaptorforsmall impacthammerenables easy
orientation of hammer to impact structure using
swiveljointon small tripod fixture.

Currentdesign uses a straw sleeve adapted to
connectorto swiveljoint on tripod.
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Impact Location

Control of input point
and direction is very
important

I H I
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Accelerometer Saturation - But No Overfload

Sometimes the response transducer may be too sensitive
which generally may cause an overload.

But there are times when the accelerometer and the signal
conditioner may not overload the data acquisition system
BUT may be distorted due to saturation of the signal
conditioner.
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Accelerometer Saturation - But No Overfoad

Accelerometer too sensitive

ter  nputl(
05300 -
0.5000
0.4000
0.3000
02000 5
0.1000 ;(on) :o;e
00780 - o o
010 020 030 040 050 oy
J g Time [seconds) 010
100
an input2(t) I -10.00
M= 826V
Min= 8,50V
RMS=1.74V
Paak= 865V
oKt <t
0 010 0.20 0:30 0.40 050 060 0.70 U.’SD
g Time (seconds]
Coh2, () |
1.2000
1.0000
n.suuc,ma‘ fu/v\/\ﬂlf’/ﬁmﬂY I\VV Al A AT ITR AN 4
D I L T TR 17 I Y A
% Ty 1
o I | | T [ 4]
! : | | : {EE
0.2000 | } o
-0.0320 5

0 10000 20000
=]

30000 40000 500.00 60000 70000 80000 900.00 1000.00 112‘3.75

Frequency (Hz)

B (gndLer)  H1Z210M0
88.0000 -

80.0000

70.0000 ﬂ

|
S pA N7 R VN, 6 A

:::3

oo | EATY NA

AR S VTR

uvlj ¥

v I

25.0000 -

o 0

10000 200.00

30000 40000 50000 60000 70000 80000 80000 1000.00 112‘3,75

Frequency (Hz]

Accelerometer with proper sensitivity

LBF input(t)

Frequency (Hz]

0.4200 = T
0.3000
1 2
0.2000 1.00 100
a1 019
0.1000 801 001
0 oV oV
00780 - 001 001
o a 010 020 030 0.40 050 L 210
| Time (seconds] 100 -Leo
Mix= 0,04V Max= 024V
an input2(t) Il Min= 3.68mY Adin= 043V
348802 ; RMS= 103mV &lﬁ= 003V
Pesi= 0,04V = 0,55V
15000 | | OK! OK!
0 i
-1.5000 it
-3.0000
-4.5000
-5.2000 - '
I 0 010 0.20 030 040 050 060 0.70 0.80
= Time [seconds|
Coh2,1() B
1.2000
1.0000 —~
0.8000 rnﬂ' LY Jr \V
0.6000 ]I
0.4000
0.2000
0
-0.0880 o .
s o 10000 20000 300.00 400.00 500.00 600.00 70000 80000 90000 1000.00 1123.75
Frequency (Hz)
a6 (arieF)  H1_2100
55.0000 -
40.0000 & AN
L
20,0000 i N /
0 lln\ \\
200000 i
-40.0000
-50.0000 '
I 0 100.00 20000 30000 40000 500.00 60000 70000 80000 S900.00 1000.00 1123.75

Excitation - Do’s and Don'ts

62

Dr. Peter Avitabile
Structural Dynamics & Acoustic Systems Lab

P




Analyzer ICP / External ICP / DC Accelerometer Comparison

DC 200mv/q DC 1V/g IcP 1V/g
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Analyzer ICP / External ICP / DC Accelerometer Comparison
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How Hard Should I Hit - Air Capsules

The hammer kits normally have the ability to use a variety of

different tips to customize the input spectrum.

But what happens if some impacts are harder and some are

softer? Does this affect the input excitation spectrum?

Depending on the hammer tip, this can be significant.
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Air Capsule

Plastic Cap on Hard White Tip

Hard White Tip
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Selection of Measurement Locations

So what are the chances that you would pick 9 of the worst
possible measurement locations for a plate 2??

August 1998 - Modal Space Articles
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Selection of Measurement Locations
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The Modal Question

Do these two test yield the same modal information?

SETUP 1
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TRI-AX AT 9

jmm T H E
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ROVING IMPACT
3 IN Z ONLY

August 1998 - Modal Space Articles
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The Modal Question
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IMAC 30 - Jacksonville, FL - 2012
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4 References on Frame
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Mode 1 - 1.86 Hz

Mode 2 - 2.85 Hz

Mode 3 - 3.02 Hz

Mode 4 - 25.57 Hz

Mode 5 - 29.01 Hz

Mode 6 - 30.16 Hz

Mode 7 - 33.62 Hz

Mode 8 - 35.860 Hz

Mode @ - 37 .58 Hz

Mode 10 - 38.70 Hz

Mode 11 - 39.62 Hz

Mode 12 - 43.04 Hz

Mode 13 - 44.23 Hz

Mode 14 - 46.48 Hz
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Mode 16 - 58.80 Hz

Mode 17 - 61.68 Hz
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Mode 19 - 65.08 Hz
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Mode 21 - 72.71 Hz
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Mode 23 - 96.39 Hz
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Reference Selection - Where Should Reference Be Located?

Random Point Selection Organized Point Selection
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Composite Plate Pseudo-Repeated Root Example

A plate structure with suspected pseudo-repeated roots was
tested to determine the appropriate reference locations

137
157

%
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Composite Plate Pseudo-Repeated Root Example

A summation plot and typical drive point FRFS are shown

- gtatic Upper Lower BDM #2

ms Hindow Align Format Limits Data Cursor Indicator Help

Upper : 10 E Lower : 20 22 10
SUM BLOCKS

conp:3:+2

conp:3:+2
3shaker
FRF

conmp: 13:

conp:
3shaker
FRF

MODAL
SHO P

= | Shcs omowren Excitation - Do's and Don'ts
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Composite Plate Pseudo-Repeated Root Example

Using all 3 references, TRIP identifies a repeated root

- static Front Back BDM #1
lﬂts Hindow 4lign Format Linits Data Cursor Indicator

Front : 11 12 D E Back : 11

=i CHIF 1

complex_HIF
ordinary
LIHEAR

CHIF_2

complex_HIF
_ /[ ordinary
A LINEAR
J Fixed

CHIF_3

.'I'I.I 0 i] A 1'- Note: plot only to 500 Hz

'SHOP

= | Shcs omowren Excitation - Do's and Don'ts
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Composite Plate Pseudo-Repeated Root Example

Using references 3 Z & 15 Z, TRIP identifies repeated root

:¥ Static Front Back BDM #1
tnzs Hindow Align Format Limits Data Cursor Indicator

Front : 12 D E Bock :
CHMIF_1

conplex_MIF
ordinary
LINEAR
Fixed

12

CHIF_?

complex_HIF
ordinary
LTHEAR
Fixed

f MODAL
SRS HO P

L. , . 79 Dr. Peter Avitabile
Excitation - Do’s and Don'ts Structural Dynamics & Acoustic Systems Lab




Composite Plate Pseudo-Repeated Root Example

Using references 13 Z & 15 Z, TRIP identifies repeated root

- Gkatic Front Back BDM #1

lﬂts Hindow Align Format Limits Data Cursor Indicator

Front : 12 D E Back :
CHIF_1

conplex_MIF
ordinary
LIHEAR
Fixed

12

CHIF 2

conplex_MIF
ordinary
LIHEAR
Fixed

it MODAL
SRS HO P
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Composite Plate Pseudo-Repeated Root Example

Using references 3 Z & 13 Z, does not /11111 /

:-" Static Front Back BDM #1
@nzs Hindow Align Format Limits Data cCcursor Indicator

Front : 12 D E Back :
CHIF_1

complex_HIF
ordinary
LIHEAR
Fixed

12

CHMIF_?

conplex_MIF
ordinary
LIHNEAR
Fixed

MODAL
=S HODP
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IMAC 30 - Jacksonville, FL - 2012




Shaker Excitation

Objectives of this lecture:

- Overview shaker testing considerations

- Identify some typical set up concerns

- Provide some examples M@@h W@@ @W @Wﬁ©m§hﬁ

IMAC 27 presentation covered excitation technigues

IMAC 29 presentation covered shaker testing considerations
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Excitation Configuration

) orce
Stinger|—— e — | structure

sensor

Test Signal
-random

-burst Random

- pseudo-random

-periodic-random

-Chirp w ‘ |
ﬂUﬂUﬂ Power m. ‘ “ ‘
! — o gl
1 Amplifier

AUTORANGING AVERAGING

AUTORANGING AVERAGING

rommana | wemsonowmemene A

%‘%%
% &

Rt
Rt
I

—
—
-

Dr. Peter Avitabile i A%

Structural Dynamics & Acoustic Systems Lab UMASS

84




Reason for Stinger

Purpose of Stinger

* Decouple shaker from ftest structure

- Force transducer between stinger and structure decouple
forces acting in the axial direction only

* Forces acting in any other direction will be unaccounted
for creating error in the measurements

‘ Bending
Modal

Force Gage
Shaker >

- Structu

Or. Peter Avitabile
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Possible Problems with Stinger

- Location of stinger on structure may be affected by the
local stiffness and/or structure deformation

Axial stiffness Axial and bending stiffness

86 Dr. Peter Avitabile
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Modal Exciter

Stinger Configuration with Through Hole Shaker

2-part
chuck
assemb/y

/\

collet

armature

Force
sensor

stinger

Test Structure

U ieambrrrrr| | Excitation - Do's and Don'ts
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Multiple Input Shaker Excitation

Objectives of this part of lecture:

- Identify some basics of MIMO ftesting

- Discuss several practical aspects of
multiple input multiple output shaker testing

T H I
MODAL

SHOP

Excitation - Do’s and Don'ts
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Multiple Input Shaker Excitation

Provide a more even distribution of energy

Simultaneously excite all modes of interest

Multiple columns of FRF matrix acquired

More consistent data is collected

Same test time as SISO case

Dr. Peter Avitabile
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Excitation Considerations - MIMO

Multiple referenced FRFs are
obtained from MIMO test

Energy is distributed
better throughout the
structure making better
measurements possible

o -EEEEEEEEE
_-EEEEEELE:
~~-$EEEEEss

Ref#1 Ref#2 Ref#3

I H k
MODAL
]S HOP
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Excitation Considerations - MIMO

Large or
complicated
structures
require special
attention

91 Dr. Peter Avitabile
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Excitation Considerations - MIMO

Multiple shakers are
needed in order to
adequately shake the
structure with
sufficient enerqgy to
be able to make good
measurements for
FRF estimation

;
K
g,

\s-"\
LA
Y
e

3

N .3"'.‘.

i l\\.g&i” -

4!'4 s :
W

4

1
Hz 9@ @2

- I8
' )isa'ﬁ‘ ;g
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Freguently Asked Questions

Objectives of this part of lecture:

Provide some measurements to illustrate issues

Revisit reciprocity

Compare impedance head vs force/accelerometer

Ccompare MIMO measurements

Dr. Peter Avitabile
Structural Dynamics & Acoustic Systems Lab
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SISO vs MIMO

Excitation technique is one necessary step to acquire better
measurements (random/hann vs burst random).

But using MIMO instead of SISO is another important
consideration.

And mass loading effects are also important

@

)

" MIMO

RANDOM WITH HANNING | i BURST RANDOM RANDOM WITH HANING i BURST RANDOM
| I | I | I | I L I | I | I | I | I | | I | I L L | L | I | I
o N . 94 Or. Peter Avitabile
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Shaker Mass Loading Effects

+1.mm7“ " \PV"\( +1_ZBZZi w‘\

f .

I b MIF

+0. oe o N B N
@. 2eea Hz 200.00 +0.0008 | ) ) ) ]
41.700 Hz 32.799
SUM BLOCKS & STABILITY DIAGRAM
2512 SUM BLOCKS & STABILITY DIAGRAM
19 s o o f 4500
18 os o o f 19 o = f )
17 s Ff ¥ 18 = * o s o f
15 |o s o ff £ o N 17 s o s o
15 sF o o ) v 16 s o s
14 so ¥ o 15 Sy S s o o Jjﬁ o
13 - o 14 SN f £ i o - q
12 P/ ° o H o 13 A f o f oA
11 M §of 12 A =
12 o o K o 1 =
El + ) K 19 f =
8 ° K 9 A =
7 i Js| 8 it Jss]
5 Al 7 &l Jss|
5 fl sl 5 G [ss)
4 sl I\ 5 Il [££]
3 Je\ JERN 4 Al AN
2 /o o 3 JIA fo
1 2 o f
8.7 .
ar.7 Hz 32.8 50.1
42.5 Hz 93.6
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Shaker Mass Loading Effects

Three Measurement Setups - Compare Repeated Root:

No Mass Compensation = Mass Compensation All Accels Mounted

%,
o
/"/
88

w Qa9 aa® o Qo o ninmn.nnnnnnnn o
T
Pl

sd s f /

ss s d \

sd s f

ddd o \

ddd

gy
dff

SR
A

Qv aa-g Qoo nonnoennennennenn

e N S-S~ =31 B < -~
D_ﬁ -“-h

Accelerometer
and Mounting Cube

Eguivalent
Mass

Linear
Hz
MODAL
m SHOP
rAL 1L N C . , . 96 Or. Peter Avitabile
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What's an impedance head? Why use it? Where does it go?

An impedance head is a transducer that measures both force and
response in one device.

This is a critical measurement for the structure and it is strongly
advised that impedance heads be used in all cases.

A combination of a separate force gage and accelerometer is often
used but time and time again this measurement has been seen to
never be better than that obtained with an impedance head.

The force gage or impedance head needs to be mounted on the
structure side of the stinger arrangement.

2-part chuck
assembly

J_\
e

Force sensor

wts—
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Test Set Up

Measurements taken to show difference in set up

Incorrect Correct

Shaker Shaker

Impedance Quill
Quill Impedance

Structure Structure

T H I
MODAL
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What is the proper mounting technigue for the force transducer?

Drive-point
FRFs

10.00

1.00 10.00 1.00

g/N
dB
I Trrrrrrrryt
Amplitude
g/N
dB

I|I|I|I|I|I|I‘h,
Amplitude

I
S
<3
8I|I|I|I|I|I|I|I|I|I

-90.00

0.00 -90.00 0.00

L L L L L L L L
0.00 Hz

A
o
o
o
oI|I|I|I|I|I

L L L L L L L L
0.00 Hz

Distinct difference in drive point FRF based on force configuration /

H

I
MODAL

74
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Drive Point FRF - Stinger Effects

10.00 1.00

ot
dB
Amplitude

No sleeves

With Sleeves

! A 0.00
Hz 1100.00
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Drive Point FRF - Stinger Effects

10.00 \1-00

ot
dB

No sleeves
With Sleeves

1 1 ‘ ‘U-UU
Hz 1100.00
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Differences in Reciprocal Measurements - Impedance vs Accel

Top View
« Offset Accelerometer

Measurement
’ Iocatlons

Bottom View

 All reciprocity measurements are between
points 1 & 2 with respect to force from

impedance heads
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Reciprocal Measurements

What if I can
only put the

accelerometer
next to the | —
force gage? i =

gl

I [0 F —— FRF plat:2.1.-Z/plat:1:-Z Offest Accel @ 2, Ref @ 1 —
O F —— FRF plat:1.1.-Z/plat:2:-Z Offset Accel @ 1, Ref @ 2

Accel |

Py / Force 6000 | ! ! ! ! I I L ! L !
o 0.00 Hz 500.00
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Reciprocal Measurements

Accelerometer on Other Face of Structure

10.00

What if I can
only put the
accelerometer
on the face of
the structure
that is opposite .
the force gage?

it

| O F ——— FRF plat:2:+Z/plat:1:-Z Top Accel @ 2, Ref @ 1 |
O F —— FRF plat:1:+2/plat:2:-Z Top Accel@ 1, Ref@ 2
/ Accel e n
|:: -50.00 ) I I ! | | | I 1 1 !
\ 0.00 Hz 500.00
r H |
MODAL
SSHOP
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Reciprocal Measurements

Impedance Head

10.00

=&

What if I have
an impedance
head that
measures force
and acceleration
at the same e
place? -

it
dB

Force & 000 | . . .

O F ——— FRF plat:2:-Z/plat:1:-Z Impedance - Accel @ 2, Ref@ 1
O F —— FRF plat:1:-Z/plat:2:-Z Impedance - Accel @ 1, Ref @ 2

/ Accel 000
°
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What is the correct amplitude level for modal testing applications?

The excitation levels for modal testing are usually very low.

There is no need to provide large force levels for conducting a
modal test especially if appropriate response transducers
(accelerometers) are selected with good sensitivity.

The level only need be sufficient to make good measurements.

MODAL

I
TSHOP
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What is the correct amplitude level for modal testing applications?

The excitation levels for modal testing are usually very low.

There is no need to provide large force levels for conducting a
modal test especially if appropriate response transducers
(accelerometers) are selected with good sensitivity.

The level only need be sufficient to make good measurements.

In fact large force levels tend to overdrive the structure and can
excite nonlinear characteristics of the structure and provide overall
poorer measurements than with lower level force tests.
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What is the correct amplitude level for modal testing applications?

+Z/2:+Z MIMC
+Z/2:+Z SIMO

¢ jtud
S M TS

o
o

0O —— FRF2:+Z/2:+Z MIMC
0O —— FRF2:+Z/2:+Z SIMO

o
S

/

Amplitude

o
©
S

T
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What is the correct amplitude level for modal testing applications?

40.00

(m/s?N
dB
L L L L B
L —
<y
i
}
T
P——
—_—

0O —— FRF 4:-Z/2:+Z MIMO
O —— FRF 4:-Z/2:+Z SIMO

1

-60.00

/

Amplitude ¢

o
o
)

e 8
o T :
FTTTTTTTTY |

o
o
o
&

800.00

High excitation level degrades drive point FRF guality
and measurements across components may be worse!ll
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How many shakers should I use in my modal test?

The number of shakers is often a difficult one to answer.

Basically there are never enough shakers when conducting a large
modal test.

Often we are limited by the total number of shakers available in
the test lab for modal testing.

Usually two shakers are sufficient for many tests. Sometimes
three or four shakers are needed for much larger structures.

But generally more than five shakers are rarely used.

The main point is that there needs to be enough shakers acting as
reference locations that are positioned so that all of the modes of

the structure are adequately excited and good frequency response
measurements are obtained.
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How many shakers should I use in my modal test?

©
=}
o
o
S

_ @
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Why bother with MIMO ftesting? Why not run a SISO instead?

Single shaker testing is adeguate providing all the modes of the
structure can be sufficiently excited and measured.

In component testing this can often times be sufficient.

However, when structures have several components, then the ability
to provide sufficient excitation to acquire good measurements
across the whole structure may be difficult.

Tests can be conducted with a single shaker that is moved to
different reference locations but generally this does not provide
consistently related measurements.

When this is the case (as it often is), then MIMO is needed.
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Why bother with MIMO ftesting? Why not run a SISO instead?

I "SRR Y
FRFs Using SIMO vs
FRFs Using MIMO ’

Blue Shaker is Reference for SIMO & MIMO
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Why bother with MIMO ftesting? Why not run a SISO instead?

15.99 0.96

- SIMO -

z 8
NQ % - - g
£ g
L i <
-9.05 i | | |_ 0.71
607.85 Hz 696.46
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Why bother with MIMO testing? Why not run 3 SISO instead?

t
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Why bother with MIMO testing? Are modal results better?
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Why bother with MIMO testing? Are modal results better?
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Why bother with MIMO testing? Are modal results better?
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Why bother with MIMO testing? Are modal results better?
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Why bother with MIMO testing? Are modal results better?
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Why bother with MIMO testing? Are modal results better?
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Why bother with MIMO testing? Are modal results better?

1.00 A

MIMO Test Stabilization Plot (Close-up)
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Experimental Modal - Considerations and Use

Several items are very important

Test Setup - boundary conditions

Excrtation Methods - accurate measurements

Parameter Extraction - accurate parameters

Dynamic Model Development

(some personal notes from experience)

123 Dr. Peter Avitabile
Structural Dynamics & Acoustic Systems Lab

Excitation - Do’s and Don'ts




Things to Consider

Test Setup

* Pre-Test helps in so many ways but be careful to not fully
rely on the model to be correlated

- Do everything possible to make the best possible
measurements (or the original sin results)

- Make sure that all measurements are consistent

- Be aware of all boundary conditions such as support
structure, shaker stinger interaction, instrumentation
effects on structure
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Things to Consider

Test Setup

Check for overfoads and underfoads of transducer

Check for saturation of signal conditioning

Check linearity of structure

Check mass loading effects of transducers

Check frequency shifts due to support condition

Check freguency resolution for measurements
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Things to Consider

Measurements

- Check every measurement including input/output time

traces, power spectrum, freguency response function and
coherence

- Check reciprocity where possible

- Repeat drive point measurements on test that require

multiple sets of data to completely describe all points on
the structure
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Things to Consider

Impact Technigue

+ Check FRF with different tips, over different fregquency
ranges with different resolutions

- Maintain consistent force level for measurements

- Impact the same point in the same direction for each
measurement

+ Compare different number of averages to determine
convergence to FRF

. , p 127 Or. Peter Avitabile
Excitation - Do’s and Don'ts Structural Dynamics & Acoustic Systems Lab




Things to Consider

Shaker Excitation Technigue

- Check force/quill alignment to prevent any overturning
moments on force gage

- Check reciprocity on MIMO ftests

- Try multiple excitation technigues to determine what
technigue works best

* Check drive point FRFs when multiple banks of data are
collected
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Impact Animation
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