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Determination of Excitation and Response Measurement Points
for an Efficient Modal Testing

Jong-Pill Park, Kwang-Joon Kim and Youngjin Park

Key Words: Modal Testing(= % £|%), Excitation Point(7}%1%), Response Measurement
Point (&5t 2AA), Error Cost Function(& 2} w]-&3<4), Singularity Factor (&
o|elz}), Driving Point Modal Constant (7} A A 2.9 & Al<)

Abstract

A method, which uses analytical or numerical modal analysis results, e.g. from finite element
analysis, to select desirable response measurement and excitation points for an efficient modal
testing is introduced. First, points of master degree of freedom(DOF) are determined so as to
statistically minimize errors between responses of a full order model and those estimated from the
reduced order model. Such master DOF’s are selected as the response measurement points. Then
a criterion named ’driving point modal constant (DPMC)’ related to the magnitudes of resonance
peaks of the driving point freqency response functions is used to select the point of excitation out
of the master DOF’s. In this work, the method is demonstrated through applications to modal
testing on a one dimensional cantilever beam and an aluminum plate and the results are compared
with those by another technique. Also, the method is applied to a two dimensional structural
component of a passenger car.
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Table 1 Weighted average driving point modal
constant WDPMC at 7 nodes of the canti-
lever beam when the lowest two modes
are of interest

WDPMC(;)

0.0
0.0012.
1.1548
8.0902
9.6046
3.3658
22.4665

Node Number: Rank

N O e W
o DN W o YN

Table 2 Weighted average modal constant WMC
at 7 nodes of the cantilever beam when
the excitation point is 7 and the lowest
two modes are of interest

Node Number: ; WMC (7) Rank
1 0.0 7
2 0.1369 6
3 1.4043 5
4 4.0173 3
5 4.6078 2
6 2.3974 4
7 22 .4665 1
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Table 3 Combinations of 2 master DOF’s and
corresponding ASF values for cantilever

Master DOF’s ASF

60.1495
14.0782
6.8635
4.4543 .
5.1974
11.9426
3.5844
2.0143
2.1997
4.1693
1.7677
1.5073
2.3333
1.5905
2.8705

Do
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(a) Measurement at Full Nodes

(b} Measurement at Nodes 5 & 7
(WMC and Linear Interpolation)

<\

(¢) Measurement at Nodes 4 & 7
(ASF and Linear Interpolation)

<\

(d) Measurement at Nodes 5 & 7
(WMC and Transformation)

<\

(e) Measurement at Nodes 4 & 7
(ASF and Transformation)

Fig. 2 The second mode shapes of cantilever beam

A

Fig. 3 Plate model

X

Table 4 Mode shape estimation errors AU, for two measurement point selection methods and mode
shape expansion methods in case of cantilever beam
AU,
Selection Method | Expansion Method

k=1 k=2 Average
WMC Interpolation 0.01825 0.08762 0,05293
ASF Interpolation 0.01276 0.05282 0.03279
WMC Transformation 0.00157 0,00940 0.00549
ASF Transformation 0.00134 0.00854 0.00494




g4 23

Table 6ol Bojzl ulo} 2o, sh3 =leba gt o
AN EAAL A 1(EFL INE 28 A
4, 10, 28, 37(% 1), 40°l=t,

o A S0l A kol 7 =3 AR

HIleHyo _,_147:174]1 A AL A9
407 ARFANA AR AAE AAse ZE =2¢
o & C —38383809_11 ol 5 mEo] uish Al
(26)ol o1gt ASF3r& Al4bgk 2=, ASFgrel 7}

A e cﬂiz}%ix]xg&%t 1,4, 5, 37, 40, 410
o] 7 %2l ASFZ2 1.92710]9t}, o] 6709 AH
Zy7tel] oisled WDPMCZ-S A4S Axt A 1
o] FtalHd oz AAs G,

®7)3133 YL me{g A SolUdxrly

Holl A ol mie} o] AAAFE o AAAH
=42 F7lol wtel Al EolalalE u]mA ALl
obe e F+ FAI A= Fdd A4
EFeAge] Aol F2EY JeEd Y4

=AYE 9% AR

S ELETL

2este] ZtAd wl & 3
#AF o, =4 AAH 3o g ASFE Hlu
Al grlet= ASF o AAzA AdAql o= &
Avez, & 18c 2 x5 we} HEAFEA
Ao AAAY A%-F WHEY 4 enz P4&
x2g 3 7hA ekl wHsiAat ASFE e sA 4
e Aol vighA s}y, o)s} zFol Hwhe YA
2efsted 1,4,8,37,40, 442 FA4E =TS d9=
ARged, o Ao ASFZHe 2.3333°]3ith
Table 3of] 2l TR HSola] B 4 Q%o
AR HxAel 1nek 22 2 Hol ohe wheh
A HEAFEACR A%F Aoz & & Ush
ARAAL o] od4l AAFolq WDPMCA4 7
B vigoz Ay 12 AA4slge

Table 7ol ol%xs) A3t vhabrixlz ¥
d " SAAA] A A dele] $EHe S
Jlaked Y4¢ 229 ASFrMS slanE s

rlr

J

ol

Table 5 Weighted average driving point modal constant WDPMC at 45 nodes of the cantilever plate

when the lowest three modes are of interest

Node Number:j WDPMC() | Rank Node Number:j WDPMC(j) | Rank
| 92.6929 I 24 2.6572E—24 37
2 5.8799 9 25 2.8197E—-24 36
3 4.2221 15 26 2.0291E—-30 40
4 11.8617 5 27 0.0000E—00 41
5 4.5366 13 28 43.3780 3
6 9.6508E—01 19 29 7.1530 7
7 6.9636E—02 25 30 3.966E-01 23
8 4.1341E—04 31 31 5.8318 11
9 0.0000E+00 41 32 2.7290 17

10 43.3780 3 33 6.9388E-01 21
11 7.1530 7 34 6.0607E-03 27
12 3.9667E—01 23 35 4.989SE—04 29
13 5.8318 11 36 0.0000E +00 41
14 2.7290 17 37 92.6929

15 6.9387E—01 21 38. 5.8799 9
16 6.0607E—02 27 39 4.2221 15
17 4.9895E—04 29 40 11.8617 5
18 0.0000E+00 41 41 4.5366 13
19 1.0110E—-23 34 42 9.6508E—01 19
20 1.1874E—-25 39 43 6.9636E—02 25
21 1.3584E—24 38 44 4.133SE—04 32
22 8.1311E—-24 35 45 0.0000E+00 41
23 6.2455E—23 33
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Table 6 Weighted average modal constnt WMC at 45 nodes of the cantilever plate when the excitation
point is 1 and the lowest three modes are of interest

Node Number:i WDPMC (@) | Rank Node Number:i WDPMC () | Rank
| 92.6929 | 24 1.5019E—11 36
2 22.3246 11 25 1.4733E-11 37
3 18.9737 15 26 1,2106E—14 40
4 37.0971 5 27 0.0000E+00 41
5 21,7935 13 28 83.2065 3
6 9.4502 19 29 24.7743 7
7 2.4223 25 30 5.5989 23
8 1.8161E—01 29 31 23.9459 9
9 0.0000E+00 41 32 16.0250 17
10 83.2065 3 33 7.3861 21
11 24.7743 7 34 2.0531 27
12 5.5989 23 35 4.9895E—-04 29
13 23.9459 9 36 0.0000E+00 41
14 16.0250 17 37 92.6929 |
15 7.3861 21 38 5.8799 9
16 2.0531 27 39 4,2221 15
17 1.7965E—01 31 40 11.8617 5
18 0.0000E+00 41 41 4.5366 13
19 3.3590E—11 34 42 9.6508E—01 19
20 3.5732E—12 39 43 6.9636E—02 25
21 1.0145E—-11 28 44 4.1335E—04 32
22 3.0226E—11 35 45 0.0000E4-00 41
23 7.8253E—11 33
Table 7 Mode shape estimation errors 4U, for three measurement point selection methods and two mode
shape expansion methods in case of cantilever plate
Selection Expansion 40,
Method Method k=1 k=2 k=3 Average
WMC Interpolation | 0.6834E—02 0.3205E—02 1.8319E—~02 0.9453E—02
ASF Interpolation 0.7950E—02 0.4513E—02 0.9365E—-02 0.7276E—02
Geometric ASF | Interpolation 0.6882E—02 0.4156E—02 1.5216E—02 0.8752E~-02
WMC Transformation| 0.3311E—02 0.3218E—02 1.1963E—02 0.6134E—02
ASF Transformation| 0.4882E—02 0.2752E—~02 1.0416E—02 0.6023E—02
Geometric ASF | Transformation| 0.4363E—02 0.3633E—02 1.2075E—02 0.6690E~02




21 24EAYE A% AR HEAe A

1651

Geometric ASF

(b) Measurement at 6 Nodes and linear inter polation

Geometric ASF
(c) Measurement at 6 Nodes and transformation

Fig. 4 The third mode shapes of plate

A
P
2
2
)
2
it
fd
o
il
o
i
o
o
ofo
o
2
a9
o
ob

e e

ZA3E 2eFa Yo

3.3 HofSo|elAHYolelst SEA=EEHAH
t (Deck cross Member : DCM)o| 2=

AE
B Aoy &3l gAY AxE 4
DCM% 52870 W8 fatesz alAg Axgol
® 350 (94Hz, 279Hz, 600Hz) 8} 290l s =
2= ¥4 Fig 50 Eol rufe} o] melsYw
2070 A AoAe Bt o] &5k
$A 60 AAE #HE £ de € 247502071
A7 $)ell clsled ASFz& Alardk Ax, €4 1
we) 2% AA 16, 20, 21, 22, 27, 29°jx, 7}
A v =23 1,2,3,4,5 909 F 7399 s
AAL WDPMColl olsf 22 9 52 AA=
ez PFAL nysle IEAFEXAE 1670
2 AAsa, 1,35 8,9 11,13, 16, 17, 22, 25, 26, 27,
28,292 o|-Folzl 2%} 1,5,8,9,13, 16, 17,19, 21,
22,25,26,27,28,29% o] F oA =g oo
ASFgr& Abstded 7zt 1.54786, 1.30597°¢]
ek FAAAAL 5 A$ =5 WDPMCAAA

,,,
2o

28 ARSI, ol 4dRE g HAFAH
2e=gant 2970 Aol A4 4" =42
43e] e3t% Table 8o wtebiiet, 22lx Fig.
6ol H7kAl Aol wste] 3 %
veb Aot

rE
2
b
o
|
oflt
O
o

671 AHE Blg A, 379 mLzo osled
zlote] HFPAArt AAe AAel via G
o2 of 3E Y Aol ¥33 AcE 4AA
4 4=k, Fig. 6o] BeiFxm gl%o] =3 F-¥3H
ozul AL ZulEzA AT ¢ AAH2E=E
abol zA Ezlz ok 674 A ZE =¥
(47502070) & wlmAlAbsted A=l Rez XA

Fig. 5 Nodes of deck cross member



1652

(a) Measurement at full (29) Nodes

T &

Best ASF Worst ASF

(b) Measurement at 6 nodes and transformation

<

Geometric ASF = 1.5479 Gepmetric ASF = 1.3060

(c) Measurement at 15 nodes and transformation

= =

Geometric ASF = 1.5479 Gepmetric ASF = 1.3060
(d) Measurement at 15 nodes and linear interpolation
Fig. 6 The third mode shapes of DCM
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Table 8 Mode shape estimation errors 4U, for different master DOF’s and mode shape expansion

methods in case of deck cross member

.

Expansion 4U,
Master DOFs

Method k=1 k=2 k=3 Average
16,20,21,22,27,29|  Transform 0.01065 0.01869 0.02340 0.01758
12,3459 Transform 0.07544 0.03225 0.06587 0.05785
1,3,5,8,9,11,13
16, 1277’,2228’,2255 26, | Transform 0.00495 0.00810 0.02205 0.01170
1,5,8,9,13, 16, 17
19.21, 22,226 | Transform 0.00352 0.00896 0.02167 0.01384
1,3,5,8,9,11,13
16, %g gg 2526 | Interpolation 0.00685 0.00567 0.01139 0.00797
1,5,8,9, I3, 16, 17
19.2),22. 2528 | Interpolation 0.00403 0.00564 0.0076! 0.00576
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