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Precise Forces Prediction by Indirect Force Measurement and Pseudo-inverse Technique
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ABSTRACT

In the design of structure the forces acting on the structure are important parameter for noise and vibration control.

However, in the complex structure, the forces at the injection point on the structure cannot be measured directly. Thus it is

necessary to find out indirect force evaluation method. In this paper forces have been measured with in-situ vibration

responses and system information. Three existing techniques of indirect force measurement, viz. direct inverse, principal

component analysis and regularization have been compared. It has been shown that multi-vibration responses are essential for

the precise estimation of the forces. To satisfy those conditions, Rotary compressor is adopted as test sample, because it is

very difficult to measure the injection forces from internal excitation to shell. It has also been obtained that relatively higher

force is transmitted through three welding paths to the compressor shell. It shows a good agreement between direct and

indirect force evaluation with curvature shell and plate and is investigated the possibility of force evaluation of rotary

COmpressor as a complex structure.
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Fig. 1 Exp. Apparatus of Plate and Shell

ol &e) e e A

£
g o

A
s
g HEo A& AF A4S YA ZRis
& 50%60*3.2[mm~2]olH. ZFRIEL2 2, SHA
< taed 12 & SA8A w FEL X
& Shell o wisiMx 7pd9 M FH &

< ox
=]

g3klch Shell o 2 7fe A7 7HX
Shaker)& |23} Exciting Force % %
9S EAste ¥ Shell o ois 7xIHEY
& :23 Axvtet AH A Aite Hliﬂla—
sttt A o] 7H@$EL % 1bel EA]E}‘ﬁ
o Fabg B4 7] B&K 3550, 4% 7137
T  B&K 4810, YAlX=  B&K 8200
(Conditioning Amplifier B&K 2635), Power
Amplifier & B&K 2706, AF ZHo| o] &3k
7} A= PCB JM353 (Power Supply PCB
480B)S ©o|&33lX B&K 3550 EA47)=
TEEE-488 Interface & %3 Pentium 3 PC Z
Data & d< MatLab 2. & 24 &k Program 2 2
R4 sl

¢
)

—\)—J' tand F‘IO

32 A i

321 712 &% Hzmt
A#8Le 37 HBo)A Direct & o] E 7} A5}
71 9 AL 4% Regularization, PCA 2] v} 214

3 A
I FES XEI Shell oA ZF W] v

- 566 -

FHEE FAEHA -E—“?‘S}S’il:} Oy 2 = L
RS A AH SR Axel dAoht §8
A+E Sol A4 she How 24 s oat
g g2 wme 1yl
Y
& 2.3 ¥ PCA Methed
s 21 & & - Regularization Method
S 19 Direct Method
T '
= 1.5 F A
HIRERS A
T o
R s S-S
0.7
0.5 me +
3 4 5 6 7 8 9 10 1" 12

Number af Response Point

Fig 2. Error Comparison

g 2 oA A eAE Fo]7] YulAle
S99 AMFE s2lor s, LAE HAFS] ¢
;A e odﬁr A7 sior ghch PCA W
oA & 4 Kol §FAHl 4 A oA FEE
238 HEF SHHA s oprjd dd¥
Random L.x+& F7F A7) A €}

Force Level (dB re 1N}

o 800 1600 2a00 3200 4000 a800 5800 6490
Frequency (Hz)

Fig. 3 Direct Method (2 Input 2 Response)

Force Leve! (dB re 1N)

o 8c0 1600 2400 3200 4000 4800 5500 5400
Freauency {Hz)

Fig. 4 PCA Method(2 Input 2 Response)

20

Force Level (dB re 1N}

o 862 1600 2400 3200 4000 4800 5600 6400
Freauency (Hz)

Fig. 5. Regularization Method(2 Input 2 Response)
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Fig. 7. Exp. Apparatus of Rotary Compressor.
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