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ABSTRACT

The stiffness of joint parts in the finite element beam model are corrected by the direct
comparison between the modal test and analysis model. The corrected stiffness are reviewed
according to the boundary conditions of modal testing. For the improved modal test/analysis correc-

tion, more modes measured than acceleration sensors are used to make a minimal order system
model. In addition, the initial F.E. model is reduced to the degrees of freedom of a minimal order

system model, keeping the dynamics of the initial model. Finally, for the parametric correction of
the reduced model, the submatrices are used to model the initially assumed stiffness.
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(Fig. 1) Finite element modsl of a beam with
42 DOF

(Table 1) Natural frequency(Hz) of Case | with
a fixed-free condition

Mode Exact Initial model Corrected
No  model A B mode]
1 13.5 5.6 56 13.5 (0.0)
2 84.7 40.3 403 82.0 (3.2
3 237.2 2359 2359  237.0 (0.1)
4 4648 344 3444  450.7 (3.0)
5 768.1 7544 7544 T765.8 (0.3)
6 1147.2 951.2 951.2 1114.0 (2.9
7 1602.0 15734 15734 1591.6 (0.6)
8 21327 1861.1 1861.1 20739 (2.8)
9 27398 25283 2528.3 27084 (1.1)
10 34237 30754 30754 33334 (2.6)
11 41854  3665.7 3665.7 4108.6 (1.8)

A® Unreduced model B: Present TAM
() : error percent, Eq. (28)
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(Fig. 2) Mode shapes of the initial beam model
with the fixed-free condition
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(Fig. 3] Comparison of mode shapes between
the exact and corrected model with
the fixed-free condition
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(Table 2) Corrected stiffness of assumed sp-
rings in the fixed-free beam

Case 1 Case II
Number of
modes used 7 11 5 7
in Eq.(24)
No. of

lterations 21 4 12 3

kl 50.8 100.7 50.6 101.2

k2 11282.0 6169.3 7426.0 4304.2
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(Table 3) Natural frequency(Hz) of Case l-a with
a free-free condition

Mode FExact  Initial model Corrected
No  model A B model
1 0.00046 0.4363 0.4363 0.4362 )
2 0.00054 0.4508 0.4508 0.4508 -)
3 86.0 162 16.2 825 (4.2)
4 2371 2358 2358 237.0 (0.0
5 4648 3469 3469 4505 (3.1)
6 768.2 7544 7544 7666 (0.2)
7 11473  951.1 951.1 11133 (3.0)
8 1602.2 1537.6 1537.6 15953 (0.4)
9 2133.1 18614 18614 2073.1 (2.8)
10 27404 2528.7 2528.7 27197 (0.8)
11 34245 3076.1 3076.1 33324 (2.7)

A: Unreduced model B: Present TAM
() : error percent, Eq. (28)
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(Table 4) Corrected stiffness of assumed springs
in the free-free beam

Case I-a Case Il-a
Number of
modes used 7 11 5 7
in Eq.(24)
No. of
Iterations 4 4 10 4
ki 223 1278 127.0 106.7
ko 34129.7 5987.0 5477.3 7742.9

----- Undeformed
shape
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(Fig. 4) Mode shapes of the initial beam model
with the free-free condition

<-e Undeformed
shape
Exact madel
1 —— b5t mode
{ —e— 2nd mode
—a— 3rd mode
Corrected model

—o— 1st mode

Normalized eigenvector

—o— 2nd mode

—&— 3rd mode

0.50 - T —T= T —r—
201 204 208 212 216 220

Node number

[Fig. B) Comparison of mode shapes between
the exact and corrected mode!l with
the free-free condition
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