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Correlation and Update of Finite Element Model
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Wang, Se-Myung Ko, Chang-Seong
ABSTRACT

The finite element analysis (FEA) is widely used in modern structural dynamics because the
performance of structure can be predicted in early stage. However, due to the difficulty in determination
of various uncertain parameters, it is not easy to obtain a reliable finite element model. To overcome
these difficulties, a updating program of FE model is developed by consisting of pretest, correlation and
update. In correlation, it calculates modal assurance criteria, cross orthogonality, mixed orthogonality and
coordinate modal assurance criteria. For the model updating, the continuum sensitivity analysis and
design optimization tool(DOT) are used. The SENSUP program is developed for model updating giving
physical parameter sensitivity. The developed program is applied to practical examples such as the BLDC
spindle motor of HDD, and upper housing of induction motor. And the sensor placement for the square
plate is compared using several methods.
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2. AZENH 714 (correlation technique)
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2.1.1 Modal Assurance Criteria (MAC)
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2.1.2 Cross and Mixed Orthogonalities (COM and MOM)
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22.1 Coordinate Modal Assurance Criteria (CoMAC)
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3. M&H MA QLT (continuum design sensitivity)
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a, (Y +an @y = "d, (5,9 +cd, (¥, y) +6dh (1, ¥) ®)

7Hg 89l Y& Y=Y & 31, bilinear FENS} thAA( symmetric )& o]&3HH A )& A (99 2o He
g

¢d,(y,y) =25, (y.¥)—cdi, (v, ¥) +[a, (¥, ¥) ~ ¢d, (v, Y] (9)
1714 i ¥WE 2] A ZA( normalizing condition ), 4 (10)& =344}

d,(7,)=1 (10)
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4.1.1 Visual Inspection (V1)
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4.1.2 Guyan Reduction ratio (GR)
A2 e o A-FE(candidate DOF)ol tha] Guyan o9 A% 383 744 " 0|8 Axgt
GR =K, IM, (12)
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4.1.3 Modal Kinetic Energy (MKE)
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4.14 Driving Point Residue (DPR)
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F.E Model
|
rPre—test Analysis | [ TEST I | F.E. II’IOdel I
I Test Universal File | l Punch DMIG format I

l Selection of Sensor Location ]
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TEST UNIVERSAL FILE
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1% 4, BLDC 2¥E TE 29

612 RE &4
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122 =(2210 Hz) 23} E.E(2458 Hz) 332 =(3772 Hz)
2% 5 BLDC 2 #4 A3y
613 25 AH
BE AYS £33 A=

1% 63 2t

1AFE (2308 Hz) 2R =(2767 Hz) 3352 (3732 Hz)
23 6. BLDC 28 43 A7
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6.1.4 Correlation
E 1% o) RElel 4RBAE HELD 2 TIE CaMACTHE dehiich MACZS 24 £
Uou 3539459 217 10%E dol HFL&HA Edjr)

¥ 1. Comparison

Mode No [ FEM | EMA [ error (%) | MAC(%)

1 2210 | 2308 4,4343 0.962949

2 2458 | 2767 | 12.6525 | 0.908920

3 3772 | 3732 1.0604 0.754565
Co-MAC

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

29 7. COMAC correlation
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£ 2. Parameter value
Part x| X initial Xu X final
1 | 4.00E+06 | 6.50E+06 | 6.00E+08 {1.4768E+07
4.00E+05 | 6.50E+06 | 6.00E+08 | 6.6375E+06
6.00E+06 | 6.50E+06 | 8.30E+07 |{1.4988E+07
5.00E+06 | 6.50E+06 | 6.40E+06 | 6.4000E+06

HlWN

¥ 3 /N F9 Correlation

Mode No | FEM | EMA | Error (%) | MAC(%)
1 2321 | 2308 | 0.56326 | 0.946828
2 2596 | 2767 6.1755 | 0.902981
3 3813 | 3732 | 2.17042 | 0.751769

6.2 Upper Housing of Induction Motor
621 7st 24 29
= ZEQ AP AL 29 89 2o 2dd Hlor 28 REE CBAR 848 AHgstd 34 FA
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6.2.4 Correlation
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X 4. MAC correlation

.- FSETModa 1 L FRERMEder 2 FSETMode 3.
0.944088364 11750336000 0 00194316000551293570 0.00013445422754404860

-1 0.00110305357504196660  0,00031087909405394819 - 0,85213582959223345000
°3' | 0.00390607823638543950 * 0.80996132029397205000 - 0,00005573899479620838

Co-MAC
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29 11. CoMAC correlation

625 24 744
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2849 27 g3 2d AL F HF 3¢ Jehin B 68 AME ZBAE Yehdth MAC #e o)
AYLE Yo 39 1294 Rodxj%o] CoMACHE a3t oM B AudAE Jehich

¥ 5 CBARS A9 BA3

x| X initial XU X final

B1 [m]] 0.000001 | 0.0001 0.001099
H1 [m1]] 0.000001 | 0.0001 0.001099
B2 [m]| 0.000001 | 0.0001 0.000100052
H2 [m][ 0.000001 | 0.0001 0.000100052

I R Y Y

# 6. /IAF2] Correlation
Mode No| FEM | EMA |error (%) | MAC(%)
1 674 | 673 0.14 0.955897
2 863 | 765 12.8 0.852426
3 909 | 863 5.33 0.802957

Co-MAC

2% 12. CoMAC correlation

6.3 Square Plate
631 78 24 2RO A Hof
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At BEE 169709 BT 144709 A 842 2ddd § dNdge 19 133 2

122 =(731Hz) 222 =(1062Hz) 3 X =(1302Hz)
39 13 AL EHE BE Y dy
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7 A= 44
Mode 25 pts 9 pts 8 pts
Criteria| MAC | COM [|MAC| COM | MAC | COM
1 0.999 1 0.999 1 0.999 1
2 0.999 1 0.999| 0.999 | 0.999 | 0.999
3 0.999 | 0.999 {0.999( 0.999 | 0.927 | 0.616

7.4 8
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