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Finite Element Model Updating and Vibration Analysis of PMDC
Motor Rotor System
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Abstract : In this paper, finite element modeling was performed for vibration analysis of a rotor system
installed in sunroof motor, and analysis process was developed for natural frequency and unbalance response
analysis. At the same time, to reduce analysis modeling error caused by the difference between analysis and
measured values, finite element model updating was conducted using an optimization algorithm, i.e. hybrid
genetic algorithm and simulated annealing (HGASA) method. For this end experimental modal test was carried
out and by using the measured frequency response function (FRF), model updating was performed considering
both cases where core coil was removed and included. And acceptable result was obtained. Also, dynamic
property coefficient of bush bearing which influences vibration response of the rotor system was estimated.

1.4 B 8 &32)E9 HGASA 717" e Hgste] f3a
A Ed7)X(model updating)S 3373t o]
AFAE7/(DC motor)@ AR JFFAAE st AR4 R ANRS AAsha, S4E 53
ARSSEAL B AAH A7 AR ZYE o] &3t TR F SHEF(FREE o] &3t @A o] AA
A7171A19) shtE, A7IAbel 2= AR HEs @ A9 a8 A9 o8 2l ds AAls
AgA Do ZH Ag o] vk Folgo R 3|deS a1 Y5d Ayt dojFe Itk =S S
ARAI71= Ae7)olth 729 s 8ot vwd 9 HE5dgdd 8% Oﬂ"*o A= Wojy i
rdstal, AEE 7pAo R Akl sbwaiy, A o FEA ASFE FAs A
Aozt Lolste] AoE HAF7|EA ofF 5%
54 7 flen®E g Fye] o R 2. 3719l =
Al e ARRE AL 9)\‘:}. 53] AFag gfolH, &
e}, &4, AFZ 59 FFAA= hE-& 74
2% 2 F%57](permanent magnet DC motor)7}
REEERE
B dFdME el gREE ARz %) /1 o winee |

iy L [CepBor|
e o RdYS 533} \ ==
298 SN e A% H@,ﬂ '

Aed o 2007d 1€ 26, A=A 0 2007d 28 109
SRR JAAD - BARstw 7 A TSR
E-mail : bsyang@pknu.ackr Tel : (051) 620-1604

7188+ : Queensland University of Tech, &38A] A~ &3} Fig. 1Z £ A7 A4 AF7)9 725 e
$58, oL, A ¥AdE e Atk AR AT AEE A A A



Ag9 -5 - o AG - A4 - Fal

UAZ MAFE 4% $29 olF A&
s3 954 7Eo 4a@ a9 BRcE W
AAZE Aol BRoE roldt ojnde)
g4 2 954 Fol 5y

SN CEEE

e |zl

Fi2 As d3 gl
el fF(disk) 842 R
ring® ring magnet’= YH QAF A
aEsl BHel AFAS AEeE ow @
atdck o] dAErlddl ARgHE= HolEL2 T
bush #lo|®g e &, wlolgls MAshs 2t A2y
A S 2 AR B PARAS sk ol
A gene Wolw BEA dohe AP Wi
33Hol A AABE] drdgict

o o
T [T

Fig. 2 Finite element model of motor rotor system
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Fig. 6 Experimental FRF results for a rotor system
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Table 1 Updating parameters and constraint conditions
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for Case 1
No Parameter Constraints
1 Core stiffness 8 < D4y < 25 mm
diameter DA=D(5=D:(6)=D;

2 | Worm gear diameter 52 = Ds(19) =Dy = 8mm
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Table 2 Updating parameters and constraint conditions
for Case 2

Mo Parameters Constraints

8 < Dy4) < 25 mm

1 . .
Core stiffness diameter Did)= Dy(35)= Dy6)= D;

2 Core add mass, #g4) 12 = mu(4) = 50 g

Core add mass, »(5) 12 < ma(5) = 50 ¢

Core add mass, ma(7) | 96.7 — md) — 2 maf5) g
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Table 3 Updating results for Case 1

Toung's modulus 190 < £ < 220 GN/m’

4 | Mass density 7700 < p < 7900 kgfm®

Parameter Original Optimized Measured
De (mm) 8.00 12.46
D (mm) 5.20 5.67
E (GN/m®) 205 194
o (kg/m”) 7800 7865
an (Hz) 1408.8 15157 15157
an (Hz) 3426.2 40172 4017.2
an (Hz) 3553.1 75220 75220

Table 4 Updating results for Case 2

Parameters Original Optimized | Measured
D (mm) 12.46 12,06
mA4) (2) 24.2 26.6
mL3) (2) 24.2 18.5
mA7) (g) 24,2 33.1
ay (Hz) 13329.9 1379.5 1379.7
an (Hz) 37606 37914 3791.7
arn (Hz) 6241.4 T2827 T284.0
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Table 5 FE model data

Shaft element (unit: mm)

Poisson ratio v

Geometric Stiffness
No. Length diameter diameter
1 6.6 8.0 8.0
2 6.8 8.0 8.0
3 6.8 8.0 8.0
4 11.0 8.0 121
5 11.0 8.0 12.1
6 11.0 8.0 12.1
7 9.0 8.0 8.0
8 6.5 8.0 8.0
9 6.5 8.0 8.0
10 64 8.0 8.0
11 64 8.0 8.0
12 64 8.0 8.0
13 64 8.0 8.0
14 6.8 8.0 8.0
15 57 8.0 8.0
16 56 8.0 8.0
17 4.1 52 52
18 4.0 52 52
19 5.0 56 56
20 5.0 56 56
21 50 56 56
22 34 52 52
23 5.0 4.0 4.0
Disk element
fp fd

No | Node ms (Q) (kq-mmz) (kq-mmz)
1 4 26.6 2176 5.16
2 5 18.5 2176 516
3 6 18.5 2176 516
4 7 331 2176 5.16
5 9 8.0 0.02 0.02
6 11 30 0.02 0.02
Material
Young's modulus E (GN/mQ) 191
Mass density o (kg/m?) 7865

0.3

Bearing element

No | Node | Stifiness (N/mj) Damping(N-sfm)
1 2 231,000 231
2 15 231,000 23.1
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