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Multi-Objective Optimum Shape Design of Rotor-Bearing System
with Dynamic Constraints Using Immune-Genetic Algorithm

Byung-Gun Choi and Bo-Suk Yang

Key Words: Rotor Shaft(3] A=), Critical Speed($1 @4 %), Bending Stress(T3-58), Genetic
Algorithm(f+ A €18 5), Immune Algorithm(H € ¢ 112]E), Multi-Objective Optimum
Design(THe 2 2 A4 A))

Abstract

An immune system has powerful abilities such as memory, recognition and learning how to respond
to invading antigens, and has been applied to many engineering algorithms in recent year. In this
paper, the combined optimization algorithm (Immune- Genetic Algorithm: IGA) is proposed for

" multi-optimization problems by introducing the capability of the immune system that controls the
proliferation of clones to the genetic algorithm. The optimizing ability of the proposed combined
algorithm is identified by comparing the result of optimization with simple genetic algorithm for two
dimensional multi-peak function which have many local optimums. Also the new combined algorithm is
applied to minimize the total weight of the shaft and the transmitted forces at the bearings. The inner
diameter ©] the shaft and the bearing stiffness are chosen as the design variables. The dynamic
characteristics are determined by applying the generalized FEM. The results show that the combined
algorithm and reduce both the weight of the shaft and the transmitted forces at the bearing with
dynamic conatriants.
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Fig. 6 Schematic of the rotor-bearing system

Table 2 Configuration data of a rotor-bearing

system
Station No. Axial distance to station 1 (m)

1 0.0

2 0.0429

3 0.0889

4 0.1049

5 0.2017

6 0.2769

7 0.4420

8 0.5944

9 0.7468

10 0.8992

i1 1.0516

12 1.2014

13 1.2794

E = 2069GN/m’, ¢ = 8193.0kg/m’

roi = 0.0295m, i = 1~12

Table 3 Rigid disk data

Polar moment |
Station | Mass . Diametral moment of
N ke) of inertia inertia (k 3
0. g inertia (kg - m
(kg - m’)
1 11.38 0.1953 0.0982
4 7.88 0.1670 0.0835
5 7.70 0.1761 0.0880
12 21.70 0.4448 0.2224
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Table 4 Inner radius of shaft element and bearing
stiffness for original and single objective
optimization designs

Single objective design: W or F$

. I1GA
Shaft Original Bearing force,
element No. Value | Weight, W F;’;’
Inner radius (cm)
1 1.882 2.6860 1.5905
2 1.940 2.6805 2.6800
3 1.466 2.6545 2.6820
4 1.660 2.6790 2.6695
5 2.151 24710 2.1930
6 2.690 2.6860 2.3721
7 2.690 2.6855 2.6895
8 2.690 2.6895 2.6740
9 2.690 2.6845 2.6335
10 2.690 2.6875 2.0950
11 1.420 2.4955 1.4200
12 1.880 2.6001 2.6900
Bearing No. Bearing stiffness (MN/m)
1 3.5 3.668 3.668
2 127.0 173.91 153.7
3 12.0 4338 3.5

Table 5 Critical speed, shaft weight, transmitted
forces, maximum amplitude and bending
stress for original and single objective

optimization designs

-~ IGA
Original Bearing force,
Value | Weight, W
g F
Critical speed, «  (rad/s)
w3 685.84 53835 549.86
w5 2646.14 | 2309.80 2301.05
Shaft weight, W(N)
W 100371 | 54.888 | 96301
Transmitted force, F?
F} 13.562 9.808 15
F} 475599 | 339.906 543.1
F} 461366 | 183498 114.71
Maximum bending stress, ¢ (MPa)
MaxBS 4529 | 22056 | 3575
Maximum amplitude, & (2 m)
Maxdmp 789 | 6587 | 689

N

g 20749 olAHER EASFAT. HAY B
qe HAel BUEE YA SYHEE WA
Ze WYY 4 F2 A7 3 F oJANER
vehgich wetd & AAe 2Eg ol 20X
57t "ok AgS s FH2AA 4 1994
A5 g g FOoHA Y9¥84E 037 24
&2 339 2,,(=830rad/s) it} Hom
L2v) @A, A HA AEEE 057t EHEEY
@h—\sl'?l Qh,-gh(=1770rad/s) EE}‘ 3‘1015:— 1~3HH
A 7tz 129 138 Agsach wakA 4 (15)
' ogd go] Yvekd $ 9o

g1(X)= w§—691.67rad/s <0
2 (X) = 2301 rad/s — @ §<0 @4
a8a F¥Ey Bydegy FExA] 2
6)lx ¢ & &' zzt 150MPaz 100#m
2 A"sig. dANSEY 948 el 2
.
0.0142m< 7;<0.0269m, i=1~12 (25)
3.50MN/m< k£ °<175MN/m, i=1~3(26)
WA, IGAE 9B g 1839
i1, Table 49} 50 2 AaAE eiich

?z ??67391011?13
B B o i B s — -
l E; 4 5 5; 12 E;
(a) Original design
@ 2 3 @ @ 6 7 g 9 10 n @ 13
e
1 < 4 s ,%, 12 ’%’
A
(b) Optimum design(weight)
? 2 3 ? ? 6 7 8 9 10 11 ? 13
B eI T T e
12

1 5

RINYYY)
Y VWY
R
NYWY
NIy,
YW

(¢) Optimum design(bearing force)
Fig. 7 Original and optimum shapes for single
objective design
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Table 6 Inner radius of shaft element and bearing
stiffness for original and multi-objective
optimization designs

Multi-objective design: W or F}

Shaft Original WM IGA
Value
element No.
Inner radius (cm)

1 1.882 2.296 2.6890

2 1.940 2.369 2.6895

3 1.466 2.690 2.6770

4 1.660 . 2.618 2.6900

5 2.151 2.690 2.5745

6 2.690 2.690 2.6900

7 2.690 2.690 2.6900

8 2.690 2.690 2.6900

9 2.690 2.690 2.6900

10 2.690 2.690 2.6900

i1 1.420 2441 2.2165

12 1.880 2.287 2.6900
Bearing No. Bearing stiffness (MN/m)
1 35 3.5 35

2 127.0 128.0 174.8
3 12.0 35 3.5

Table 7 Critical speed, shaft weight, ransmitted
forces, maximum amplitude and bending
stress for original and multi-objective

optimization designs

Original
WM IGA .
Value
Critical speed, o ¢ (rad/s)
¢ 685.84 514.44 519.22
w§ 264614 | 2365.15 2366.27
Shaft weight, W(N)
w 100371 | 61076 | 57339
Transmitted force, F' ?
F? 13.562 9.303 8.860
F} 475599 | 338.591 327.866
F3 461366 | 146.158 141.018
Maximum bending stress, ¢ (MPa)
MaxBS 4529 | 22688 | 2354
Maximum amplitude, J (pm)
MaxAmp 789 | 653 | 649
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Fig. 8 Original and optimum shapes for

multi-objective design
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