e\ AEE 20019 E=A

KSME 015380

A4 g EE ol AEAE Mirror
Actuator9| HZAAHA
sels UM HH

Genetic Algorithm Based Optimal Design
for an Automobile Mirror Actuator

Wonho Park, Chaesil Kim, Heonoh Choi

Key Words :

Optimization(3 & 3}), Genetic Algorithm(F AR} ¢

@ &), Crossover(x}),

Mutation(E 4 ¥ 9}), Object Function(% 2 §4%), Fitness(¥HFE)

Abstract

The design of an automobile mirror actuator system needs a systematic optimization due to several

variables, constraints, geometric limitations, moving angle, and so on. Therefore, this article provides the

procedure of a genetic algorithm(GA) based optimization with finite element analysis for design of a mirror

actuator considering design constraints,

geometric limitations,

moving angle. Local optimum problem in

optimization design with sensitivity analysis is overcome by using zero-order overall searching method

which is new optimization design method using a genetic algorithm.
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Fig. 2 Geometry of the mirror actuator

QP g MARE vje) AFoolE e A
A FO|(TCHE #7191, 9710l AzH, ez
Hupabe] #2)E nstel Thgat 2ol Aely

o

TCH=hr+ht h, (1)



o] FE5AE, ML
He ol S 4ols
1 4o & 4 ot

ML = %h:xM, 2)

A7 o} ARZE Y] WA}
Aol thg A(2)9

>

o

A7V, ME TEZREVAIZE AR o'
St AL HXAF7] Y%k 217 8 4 (packing
factor)® 0.8 APk, 283, 9y
(mirror)®] FAoA ZrEzd ALY BXH 717
' 71E9e A2 REH 43T go| ALt
Hojd v,
MR = ML/tanl0’ (3)

gy, ARZE S} ARZEYAE Edre s
H7loje] RAHE FEQoZ AFZE 279
YA e & 9 &, ADE e 2

AD=d+2 1, 4
AdUAbE ALWS HAFL glen
oz FEA, & g o AETH Y
APARE ubel W2 7h dojfof &)

wo, ezl

DT:%H%()OL— 5)
a8BE ) Fig. 13 &2 vy dFdolg Alx
9o WAL FYoeRH AU $58 AR
doz zdat AERZAUAAAY HA Lo
H71olel BAS de gto] "y,

R= MR+ 34, ®)

23 A= x=HuAe = &AM

Fig. 3 FE Model for adjustor's guide

Fig. 3o ®HoxE YilE= ol#(nirror)E A
Ag Bt olyz}l v E A-52 ZFA7le 3

Z X (adjustor)Tn B Utk 449 oy
72w, Ztzke] ool FHoluE EE£77F At
ooty FPsH ALHE R oA &
3 ALEE AAGT}, o] viAbE HEC g
2 Aol AFZE 9] UAlLE det SlALE
ook 83, ALHo| FEox gug 73
ol ArzEvrte] Alzgt wmg

chE] Mgtel]l AFZE] LpARARS] FALSL
= W7 Bt FHglo] A-s)
shojof gith. mEEE, WAl 2lshd]
Hie AAWNSEd 2FEVAN GElFAL,, leg
thickness)® tha o gt 9324,
angle for adjustor's guide), th&lZdel( i, )ol uwh
g £33 g Mool WAE AAstr] sty &
fHstas Zeador PR i

O

o
ol
o

rui
Ho

ot =
H
= &
Mool ¥ ooy
o o3
o ©

ox
ox olf

238t Mirror

3.1 A3 2H HEY

2 AFola AAe vl AR olEle HAg
%) (Optimization problem)E w©lg] Fofo]e
UAlE el dATEe] vokd 2gE A4d
FHeARY ML Fsto], Fig. 1 e
g AFoole e WA (radius)S HAHYE F
UE AAUTE Fe Holo.
a8z, vee EF4E7E 100 2 dFHAE
g, 24 AAAHE JdehllE AFZE(shaft) 9]
olg} Wrlojel ol AR Yo &
< 134 °“E°ﬂ ol 9] FHA EUTCHE
20mm= AR, AFZE (shaft)ot hAY] o

= @719 %ﬂ—z} t REgow s|EsHo
2 oakzg o] A YainrEl & ol gi(AD)ol
B de) A 70%0lv e gt MFEHEE &
Hoew, FaasrRger HAHE A il
HA(DT )= AFEE(shaft)e] A gl=zbe
A #DODRG Aordch *%, FFLLE
2o SH(ST,,)S Ao FAESH(STHRT
A2 AAAGEAL P34 474 A5
o HEeHE 69MPacolth upzhA B Aol

-561-



258

#HA3 EFAE A4 (D

Maximize Ryrp =

3} 7o

1

MR+ 1/2d;

AD < 0.7ds(mm)
DT <DT,,

TCH < 0.0020 Comm)
STuns = ST«H

(7

32 MAIM o H4F
Fig. 29t #o] wl& f7elolg

Ao A.7Z+A R0 AFgL v XE 6717
Qo] FARAEB(d, .pitch daimeter), €7]ol]

AL Ng). B7)ofel FHALE WAL
of Fol( ot AAAF(d,) 28
vhate]l ot} FAl( ¢, leg thickness)9 v}

S B

3t
Az, =

o
o

B2k

7t e 24

=
=
=

of #lgal= ¥F2H 9, angle for adjustor's
guide)& M2 7lgtstd oz Ao dA@4ds

A3 goemg B AFgas

HAMGE BAsA
ubebAl 6719 Ao

A (8)7 o] Ao,

o] 671¢] QA&

oe AAAGELS

d(m) : 0.0045 < d, < 0.0065
NG(7H) : 48 < N(; < 63
h(m) @ 0.0100 < h, < 0.0140 ®)
d(m) : 0.0040 < d. < 0.0070
L(m) - 0.000 < ¢, < 0.0003
Hdeg) : < 6 < 5
AAE Frho]l AR A Hw z AR
of gt ARE 7tAs A ZgolE ARSI
of sht}, FAAle] FolE zZF dAWS] ARES
2 Jje] BEGBiIt)E YeER ke EAojt, &
AFME 6ho AAWSFd st 2z 5,
4, 4, 4, 4, 49 BE®Bit)E Fsto] AR 4
A ZPolZ 258 sk,
33 el golstseeo AHA
FAA ¢RYES ol&T Ak HFHAEA

(Constrained optimization problem)® 3%, A
kA wEy EH 4 (0bject Function) ZH o)
g8 FAlol sigsiol k. olE HF B AT
A= Ay #H A3 A (Optimization Problem)
2RH HYZ(Fitness)E 4 (9)9} o] As}
a, 4 (10)3 Zo] AgdxAE0] FAE B
o, o 45Ete HAAT(Pratio)E JtetRg

HH 57} ol FAXARE . HAATE GFY
Ao o] JAD 504U HAAWMFES di
Adzrr wEAR 2L ARoolge v s
7orEe} 2 43kt
Fitness = Ryp —P— P,— P;— P, (9)
P1=(lglgfgz%ﬂ)xpmﬁo it TCHY0.020
PﬁG%Q)xpmﬁo it AD>0.7 dg
' (10)
ST ws— ST o
Py=( ST w Lyxpratio it ST 4> ST ay
Py=( D T“g; DT\, pratio i DT>DT.,
34 REX 210252 o/ 25 =X MA
712G A4 zZtE g 49
aaH wd | =3¢ 27
—»] A 7ol

A 242 2Ae
vl AFolole] A

EETPX

e

\i

!

X

L 2 < (Fitness)

NERE
28 g

54
RS

s

qgE A% &9
(RE=AANF)

EEEESERL

l

No

Over Max Generatio

Number?

Yes

154

Az =9
(A=, 2AA%)

Fig. 4 Optimal design flow chart of the mirror

actutor system with G.A

-562-



FAR g5 EL o438 AFAE v AR
ol (Automobile Mirror Actuator)d] HA A7
= Fig. 49 Ze Aoz UAF 7t 0o HA

A AREL FAAE Ve wd wEgow

HAHSE Fogic},
42 o2 DE

41 FHEX gag| 5ol olsk = A3

Fig. 5% 3z &aelsd s s 2y
24 ZF AdiE Y Ag=E vgdsd A
7V Z7teta s A o3 dAI WEdFem F
7}t l*ﬂtﬂ((}eneration)l‘%ﬂ A 30,9749
gog gHE) e S HoFE3m 9

8

e e

8

Maximum Fitness Value

i
0 25 30 3s

Number of Generation

Fig. 5 Maximum fitness value

in each generation

42 ojg| HsojolEfo FH™PAM

0 008s

00080 - -)-
i

0.0088 4 f----

00050 .-

Diameter of worm gear(m)

20 25

Number of Generation

s 10 1% 30

(a) Diameter of worm gear

Fig. 6 Optimal design value in each

generation(cont inue)

32 B Loro X

63

Numger af teeth for worm gear(N)

1§ 2 25 38 3%

Numper of Generabon

(b) Number of teeth for worm gear

0.0070 —
—. 00065 4
£
3
2
5 0.0080 -
&
2
)
B
5
[=}
0.0045 t + + + . + ,
Number aof Generation
(c) Height of adjustor guide
sorze

00115

00110

Q0105 .-+

Diameter of adjustor gutde(m)

00100 -----1

20 25 30

10

a s 15

Number of Generation

(d) Diameter of adjustor guide

Fig. 6 Optimal design value in each

generation(cont inue)

-563-



0.001730 -}

0.00125 - --

0.00120 -f-- s

000115 .-

0.00140

Thickness of adjuster(m)

0.00105 -+ -+

0.00100

20 25 3 35 40
Nurnper of Generauon

o 5w 15

(e} Thickness of adjustor

£t
P Mmeotcenermon
(f) Angle for adjustor guide
Fig. 6 Optimal design value in each
generat ion
Table 12 HAA A2 AA == 504 th(Generat
“iomyel RHBAA R L ATmel o H
A AAESs ol
Table 1. Optimal design value using G.A
| A Ars AgE 243
d, (picth diameter of worm, m) 0.0046
Ng(No. of teeth for worm gear, m) 52
i (height of adjustor guide, m) 0.0100
d,(diameter of adjustor guide, m) 0.0048
t,(thickness of adjustor, m) 0.0013
! 9(angle for adjustor guide, deg) 335
23 RJT
| 4% "gs 30974 |
5 &2 =
1) A duglEs ol g A 7R
Fhad S8 g weg AMSHE XFAA v

-564-

o aRolole
W3}5ich,

A zgle) A A A

(3) vl AFeolg A
ohiz} ZtExdurte
FdFoan AFdolE
A& oz BeEn

=[x

Q.
o

(1) Goldberg,

in

D.E., 1989,
Optimization

"Genetic Algorithm
Search and Machine

Learning", Addision-Wesley.

(2) olAg, 1998, "HFHAALIYFE ol&T
Heteropolar A71Hlol® 7] =42 A", “%’EH@

ANAF HAbete w2,

(3) B EHEE), 2A9(E).19%, "fHR
—;,:q.\zy" ;}]%z%iz\]):a]

(4) Zbigniew Michalewicz(3E), 4T H(GH),

1996, " Ak duelE", EMEd I9.

(5) FAE, 1997, "fAzA duEsS ol&t

Fosrs Axge] AHAA BE AT, 3

R 7\ A A w

(6) ¥rEA, 1996, "fHA dugsg ol&d

FRA7NA FRE HAEZ 2R AA BT

Fr FAosa 7 AT U] v i

(7) Nicholas P. Chironis(F), 1967, "Gear

design and application”, Mcgraw-Hill.



