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Optimal Design of Machine Tool Structure for Static Loading
Using a Genetic Algorithm

Jong-Kweon Park®, Hwal-Gyeong Seong**

ABSTRACT

In many optimal methods for the structural design, the structural analysis is performed with the given
design parameters. Then the design sensitivity is calculated based on its structural analysis results. There-
after, the design parameters are changed iteratively. But genetic algorithm is a optimal searching tech-
nique which is not depend on design sensitivity. This method uses for many design parameter groups which
are generated by a designer. The generated design parameter groups are become initial population, and
then the fitness of the all design parameters are calculated. According to the fitness of each parameter, the
design parameters are optimized through the calculation of reproduction process, degradation and inter-
change, and mutation. Those are the basic operation of the genetic algorithm. The changing process of pop-
ulation is called a generation. The basic calculation process of genetic algorithm is repeatly accepted to
every generation. Then the fitness value of the element of a generation becomes maximum. Therefore, the
design parameters converge to the optimal. In this study. the optimal design process of a machine tool
structure for static loading ig presented to determine the optimal base supporting points and structure
thickness using a genetic algorithm.

Key Words :  Genetic Algorithm(f+43 412]E), Fitness(#$-%), Search Method(8-411) Optimal Design(HH-44),
Penalty Function(82%4), Reproduction(F443), Generation(A1th), Crossover(WAH), Mutation(Eg#0]),
Population Size(2Xg=7])
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AolAH X e7A ] AME HFL& Z7HAAE 2o}
st FRHALE 43 F HE%E Edz 47
W% (Design  sensitivity analysis)E 783 ©|Z 9]
&350 ANG S FaAN AdEg dF A
£ B3 A5 (Step-size)S A e Aoz F5 o]
AP & o] & ¥ ZhANe 25 AHE
AUz glov §9 8 Fo AAdTd g =i
AANZAE7) 2 7Heg B33 FrEe 44 (Conti
nuity) 2 " 7FsAdl Ade] ZEiRA HHRPOW
o) F/7F 5HYE 4 ZApede gL 538 3
& 79 9. § 717EE 7440 &4 2 SR
E5¥7) dAER) g A7) wel dgEe g4
H oo vlgte 2 AZejA FoiF e SN2t
dAE7) B o5 MAANLEE T AL 2
F o] olr}, 2HEE YA dHd g & 4
ANMo] £etolti-aYA Fo ZHAF 7)o Ao
PR Ax A & ool SVl WFo|t}.® 2t
2AHQ) W el EAERE A A7) el
FA9 AT HeAl 48 = de A= B
Yol 2ol oA AMEE7] AFEReH o Fd FAHA
@ 1.8 5(Genetic Algorithms,GAs)2 Ade] A%
A THAAYE o] 20 EUlE F A=A 19754 w3t
tiste] John Hollanddl €8] A& A¢H9E oldf
AL o] AT ool S48 e dnE
o7 ¥idgglon FxEd g ARYA A= QAT
o] oEstA ga BFF A 499 EAF
A o #)e AAH (Chromosome)E 72 A
A4 QA BAE $HE 7] REo] o] o] FatH
A9 H=(Global optimization) g 78 & e &
AL AL F 9t 53] H23 Zo] AAAN Y whE
A4+ (Computing power) olEdlAe #34 40§
o] Bl8y|&e] &N AT APAZ AAAD T
Yo e LZ2E AHFHE AT 4AFT
{Design space)dld e E&29 &58% G4 (Prob-
abilistic search method)]g} & 4= 3itd.

et B dPeMe 48 dnEEs o ddtd FF
717 F2E UE HLAE sefatgon oo 714
NxoA E44% & ¢ e HET2Ed 748 §
Z3 714 $ELAR(HE, A7) xFo] FEFoR
A48 wo] A738E P 4% AALA A=A
(Mount point)d HHAAE AAsiz HEF=E FA
o] A A X% (Re-sizing)® 2HshHe 3oz AT

67

2. EA ¢ue

oln

2.1 Ny gduglEe| 7|g®

AEY FAREA AA BAL At FRe
FAARA YA T4 71 F=0] AEoA FAd. o
gjzbe) ¥ m QA ] BE 23 ofsle] Aol 4]
7t dEA R ole] WERPE FEH R AFAZ
ol 44 dneE(GA) oY °F ol &3tz AR
A EA 9] 8o shgdh Ak, FA4 dme|FL A
AAle) AAPE YA€ 343 2 Ldudsy 942
2 2719 39 2719 23D (Population) € A
AN F B 3 o)A5E LAY Z AR (Y
Ayl tisted o)A B3 ojAe A-&=(Fitness)
F WHEOEMN AMo] oo} A & ALwe A7)
o ¥aAs W& 5 AYY E S5 AR 4
=7} 2e AAE 2HE D o] dEe H4 S NHEA
o o3 W8 S5F A2 AAIL 2 AFH e
Z AR g8 dr}. o] A% HLER HF AA
A9 Foi7 Ao T A-3H ety & F A AF
HAE P57 939 45(Real number)$l 47
BEge] 49 Hojok 3 444 gae Rl A
HEgol A4 aua fAA AZHA @3 A4
A A$(Integer) 2 ¥#H ¥+ Encoding®i & AR
A2 dA3 (Chromosome) 2 HFHT, G4 =
4 DecodingAl7] o2 Qo) AA¥S: @& T+ A
I AANS g2 o] L3l FHLES} ALY A H L
2 AANFE fAR d450 347 FPE 44
50 AFE o WALE AHEE Y E(BH)T 0 B
19 #&& 2t ol ¥ E(Bit)9) AEH (String) 22 ®
dote AA (AR E B AozA HAMEI mil
= n¥lEY A2EZE mag 139 WA= AAE
AA)E A T olgo] FAE o3 AL FHAF
o BAlg] A o] w444 (Random number
generation)= & N7I9 FHAHE Yz ddge
24 s mde) 23do] FEHATL,

—m 8N
{1011 1020 ... 1001)
(g e QOO NN

{1111 1011 ... 1011}

Fig. 1 An example of GA system(at n=4)



wWE - AEE

elziol AR el A de] MARFE F27
408159 71¥ 22 Operation) IAFS AXTAM W&
31=]o] otz AFA & J)4ds o] volgltt,

2.2 GAg| ZI2=3}(Operation)
438 dange J18x3 A4 (Operator) ol

24 (Reproduction), = (Crossover) 2 Edo|
(Mutation)7} Q.05 o5 AAdL vhaa} ),
2.2.1 B4 & =g

old AR e oA A e 454 Hrke A
o] A2 %(Fitness)o]®, H &7} & HAXNEL ©
% (Mating) & 23 Y38 w3 el EA) (HHH) =
o] BT EAAY At W AL ZH (i
ket Agmd wE A7 S5yt AFHEER o
o9} & A (Generation)7} 718458 2P HA 9
Ae¢Te PP, BA € e E 58 HA AN
< HSR EXd &3 A B 9% d=) 9
N ol He= grol =2 AA It F2%(E)
o2 ZATE BAole o|STte] BAjuAgd] FoddlA =
B2 T2 (RF)7 € 42071 ot v 23 de|
AAEF7 U T BAHY F4871 ¥ 5% g
Alakeko] A Ho] £¥&o] Yol FAE gt

2.2.2 22 (Crossover)

A4 gnEgaM 71t Fo8 8-S @93t= 7)
B2AL mitelth, gate FEVL dE 249 fE%
BE(Bit String) & ‘3% 2BAH A2E 2719 /A
AE AAA7e HRGolH, o] = o] Ui FF
(RS ArdS AAXA Aol db, wxtel wy
22% 13823 (One-point crossover), thdmwal
(Multi-point crossover)® ¥ ZA(Uniform
crossover)®®5o] itk 1d 2+ d44 (Ran-
dom Number Generation)d] o&] ##zle] dctd
AA(BitHR))E 1744 Fote] AdE AR o] F9 2E
(String) & @3} A& TP =

{10010[001} {10010100}

- o))
(01101100} {01101001}

s} Zo] Hrl daluAe G4 A Add 94X
g 2MoA ZE AFE L T FA(Uniform
crogsover) = A W4 o8 22 Ao F= A
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A(Mask)E AAA 7)o =25 7} HE Fo w2} §
Azle) i HEE o2 wAE AAsE AAeE
Holtl o & Eo g3 £2 A4S A 1u

Faremt+ I {10010001}
Parent I{01101100}
Mask {10001011}

@

7] vlxz9l Fhe] 0°]H Parent [} Parent I
8 A2 HE ke nAET A2 o) 10]E Par-
ent 1% Parent [+ ZARe] At &2 ME &
agz fAGT. dets ded 22 A4V 4"
23

Child I {111 00101} (3)

Child T{00011000} (4)

FdwAe] 492 w2349 09 F&& Agsin
2 FF o2 2FEY, v x3ke] 09 &L 0%
A 50%Atel 9] gtE X=EE 4 vt

2.2.3 £ o] (Mutation)

2Hdeo] AYE T AP oM nATezE= A
AF7H(Design Space)s TA74 FAE 7= §A
7F & 5 9le}, olsie §AE S 99 vl 3
H2 Gl vte} B X9 v E(Bit) %S Hol (HE)
A7l A& 9ol B o] & Bt I E HAE
oMz gag @5 A Ed. g leiA

& Qo) &2 TRA HAHE AT 1 =
o AYFAE st} stv] AR FEL 0.005~
0.01Ak019] F& AMSHA =t EA9] g4 et 2
A< g}

2.3 GA2l Ma|zA
AR SnF(GA)L T e A4 wa) 3

o oloaitlgt AgeA (Flow Chart)E 298P Fig.

28} 2},

Step 1. 7HH B¢ o|H =gl 12449 W< (String) =
EFd, 444 de](Chromosome length)st
271 AAFE 5z o ddsA 7Ae
o 27)4F(Population size)S ZA )

Step 2. o)A ZER TP /A 4$=E Ao,
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Step 3. 832 JLmrt & MAe o Bo] &4
(Reproduction) 7] a w¥|&d] #]Bsle
BEo wHlgE MAEdle o|RmEe] AR
(String) & A} (Crossover) AlZIT}.
Step 4. 9] &4) m} o)A IR FAH F4H ]
549X ¥ E(Bit)E Ho] (BR)AZTh
2719 #4742 AW & A (Generation)7t
Biubke RezA nE FaR Ads v, =
' FEIEE S5 AA A e %
B A7E AANSE gl HF82 £48
stA et

Step 5.

ECE I |

Q@P

[ ol St 44 1

<l
Yes

Fig. 2 Flow chart of genetic algorithm
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3 A% 9 248 9 293 A4 S o We
A Adse oHERA WA U 43T R0
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9

1432 AR FAUIAL A7 e AME
oldjelgt WAV} FAMA FAY 7aEEA 2
0T 474 447t JoBz2 ol EAE FR% 4
ﬂﬂﬁ}a}ﬂﬂﬂri el gy, oo FA) A
FAEAL 71A9 AR PEe v} dEAnE o)
Bed) IZULER AT wojE ojxiEEg ¢
A AxertE dAde AL 889 REY
A AANNE A go] weh dFdFo) 4 W=
o] AYFL A= 71211*1’*’%1-1 A58 AL
el At
nA £ d3e 44 dadss olddtd 337
A A FFF A 2Ee) RojH T § Yle A
AFAEE tdes 780 A48 FRAYGAA el
£9 Az 3FE 8 L FEUS T FEe &
Fol W=He o]Fhide] 2yl o W= WFES
A4 st 712 E H3 9 AFMHR 7149 F4
Ak & £ e Wert vEg des Aaddae A
Zeboldart FUHE 8o HRR ofE Hig &
F J=E s We=TrEe HHAS(Re-sizing) &
ARs= AL AH4A BAY FAR ST A7A4
WEZ2EY AR ulEER 71AAH ] ¥ JALE
o tg A4 (Coupling)EA4 93& T+ g40B2

- $5ueEe NAHEAL VEHe 3AAAY B

wang gg) 7‘]7‘]%‘34 ALE NnR B 7|2 4A!
g FRAFE Q42002 ol9 X g FF e
Ao dtgen, WeTRE HAX T (Re-sizing) =
7189 AXE 7AY AAHRAE AN 2022 o]d of
§ F2AYS JAY £ e =TEEe H3 A
AASE AF%e A< 479 £Hez PG o &
At 18 duEE(GA) A Workstation(Power
Chalenge L~series, CPU:R8000)9] UND(%@ dA c-
shell2 F8H =232 A2slgen gaxsaE: 7]
Aol H7tEe shgdl W FAEFF2EA Table 19
&50] Hol& olfehlde] LMG(Linear Motion
Guide)& B8l WE=T2Ed e e 2l
o 44 f3as 3=9 MSC/NASTRAN(VES.5)4) £
& e A7s F4HUY. Fig. 32 4238 (Node)d

Table 1 Loading condition on bed structure

Loading structure Weight(kg)
‘Table and Workpicce 1,200 __‘
Column and Head stock 1000
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H(Plate) 84 F AMgdlo f#24(dH58557, &
£4:8,3660) 2 RdH§ A YAHY HeTRES 1
2=

Fig. 3 FEA model of machine tool structure(bed)

3.2 7| o}RE9| #HEMH|

2 ARl wAYAEY HeTREAA o]dehy
Be wa Fde 7149 HolEw 2 )FAR
2 A= Fig. 48 EYE A% T ¢ vk & Hojiy
ZE e X&H Y& wgo s 7 58 AYx 9
E Table 19 A% 4719 LMG-E5(Block)S £
HEZ A7) 984 A7y EE det.
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N
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Fig. 4 Sliding range of table and column
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o714 Ad e dXH e M= vHEE(Bed mount)
9] A7 A=A (Support point)2 Fig. 59 Bz o
Y ZRAZ dA F37 GnAEE o4t H8d
o o|AS FEAEL dHolE % W= X5 AR
AB ¢ BHol$8 W=9 YE AR CDAN A8
E AERA H34 i s83yq] o5 ABY
cDA%AA 2tz 13 AT ASsie cpAdl
A Agd 133 3¢ 48 FEAYAME A9Eo
HAFAo= e AL HdstA HY o] 3He| 71A
g HAEA ARG = e W=y FF nlRE A4
A7} €t

Fig. 5 Selectable points for support

33 dnEdHE goa 4T vl Zo) H&
T (Fitness)s) 37ldl wal AR o] HrAD,
B dFore] fAgEAd Ui J-exE wse Fat
Zo O WYL on)ste HEEe]d~(Compliance)
g o4t Adlglon FEHoRE g ol
Fojd}® & w=e PZo)AdA(Compliance, ¥)E
Feaddid AR RE A= AE2A

= ﬂ‘fu de (5)
2 ¥8H e ¥42 f, ut 49 (Domain) 29449 &

3 WAE vEle, s HRE F &= 5% &

7% AR Z WEH B2 g3 gol FA3 sl

F=C-W¥ (6)
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4714 € & 452A A= A4dE C=2W 7t Heo
of g},

oldutet FAA FnAFel JF SZn2EL] HF
AAYAE AR 99 Fig. 42HE go]EL& X
g olg2o AR dAH Az 2P VEY oj¢F
o] 294¥ g 24 4A8 sle A9 A
od71q AANTE 2%F M EBit)Y WMEE e
AAZ TR $20| gHES] Az JAA7}F ALE
H5Z g9z TAD 271 (Population size)T 102
7 39t 2DE ANSEE 04 TAtele @f
M 4 gled, o5 HAMSFES Table 2 2 35 &
dlo] vpEES ARHo AHE WIS &S o
27 9.

Table 2 Selectable supporting points in table-direction

Design
variable Q 1 2 3 4 ] 6 7

Node No, | 3422 3423 3424 % 3426 3z 31 3476

Table 3 Selectable supporting points in column-direction

Design

vadiable 0 1 2 3 4 § 6 7

Node No 58 541 M w7 550 a3 5% el
&% 4328 4831 4834 4837

Smmexle | g6 | 419 | 42

Tahle 4 Simulation parameter condition for optimum position

Population size 10
Crossover probability B0 %
Mutation 15 %

Chramosome Jength, (but) [
G i [}

Fitneas finchon(T) F = C - ¥Compliance)

2
B

g
2

20102 -

1800 -

Static Compliance ), [wm/kgf]

&
2

143108 1 ! 1 L L L i ] 1 1
0 1 2 3 4+ 8 & 7 8 8 0 N

Generation

Fig. 6 Minimum values of compliance for fitness function
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ety BLLE 2 8 Table 2 2 Table 39
AANMSE Fig. 6914 Heutst Zo] 2tz 6Hth (Gen-
eration)Tre] HFAE FAEPH oldq W= o}
£E9 & AAYL Fig. 734 o] 1FH(X,YH)9

Zoto g By o 300mm HECR HXF AFHAH 4
dE gt ol 4e AAE Yehle /34 dadE o
HH| B = Table 49 21},

|
280
!
I P "__
[320 |
e J{# 280
[

b, !

Fig. 7 Optimum mounting point of bed structure

3.3 TZ29 Re-sizingHH 47|

H=FzEe 27|4AA 2N 9599 FA+= 30mm
7 AHgE A, dEe 2R Xdged daiMe
25mm, Y& daAE 20mme] FA7F AHEHAL
o o|E FAE AAWNSE dd §3A dnEL 9f
2.5 W =229 Re-sizing AFHAE FAsAH
o] A% a3z (Loading condition)< Table 1% 2

I FHLEE A A (5)4dM AHEHE B
# #AZeto|d 2 (Compliance)?t o]EEH A HAH
&d g FEREY TH T Table 59 T3

FEo| AMEE0} Hig & & Y=F BT

oljujz} HANSTE FA7 dae]golxe] e
2 R A3d 39 AARSFE 5YEBI)Y

Table 5 Selectable thickness of an individual design variable

Selectable thicknesa(mm)

100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150,
155, 160, 165, 170, 175, 180, 185, 190, 195. 00, 205,
210, 215, 220, 22.5.210 235, 240, 245, 259, 295,

120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170,
175, 180, 185, 190, 195 200, 205, 21.0, 215, 220, 25,
230, 235, 240, 245, 250, 25, 20, 265, 270, 275

200, 205, 210, 215, 220, 225, 230, 235, 240, 45, K0,
255, 260, 265, £7.0, €75, 280, 285, .0, 205, 300, 305,
310, 315, 320, 325, 330, 335, 34.0, U6, 360, 355

Design Variabla(mm)

e Vg B2 FAC0

s Ky A S2(25)

s&ys FA(0)
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(Two-point crossover)E A3}

ek A3 duEe] diteA AlLs-E seuels
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g £4-2 Fig, 804 Ee wet ol 114 (Gener-
ation)olA] F& Jelsic)
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Fig. 8 Minimum values of compliance for fitness function

Table 6 Simulation parameter condition for optimum value
of design variable

Population size 18
Crossover probability B0 %
Mutation probability 05 %

Chromosame length, (Bit) 16
Generation 11
Fitngss fimetion(F) F = C - XCompli

Table 7 Optimum value of design variable

Inirial design vahue(mm) Qptimurm valuelmm)
20 100
= 180
Y B35

4 €5t Y 13
$34 QI EE o147 T F22 4447
g 2937 999 M=) A 289 Fig 39 P&

3
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B W3 HF HFeo|A2(Static compliance) A4t
SGI Power Challenge¥ HAAL71% MSC/NAS-
TRANE ©|-4319 ¢k 98 Aol & 4 Y32 ©]F 4(5)
of A&g AAe HAHA AL Cshell T2aAYL
o] &3k 12A131gke] AT 5 Ut olejelE A A
AHAE Fig. T3 Zo] o|FFXYH) EGO.E BE &
300mm A=) A= o] Z-fo slojA HME=T2ES
olgehEel LMGHA A S H7H A4 AZefeld
2 1.532X10%m/kgfzA H2 AAAHe] A9 - F9
HlA] 73.65%9) FAESE BYch

3 71E9 W= o E A 2AdA GAd 9%
289 AAAT(FA)E Fig. 83 #o] 1144
(Generation) St HA g FHIHH ofojuiz} F
HAA AN A - To] g wi=e] AYEY L v asE
W LMGHAAMS Hadd FR fFEdoldre
6.658 X 10%m/kgf2 A 14.54%2) S7P3EE BYT}. <]
= WEy $FE 23.12% F2A ARR 9599
e 7k vl 2o 1A (Rib) FA 24
ol Fe XUFHTE Vg WA FAsF 43
AasheE 545 vedln gAY, 2y AZde|dA
7} FUHHATR: A B2 A (FA wEhd g
AH3 BP0 72T P& A% AdaFde vF
dthe 28 gHsie AoZAM B dFdA Fed
H&gA 9 Aol HF AQDLA (Re-sizing) e B7
Aol AT I mste I3 48 (Shape
optimal design)& Fsldol A% EAALL BF
FiL=

nety FEA7Ae FEEA oA A%5EEE A%
AAEAA IXE F25 APEFA)Y JFdx F9
AT T2EY HA AR A YoM E IS
F88E 972 B9 & 7 AeH, obgd #dE @
1 5g o] 43ld FA7IA FEEA U@ 944 S
TP = JEEE FelF oz FoAIn ovld F
23 AMEE AW AAAN) 7 Bh5o] AvkA 93
v HARL Fedos 9L 4 UL 2AHE F ¢
=3

4.8 B

% ATE 1A 722 ARAL PR 9
# 4902 WE heE AZHe R 912 A9 W=
7289 38 WAA4E 299 48 7o sz
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stgon ol g o= thaah Zot,

(1) 3F71A 7229 3L P77 A% 4
A€z AY HHSH(Global optimization)o] H&
A9 #37 G F(GA)E ol &8s YT Akt L
o o]z AA¥pd tE =¥t L7HA e Zero-
order Method?] #8223 B4 (Zero-order method)ol
Bz a7 A9 F2AA Zotd FESEA g4 ¢ A
=3

(2) GAE AAWorkstation(Power Chalenge L-
series, CPU:R8000)2] UNIXE2 A C-shellZ =21
sl FAAZ L 7] o] 48 4 AE2Z= 7|4
o ®7l5E AeFe] Hol& oldehiiHe LMG-EES
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0 GAE #4309 HE mE XM TR
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o ol¢& EFwezRE 2300mm ¢E A A=
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1.532x10%m/kgf2 A #A A Qe Az - Fo} vlmw
Al 73.65%9 AAEALE B}

0 7129 W=rlE AAZAGA GAY g T

ZE2] ARG (FA)E 1149 (Generation) Tl 22 3
of AP e oo LA A - Fof HEFAE
Hlzd g LMG 920Me Bad B2 73Eefeldx
(Static compliance)= 6.658 X 10%m/kgf2AN 14.54%2]
7S Bolm o Wine $3E 23.12% ZaAR
AAZ A2 $ AT
(3) 919 2714 Aol NI ARE vud 29 7
o 7+ BA FAE 2 A2 ANF & o]FAY
Hielo] AZetojdd 28 A7 =Y B o|H, b
| AAHE 2372 A FATE WA 7=
ohg A FIE 3o} HZdoldA hdE
23} v ESE B Uz, oldes 34 4
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