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Evolutionary computation approach for automated synthesis design of mechanical structures

I. H. LEE(Mecha. Eng. Dept. HYU), J. H. CHA(Mecha. Eng. Dept. KMU), J. J. KIM (Mecha. Eng. Dept. HYU)

ABSTRACT

This paper proposes an evolutionary computation approach for automated design of mechanical structures especially in
its early stage of design phases. Due to the known characteristics of the stage, the approach basically involves a synthetic
design method with the composition of building blocks representing the elements of mechanical objects. In order for the
building blocks to be more suitable for representation and evolution of mechanical structures, Elementary Cell Blocks
(ECBs) are introduced as new building blocks. A new Darwinian evolution process for the new building blocks is also
necessarily involved in the approach. We have demonstrated the implementation of the approach with the design of multi-

step gear systems.
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Fig. 1 Binary strings representing gear
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Fig. 2 Structure design with binary stirrings
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Fig. 3 Block diagram of the building block element to be
proposed
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Fig. 4 Structure design with ECBs
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Fig. 5(a) Diagram of element-level mutation
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Fig. 5(b) Diagram of structure-level mutation
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where
Gj(ci)STRUCTURE = order of grade about structure-
level mutation
Gu(c )M ENT = order of grade about element-

level mutation

¢; = current individual

Jj = number of evaluation terms for structure-level
mutation

k = number of evaluation terms for element-level
mutation

a ; = weighting factor of evaluation terms for
structure-level mutation

B « = weighting factor of evaluation terms for
element-level mutation
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population function EmergentEvaution(popuation);
bagin
for i from 1 to popuiationSize
evaluate(popuiation[il);

for i from 1 to populationSize
if (getFarkipopuation(i]) <= reproductionSize)
then reproduce (popdationfil):
else if (getRank{population(i]) >= populationSize ~ reproductionSize)
then expire (popuation(i]);

for i from 1 to populationSize
evave (popuation[i});

return popuiation;
end,

Fig. 6 Outline of whole evolution processes
4. At AT

Agtd HHog JoFAE oz & A
A FPE AHETE FREG. AFAE =
Hrolg 7ol F kA 842 o|FoAH,
3500mp o} AL Y wol 240pm 2 HAE &
gas gg FH ol

AA A AN 7R axd 7o
7191% & ECB & A3 FAste Aot 449
ECB & B&@3% Ao] Fig. 79 EdAF ] Ut} 7|9
NRE, AANQYAE, 9T 59 devee o
Nge] Aol &3t AFS AT AR=
A, 28n HHe g @] 43 g2 74
o] it} 71o1& ECB YA 7|oj} vpdstAR &
Qe A3 1AL vy, A¥=ED 2
FEFEL UFo Y.

ol

ot fo

- 645 ~



paraeters:

} pasaeters:
} width Cameter
:g:' mfaﬂer rotational speed

1 number of teeth
1 rotational speed
P

; nneciors:
! connectors: connectors

! shaft-to-gear con. ¢

i gear-to-gear con. shaft-to~motor ¢on, :

gear-to-shaft con.

i ons:
: functions: functions

i

' ReproduceShaft{)

| ChangeStructure() ChangeStructure()

CheckStrength()

| CheckStrength() etc.

|
i
]
|
{ ReproduceGear()
|
J

. le,
1

Fig. 7 ECBs for gears and shafts
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Fig. 8 Transition graph of number of good speed in a
population

Fig. 9 Designed gear equipment
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