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Optimization of tube hydroforming process by using
fuzzy expert system

K. S. Park, D. K. Kim, D.H. Lee and Y, H. Moon

Abstract
In the tube hydroforming process, a tube is placed into the die cavity and the ends of the tube are sealed by fixing the

axial cylinder piston into the ends. Then the tube is pressurized with a hydraulic fluid and simultaneously the axial

cylinders move to feed the material into the expansion zone. Therefore, the quantitative relationship between process
parameters such as internal pressure and feeding amount and hydroformabillity, is hard to establish because of their high

complexity and many unknown factors. In this study, the empirical and the quantitative relationship between process

parameters and hydroformabillity are analyzed by fuzzy rules. Fuzzy expert system is an advanced expert system which

uses fuzzy rule and approximate reasoning. Many process parameters are converted to the quantitative relationship by use
of approximate reasoning of fuzzy expert system. The comparison between experimentally measured hydroformabillity

from hydroforming experiments and the predicted values by fuzzy expert system shows a good agreement.
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Fig. 1 Structure of fuzzy expert system for estimation
of hydroformabillity
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Fig. 2 Influence of hydroforming parameters on
hydroformabillity

4. HX| MEIF NLES 4A

384 71&d Slojl=EEYe Z WMEEY
B AgHor Ay EE W¢ e Zof
dgFer 2 Ao THOE ofujsA
Aol Uk ol Fo] FIEH HFEL
o)A W(Linguistic variable)2} 39 o]E&
HA el =do o3 ®mE FeHosm
FFgstd gz Yepd & Uk #{A AFS
A3 AAE A2E5ATY T/ YEdoZN 7
&7 2L A FH Az g
HHEE 3. &, Fig. 394 20~30mm
feeding amount™ ‘large’®] Tl ZHa|UA|qt
FAlol  20~25mm feeding amountd 2
‘middle’®] Ao, T 25~30mm feeding
amount®] & ‘very large’d FAFoE &£t

- 195~




&3te AE7E gl wet AZr] gz, g
20~30mm A}ol9] FELS EF AEZ f24
H7tEe ol Z feeding amount?7} 2 Fol
ozt & Qx| v dFY H=IF EE
duigte Aoz AAY Y A Ws
FedYd =gzt & + o Fig. 4%
stol=2 X" AYPAd FFE HAE ZF
AFER AYFolE B ¥TEY IZVE
HA e FHAF 2Polo}.

Vs S M L vL
. ((;Iary small) (Small) (Middle) (Large) (Very Large)

10 15 20 25 30 35

Feeding amount
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Fig. 4 Evaluation of hydroforming parameters by
fuzzy sets
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Table 1 Representation of relationship between
hydroforming parameters by fuzzy rules

Rule No IF THEN

Feeding amount=rriddle AND
20 Materiel=middle AND [nternal
pressure=small AND Gap=large
Feeding amount=middle AND
21 Material=middle AND Internal

pressure=middle AND Gap=large
Feeding amount=mriddie AND

22 Material=middle AND I[nternal

pressure=large AND Gap=large
Feeding amount=middle AND

23 Material=middle AND [nternal

pressure=small AND Gap=large
Feeding amount=middle AND

24 Material=middle AND Internal

pressure=smell AND Gap=large
Feeding amount=rmiddle AND

25 Material=middle AND Internal
pressure=large AND Gap=large

Forming height=quite small And
Hydroformabillity=small

Forming height=rmiddle And
Hydroformabillity=middle

Forming height=large And
Hydroformabitlity= srmall

Forming height=middle And
Hydroformabillity= srmall

Forming height=quite large And
Hydroformabillity= small

Forming height=large And
Hydroformabillity= small
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Fig. 5 Approximate reasoning of fuzzy system
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