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A Study on the Reliability Analysis for a Linear Type
Pneumatic Actuator with Cross Roller Guide

Jin Hwa Choi*, Bong Cheol Shin", Myeong Woo Cho™, Sung Min Kangm and Soo Jin Lee

ABSTRACT

This research presents the performance analysis of the linear type pneumatic actuators that are used in
semi-conductor assembly line to transfer some product with high accuracy. To increase positioning and repetitive
accuracies, a cross roller guide is implemented inside the pneumatic actuator. The finite element method is used to verify
the force against working moments, and reliability analysis is performed to classify the breakdown cases. Also,
reliability, failure rate, probability density function, and By life are estimated under the boundary of thrust or air leakage
conditions. In this study, the failure probabilistic function of the pneumatic actuators is analyzed using Weibull

distribution.

Key Words : Pneumatic actuator (&St 230l o] E]), Finite Element Method (f-32.2 1), Reliability (A1843),
Weibull distribution (S}o]& HX)

1. ME oA AES THE R olF FA, 2EHZH TR

2. &, 23 EY AAREE 7EE A E g

L5d F% AFdolEe g FE9 & T Rl AMEEHE AFoE A Hwre] niA e
TEEY oy D= AAAFLE FHO] 7t '—’t.‘-r’a%lE-a— 278 AZFA w2 T R
T ot T AFEHE olFEH o} A A8 Bo7h e 7EE AFolth. 9714 A4
= ‘&EIE T8E 8472 Bt 2 Qo o|&, ofelglo] FolZ 7|3t T FolF 2ANA
ATe G ED % AFolHE F L7758 £ F Jde e €Re E=
d%*—.r%Ol bed nAEY] A=A £ o A H7HE E 82 ofoldo] Ag AAHE AY
=8 WAst BeA A F 39 =9, A dlMFE HFHoZ S| et HrHE A
HECH, I %o AL AM ofFo] 2T HE Eof Holl ol27)7tx 1% UL A o]& Ha

4 F5Y: 20053 108 249; AAMSAY: 20060 49 149
# BAMA: dedYa 4FHErIedTA
E-mail wantingy@lycos.cokr Tel. (032) 860-7306
. Qs slAT e ety
- Asteta 71 AF s
hhd (F)E2Y 2AATA

184



F3 ;G AL TURYA A23H ASE

Has A2 BT AARA W7), AASE
of the Abelsh dlolEs Bol ol Hgloy 7]
A 284 WE A8y AFE oby v gu

9 dolElst BA g Aotk & ATelaE
A, Az, 29 BAE ANY LAF Aol
26 $3o] thaks ARl 0271744 BFE o

YL M8t ol F HAstuz . o
£ 98 2 dFdAE A4 AEIE E 5 ¢l
v 1ZEH 1% g & 4% 13l do]
Ejo} AZAHAIE dlolEHE €83t AF Ul
A2 S FFAAT. FHHoE f¥8d
P& o] gl A S FYL AFojolEe B
AE &g Frsigct.
2. 2N do[e 4
2.1 o[ =& % 4 uhy

Ao 2188 FY AFdolHe @EzH
A AaEn de 222 28 ElY(Cross Roller
Type)d] &dol&& T HFcolE] PSTI2ZNSE
Al FE2 EA g gyl ol AL gHE #
Folth. kM nAHREY ojF FLE vkE HY
E g 2dEd g t-go] dvtHd F& AR
ololelo] H]s] dFdlel e L= A& 9
100PPM B2 & 7]E02 o] R & st ngd
A& w3lnA st AEWEoREE o8 e
AlEHE FHE Feoll A 1cycle/sec FELEF o
100053 o] ol 277X AAEHg e olg 7L
Aol FYHE B F 93 FUvic 48 A
< 98 FFHA P (Thrust test), F71FHAE(Air
leakage test) & T& A ] "”‘]3}91‘4. olde] AlY

ol =,

e % JFoolH Y HFE FAY F de 7]
= HEA FE *3’&@1114 24 71 &0l w2t

AdEHS £8AAA Ao vtgdgn o, B o
TFoll A FHAPL Fig. 1l Zo] F73}e
A2 2 9 2 Fo 2= d(Load cell) S A
i’?} H Hx AR 49 15u)e] 17]?}0 ey

B 18T Mt #AF O £AE

2

439
o ol Zt RO ol FFE ZAISHEAG. ET
F7IFHAEL Fig l(b)°ﬂ VERG A| 28-S o] &3]
A AUEE X JHZE 1, d= 2 2E R
A AFHOIEHE 1kgflem® D 3.5kgflem’e] AT
F5F7IE D2 7He o AL F /FYH
A dEFF7NY dEF 27 H9E ¢EFNY

185

4 BAE waste] ¥4 ¥ § vUSALo
o} 1000239 AL FASHE T 4 2F
o Jeig FAsAT, oY NPPHLE 8BS
9 dolels gpAz SSE dolHE s
of g2, BPAF, DN, 2P ¥, T

7 d9ez FYsto A 4 AYE £}

dth. HolH 3 AN AHERA, 1Y A%
E 2AES HFagADE A58 Y8 ALe
gen, nFRE L 14 fAYUE 5L 1%

9 49& TEE] AF AL R A A 8
¥ 4 =S 3%t Fig2v £ AFAM #3
A4 E4943e vedz o

(a) Thrust test

(b) Air leakage test

Fig. 1 Pneumatic actuator performance test
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Fig. 2 Flow chart for reliability data analysis
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Table 1 Functions of trouble probability distribution

Table 2 Failure modes and causes
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Table 3 Results of internal pressure test

Failure No. Failure time(cycle)
1 5423185
2 6160956
3 6452923
4 7958071
5 10844487
6 11897887
7 13336761
8 15233626
9 18044238
10 61896071
Table 4 Estimated parameters of Weibull
Parameters Values
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(c) Probability density function
Fig. 3 Weibull probability plot

Table 5 Results of air leakage test

Failure No. Failure ﬁme(cycle)
1 4052176
2 5242656
3 5586381
4 6238309
5 6260498
6 13695026
7 15705511
8 17070118
9 22114129
10 32972573
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Table 6 Estimated parameter of Weibull
Parameters Values
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(c) Probability density function

Fig. 4 Weibull probability plot
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(c) Rolling moment

Fig. 5 Maximum effective moments

(a) Pitch moment

(c) Rolling moment

Fig. 6 Deformation and Von-mises stress
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