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Cycling life prediction method considering compressive residual stress on
liner for the filament-wound composite cylinders with metal liner

Ji-Sang Park ™, Sang-Su Jeung*, Jae-Han Chung"

ABSTRACT

In manufacturing process of composite cylinders with metal liner, the autofrettage process which induces
compressive residual stress on the liner to improve cycling life can be applied. In this study, a finite element
analysis technique is presented, which can predict accurately the compressive residual stress on the liner
induced by autofrettage and stress behavior after. Material and geometrical non-linearity is considered in the
finite element analysis, and the Von-Mises stress of a liner is introduced as a key parameter that determines
pressure cycling life of composite cylinders. Presented methodology is verified through fatigue test of liner
material and pressure cycling test of composite cylinders.

z 8

SEA oW E e B3 YY8vie Zojv vbE 49 e s Az TH F golvrt 4ERAFSEHE REE
gte A 34E HEY £ Slvh B AFoAe AAAY Y o7t golo] g4EAFSEIL o]|F Y ¥ AHES Y
A& 5 A FEesdy e ARG, of2ig 4 ATE uigoZ EA L9 WHE £yE 45 £ A
+ TS Adwict AR B 7)EHErA uldgAdS 22iE 33 n)AE fEasdd s B9 glol 8 AES HE3)
AFstar, 488719 wEeEE AR dulHE 47 Fojd Y EnjAa §8& =yttt 2oy g g Ha
ANE SR 4G AR E i HEAES F& At Wi SR Fa4E A5

Key Words : 234 ¢)2-&7](Filament-Wound Composite Cylinder), -8-3t2AH(FEM), 4=wkE<4=™(Pressure Cycling
Life)

1. A& so] AgrHoez Agso] gou, Tt F7IEF7|R]
U 2 2vlA A% 8712 HE4HwAM U4go8E 1

E3A 4He71E BB BololM 2AmEAolA  Hg U 2A FHa Ue(1-2).
U 337, Ak 5o gAEs oA A $712 A FFoF AL Bopol HEHE B 87152 S-uHEA

*+ FZ7|AQATY A AEGTEY. B A RHE-mail:Jspark@kmail kimm.re.kr)
* AI7IAATY A7 RRATER B3R
* (3 ol



BIOF B 1820062 244 SoluE 2 234 9UEIY gold FRURIAS NAY WELY o o] gt Az 23
‘g‘ §1"|\"7l’ UH‘?‘ Zﬂiﬂ'z—'lolﬂ ‘IH‘?':“)“ AA A ﬂ’%—f—%‘it}-}f . Junction
- cylinder part dome part

sdfe] FHg Fol AAs Yok gz usgoz
AGEE 1Y 871e At 2A diE ASE= ALt
diRoloiA HA Al wiESY B S22yl FHHLE
a2 s ojof g

A G804 gelde e AYste vS2 1
2 52 AT 71 FaF 7I5e A3 Utk 29

FEA Solde B2 S AodMe H84E 52l
Hs o9 FHokslz] wjRof HEEARECl offt BIA UHE7|
o sEREE oy FFo AR FEolth &, el T
2 AFol 5 48719 HRsEe 2 A o
L& A He Aol

wEbd F4A gojug Zde BEA A¥E71Y AzEd
e 7IAHA G2 Al (F 4 AduholA o]zt ok
E57-59 stofl Y=g st A0AHE FHE ALt ol
vol ghEaw g JjAste W) AHgad”

AA ] o3 Folo] FriHe FEVFSHY 27
o FEE o] ¥ S7A 4HE7I7E ARGz wEsieh 2
o efolue] WS AAEY sET FHAY gojvy ut
Eagol 243 93e oA a2y olEt oy
TEH ASE YRE HASA e B9 Y A
dH o FEo s BgHoz ARHY] ol ded 6y
H YRogE diZof offch E3F A Al golde @
d99e Yol &4 HES A Hi, o] T vHE7IQboA
o]l a4 WPl YFS v|Hr| R FRIEH B4
A7y aFdd. B3 gojuo] §3 FE& 324 B3
T SHERE 27| fRo] SHEXE YY) oS3y

s 2Aste 59 HeEE dAste AE HA

< ot
& gFolMe 4, ADHE S ofF WHETIeA 2toly
o SHERE AES| 45E + Ux KT 7IHo
AXELE A7 M Stojule] wadd AFH SRR ¥HE7
9] 715keH mlAd@4E 25 Zeste], dHHE oY &
A F2o AR oM WIPE s HFY & U=
334 WG siA7igol =QiEch 3 A ) A% ¢
SR8 ans A% nHshy] AR Az 4
Ax7h #gHot A

FL2E, Fo|He SYITEZRTH EH 4HE79
HHEsge 2R 63 AR, 4y o] AljtEch
gtold ] wtEags A4t gEuHE EoAs 3ES
=Qsta, oA (AT A" i ARAEE 3
dojd eojd Azo] mRES vlmste] B 487
o WEsEE A5 + e ¥l AxE dHyez
di&d el E3A YHE79 MEAYE ARE vt
Aerel Wi ol Bgga Fa4E dEd

:;z e

e H

18581

Fig. 1 Cross section of composite cylinder.

Table 1 Filament winding pattern

winding angle thickness
(degree) (mm)
Helical_1 125 1.02
Helical 2 15.0 0.47
Helical_3 16.0 0.47
Hoop 90.0 4.23
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Pressure 49.7 Mpa (Minimum Burst Pressure)

center fixed condition:
u, =u,=0

Fig. 2 Single point and multi-point constraints for finite element model
of composite cylinder.
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35.7 Mpa (Autofrettage Pressure)

Loading Sequence

Fig. 3 Analysis sequence considering plastic deformation by autofrettage
of liner material.
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Step 1: Loading up to autofrettage pressure
Step 2: Unloading to zero pressure

Step 3: Loading up to cycling (service) pressure
Step 4: Loading up to minimum burst pressure
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magnified.

maximum stress (206 MPa) occurs at
knuckie area

Fig. 5 Residual deformation after autofrettage at zero pressure; 10 times
magnified.

Fig. 8 Von-Mises stress at service pressure after autofrettage.
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Fig. 9 Stress history of liner around knuckle part.
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Fig. 12 Stress history of cemposite hoop layer at cylinder part.
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Fig. 13 Fatigue test results of liner coupon specimen.

Fig. 14 Leak around knuckle part after failure by pressure cycling test
of composite cylinders.
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Table 2 Pressure cycling test results of composite cylinders

Number of cycles

Test article . Failure mode

to failure
cylinder #1 23,264 leak around knuckle
cylinder #2 22,720 leak around knuckle
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