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Abstract; Experimental research and finite element analysis were carried out to study the phenomenon of axial
shortening and buckling instability of carbon fiber fully wound composite gas cylinders with titanium alloy thin-
wall liners after hydraulic test. The results show that, after self-tightening and unloading, the area near the po-
lar hole of the head will be concave axially, the area near the equator of the head will expand radially, and the
whole head will become shorter axially. The axial shortening of the head will be 6.15 mm and 6.363 mm, re-

spectively, and the error of the finite element calculation will be 3.46% . The finite element simulation results are
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in good agreement with the experimental results. Finally, the multi-pole hole method was used to optimize the
thickness distribution of the fiber layer of the head, and the extreme thickness of the head was reduced by 32.6% ,
and the transition was made smoother. After the optimization, the gas cylinder will be slightly extended along
the axis, with an average elongation of 0.6 mm. By CT and endoscope detections, no buckling instability would
appear in the liner, which means an effective solution of the problems of axial shortening and liner buckling af-

ter hydraulic tests.

Key words: composite gas cylinder; thin-walled liner; titanium alloy; residual deformation; buckling
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Table 1 ~ Water pressure test data of the gas cylinder

cylinder number residual deformation after loading and unloading d, /mm is the liner buckling and instable ?
Cl -6.20 yes
c2 -6.00 yes
C3 -6.10 yes

C4 -6.30 yes
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Fig. 1 The CT scanning image of the gas cylinder
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Fig. 2 Photos of wrinkles of local buckling
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Table 2 Tensile property test data of titanium alloy specimens

number yield strength R, /MPa tensile strength R, /MPa elastic modulus E /GPa
S1 328.43 451.06 102.91
S2 322.39 447.26 101.65
S3 325.09 447.29 109.58
S4 321.63 446.45 105.57
S5 343.99 458.51 108.03
S6 348.93 465.95 107.41
S7 350.12 470.68 106.83
S8 347.16 465.40 108.16

2 A BRI ST
21 JL{aS#

AR E R GBS ER G NI, 25 RS 3 s, WA RUR 43 L, 24 705 mm, HATE
Sk R BB R BB R Bk DL AN Sk R, IR ESK A REERIE | A B BOEEJE N 0.7 mm,
£ 326.2 mm, #M% 327.6 mm .
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Fig. 3 Liner structure dimensions (unit; mm)
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Table 3 Main performance parameters of the titanium liner (front head, front cylinder section)

elastic modulus E /GPa Poisson’ s ratio g yield strength R, , /MPa tensile strength R, /MPa elongation after fracture 8 /%

104.9 0.3 324 448 32
E NG IE eS8 2 % (O E- PANEIGE-1=9)

Table 4 Main performance parameters of the titanium liner (rear head, rear cylinder section)

elastic modulus E /GPa Poisson’ s ratio yield strength R, /MPa tensile strength R, /MPa elongation after fracture 6 /%

107.6 0.3 347 465 34
R 5 TI000 HRRLT 4/ REM NG E1ERES B

Table 5 T1000 carbon fiber/epoxy resin layer performance parameters

E, /GPa E, /GPa E, /GPa i oy i G,, /GPa Gy, /GPa G,; /GPa

193.1 11.41 11.41 0.33 0.49 0.33 7.09 3.79 7.09




1228

=
&
=
s

7 A 2024 4F 3 45 &

2.3 EZRERIRIT
BRAA—3m T 1, i B BOR IR S I EAE S 587 30, Bk BoR HIRBe e, e S8 LT 4ty 580
14 mm AL EAEHN 30 mm  MRGEIL LS M3, 7 5 B e gu 58 £ 0 g
30 + 14}
=7.7°
327.6

(2)

a= arcsin(

LA 8°.
BT A4E R 50 B2 JIE T IR BEA 78 O AR 52 A T 80T I Bl 27 44 2 X AR 95 40 7R P 4 7 17 g 336 ol 220 s A
BHEURER I | TA R T 2k 2 DObR 45 A% 7 HEL I A 7 1 % BT Ay T A JEL O L T s L o 5 B ) T 00 54 R
TLOM T AR I 25 AT, AT FE N A2 R 2R HIOT IR0 A R OREA 3T, DA SCR A e
TR A YE R A 2T AE SR TR T, L2146 107 AR AE

BREgE SR B .
N' (NZ ) max
o, = = — (3
! t,cos’a ! eE cos’a )
R SRS IR ) S fAT £ .
NZ
O-fa = o-fﬁ = 2
£, COS™ O
(NZ) max
fa = 2 (4)
gE cos"a
(NZ ) max 2
ty = - tan’a) ,
0 ZE, (n )

Koy, 0,,0, NEYENLTT; 1,1, WEFAEIRIEIRSEIERE 5 ¢, NEFHEIR I GHGE)RSE ; E, N bR ; &
LW RN AR s o MEFYEGRLEAR s N, TR AZ (Al 2007 5 m SR ) .
IR GRS ARG (AT YRR i, D958 22 1Y) S FE Ry
Pr,(2 - tan’a)
hoop T,
Pr,

4
(5)

by = ——————
helical 2
20V cos"a

Krh, r, HHEGRNTE, P NGGEZITRSZ BT, o WIRTEMSERT A BESEfH , V. NG G &, o N
LR AEsR AR G581 A0 0 8 21 4 LR EE S 6 000 MPa .

SO TAE R 12 35 MPa, B IR 1 o 80 MPa #4715, WIZHSE 2R 55
=3.96 mm,

tlmop

by = 2.50 mm.,
W T A5 5, T1000 Zf 2T 4k PR 28 52 R A 0.22 mm , B205E FRJZ B R 0.25 mm IR ] AR JiE 48
LB R 18 J2 A 10 )2,
2.4 EBTXS
XA SCHFFE 0 2 A ARV, 76 ABAQUS {4 rh 57 AOMAR Y &2 A A0 RSO 11 5% 254, R i 4k 11
SRR X AR MR DU 43 2 — BB EA T 43 BT TR 25 SRR G 4 IR E K R IRE0 ) T & R AR AR R
VEPER ] C3D8I SLAR LI, S48 2R S4 72 5o, il il i L IC S BB 48 28 2, A AR 7R =] 4 ip
7 BRI AEAT A% 33 174 A4S, 75 15 35 013 A4S, Hirh S22 g 25 592 4.
25 HFREH
HRAE X B, 7S T it %o R a0 S S A BTG A 1) B By | 458 o) ARl o) 5 £ A JIELBES 249 o HL A7
%, BRI ZORA & A RAFL 3, X5 BB A i in i 3 A 454 sl 5 .



%59 A5 4 HERE A IR B 2T 4 4 9 48 52 AORE ORI 17 B A A8 I h 20 B 1229

"Z
o
B4 MR B 5 Sl
Fig. 4 The gas cylinder grid model Fig. 5 The cylinder boundary conditions
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Fig. 6 The contour of axial displacements after unloading of hydraulic test pressure
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Table 6 Calculated deformation values of each part after hydraulic pressure loading and unloading

front head dyy; /mm front body section dy /mm  rear body section dyp /mm rear head dyy /mm total d /mm

-3.297 1.318 1.530 -3.340 -6.363
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Fig. 7 The equivalent stress contour of Fig. 8 The equivalent plastic strain contour of

the inner liner at 52.5 MPa the inner liner at 52.5 MPa
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Fig. 9 The contour of radial displacements of Fig. 10 The radial strain contour of the inner liner
the inner liner at 52.5 MPa after hydraulic unloading
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Fig. 11 Profile changes before and after loading and unloading of the head surface
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Fig. 12 The equivalent stress contour of the inner Fig. 13 The equivalent plastic strain contour of the inner
liner after hydraulic unloading liner after hydraulic unloading
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Fig. 15 The finite element mesh model of the Fig. 16 Curves of fiber thicknesses with the parallel
head after stiffness optimization circle before and after reaming
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Fig. 17 The analysis path diagram
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Fig. 18 Radial displacement distributions under Fig. 19 Axial displacement distributions of the inner

pressure on inner wall of the liner liner after water pressure unloading
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Fig. 20 Equivalent plastic strain distributions under Fig. 21  Equivalent plastic strain distributions of the inner
pressure on inner wall of the liner liner after hydraulic unloading
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Fig. 22 Profile changes before and after loading and unloading of the head surface
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