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Autofrettage Process Technology of Fiber Overwrapped Aluminum Liner
Cylinder by Progressive Damage Analysis

ZHANG Xin ZHAOQ Jianping
(College of Mechanical Power Engineering, Nanjing Tech University, Nanjing 211816)

Abstract The progressive damage analysis was used to explore the mechanical behavior of the fiber overwrapped
aluminum liner cylinder. The plan of stiffness degradation was designed by the Hashin failure criteria, and the VU-
MAT subroutine was programmed. The generation and evolution of the damage for the composite laminates are simula-
ted. According to the classical grid theory and the actual situation, the finite element model of the cylinder is estab-
lished. The development and accumulation of progressive damage for composite layer is analyzed. The necessity of au-
tofrettage technology to improve the bearing capacity of cylinder is verified, and the range of reasonable force of auto-
frettage is put forward. Results show that the order or possibility of damage is matrix tension damage > tensile delami-
nation damage > fiber tension damage/ matrix compression damage. Most of the damage starts from the spiral winding
layer. In addition to the matrix tension damage from the head to the cylinder and the outside composite layer to the in-
side, most damages develop from the inner layer to the outer layer. The stress distribution and the carrying capacity of
the cylinder structure are improved, when the force of autofrettage is 1.5~ 1.65 times of the maximum working pres-
sure. The optimum force of autofrettage should be 1.5 times of the maximum working pressure from the standpoint of
reducing the damage of composite material and minimizing the stress of lining.

Key words Carbon fiber overwrapped aluminum liner cylinder, Progressive damage analysis, VUMAT subrou-

tine , Autofrettage process
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Tab.1 Stiffness reduction of materials

E Ey Epn Eyx vy v vy G Gy G
Pifip 0.07 1 1 1 1 1 0.07 0.07 1
4
=45 0.14 1 1 1 1 1 0.07 0.07 1
HLfH 1 0.3 1 1 1 1 0.3 1 0.3
2N
JE45 1 0.4 1 1 1 1 0.4 1 0.4
P 1 03 03 1 1 1 1 0.3 0.3
GIe
45 1 04 04 1 1 1 1 0.4 0.4
TRBER 0.07 0.3 0.3 1 1 1 0.07 0.07 0.3
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Fig.1 Logic diagram of the VUMAT program
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Fig.2 Composite laminated plates with a center hole

curve of layup under tensile loads hole
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Tab.2 Wound angle and real thickness of the composite on

the head according to the radius of the parallel circle

R CRfER/mm SZfia/(°) SRS 1 /mm
1 15 53.13 0.971
2 17 44,901 0.726
3 19 39.167 0.593
4 21 34.85 0.507
5 23 31.449 0.445
6 25 28.685 0.398
7 27 6.388 0.361
8 29 24.443 0.331
9 31 22.774 0.306
10 33 21.324 0.284
11 35 20.051 0.266
12 37 18.925 0.25
13 39 17.92 0.235
14 41 17.019 0.223
15 43 16.205 0.212
16 45 15.466 0.201
17 47 4.792 0.192
18 49 14.176 0.184

RN R ER 4 6061AL-T6, i1 BHERES
BLF 3. L 4EIESEIZR H TT00 RURREF 4 3 56 41
Bl IRENR S FEARTRL, MRS RO F 40 KAE XS
Bt 20 BT MG 0 X0 248, £ )l J2 12 2
YELGEIR Z ISR 295

#3 BAE 6061A1-T6 Szitae'™
Tab.3 Mechanical properties of 6061A1-T6 aluminum alloy

B i e R i i Cdi A
o,/MPa os/MPa E,/GPa HS
318 276 69 0.33

x4 E&HE T-700/ TR SRS 22 ae

Tab.4 Mechanical properties of T700/epoxy composite

El Ez GIZ G]3 623 XT X(I YT SI. ST G(‘l,(‘ Gl‘(',(‘ Gml,(: Gmu.(‘
/GPa  /GPa K /GPa /GPa /GPa /GPa /GPa /GPa /GPa /GPa /GPa /N.mm™' /Nemm™! /Nemm™! /Nemm™!
128 10.5 0.3 5 5 2.5 1.83 1.5 0.05 0.16 0.09 0.09 12.5 12.5 1 1
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Fig.3 Development of matrix tensile damage of composite under increasing internal pressure
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Fig. 4 Development of matrix compression damage of composite under increasing internal pressure
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Fig.5 Development of tensile delamination damage of composite under increasing internal pressure
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Fig.6  Development of fiber tensile damage of composite under increasing internal pressure
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