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A Study on Elastoplastic Finite Element Study of Hydraulic
Expansion of Lined Composite Pipe
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Abstract: Hydraulic expansion pressure is a key parameter that affect the forming quality of lined composite pipe. In this paper,
based on the experimental data, multi-linear reinforced finite element models of two 316L liner materials are established; based
on the Tresca yield criterion, we carried out research on the limit expansion pressure range, expansion pressure and tightness of
the lined composite pipe in the process of hydraulic forming. The finite element results are compared with the analytical results.
The results show that, when the forming conditions are satisfied, the selection of liner material with lower hardening strength
can increase the expansion range and the tightness interval, which is conducive to the design of expansion pressure can be
controlled. According to the calculation results, the relationship curve between the tightness and the expansion pressure under
the forming condition is fitted, The minimum expansion values of the two materials are obtained to be 113.38 and 126.99 MPa
respectively. The finite element model of material multi-linear strengthening established in this paper can accurately consider
the strain strengthening process of liner material in the process of expansion joint and provide theoretical basis for the accurate
control of the parameters of liquid expansion forming of lined composite pipe.
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Fig. 1 Hydraulic forming process of lined composite pipe

TEBEA TS L S KA 1 2 2 OB, AR
SEAAEERRE R, BURE  BALIAVER R, 5
8 K e R RO 7 7 ) AR T A DA~ A g2
(IR, GEST AR ARAR R ANIE] 2 R, o R, —FRE Y
SME, mm; R—EAFHINAR, mm; r, —FEHISME,

mm; ri— RN, mm; R—IEF P ZEEE,
mm; r—R B E A, mmy 6— SR IR
[EIFRE, mm; 0— BirS5 x Wz Eedesm, (°).

T Tresca JHIRAEN] , {1 Lamé A ANHEIZEHY
B E RS ML R, S TR |



24

FRAR L, 5 A% B I A8 i R R4 77 04 3 900 A TRIUAT 161

AkEE SR ARIL Horp BRAHERE ) per Ty

2 HEEAETESRE

d

Fig. 2 Plane analysis

1 of lined composite pipe
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Fig. 3 Stress-strain curves of two 316L materials under tensile test
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Fig. 4 Stress-strain curves of two 316L materials within the
first 10 % of strain
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Tab.1 Mechanical parameters of lined composite pipe material
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Fig. 5 Plane strain finite element model of lined composite pipe
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Fig. 6 Load and unload mode of finite element model
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Fig. 7 Variation process of Tresca stress in outer pipe and liner pipe with expansion pressure
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Fig. 9 Variation curve of stress of outer pipe and liner pipe with
expansion pressure (316L material 1)
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