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CALCULATION OF HYDRO-FORMING PRESSURE FOR BI-METAL CLAD PIPE
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Abstract The double-wall, bimetallic CRA-lined pipe has an inner layer made of a very resistant CRA and an outer layer made of
low-cost carbon steel providing the line pipe with the required strength and toughness, which has been widely applied in oil production,
nuclear power plants and refining industry. Clad pipe can be manufactured by various techniques that include hot coextrusion, hot-rolled
bonding, explosive bonding, centrifugal casting and hydraulic expansion of a CRA pipe inside and a carbon-steel outer pipe. Compared
with kinds of methods, hydraulic expansion process is easy to control, clad pipe can be economically manufactured and its quality is bet-
ter, so it is deserved to develop. This paper mainly presents the clad pipe, which inner pipe is stainless steel and outer pipe is carbon

steel to be formed by hydraulic expansion process.

According to the basic supposition, the material and mechanics models of inner pipe and outer pipe have been established. (1) The
material of the inner piper is considered as linear hardening behavior, and the outer pipe is described as ideally plastic material since its
plastic deformation is smaller. {2) During the hydraulic expansion, the axial force in pipes can be neglected according to our experimen-
tal model, so the stress on pipes can be got by simplified as problem of planar stress.

The main principle of hydraulic expansion process for clad pipe has been described. Adopting the elasticity-plasticity theory, the
stress and strain during loading and the residual stress and strain after unloading for the inner and outer pipe of clad pipe have been dis-
cussed. By using the distortion matching condition the calculating formulas related hydro-forming pressure to the residual contact pressure
between has been derived. The range of expansion pressure is got according to the different demands for residual contact pressure of clad
pipe, and the maximum and minimum value of hydro-forming pressure is given. In order to obtain the residual contact pressure, the yield
stress of outer pipe must be more than inner pipe or it’s hardening stress. The theoretical analysis is verified by experimental results.
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Fig.1 Construction of clad pipe
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Fig.2 Materials model of inner and outer pipe
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Fig.3 Forces on the clad pipe during process of hydro-forming
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Fig.4d The hydro-forming process of clad pipe
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Tab.1
e RS JE R T HLRIRE 1628 ¢ BRI bEE/N =4
Cladn . Material Yield stress Tensile stress Elastic modulus Elastic strength modulus Poisson’ s ratio
ppe trademark o,/MPa o,/MPa E/MPa E’'/MPa i
PIE % Inner pipe | 0Cri8Ni9 213 590 1.96x 10° 1.6x 10° 0.3
SMEE Outer pipe 20 281 480 2.05x 10° 0 0.3
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Fig.5 Hydraulic pressure and residual contact pressure
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