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Experimental and FE Analyses of Hot Curvature-Forming for
Aluminum Thick Plate Using Grid-Typed Hybrid Die
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Abstract

The hot curvature-forming of large aluminum thick plate using a grid-typed hybrid die is a process for the production of
a spherical LNG tank. Many variables such as the initial die surface quality, grid size, grid thickness, size of blank plate
and cooling line design, control the success of the process. In addition, the plate used in this process is generally larger
than 10X 10m in size. Thus, it is very difficult to predict the surface characteristics of the plate during forming and to
measure the different parameters due to the high cost of the experiments. In order to optimize the process design for the
grid-type die, the development of an analytical method to predict the surface characteristics of the final product in hot
curvature-forming is needed. This paper described the development of the method and procedures for FE simulations of
the hot curvature-forming process, including hot forming, air flow, cooling, and thermal deformation analyses. An
experiment for a small scale model of the process was conducted to check the validity of the numerical method. The
results showed that the curvature of the plate in the analysis agrees well with that of the experiment within 0.037 and

0.016% tolerance margins for its side and corner, respectively.
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Fig. 1 Schematic drawing of hot curvature-forming process for large Al plate
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Fig. 4 FE models of forming and cooling analyses of
Al 5083 plate

Table 1 FE simulation conditions of hot forming and
cooling, thermal deformation of Al plate

Items Value

Material of Al plate Al 5083-O
Material of upper and lower die AISI H13
Initial temp. of plate and die (C) 430 and 20
Upper die speed (mm/s) 100
Friction factor (m) 0.6
Interface-HTC h, (W/m ? ) 4000
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Table 2 E and CTE of Al 5083 for different temperatures

Temp. E(GPa) Temp. CTE(W/mT)
250 49.027 100 2.1x10°
300 48.316 200 2.3%x10°
350 39.312 300 2.5%x10°
400 33.574 400 2.7x10°
450 18.795 450 2.8x10°

Upper die

Fig. 5 FE model for CFX analysis of compressed air

Table 3 Physical Properties of air, die and Al 5083

Items Air Die | Alplate
Specific heat (J/kg'C) 1004.4 | 460 900
Heat conductivity(W/m ) | 0.0261 | 14.4 117
Density (kg/m’) 1284 | 7800 | 2660
Initial temp. (C) 20 20 430

kinematic coefficient of viscosity (kg/ms) :air 1.831x107

Table 4 Jet condition of compressed air

Items Value
Jet velocity of air (m/s) 50m/s
Diameter of nozzle orifice (mm) 3
Atmospheric temperature (C) 20
Acceleration of gravity (m/s%) -9.8
Air pressure (atm) 1
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Fig. 6 Forming load — stroke curve and temperature
distributions of Al plate after forming analysis
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