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Finite element simulation and springback prediction on whole process for
CNC stretch forming process of nose cone skin
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Abstract: In order to improve the aerodynamic performance for new generation of aircraft, the requirements on the surface shape accuracy
have been significantly increased, so it is necessary to control the springback of parts after the skin is stretched. Therefore, based on the
self-developed domestic skin stretch forming simulation software AISF, the whole process of CNC stretch forming, trimming, springback
for the nose cone skin was simulated numerically. Then, the key motion mechanism of VTL1000 CNC skin stretch forming machine was
measured, and a finite element simulation model of skin stretch forming considering the actual motion of machine tool was established.
Furthermore, the CNC stretch forming code of the actual parts was directly input into the finite element simulation model to ensure that the
simulation boundary conditions were completely consistent with the experiment. Considering the actual production conditions, a simulation
model of stretch forming—springback—trimming—pressing was established to realize the simulation prediction of springback. According to
the optimized CNC stretch forming code, the actual parts were formed and digitally inspected. The results show that the springback predic-
tion is basically consistent with the actual situation, which verifies the accuracy of the finite element simulation model.
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Fig. 1  CATIA model of skin part
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Table 1 Mechanical properties of 7B04-W aluminum alloy

ZH JEE/mm FPERE E/GPa B p/ (kg - mTY) AL BTSSR S

JENGREE R, /GPa N AFMRAL R B K/GPa  THALIES n

BE 2.0 72.98 2700 0.37 0.74

0. 439 0.618 0. 084
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Fig. 2 Schematic diagram of VTL 1000 CNC skin stretch forming machine
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Fig. 3 CATIA model of die
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Fig. 4 Inclination angle measurement of stretch forming surface for die
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Fig. 5 Parameters setting of skin stretch forming machine
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Fig. 6 Simulation model (a) and its initial parameters (b)
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Table 2 Machine parameters of loading state for nose

cone skin parts
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g e g
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AIER — 800 1.2 508 mm + min~'
TG A 750 2.3 508 mm « min~'
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Fig. 7 Charge pose of stretch forming process



SRERISE ;. Bk HESE B Rt R i i A Ui R AT FROG(1y 0 % [l 38 ) 87

K8 B RRA R

Fig. 8 End pose of stretch forming process
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Table 3 CNC loading trajectory parameters of nose

cone skin parts
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Fig. 9  Simulation process of stretch forming process
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Fig. 14 Measurement results of springback amount for actual part
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