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Abstract; To fulfill the practical requirements of constructing large-size structures in orbit for extraterrestrial
exploration and space station trusses, a direct in-orbit strip-orming method was proposed, alongside the
development of a small, lightweight and low-power metal pipe fitting manufacturing equipment. Based on Kirchhoff
hypothesis and the principle of equivalent strain energy, a nonlinear mechanical model of bending and winding was
established to analyze the influence of different parameters on the winding torque. The ABAQUS/explicit solver was
used to solve the winding torque and validate the effectiveness of the analytical model. The winding and locking
performances were described and optimized by defining three performance indexes, namely stable winding moment,
positive locking pressure, and maximum locking edge stress in a quantitative manner. The lower the indexes, the
higher the winding locking performance. The polynomial surrogate model of the index parameters for the curved
winding pipe was established using the response surface method, and the metal pipe bending was sujected to multi-
objective optimization design through an improved non-dominated genetic algorithm ( NSGA-II). The optimization
results demonstrate a reduction of 26.23% in the winding torque, a decrease of 4.71% in positive pressure at the
locking edge, a decline of 2. 14% in maximum stress at the locking edge, and an enhancement in the fluctuation of
the torque curve. A prototype for winding locking was developed, featuring a roller seat with a diameter of 70 mm,
a roller group spacing of 100 mm, and a locking groove bending box with a corrective adjustment function, along
with a core shaft diameter of 50 mm. The experimental results demonstrate the impact of various process parameters
on rolling forming and elucidate the relationship between forming angle and pipe fitting diameter during spiral
forming. The findings of this study offer a crucial theoretical and experimental foundation for the implementation of
metal tube forming in orbit.
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Fig.2  Strip cross-section
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Tab.2  Stress-strain parameters of raw materials
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Tab.3 Simulation experiment data

No. /(°) h/mm  M/(N-m)  F/N o/MPa
1 120.0  0.34 27.175  678.05  313.8760
2 1225 0.34 21.855  637.50  310.115 1
3 125.0 0.34 15.689  595.75  306.378 0
4 127.5  0.34 12.503  552.80  302.664 7
5 130.0  0.34 14.377  508.70  298.975 1
6 1200 0.38 31.303  707.90  310.642 8
7 1225  0.38 28.176  667.75  306.896 5
8 125.0  0.38 22.564  626.15  303.174 5
9 1275  0.38 16.690  583.60  299.476 3
10 130.0  0.38 13.164  539.80  295.810 1
11 1200  0.42 34.138  738.70  307.432 1
12 1225 0.42 31.407  698.45  303.701 3
13 125.0  0.42 29.112  657.30  299.994 0
14 1275 0.42 25.785  614.85  296.3109
15 130.0  0.42 20.071  571.35  292.6515
16 120.0  0.46 35.116  779.50  305.828 3
17 122.5  0.46 34.552  729.85  300.528 |
18 125.0  0.46 32.961  688.95  296.8363
19  127.5  0.46 31.776  646.80  293.167 8
20 130.0  0.46 30.092  603.45  289.523 6
21 1200 0.50 39.773  675.70  301.080 6
2 1225 0.50 38.841  764.55  289.523 6
23 125.0  0.50 37.525  721.05  293.7020
24 127.5  0.50 36.808  679.30  290.049 1
25 130.0  0.50 35.173  636.20  286.4100
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Tab.4 Response surface model estimation

L% 27N R? Ridj Epms
M 0.996 6 0.991 8 0.192 8
F 0.983 9 0.961 4 0.1314
o 0.984 9 0.963 7 0.101 9
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Fig. 13 Response surface of winding torque
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Fig. 14 Response surface of positive pressure at locked edge
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Tab.6 Comparison of results before and after optimization

28 M'/(N-m) F/N o/MPa
@/{;25 20 036 \{\\@Q Ak 32.86 670.37 296.83
0.32 LSS 24.25 638. 65 290. 46
15 B hEAEENNNEE bt b % 26.23 4.71 2.14
Fig. 15  Response surface of maximum positive pressure on 45
locked edge sl
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