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Joining law of local bulging and extrusion at ultra-low temperature of thin-
walled tube and flange composite joint for 6061 aluminum alloy

Cheng Wangjun', Zhang Hengyuan', Liu Wei’, Gao Qiang', Sun Yaoning'
(1. School of Mechanical Engineering, Xinjiang University, Urumqi 830017, China;
2. National Key Laboratory for Precision Hot Processing of Metals, Harbin Institute of Technology, Harbin 150001, China)

Abstract: To solve the efficient joining problem of the thin-walled tube and thin-walled flange complex structure for aluminum alloy, a no-
vel plastic joining method of local extrusion at ultra-low temperature for thin-walled tube and thin-walled flange for aluminum alloy was pro-
posed. The plastic jointing dies used in radial bulging and axial compression sealing at ultra-low temperature were designed. The effect
laws of middle sealing layer and bulging load on the wall thickness distribution and the damage factor of the joining part after the radial
bulging and axial compression sealing for aluminum tube-plastic-flange joining part at room temperature and ultra-low temperature
(=196 C) were analyzed by numerical simulation. The results show that the larger the bulging load is, the more the convex amount of
the axial compression sealing is, and the higher the need of material plasticity is. Likewise, the thinning of materials mainly occurs in the
radial bulging stage. The damage of outer flange is significantly smaller than that of the inner tube under the same condition. Meanwhile,
the damage resistance of specimens at ultra-low temperature is obviously higher than that at room temperature, which effectively inhibits
the fracture defects of plastic joining parts. This process plays an important reference role in the manufacturing of joining structures with
high quality for thin-walled tube and thin-walled flange of aluminum alloy.
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Fig. 1 Shapes and geometry sizes of thin-walled tube for aluminum alloy, middle sealing layer and thin-walled flange

(a) Before plastic joining

BES
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Fig. 2 Process principle of local extrusion and plastic joining at ultra-low temperature

(a) Radial bulging

(b) Axial compression sealing
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Fig. 3 True stress-true strain curves (a) and forming limit curves (b) for AA6061 aluminum alloy thin-walled tube
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Fig. 5 Loading paths in plastic joining process

RATEA B4 AR A IS 5 ik 22 A 21X

—
® HR KA BEA AR T, 2447 F2 g 809% I 1] 25
TG Hp (1) %8 2 0 2 1 1 B KA BN A8 o 057, T
P B2 B2 RE SR R 0. 54, 8 i X AR

B4 &M (a) BARTTHER (b)

Fig. 4 Joining parts (a) and finite element model (b)
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Fig. 6 Equivalent strain distributions of inner tube for joining parts with and without middle sealing layer at different time steps

(a) Without middle sealing layer ~ (b) With middle sealing layer
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Fig. 7 Distributions of bulging height for outer flange of joining part under different bulging loads

(a) Room temperature
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Fig. 8 Wall thickness change of inner tube (a) and top of outer flange (b) for joining part at room and liquid nitrogen temperatures
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