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Forming laws of T-shaped tube under incremental impact hydraulic loads

Zhao Xinniu', Liu Jianwei'?, Zhang Wenxiu', Meng Zhenpeng'
(1. School of Mechanical and Electrical Engineering, Guilin University of Electronic Technology, Guilin 541004, China;
2. National Demonstration Center for Experimental Education of Mechanical and Electrical Engineering Training, Guilin University of

Electronic Technology, Guilin 541004, China)

Abstract: In order to further improve the formability of tube blank and improve the problem of traditional hydraulic bulging technology rel-
ying on high pressure source, a incremental impact hydraulic bulging method for multi-pass tube was proposed. For T2 red copper
T-shaped tube, the experimental research on incremental impact hydraulic bulging was carried out by the designed bulging device, and by
comparing the results of one-pass impact hydraulic bulging, two-pass and three-pass incremental impact hydraulic bulging under different
hydraulic loads, the influences of initial internal pressure, feeding amount and incremental pass on the height, wall thickness distribution
and top fillet radius of branch tube for T-shaped tube were analyzed. The research results show that this method can form T-shaped tubes
with good quality. The initial internal pressure has a great influence on the top fillet radius and side wall fitting of branch tube for T-
shaped tube. The forming quality of T-shaped tube is the best under the three-pass incremental impact hydraulic loads with the initial in-
ternal pressure for each pass of 10, 30 and 32 MPa and the feeding amounts of 3, 3 and 15 mm, respectively.
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Fig. 1 Schematic diagrams of device structure (a) and forming process (b) for incremental impact hydraulic bulging of multi-way tube
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Fig. 2 Schematic diagrams of tube blank section deformation during incremental impact hydraulic bulging process
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Table 1 Mechanical properties of T2 copper tube
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Fig. 4 Bulging die structure of T-shaped tube
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Fig. 5 Physical diagram of bulging die for T-shaped tube
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Fig. 6 T-shaped tubes formed with different feeding amounts under

(a

active pressure
(a) Original tube blank

(¢) Feeding amount of 15 mm

(b) Feeding amount of 12 mm
(d) Feeding amount of 18 mm

(e) Feeding amount of 21 mm
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Fig. 7 T-shaped tubes formed with different initial inner pressures under
one-pass impact hydraulic pressure
(a) Original tube blank
(c) Initial inner pressure of 10 MPa

(b) Initial inner pressure of 5 MPa
(d) Initial inner pressure of 15 MPa
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Table 2 Loading paths and forming results of two-pass

incremental impact hydraulic bulging experiment
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Fig. 8 T-shaped tubes formed with different initial inner pressures under
two-pass incremental impact hydraulic pressure
(a) Original tube blank  (b) Initial inner pressure of 20 MPa

(c) Initial inner pressure of 30 MPa ~ (d) Initial inner pressure of 35 MPa
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bulging experiment
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Fig. 10 T-shaped tubes formed with different loading paths under
three-pass incremental impact hydraulic pressure
(a) Original tube blank  (b) Loading path A (c¢) Loading path B
(d) Loading path C
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Table 3 Actual available heights of branch tube under
different loading paths
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Fig. 11  Heights of branch tube for T-shaped tube under different loading paths
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Fig. 14 Wall thickness distribution along circumferential direction of

branch tube for T-shaped tube
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