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Effect of hot forming temperature on the microstructure and mechanical properties of

high strength square tubes
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ABSTRACT To overcome the challenge of traditional roll forming process and equipment on high strength square tubes at room
temperature hot roll forming process using local induction heating was proposed to produce high strength square tubes. A series of
tests including tensile testing fracture morphology scanning electron microscopy ( SEM) and X-—ay diffraction were performed to
investigate the effect of hot forming temperature on the microstructure and mechanical properties of high strength square tubes. Experi—
mental results show that as the temperature rises the mechanical properties of the corners improve significantly. The fracture morphol—
ogy gradually changes from cleavage fracture at room temperature to ductile fracture. The microstructures at the corners are developed
from lath bainite to granular bainite and the polygonal ferrite begins to grow. Moreover the circumferential and longitudinal residual
stresses on the outside surface of the square tubes are reduced and reasonably redistributed. Based on the analyses of experimental
results the optimum forming temperature for high strength square tubes is 650 C.
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Table 1 Mechanical properties and chemical component of QSTE700TM
1%
/MPa /MPa /% C Si Mn p Mo S Al
727.6 830.4 20.72 0.07 0.10 1. 88 0. 007 0.16 0. 001 0. 044
3
1 QSTE700TM

Fig.1 Mechanical properties of QSTE700TM high strength steel at

high temperature
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Fig.2 Schematic illustration of the hot roll forming process
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Fig.3 Comparison of the preformed square tube with the hot-roll-

R =2mm formed square tube
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Fig.4 Sampling locations of tensile specimens 6
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Table 2 Measured parameters
X
/nm 0.2291
/(°) 135 ~ 160
211
/mm 1
/kV 25
5 /mA 25
Fig.5 Corner specimens before tensile testing
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Fig.6 Measurement locations of residual stress
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Table 3  Test results of specimens

/MPa /MPa 1%

v 830. 4 727.6 20.72 1 1

C, 971.8 832.5 6.24 1. 14 0.30
G, 986.7 876.8 7.71 1.21 0.37
Cs 930.7 852.4 10. 21 1.17 0.49
C, 843.2 797.5 14. 68 1.10 0.71
Cs 811.4 714.9 14. 84 0.98 0.72
Cg 778.8 708.9  16.24 0.97 0.78
F, 864. 2 774.5 18.42 1. 06 0.89
F, 850. 1 767.3 19.5 1.05 0.94
Fy 856. 6 756.2  19.4 1.04 0.94
F, 826. 1 743.2 21.5 1.02 1. 04
Fs 789.4 700. 2 24.6 0.96 1.19
Fe 759.5 688.1  28.7 0.95 1.39

Y ; C F vi=1 2 3 4

6 25.500.550.600.650 700 °C.

600 °C

700 C

0.95 1.39.
7 3 . 25%C
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Fig.7 Stress—strain curves of corner specimens at different tempera—
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8 . (a) 25°C; (b) 500%C; (c) 550C; (d) 600°C; (e) 650°C; (f) 700<C
Fig.8 Fracture morphologies of corner specimens at different temperatures: (a) 25°C; (b) 500°C; (c¢) 550°C; (d) 600°C; (e) 650°C; (f)
700 °C

2.3 600 C

; 650 C

: e 700 C
500°C  550°C 9( f)

9 . (a) 25°C; (b) 500°C; (c) 550°C; (d) 600°C; (e) 650°C; (f) 700°C
Fig.9 Microstructures of the corner of the hot-rollformed square tube at different temperatures: (a) 25°C; (b) 500°C; (c) 550°C; (d) 600 C;
(e) 650°C; (f) 700 C
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Fig.10 Residual stress distributions on the outside surface of the hot-rollformed square tube at different temperatures: (a) 25°C; (b) 500 °C; ( c)

550°C; (d) 600°C; (e) 650°C; (f) 700°C
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