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ABSTRACT The formability of corners was improved by heating the corer area of high strength square tubes with induction coils.
Under the premise of not impacting the undeformed zone we obtained the ideal sectional dimension microstructure and properties of
products. In the hot roll forming process the billet accumulated at the outside area of square corners without mold restrictions. With
rising temperature the accumulation became more serious. At the same time microcracks deteriorated on the surface of the inner
tube while the cracks grew up in a form of arborization. A selftempering process would be produced by residual temperature after hot
roll forming which could significantly reduce the residual stress. The residual stress sharply decreased as the temperature increased.
When the heating temperature was above 650 C  the influence of self-tempering on the residual stress was greater than the extended
capability of macrocracks and played a leading role; there was no crack when the distance was larger than 2/3 of diagonal length at
flattening test.

KEY WORDS high strength steel; tubes; roll forming; induction heating; microcracks

900 MPa N N N N N

: 2015-08-05



* 974 - 38 7

2 Gleeble—3500
. 900
MPa 2-3
4-5
69
10
1
1.1
QSTE700T™M 1 ( : mm)
1 . Fig.1 Schematic diagram of the sectional dimensions of the pre—
QSTE700TM 1. formed tube ( unit: mm)
1 QSTE700TM ( )
Table 1 Mechanical properties and chemical component of QSTE700TM
/ / / 1%
MPa MPa % C Si Mn p S Al Mo Nb +V +Ti
746.5 870. 4 16.72 0.07 0.07 1.91 0.01 0. 002 0. 048 0.16 <0.22
2 QSTE700TM 134— 12— 15—
Fig.2 Mechanical properties of QSTE700TM high strength steel at 3
high temperature Fig.3  Schematic diagram of secondary hot roll forming of high
strength square tubes
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Table 2 Main parameters of secondary hot rollforming

/A /Hz /C
E, 0 0 25
d, 93 16700 500
g 90 16760 550
b, 105 16791 600
¢ 118 16878 650
d, 114 16956 700
4 ( : mm)
Fig.4 Sectional dimension and location of coils ( unit: mm) €2 121 17031 750
a, 126 17087 800
1 1 2
2 132 17182 850
5(a) (b)
h, 158 17204 880
5 . (a) 1;(b) 2

Fig.5 Surface temperature of the preformed tube: (a) Path 1; ('b) Path 2

3 3
6. Table 3 Sectional dimension of square tubes
/ / / /

mm mm mm mm

E, 38.56 38.93 3.00 1.0

6(k) . QSTE700TM d, 38.51 38.58 2.75 0.8
g 38.59 38.60 2.50 0.6

b, 38.50 38.66 2.25 0.6

e 38.45 38.46 2.00 0.5

d, 38.31 38.23 2.00 0.4

c 38.09 38.21 1.75 0.4

a, 37.84 38.12 0.50 0.3

% 37.89 38.08 1.75 0.3

h, 37.60 38.07 1.50 0.3
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6 ( :mm). (a) 25°C;(b) 500°C;(c) 550°C;(d) 600°C;(e) 650C; (f) 700°C;(g) 750°C; (h) 800°C; (i) 850
T () 880°C; (K)
Fig.6 Schematic cross section of square tubes ( unit: mm) : (a) 25°C; (b) 500°C; (c) 550°C; (d) 600°C; (e) 650°C;(f) 700°C; (g 750%C;
(h) 800°<°C; (i) 850°C;(j) 880°C; (k) ideal

2.2
7 7
500
7(1) 2.3
: 7 GB/T 246—2007
(a) 40 mm
“ ”» ; 5%
7(b) ; 260 g*L™"  NaCl

30 min
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7 . (a) i (b) 25°C;(¢) 500 °C;; ( d) 550C; (e) 600 C; (f) 650 C; ( g)
700 °C; ( h) 750 °C;; (1) 800 °C; (j) 850 °C; (k) 880 °C; (1) 25C
Fig.7 Microcracks near the corner of square tubes: (a) inner angle raw material; (b) inner angle 25°C; (c) inner angle 500 °C; (d) inner
angle 550 °C; (e) inner angle 600°C; (f) inner angle 650°C; (g) inner angle 700°C; (h) inner angle 750 °C; (i) inner angle 800°C; (j)
inner angle 850 °C; (k) inner angle 880 °C; (1) exterior angle 25 °C

500.550 600 °C
1.614.1.489  2.861 mm;
650 °C 2/3

;500 ~ 600 C

;650 C

8

Fig.8 Schematic illustration of flattening test
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9 (&) 25~600°C; (b) 650 ~880 C
Fig.9 Stress in flattening tests of square tube: (a) 25 ~600°C; (b) 650 ~ 880 °C and original sample

650 °C
; 650C
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