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Influences of tube blank parameters on section distortion for metallic thin-walled
tube with “ H” -shaped section in rotary draw bending

Wang Xiaozhuo, Niu Weizhong
(School of Mechanical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: In order to study the influences of material and size parameters of tube blank on the section distortion of metallic thin-walled
tube with " H "-shaped section in rotary draw bending, the rotary draw bending process of six groups and nineteen types of tube blanks
were respectively simulated by finite element analytical software ABAQUS, and the general pattern of section distortion for these bent tubes
and the maximum reduction rate of three sizes for each bent tube were obtained. The results show that after rotary draw bending, the sec-
tion of tube blank with " H"-shaped section usually becomes trapezoid, and the maximum value of wall-thickness reduction rate for bent
tube is generally higher than that of top-width reduction rate and section-height reduction rate. Choosing the tube material with smaller yield-
strength ratio or the tube blank with smaller section height help to reduce section distortion and wall-thickness thinning of bent tube, and tak-
ing the well-designed tube blank with " H "-shaped section to replace the rectangular the section or " H "-shaped section can significantly sup-
press the section distortion of bent tubes, but it is difficult to improve the thinning of the wall thickness for top plate.
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Fig. 1 Cross-section shape of tube blank with " "-shaped section
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Table 1 Materials and cross-section sizes of tube blanks

used in numerical simulation (mm)

R ANy

s it AR o b w L r

1 JACS90Y Hiadd 40 20 12 2 1 2.0 2.0
2 OCr18Ni9 N4 40 20 12 2 1 2.0 2.0
3 AAGOI6 FR G4 40 20 12 2 1 2.0 2.0
4 OCrI8Ni9 AEEH 40 15 12 2 1 2.0 2.0
5 OCrI8Ni9 N4 40 25 12 2 1 2.0 2.0
6 OCri8Ni9 ANEEH 40 30 12 2 1 2.0 2.0
7 OCri8Ni9 REE4 40 20 8 2 1 2.0 2.0
8 OCri8Ni9 AEEH 40 20 10 2 1 2.0 2.0
9 OCrI8Ni9 ANEEHY 40 20 14 2 1 2.0 2.0
10 OCrI8Ni9 A454M 40 20 16 2 1 2.0 2.0
11 OCri8Ni9 REE4 40 20 12 2 1 1.0 2.0
12 OCrI8Ni9 N4 40 20 12 2 1 1.5 2.0
13 OCrI8Ni9 A8 40 20 12 2 1 2.5 2.0
14 OCrI8Ni9 REEH 40 20 12 2 1 2.0 1.0
15  OCrISNi9O 8540 40 20 12 2 1 2.0 1.5
16 OCrI8Ni9 AE5H 40 20 12 2 1 2.0 2.5
17 OCrI8Ni9 A& 40 20 12 2 1 2.0 3.0
18  OCrI8Ni9 N85 40 20 — 2 1 — -
19  OCrI8Ni9 A454M 40 20 20 2 1 2.0 2.0
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Table 2 Mechanical property parameters of

three kinds of tube materials

P g/ PR - JEARGREE  Brhiim e
B =2 {H

' (kg - m™) (x10° MPa) R,/MPa R, /MPa
JAC590Y
. 7850 2.07 0.28 381 907
20
0Cr18Ni9

7830 2.07 0.28 239 1040
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Fig. 2 Simulation model of tube in 90° rotary draw bending
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Table 3 Simulation conditions

SR HfH
FEHIETBEE 24 R/mm 60
25 MR A U w/ (rad - s71) 1.57
HHR G AR B/ mm 0
RS LR I BE S R ®
AR AR R B0 ] B/ mm 0.1
AR5 7 R ) Y 4 PR K 0.1
RS R B R i EE 4 R K 0.15
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Fig. 3 Shapes of A6061S-0 aluminum alloy square tube after rotary draw bending

(a) Simulation result in this paper
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Table 4 Widths of five widest cross-sections of square

tube after wrinkling (mm)

I > ESQUEREES Scikry [3] SRR A
1 49.9 47.8
2 50.0 47.9
3 49.9 48.4
4 50.0 48.6
5 50. 1 48.7
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(b) Experimental result in literature [ 3]
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Fig. 4 General pattern of section distortion for tube blank with

"H"-shaped section after rotary draw bending
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Fig. 5 Changing forms of stresses at four positions in front-end section of bent tube

(a) At middle of top plate  (b) At middle of bottom plate
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(d) At middle of supporting plate
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Fig. 6 Relation curves between A, 7., A of bent tubes

and yield-strength ratios of tube materials
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height to bending radius ratio of tube blanks in rotary draw bending
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Fig. 9 Relation curves between A, , 7,..,

A . of bent tubes and

wall thickness ratio of supporting plate for tube blanks
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