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Fig.1 Schematic diagram of six-axis free bending forming principle
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Table 1 Parameters of each axis of the six-axis free bending engineering prototype
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Fig.2 Six-axis free bending program interface
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Fig.3 Diagram of six-axis free bending forming mold



AT
COVER STORY iﬂ‘ mix?‘

(a) fAEE P (b) 2l Py R
4 SIREENTREERE

Fig.4 Indentation defects during multi-roll mold forming
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Fig.5 Design and processing of multi-roll molds for different cross-section profiles
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Schematic diagram of guiding and pressing structure
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Fig.7 Schematic diagram of six-axis free bending mold motion analysis
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Fig.8 Schematic diagram of six-axis free bending forming parameters
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Fig.9 Six-axis free bending finite element model
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Fig.10 Mechanical performance parameters of 304 stainless steel
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Fig.11 Cloud diagram of wall thickness distribution in free bending forming of square tubes with different wall thicknesses
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Fig.12 Study on the critical wrinkling wall thickness of a square tube
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Fig.13 Forming stress distribution cloud diagram under different torsion angles
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Fig.14 Shape of the six-axis free bending of square tube under different torsion angles
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Table 2 Comparison of design, simulation and test of 304 stainless steel square pipe components

24 Bt R/ mm
T B A 250

A 500

AR 510

FAI RS/ mm 8 RS/ mm
257.82 260.14
502.35 501.28
508.71 513.63

FROTELIZE R, TR 1 IR 47
HPER SE PR AR , BOE AR 54
FROTHAUSS AIEA W) 5 LSS T 755
FI R 2 A BROCESIL A HER 1

& & X

[11 &, TRE, B4k4, % R
Z j YR E A AU T2 (9] LR
FE2FAf L 2019, 55(20): 152-159.

GAO Song, YU Changchun, LIANG Jicai,
et al. Multi-points 3D stretch-press bending
technology for aluminum profile[J]. Journal of
Mechanical Engineering, 2019, 55(20): 152—159.

[2] B2, BT, Mk, 4 SUb
TR WG R RS (1], Bk LA,
2017, 24(4): 117-123.

HUANG Shijun, CHEN Lingxiao, TIAN
Hongcai, et al. Study on the influential factors
of profile roll bending springback[J]. Journal of
Plasticity Engineering, 2017, 24(4): 117-123.

[3] R, BRBIA, #2220 2099 R
B G IR B I RIRTS T 0], S TR
24, 2016, 23(3): 16-21.

HU Zhihua, CHEN Minghe, XIE Lansheng.
Variable curvature roll-bending for 2099 Al-Li
alloy profile[J]. Journal of Plasticity Engineering,
2016, 23(3): 16-21.

[4] 7 XM, fUscie, 45 . 2099
FRHE G 4 B IR T BB RS R O [0, A
23 HHITEF AR | 2016, 59(13): 43-49.

WU Jianjun, LIU Weipin, HE Wenhua,
et al. Tool development for hot joggle forming
of 2099 Al-Li alloy profile[J]. Aeronautical
Manufacturing Technology, 2016, 59(13): 43-49.

[5]1 B/, HKE , B4R, 5. B
B2 A B BRI (7). R
2017, 42(4): 1-7.

LI Xiaoqiang, YANG Yongzhen, LI
Dongsheng, et al. Research progress on profile
CNC stretch bending equipment[J]. Forging &
Stamping Technology, 2017, 42(4): 1-7.

[6] SR, BEY, B, 5T
LA B T 2SR AR B 0 AL B ST (0], 44
B 5 T2, 2021, 29(4): 81-86.

GAO Ya’nan, LI Yanbo, CAO Daxing, et al.
Research on section optimization of aluminum profiles
based on rotary-draw bending process[J]. Materials
Science and Technology, 2021, 29(4): 81-86.

[71 EW, WE, 9, 5 BB
Y T 2R3 AL [7]. 980 T A4, 2018,
25(3): 65-72.

WANG He, HUANG Xia, SUN Ying, et al.
Study on process robust optimization for stretch

bending of aluminum profile[J]. Journal of

20224E 55658 55 1000] « it BlE A 31



L 7 78
%‘Tﬁi—?—l COVER STORY

Plasticity Engineering, 2018, 25(3): 65-72.

(8] Z4kll , XBH , J7uk . L A AR
Ar 2 PR AT W A R P S 0], BB
AR, 2016, 41(12): 42-45.

LIANG Jiye, DENG Gang, FANG
Bin. Section distortion control for L—section
aluminum profile part in the stretch-bending
process[J]. Forging & Stamping Technology,
2016, 41(12): 42-45.

(91 JAFRHE . WAL Z JE R bR [l g
SR ST (1], BRI A SR, 2012,
47(1): 76-79.

ZHOU Yangping. Experimental research
on roll-bending spring back process for aircraft
Z structural section[J]. China Metalforming
Equipment & Manufacturing Technology, 2012,
47(1): 76-79.

[10] MURATA M. Effect of die profile
and aluminum circular tube thickness with MOS
bending[J]. Journal of Japan Institute of Light
Metals, 1996, 46(12): 626-631.

[11] GANTNER P, BAUER H,
HARRISON D K, et al. Free-bending— A new
bending technique in the hydroforming process
chain[J]. Journal of Materials Processing
Technology, 2005, 167(2/3): 302-308.

[12] GUO X Z, XIONG H, LI H, et al.
Forming characteristics of tube free-bending with

small bending radii based on a new spherical
connection[J]. International Journal of Machine
Tools & Manufacture, 2018, 133: 72-84.

[13] WU JJ, ZHANG Z K, SHANG Q,
et al. A method for investigating the springback
behavior of 3D tubes[J]. International Journal of
Mechanical Sciences, 2017, 131: 191-204.

[14] GUO X, WEI W, XU Y, et al. Wall
thickness distribution of Cu—Al bimetallic tube
based on free bending process[J]. International
Journal of Mechanical Sciences, 2019, 150: 12—19.

[15] sk, SRA2s | g, 45 a5
AL LE S N AR SOY K ] SIS (0],
Wias s A | 2018, 61(16): 26-31.

ZHANG Zengkun, WU Jianjun, SHANG
Qi, et al. Investigation to forming and springback
of spatial tubes in bending-twisting process[J].
Aeronautical Manufacturing Technology, 2018,
61(16): 26-31.

[16] GANTNER P, HARRISON D K, DE
S A, et al. The development of a simulation model
and the determination of the die control data for
the free-bending technique[J]. Proceedings of
the Institution of Mechanical Engineers, Part B:
Journal of Engineering Manufacture, 2007, 221(2):
163-171.

[17] J. Neu. Neu free bending machine
[EB/OL]. [2014-09-08]. http://www.etaitech.com/

list/?122_1.html.

[18] MURATA M, AOKI Y. Analysis of
circular tube bending by MOS bending method[J].
Advanced Technology of Plasticity, 1996, 1: 505—
508.

[19] SWYILE, ek, #5555 . =4EH
P 7 B AR AR B A A 2 o 3 ol v B A
H 7. fiezs il oAk | 2016, 59(23/24): 16-24.

GUO Xunzhong, MA Yannan, XU Yong,
et al. State-of-the-arts in 3D free bending
technology and the future application in aviation
manufacture[J]. Aeronautical Manufacturing
Technology, 2016, 59(23/24): 16-24.

[20] CHATTI S, HERMES M, TEKKAYA
A E, et al. The new TSS bending process: 3D
bending of profiles with arbitrary cross-sections[J].
CIRP Annals-Manufacturing Technology, 2010,
59(1): 315-318.

[21] HUDOVERNIK M, STAUPENDAHL
D, GHARBI M, et al. 3D numerical analysis of
2D profile bending with the torque superposed
spatial bending method[J]. Journal of Mechanical
Engineering, 2013, 59(3): 139-147.

[22] STAUPENDAHL D, TEKKAYA A E.
Mechanics of the reciprocal effects of bending and
torsion during 3D bending of profiles[J]. Journal
of Materials Processing Technology, 2018, 262:
650-659.

Research on Six-Axis Free Bending Forming Mechanism and Forming
Quality Control of Profile Components

GUO Xunzhongl, YANG Qiuchengl, CHENG Chengl, LIU Chunmei', XU Yongz,

BAI Xueshan’, LI Guangjun*
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2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China;
3. AVIC Shenyang Aircraft Industial (Group) Co., Ltd., Shenyang 110850, China;
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[ABSTRACT]

Six-axis free bending forming technology is a high-degree-of-freedom manufacturing technology in the

field of integral forming of complex bending components. It can realize the overall accurate forming of tube components

with complex axes and profile bending components with cross-sectional torsion characteristics. This article starts with the

basic principles of six-axis free bending forming technology, and introduces the design of key equipment structure and the

algorithm analysis of bending die movement trajectory. The method of combining finite element simulation and experiment

is used to study the characteristics of the wall thickness distribution during the forming of the square tube, and the influence

of the section torsion on the bending radius and bending direction of the formed member is analyzed.

Keywords: Six-axis free bending forming; Section torsion; Profile bending; Motion trajectory; Finite element simulation
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