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Simulation and Experimental Study on U-shaped Bending Process of Low Activation Steel

DING Fang-qiang, WU Xin-tao, LI Ping

(Hefei University of Technology, Hefei 230009, China)

ABSTRACT: To optimize the bending process of U-shaped for low activation steel, the U-shaped bending tests were simulated
by DEFORM-3D simulation software under different process parameters, and the effects of forming temperature, speed and fil-
let on U-shaped bending were explored to optimize the U-shaped bending process. At last, experiments were taken according to
the optimization results, and then the experiment results were compared with the simulation results. The simulation of U-shaped
bending had the best effect at 600 °C, 0.5 mm/s and 20 mm. Bending tests were carried out under these process parameters, and
the U-shaped parts obtained met the production requirements. Using the bending process to manufacture the U-shaped parts is
completely feasible by optimizing the appropriate process parameters.
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Fig.1 Diagram of the test blanket module and the first wall
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Fig.2 The finite element model of the die and workpiece
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Fig.3 Curve of maximum forming load and damage at different
fillet radius
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Fig.4 Curve of maximum forming load and damage at different
temperature
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Fig.7 Final simulation diagram and bending physical map of
U-shaped part
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Table 1 Simulation and actual measurement values of

U-shaped

Hil [ £ KEGE O NEME S AMEA

TR To TERE JEE JELRE
BT 21.9 21.5 21.6 294 25.8
/mm
SN
FbRIT 21.8 20.8 21.0 30.9 24.5
/mm
TR%Z/% 0.5 3.3 2.8 5.1 5.0

M 1AL, SEGEEHAELL, U TB AR
PRSP BB G AR WA R4, 15 A 0 DA
DPE, IKE) 2.3%, BEE TR AT DR s T g [
FERENRE NS 29.4 mm, AT U BN E
RSP AARER, AN ASSRAE B I TRS BEVE N 5
SN EEMS AT, AT LAZ AN

ETLRPAFH U AR (B ESER
22), WESFHRE TEAUSZRIY, SRR
BB, e TIRSaEEst e T,

3 #Hit

RIS AR A UTEAT 25 T 2009 05 FLEHL

AL TR FFA B 2R R RBN T2
B, MENN U BYTS EA T LA E T H A
U BIAR8 H BE , B R B i T A 77 R R AR
B, O T A SRR B R OB B i R AR HE
A EEIRLE L.

1) MU B A EE R T IR, s e
JEE K AR A 2 A2 . BRI S AT i R 3 AT A A 2
g, (HEASRUEL, s FraR e i sk, B
R A EME—HP, B, BT ES 80N 2%
BHIE,

2) £ U Sy B, Mgl s
600 C, MELR AN 20 mm, (B FITHERN
0.5 mm/s i}, F3EIAY U FEOFSCR AR S 1.

3) FESEPRSCE R, de B T A S50
T U TS, 5300 U BB R ST SRR
RIRZEN 5.1%, REVEFBN; M B AL
5 NZRA SRRSO, T TIESE
GTRREEBTHERE o

S0k

[1] TANIGAWA H, SHIBA K, MOSLANG A, et al. Status and
Key Issues of Reduced Activation Ferritic/martensitic
Steels as the Structural Material for a DEMO Blanket[J]. J
Nucl Mater, 2011, 417(1—3): 9—15.

[2] TAMURA M, HAYAKASA H, TANIMURA M, et al. De-
velopment of Potential Low Activation Ferritic and Auste-
nitic Steels[J]. Journal of Nuclear Materials, 1986, 141—
143: 1067—1073.

[3] HUANG Q. Development Status of CLAM Steel for Fu-
sion Application[J]. Journal of Nuclear Materials, 2014,
455(1—3): 649—654.

[4] WU Y. Design Status and Development Strategy of China
Liquid Lithium-lead Blankets and Related Material Tech-
nology[J]. J Nucl Mater, 2007, 367: 1410—1415.

[5] Bk RAEMEMZAMTE I E R RUENTED]. & HE:
T EBEBERFTAE B, 2012.

HUANG Bo. Study on Formability of Low Activation Steel
Pipes for Blanket of Fusion Reactor[D]. Hefei: Institute of
Plasma Physics, Chinese Academy of Sciences, 2012.

(6] BHEDE, AT, BHIF, 5 T ERTE LS R
CLAM W55t R [1]. #ARl2:5 TR, 2007, 27(1): 41—50.
HUANG Qun-ying, LI Chun-jing, LI Yan-fen, et al. R&D
Status of China Low Activation Martensitic Steel[J]. Chi-
nese Journal of Nuclear Science and Engineering, 2006,
27(1): 41—50.

(71 WXARE, ITW], BK5, 45 ITER TBM SH—EEfl 7
ESREFRRI]. RS S TR, 2011, 31(4):
356—358.



8k Hal

(]

(10]

YE Xing-fu, FENG Kai-ming, LU Xing, et al. Introduction
of ITER TBM First Wall Fabrication Methods and Mockup
Fabrication[J]. Nuclear Fusion and Plasma Physics, 2011,
31(4): 356—358.

TR, 2. B S S AR U JBARIE T2
WFSE[I]. A5 I8 TR, 2015, 7(5): 110-114.

XU lJie, LI Xiang-bo. Forming Process of U-shaped Part of
Low Activation Martensitic Steel[J].Journal of Netshape
Forming Engineering, 2015, 7(5): 110—114.

FU Z M. Numerical Simulation of Springback in
Air-Bending Forming of Sheet Metal[J]. Applied Mechan-
ics & Materials, 2011, 121-126: 3602—3606.
MAISONNIER D, COOK I, PIERRE S, et al. DEMO and
Fusion Power Plant Conceptual Studies in Europe[J]. Fu-
sion Eng Des, 2006, 81(8—14): 1123—1130.

TRE, =M, B, % U BERESRA RIS el
SAFUN[T]. BLR Tk, 2010, 36(4): 19—22.

WANG Da-yong, LI Wei, LU Xing, et al. Finite Element
Analysis and Springback Prediction of the Press Bending of
U-shaped Section Steel Part[J]. Die & Mould Industry,
2010, 36(4): 19—22.

TIr5: AEAL U T2 T 205 5 S SR

[12]

53

PR, ERBA, BmR, 45, U B E R X 1]
SRS IR ERUD]. SRR, 2011, 36(6): 28—32.
FU Yong-hong, WANG Zhong-ling, HUA Xi-jun, et al.
Numerical Simulation of U-bending Die Surface's Friction
Influence on Springback[J]. Forging & Stamping Technol-
ogy, 2011, 36(6): 28—32.

CHO J R, MOON S J, MOON Y H, et al. Finite Element
Investigation on Spring-back Characteristics in Sheet Metal
U-bending Process[J]. Journal of Materials Processing
Technology, 2003, 141(1): 109—116.

BEvehl, Mide, LR, % CLAM AR U 25 ml S8 (i s
PR SFiR50[T]. B T RR224], 2013, 20(1): 53—57.
XUE Ke-min, CHEN Long, KONG Yan, et al. Numerical
Simulation Optimization and Experimental Study on
U-bending Springback of CLAM Steel[J]. Journal of Plas-
ticity Engineering, 2013, 20(1): 53—57.

LEE M S, LEE K H, KIM H H, et al. Effect of Clearance
and Pressure on Matrix Flow in U Bending of Epoxy/ car-
bon Fibre Composites[J]. Materials Research Innovations,
2014, 18(S2): 397—406.



