Bo% ok B TR’ $10E F 4
22  JOURNAL OF NETSHAPE FORMING ENGINEERING 20184E 7 A

HAEARAERSZHTEM =48 = i
TRATARR

e ', Bow ", RER Y, TR, REE, AHWA S, EMES, BAR
(1. RS MRRKE MRRE S B AR, Bal 210016
2. VLINVE ARSI AS MR TRESC G2, BE R 210016;
3. VLK &I A RAF, L7 FHH 212352)

WE: Be) AR adTHIRY, REAAMATEMRB LG R, FER E A3
R, Fik EAIMEAFEA, S EBEKREAY AR FZHALY TR R T RRA G Y aig, #LF
ABAQUS AMAF BBt , M B /T AR, &R LHHAL PU bR BLERMmMIL, SHAL
SS304 4AzR B, F M BA EAFEG R IEAL E 0 BERE, BIET, S AFALHA, EHBEEHL
MeAk, H %3 KA A SS304 4RzkeT, #HE ERAKTIA 2.6%, & ¥4 ad T HH KR ARHBE A
b, TUARZRGEMBRY AR, THEARAAYZTTERALY, ARTBEME ERIEIET A4
A

KEBIF: = adhTHRTY; MAT W, HFHEE,; ARTEM

DOI: 10.3969/j.issn.1674-6457.2018.04.003

FESES: TG306 XERINEE: A  XEHRS: 1674-6457(2018)04-0022-06

Deformation Behaviors of Copper Tubes Filled with Different Materials in
Three Dimensional Free Bending

CHENG Xuan'?, WEI Wen-bin'", XIONG Hao'?, WANG Cheng'?, YU Yao-hui'", WAN Bo-fang?,
WANG Lin-tao*, TAO Jie'*

(1. College of Material Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Jiangsu Key Laboratory of Nuclear Energy Equipment Materials Engineering, Nanjing 210016, China;
3. Jiangsu ToLand Alloy Co., Ltd., Danyang 212352, China)

ABSTRACT: This paper aims to study deformation behaviors of different materials in three dimensional free bending, and
compare effects of different filling materials. A mechanical model was established to study the effect mechanism of solid filling
and flexible filling on the final forming quality. Based on the ABAQUS finite element simulation software, numerical simulation
analysis was carried out for the forming process. The copper tube filled with SS304 steel balls contributed to greater formability
and smaller thickness changing rate, compared with copper tubes filled with PU rubbers. Meanwhile, the ellipticity of tubes de-
creased when the tube was filled with materials. The experimental results show that filling with SS304 steel balls lead to the
lowest ellipticity which could reach 2.6%. Combination of three dimensional free bending technology and filling forming tech-

nology could improve the forming performance of tubes effectively. Solid filler is better than soft filler. Finite element simula-
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tion and experiment verify the correctness of the model.

KEY WORDS: 3D free bending; filling bending; mechanical model; FEM simulation
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Fig.1 Analysis on bending stress and strain of tube
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Fig.4 Force analysis of tube filled with steel balls
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Fig.5 Force analysis of tube filled with PU rubber
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Fig.6 The FE modeling of tube free bending
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Tab.1 Parameters of materials
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A (kem) MPa THMA L

LA 8900 110 000 0.32
SS304 4N Bk 7930 200 000 0.3
PU rubber 1010 60 0.463
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Tab.2 Parameters for simulation under different

conditions
A AT R . BB
5 B PR E < Ny
B ey FEAECIOERR
10 0.06 g
10 0.06  SS304MEk 12
10 0.06 PU # 12

BT EASE AR SET RO AR I 7,

S, Mises
SNEG, (fraction=-1.0)
(Avg: 75%)

+3.356e+02

+1.678e+02
+1.398¢+02
+1.119¢+02
+8.389¢+01
+5.593e+01
+2.796e+01
+0.000e+00

y

box

c %3

b 4112

ANFE AT 1905 FL 45 5 (MPa)

Fig.7 Simulation results under different conditions
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4 15.3 14.65 15 4.3
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