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Tablel Simulation parameters of piercing process

Parameter Roll  Disk  Plug
Temperature/C 100 100 300
Heat transfer coefficient (with billet)/
2 oyl 12 10 5
N-(ssmm™-C)
Friction factor (with billet) 0.9 0.6 0.3
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Fig.2 Shape and strain distribution of the billet in rotary piercing process: (a) primary biting stage; (b) second biting stage; (c) stable

piercing stage; (d) unstable piercing stage
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Fig.4 Strain distribution in the billet for stable piercing process
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Table 2 Tensile properties of Ti80 alloy at room temperature

SUIC State  RyoMPa RwMPa A% 2%
14 R 864 961 145 40
24 R 853 950 13.5 34

Requirement =760 =850 =10 -

Note: Sample 1# and 2# have the same structure
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Fig.8 Optical microstructures of the as-pierced Ti-tube:

(a) external surface layer; (b) internal surface layer;

(c) center layer

25K Ti80 & 4R, HJHRGRIE . PUbn iR
ANIEAR AP T AR EESR s L R i 2 W] LA AL )
S (L 2

3 & it

1) ZIRNHT, TSR AT B RRL O R A7 A2 W 2
B, BAFAEAAR R N 7, B BLrfrt SLIR I T 1A
B AR RS BB PE TR

2) RoEFALH B, MASHY R Dy Ul+W+202 73
A, WA N2 R BRI 5 LA A 3 4
2 g DX AR R AR s Tk AT IR B ey, 5 5 AL
L Al P DX SR S A PR, (LA A AR T DXL
JEVIAET BRI

3) WM RES B AR T LR 3
AR B BRGER B RES BB R 5 SR i
WRERUN, WAL T AT BROCHR AT R .

4) BT A BROCHEILAE R, £S5 FLHL TR 2 i
i Ti80 T 4R M s WA ZUR LA 4l /A SR
B BN FEG WKL, SR TS TR R AL TR R K

B30k

[1] Schutz R W, Watkins H B. Materials Science and Engineering
A [J], 1998, 243: 305

[2] Zhang Wangfeng(7K &), Wang Yuhui(F+ £ <), Li Yan(Z
) et al. Rare Metal Materials and Engineering(%ifd 4 )&+
RS TR, 2012, 41(7): 1239

[3] Che Yongping(%7K 1), Tian Yuxing(IH5%¥%), Zhang Yafeng

References



* 1050

Wiy @A RS TR

49 %

(5K V&) et al. Rare Metal Materials and Engineering (Fify
S EM R TR, 2016, 45(4): 923

[4] Erman E. Journal of Applied Metalworking[J], 1987, 4(4): 331

[5] Berazategui D A, CavaliereM A, Montelatici L et al
International ~ Journal  for — Numerical  Methods in
Engineering[J], 2006, 65(7): 1113

[6] Zhao Hengzhang(¥X {H &%), Yang Yingli(# Z<1li}), Guo Dizi(¥8
3 T) et al. Rare Metals Letters(Fif3 4= J& tR3)[J], 2007,
26(12): 34

[7] Zhao Hengzhang(i* 1 #), Xin Zhengping(Z 1L "), Guo Dizi
(¥83kF) et al. Rare Metal Materials and Engineering (Fify
SJEM B THE)[J], 2015, 44(3): 671

[8] Pietsch J, Thieven P. MPT Metallurgical Plant and
International Technology[J], 2003, 26(2): 52

[9] Kazutake K. International Journal of Mechanical Sciences[J],
2005, 47(12): 1838

[10] Pater Z, Kazanecki J, Bartnicki J et al. Journal of Materials
Processing Technology[J], 2006, 177(1-3): 167

[11] Lu Lu(f %), Wang Zhaoxu(FE [ )il), Wang Fuzhong(E i
&) et al. Journal of Shanghai Jiao Tong University,
Science( I FAZ K2F, BAREIFR/OI], 2011, 16(3): 281

[12] Liu Jianglin(XJ7T.#K), Zeng Weidong( T %), Wu Huan(%

2012, 37(3): 59

[13] Chen Jun (B %), Zhao Yongqing (7K JX), Chang Hui(#
WE) et al. Materials Review(#4 ¥ 5#R)[J], 2005, 19(6): 67

[14] Zhou Dadi, Zeng Weidong, Xu lJianwei et al. Materials
Characterization[J], 2019, 151: 103

[15] Zhou Dadi(fil ki), Zeng Weidong(¥4 T 4<), Xu Jianwei(%
41). Rare Metal Materials and Engineering(Wif3 4= J&#4 1
5T A [J], 2019, 48(8): 2531

[16] Zhou Dadi, Zeng Weidong, Xu Jianwei et al. Advanced
Engineering Material[l], 2019, 21(7): 1 801 232

[171 Li S Z, Xu J, Yin Y D et al. Acta Metallurgica Sinicall],
2007, 20(3): 225

[18] Wang Fujie( & £} 7% ), Shuang Yuanhua( X iz 4£), Hu
Jianhua(#H @ 4E) et al. Hot Working Technology(#Jin 1. I
[J], 2014, 43(9): 95

[19] Lu Yuqiu(/5 &), Wang Xianjin(F5c#E). Acta Metallurgica
Sinica (4 J&AR)[J], 1980, 16(4): 470

[20] Li Shengzhi(Z=l:4%), Li Lianshi(Z%i: ), Sun Zhongjian(f}
i) et al. Acta Metallurgica Sinica (42 J&=#3)[J], 1999,
35(12): 1274

[21] Yin Yuandei(FtJ0f), Huang Hao(3 %), Li Shengzhi(Z ik
#X) et al. Heavy Machinery (EZ4HLH)[JI], 2017(2): 65

M) et al. Forging & Stamping Technology( &+ A)[]],

Rotary Piercing Technique of Ti80 Titanium Alloy Seamless Tube

Zhou Dadi, Zeng Weidong, Xu Jianwei
(State Key Laboratory of Solidification Processing, Northwest Polytechnical University, Xi’an 710072, China)

Abstract: This paper deals with the simulation of rotary piercing process of Ti80 alloy seamless tube via a 3D thermal-mechanical
coupling finite element model (FEM). The model can visualize the complex continuous piercing process from biting to steady piercing and
to final drilling. Concurrently, the simulated results help to understand the mechanism of central fracturing as well as the distribution of
physical fields. Combining normal stress state of (+, -, +) along the rolling centerline with non-negligible plastic deformation at the centre
of the billet, the cavity formation was determined to be caused by plastic cracking under tensile stress. During the piercing process, the
strain distribution was Ul1+W+2U2 along the axial direction and lamellar along the radial direction. The final equivalent strain of the
hollow billet could reach 5~11. The strain rate in contact area between the blank surface and the discs was 0.71~3.6 s”', while that between
the surface and the rolls was up to 4.6~26 s™'. The relatively high strain rate was beneficial to the plastic deformation of raw material. The
billet temperature in front of the plug was the highest, and the area in contact with the piercing tools decreased slightly. However, the vast
majority of the billet in deformation zone was still in the single f phase field. Additionally, the loads on the plug and roll in the whole
piercing process presented a typical three-stage distribution. The mean values in the stable phase were close to the experimental researches,
which demonstrated the accuracy of the model. Based on the simulation of finite element method, the Ti80 alloy seamless tube has been
successfully pierced through the experimental Diescher’s mill. The microstructure of the tube was illustrated as a single Widmanstatten
microstructure. Due to the severe deformation, the finer and equiaxed dynamic recrystallization f grains were formed from outer surface to
the middle layer and to inner surface. The mechanical property test show that the strength and plasticity of the tube can meet the
requirements of the project.

Key words: Ti80 alloy; Diescher mill; 3D thermal-mechanical coupling model; experimental verification; mechanical property
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