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Simplified schematic diagram of the BT-FSW
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Fig. 2 Geometric model and meshing. (a) BT-FSW geo-
metric model; (b) meshing near weld
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Fig. 3 Thermo-physical performance parameters of
AA2219-T87. (a) Young’s modulus and Poisson’s
ratio; (b) thermal conductivity and specific heat
capacity
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Table 1 Material parameters in Johnson-Cook constitutive model for 2219-T87 aluminum alloy
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Fig. 4 Boundary conditions of BT-FSW model. (a) ther-
mal boundary condition; (b) displacement boun-
dary condition
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Fig. 7 Temperature field in the stable stage of welding.
(a) temperature cloud map; (b) temperature dis-

tribution on the center line of the weld cross
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Fig. 10 Schematic diagram of tracer particle distribution
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(M. (a) near by the shoulders; (b) near by the
probe

LA BT ORI, JF A 5 5P Sk A

file, 1052 B4 P AT R IK 8. R [R] 2Z RS H A

by 5 AT RN 5 B AL SR A 22 5L ik

WA LS 1 PR B R R AR, S Bk 3K 5)

RORBIR, 7ESE 3 P AT 2 J5 KR UTER T 11y #E

P K5 T DX (BRI LR DX, 42 AR 58 43), T

Je IR M RA RHAL 32 B BT D)2 N JE AR YA 5l ik

TR e 4 22 ) J7 AR

Xof He Al A AN FE ST BT 7 kL 1 B 2 o A IE

ONIRYE S EA PR NS AR TR L/ e

T AP AR AR SR R TR B, ST

BT 2200 K. 332 TR o AR 32 B A A

F 5, MR SRS, FARERE R SR SR S

o PH: Sk 28 T Ak B30T B s Bk 70 A A 1] 13
7R, LGN[R 2058 B 3 7R R4 A L AN ]
NI 5 A VBTN 2o T as W R WS = Aoy i
(VA=

XFEEE 132 FE 13b 0] LA& BR, JE-BEJ7 1] 1)

WJET7 18 % Uymm

WRIETT i F Uymm

—0.8
-1.0
——2.4435s

(b) BEFEE BT

—2.4-1.0-0.8—0.6—0.4—0.2 0 0.2 04 0.6 0.8 1.0 23
[ 1 1 ] |

MUETT i Uy/mm
(o) ARERRL TR IR L B A

B 13 RERHMIFARBZIS (1)
Fig. 13 Distribution of tracer particles at different times
(I). (a) near by the shoulders; (b) near by the
probe; (c) initial position of tracer particles



%3 x| 4, % A

& MR B B R SRR S AT A 55

ARG Bl 2 AN 5] 26 14, HC 3 B8 43 A H A W S rry A
FE. g B ARk S iR B, B sh i A RIZL
B 2 T L B A A APRNR Sh AU S, B
RS, SE— 2Bl LUE B, Stk oA
) 77 SRR S AR S B B, SRR ERG R
Pt SK 5 T DR A AN K AR R RE T )iz 3y, X
— B B R SR T2 R, R s RS T
HERr Y J5 RTE T I B BB AT R L T i RS, 1
FESLXATRL A S BE ) B0, BB T Y R AR
Tl ey, WA RHIKIX FSEOE AL 5 J7 i, T
RIS FLI DA AT, 10 Sk 0 A4 Ay s 1 FH R
RS, BlUR AR SR 22 5 A5 LUA SR, A
X it sl ) 2 ) b B VR DR RHEE B BlUR A 5%
NI AR L S, JE S B XA RHL A
JE AU AT HEMNC IR X, B 13¢ SR TS AN ]
(RSN = AR I oy N VA= o2 FINE B O 1 2 1D
T3 KA R 7 1) i 2 az 3 i AR HOR 5 3 S 2 4
PEL AT I RTHE SR . 456 S FHRKSE 1 i
Tl AT AT, R4 R A B U R 2
AR

4 Hib
(1) SCHTEEST I T RCGh 23 (] (1) BT-FSW =4k
A AR RE AT AR T e R P IR 7 | i sl

Y. 7& BT-FSW Fa e M4 B Bt , 432 Sk R ok T iR B 40
0, SR AR o A TGRS S AR A R R X
“Vik"IE.

(2) BT-FSW i B2 i A4 BHL Sl A7 2E A [R] B
SRR BOM RS bRz s, Bk shR 2 G &
W s e AL S, MR S AU S, B IR
UEER

(3) TEAKF-J 1) L, R g0 A BHE R 85 V12 N
R g 22 e s Ay SNt G RN A a1k 2 o =
HHEAU X8, T 1R A B SZ 2 BT 12 N2 4
BT B, M e 2 )5 iR

(4) IYEABHERGA BRSSO T O TR
FE 5 ) i S S , 0 S HRIR T S e bk Sk S 7 B
ALz B Rl B m e O TR .

S 3Lk

[1] Thomas W M, Nicholas E D, Needham J C, et al. Improvements

relating to friction welding: EP19940120385[P]. 1995-07-05.

[2] Thomas W M, Nicholas E D, Needham J C, et al. Friction stir butt
welding: US5460317[P]. 1995-10-24.

[3] JEF, XU, £t 55 SR BEHEEE AR BOR DTS SR (1],
T2, 2015(6): 14 — 18.

Zhou Li, Liu Chaolei, Wang Ji, et al. Research progress in self-re-
acting friction stir welding technology[J]. Welding & Joining,
2015(6): 14— 18.

[4] Zhao S, Bi Q Z, Wang Y H, et al. Empirical modeling for the ef-
fects of welding factors on tensile properties of bobbin tool fric-
tion stir-welded 2219-T87 aluminum alloy[J]. International Journ-
al of Advanced Manufacturing Technology, 2017, 90: 1105 —
1118.

[5] Li Gaohui, Zhou Li, Zhang Haifeng, et al. Effects of traverse
speed on weld formation, microstructure and mechanical proper-
ties of ZK60 Mg alloy joint by bobbin tool friction stir weld-
ing[J/OL]. Chinese Journal of Aeronautics, 2020. https://doi.org/
10.1016/j.¢ja.2020.05.037.

[6] Li WY, Fu T, Huetsch L, et al. Effects of tool rotational and
welding speed on microstructure and mechanical properties of
bobbin-tool friction-stir welded Mg AZ31[J]. Materials & Design,
2014, 64(12): 714 — 720.

[7] Liu X C, Wu C S, Padhy G K. Characterization of plastic deform-
ation and material flow in ultrasonic vibration enhanced friction
stir welding[J]. Scripta Materialia, 2015, 102: 95 — 98.

[8] Xu W F, Liu H J, Chen D L. Material flow and core/multi-shell
structures in a friction stir welded aluminum alloy with embedded
copper markers[J]. Journal of Alloys and Compounds, 2011,
509(33): 8449 — 8454.

[9] Je¥, MiET, XNk, 4. BEPEBEGAR B R SR K T B

T R R [J]. AR, 2019, 40(1): 84 — 88.
Long Ling, Shi Qingyu, Liu Tie, et al. Modeling of material flow
during friction stir welding and the application for defect predic-
tion[J]. Transactions of the China Welding Institution, 2019,
40(1): 84 — 88.

[10] SIMENE. JTF 7= BE b RE A BUR B B T B8 8 S8 i 3 9T (D).
T ATHRBHE R, 2015.

Hu Xiaoqing. Research on the flow field of bobbin tool friction
stir welding based on tracer material[D]. Zhenjiang: Jiangsu Uni-
versity of Science and Technology, 2015.

[11] Hilgert J, Dos Santos J F, Huber N. Shear layer modelling for
bobbin tool friction stir welding[J]. Science and Technology of
Welding & Joining, 2010, 17(6): 454 — 459.

[12] Zegbe, AR E, ZEELL. 5 SI R B = 4REUE R

L [0]. KRR, 2016, 37(5): 15— 18.
Li Jizhong, Zhao Huaxia, Luan Guohong. 3D numerical simula-
tion of physical fields of friction stir welding for aluminum
alloy[J]. Transactions of the China Welding Institution, 2016,
37(5): 15— 18.


http://dx.doi.org/10.3969/j.issn.1001-1382.2015.06.006
http://dx.doi.org/10.12073/j.hjxb.2019400017
http://dx.doi.org/10.3969/j.issn.1001-1382.2015.06.006
http://dx.doi.org/10.12073/j.hjxb.2019400017

56 I - ERE
[13] Singh P, Biswas P, Kore S D. A three-dimensional fully coupled [21] TKFRE 405 4 2219 SIHABE I 77 AR B HxE B AR 10 1 5

[14]

[15]

[16]

[17]

(18]

[19]

[20]

thermo- mechanical model for self-reacting friction stir welding of
aluminium AA6061 sheets[J]. Journal of Physics Conference
Series, 2016, 759(1): 1 — 6.

F AR L. ALLi & 4 XU R 58 B2 45 07 iR AL 22 4 RE AT
¢ [D]. P42 PEAL Tk K%, 2016.

Wang Feifan. Investigation on joint formation mechanism and
mechanical properties of bobbin tool friction stir welding of Al-Li
alloys[D]. Xi’an: Northwestern Polytechnical University, 2016.
Wen Q, Li WY, Gao Y J, et al. Numerical simulation and experi-
mental investigation of band patterns in bobbin tool friction stir
welding of aluminum alloy[J]. The International Journal of Ad-
vanced Manufacturing Technology, 2019, 100: 2679 — 2687.
Primiom, ST, SRk EEAG R TR A AT A BRI A B 5
PER (7). HUBC T R4, 2015, 51(22): 11 —21.

Chen Gaogqiang, Shi Qingyu. Recent advances in numerical simu-
lation of material flow behavior during frictions stir welding[J].
Journal of Mechanical Engineering, 2015, 51(22): 11 —21.

Bastier A, Maitournam M H, Van K D. Steady state thermalmech-
nical modelling of friction stir welding[J]. Scinece and Techno-
logy of Welding & Joining, 2006, 11(3): 278 — 288.

BRAGHE, 11, A0, DB AR e PUL PGS AR S RPN B0
BUERLL (1], R4, 2018, 54(2): 265 — 277.

Wu Chuansong, Su Hao, Shi Lei. Numerical simulation of heat
generation, heat transfer and material flow in friction stir
welding[J]. Acta Metallurgica Sinica, 2018, 54(2): 265 — 277.

Cao J 'Y, Wang M, Kong L, et al. Numerical modeling and experi-
mental investigation of material flow in friction spot welding of
Al 6061-T6[J]. International Journal of Advanced Manufacturing
Technology, 2016, 89: 2129 — 2139.

W, XN EA, R, 2219 F6 A TR B 5 A5 4 B2
SR, (7], SR45I, 2010, 31(2): 63 — 6.

Xu Weifeng, Liu Hejin, Zhu Honggiang. Numerical simulation of
thermal field of friction stir welded 2219 aluminum alloy thick
plate[J]. Transactions of the China Welding Institution, 2010,
31(2): 63 — 66.

[22]

(23]

[24]

[25]

[26]

[27]

WA RLEIEE [D]. Hria: IR RAE, 2018,

Zhang Ziqun. Milling force modeling of alloy 2219 arc plates and
its influence on residual stress[D]. Jinan: Shandong University,
2018.

Tutunchilar S, Haghpanahi M, Besharati Givi M K, ef al. Simula-
tion of material flow in friction stir processing of a cast Al-Si al-
loy[J]. Materials & Design, 2012, 40: 415-426.

Wang H, Colegrove P A, Dos Santos J F. Numerical investigation
of the tool contact condition during friction stir welding of
aerospace aluminium alloy[J]. Computational Materials Science.
2013, 71: 101-108.

R, LU RS, 55 3T CEL Jy ikt AR R 8l S
SRFGHIBLL (1] P EA G 8RR, 2018, 28(2): 294 — 299.

Zhu Zhi, Wang Min, Zhang Huijie, ef al. Simulation on material
flow and defect during friction stir welding based on CEL meth-
od[J]. The Chinese Journal of Nonferrous Metals, 2018, 28(2):
294 —299.

Zhang H J, Wang M, Zhang X, et al. Microstructural characterist-
ics and mechanical properties of bobbin tool friction stir welded
2A14-T6 aluminum alloy[J]. Materials & Design, 2015, 65: 559 —
566.

Esmaily M, Mortazavi N, Osikowicz W, et al. Bobbin and con-
ventional friction stir welding of thick extruded AA6005-T6 pro-
files[J]. Materials & Design, 2016, 108: 114 — 125.

Zhou L, Li G H, Liu C L, et al. Microstructural characteristics and
mechanical properties of Al-Mg-Si alloy self-reacting friction stir
welded joints[J]. Science and Technology of Welding and Joining,
2017, 22(5): 438 — 445.

F—EFE XY, BULATTE A EENIET B
P EE A5 0 e i A B BUE B X A R 3047 5 Email:

1440025932(@qq.com.
BIEEE 200, W, B, Hm5RAERT; Email:
liwy@nwpu.edu.cn.

(%wig: BLD


http://dx.doi.org/10.3901/JME.2015.22.011
http://dx.doi.org/10.11900/0412.1961.2017.00294
http://dx.doi.org/10.3901/JME.2015.22.011
http://dx.doi.org/10.11900/0412.1961.2017.00294
http://dx.doi.org/10.3901/JME.2015.22.011
http://dx.doi.org/10.11900/0412.1961.2017.00294
http://dx.doi.org/10.3901/JME.2015.22.011
http://dx.doi.org/10.11900/0412.1961.2017.00294

	0 序言
	1 BT-FSW三维热力耦合模型
	1.1 搅拌头模型简化
	1.2 几何模型及网格划分
	1.3 产热模型
	1.4 材料模型
	1.5 边界条件

	2 试验验证
	3 结果分析
	3.1 BT-FSW温度场分布特征
	3.2 BT-FSW塑性应变场及速度场分布特征
	3.3 BT-FSW材料流动行为分析
	3.3.1 示踪粒子布置
	3.3.2 材料流动总体趋势
	3.3.3 水平方向材料流动行为
	3.3.4 板厚方向材料流动行为


	4 结论

