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Mathematical Thermal Model and Thermal Filed for Bobbin
Tool Friction Stir Welding
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Abstract ; In order to completely understand the influence of bobbin tool friction stir welding process parameters on heat
generation in welding process and to realize process optimization, the welding speed and rotating speed of pin in welding
process were introduced into the established heat generation model for the actual welding process. Both dry and viscous
friction contact conditions between tool and workpiece in welding stable stage were considered comprehensively. The
force of shoulder and pin were analyzed first, and the force model was established. Based on force model, the
mathematical thermal models of shoulder and pin were established respectively. By comparing the numerical simulation
data with the experimental data, the rotating speed of the pin in the process parameters was modified, and the
relationship between the process parameters and heat production was analyzed. The results show that the mathematical
thermal models can accurately predict the actual welding temperature. In addition, with the increase of pin rotation
speed in a certain range, the welding temperature will increase and the temperature distribution in the center of the weld
is dumbbell-shaped.
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Figure 1  Model of BT-FSW tool
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Figure 2 Schematic drawing of BT-FSW
shoulder used showing velocity and force

TEMR A E BT B R A f 5 AR Z AR - A= 3
PERERIBEVERE S 2 AR 5 15 LR F(A)
Fo(A) =F,(4) +F,(A), (1)
K F, (A) R shBEEE I F, (A) 2R Fhi1EEE
#I1.
T Bl BEIEER 28 2O FE A R, AR Al PR AR P 4
TR S EEE )

Fo(A) = —kp(a) 24

lv(A)1° 2)
ek W SRR NG p (A) SR A AR YT 18] 13 T
(1) 5w (A) FE i A AR RS L
YA AR Eh T fih DXt B T o i A B
i, BB R
F,(A) = —py(A) Iv(A) 1", (3)
o BT THRIB AR SR R MR R 8 &

BE v R P 0 B R AR I (m = 1) KM
(m=2)"",

AP 2 I A5 A BRI v, (A) = @ x OA,JF
SRR IR Iy 1. 1y, (4) | =wr, H10AT =7 =

Vat 4y’ BB v (A) =ve, AT TN OX,

v(A) =v,(4) +v,(A); (4)
v(A) = (v —-owrsin ) e, +wrcos fe,; (5)
lv(A) | = /o> —2wrvsin 0 + @1, (6)

HHrov, (A) Fll v, (A) J& 18 A AR B E FIAR X F &%
FRIIRIEEE 5 0 42 | OA 1 Al OX Z 8 () Ff B2 . D)l
A A R ShEE T

F,(A) =F(A)e, +F,,(A)e,, (7)
Hrft, Fo (A) = —kp(A) 2 v —wrsin @ . (8)

- )
v- —2wrvsin @ +w’r

F (A) = —kp(4) wreos 0 . (9)

v —2wrvsin 0 + 0’1’
BhJH A RFETEEEE )
F,(A) = —u(v-wrsin 9) (v* —2wrvsin 0+w2r2)%;
(10)

F,(A) = —pwrcos 6(v* = 2wrvsin 0+w2r2)%o
(11)
2.2 #HEFNEZ NS0
1T BT-FSW 45 PR T iir 52 Hs 7 BB 55y
SG4TSR B AR DRABTZE R TR 82 T A% 328
SRR FRFEET O T T 01 3 PR, BE A ) AR
St PEEr b B A Dy R A EE S A B
FEAYARAR R R | A 30 905 Sl A [RD 10E PR R AR
R, ,mEH,
e e B Bl 5 A Z DR 7 A= 1 sl BE 4 A v
EAE 2 DEESE R X LG ) 0E
M(B) =M,(B) +M,(B), (12)
XM, (B) %R B milB s BEEAIH M, (B) /R B
SRR
T B EEAZE R T 28 M P e A Y, AR A0 A R 42
TR A

M,(B) = —kp(B)2BX¥(B)

lv(B)Il °
Aok RIS NG p (B) &M B AL 18] B )
(FEJ1)3v(B) 2 B AR 3EE .
Y A A AR F T A DX %)k v 1T A8 B E :
B, IR R AR T
M,(B) = -uOB xv(B) Ilv(B) """, (14)

(13)



- 38 - B ITHIW Light Industry Machinery 2019 554 Hi
! e dQ,, = wrF,(A)rdedr; (21)
doQ,, :ourl"'“(A)rdBdrO (22)

—ve 7 v(B)

L e
(P
o X !
]

B3 AR BEIAT A Ao ik R A
Figure 3 Schematic drawing of BT-FSW
pin used showing velocity and force
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