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Numerical simulation of laser-assisted connection process of textured titanium
alloy and composite material

Wang Xuedong, Peng Zhibo, Lu Wei, Ma Xuyi
(Science and Technology on Power Beam Processes Laboratory, Beijing 100024, China)

Abstract: [Objective] The purpose is to solve the problem of modelling the process of laser-assisted connection process of textured titanium
alloy and carbon fiber reinforced poly ether-ether-ketone composite material (PEEK), whose difficulty lies in large local deformation and fully
thermo-mechanical coupling process. [Methods] VOF method and viscoplastic material model are used to established a fully thermo-
mechanical coupling simulation model. A series of complex processes involves in the connection of titanium alloy plate upper surface heating
and heat transfer to the bottom burr, the contact between the bottom burr and PEEK upper surface and the transient thermal-mechanical
interaction between the two (which determines the burr insertion process) , and the full contact heat transfer between the bottom surface of
titanium alloy and PEEK upper surface are modeled and simulated. [Results] The calculation results of temperature field, movement, and stress
fields of each component during the connection process are provided. [Conclusion] The thermal contact of burr insertion and the overall
contact heat transfer of the upper and lower interface are the two main stages in the laser-assisted bonding process between titanium alloy and
PEEK, both of which are fully thermo-mechanical coupling processes. The necessary condition of the burr penetrating into the PEEK is that
appropriate heat is transferred to the PEEK, conversely, the penetration of burr influences the heat transfer. The temperature of the PEEK
surface rises steadily after the burr entered the PEEK entirely, and this temperature rising process sustains for a period of time during the

cooling process of textured titanium alloy.
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Fig. 1 Diagram of the connection process of textured titanium alloy and PEEK. (a) initial assembly; (b) laser heating; (c) heat transfer to burr;

(d) heat transfer from burr to PEEK; (e) burr begin to insert; (f) burr insertion completed

66 2024 £ 1143



Prodicction Teme EFNIA 13 15

i AR, kA A AR L 2 it i — %2 R F7, PEEK JIE
WA B 1) MOk & 4 bR, ek
HaBEFE. K 1(c) #RBEEMOCHRIRMH 3, &
B A b AR AL 20 RS T B R, R T 1A 1(d) ~
& 1() o~ & 006 #4445 PEEK, i PEEK iR B TH 7,
JeE IR ik B B IR R B R R, B I 4R LA B B R
SELFLA, KA 4 ST 5 PEEK | 36 I 4 T 42 i, 4k
A4 e L E PEEK I &, i PEEK | % i %%
b, FERIERTR, SCBt St A S T b 2 42

R 4387 AT, B il 45 PEEK 2 (i # i ffi HL R
FE T 05 Ak, s T B HL A 4 B DA 8 = o
FLA PEEK, 1fi & il /9 $L A X228 T B fil 5 PEEK Ay
L IG5, PEEK 22 #4 X Sl 36 Ok L IR T &, SO
T BHAFLA .t AT WL, PEEK 52 #5 BHIFLA
Z 1] B I 2 W) Y, R B Bk & 42 5 PEEK A9 3%
Bl B — AN - IR R, O T OE o M A IR
X —ad AR, 75 BT S AT R AL, A AL
BHAE | BG4 R BRI S B Bkl R IR Y
MO S H AR A W R . 53— T, BIHLA PEEK,
W I B JRy FB AR Y ], SR %3 A BR Ot T e
7 T A ) O A W A, R AR SR FH Bl A I A R B R
A DA BRCSE K — [a) 8, (EX T3-S AR B4R
Uiy 31X JR B R AR Y | 58 A A TR A ) BRI AN A
SCHUR ] VOF J7 i B 30 1 4 B AL, 3o 3 — 3
PEATREARL, BRAG T B BRI o
1.2 FEHl

Wk A AL T A i R
PT T T

oT
ﬁ+6_ﬁ+¥)+QVZp(T)CP(T)(E) (1)

Ao TRIREE; ¢ MEFE; &, p R Cp 53 50 2 A1 R FA
R B AEE; O, B TE I,
B TN

6(ptu) +div(pul7) = div (u- gradu) — g—l; +S,

k(T)(

d(pv)
ot

d(ow)
ot

o U = i+ vj+whohy SR 26 0k L i, j, ke Sk L 2R ik
u, v, w A3 B R RE B 3 A5 4y p MR 15 1 8D IR
FE: S, S0 S, J B R UEI

R A S A T A

- i)
-i—div(va):div(,u~gr'<1dv)—6—p+Sv (2)
y

- 0
+ div(pwU) = div (u- gradw) — a—p +S8,
Z

1 1
E; = _%Tkkéij + %Tij +a(T -T))6; (3)
;T:E‘—JP Eij ﬁﬂﬂj/}f?{ﬁ%, Tjj ﬂﬂﬂjjﬂﬁﬁ, Tik %%%X‘ijj
sk 5 R E RSB v AR L 5 O Kronecker

P15 (R AT 5 )5 a MR LI Ik R 8G T, h S %

T .
K HI Mise Jit iz 2% 14
Y2
IIT:—? =0 (4)

P I MR 15 R AR R Y R E R T .
1.3 HLAL R A% R 4

2 i AR R 2y . RSE L A% Rl 40 Fn B R
B NE 2(a) Ha] LU Y, A7 % pAR 25 4 HL AT X R
P, B PEEK., k& &M M B . AN H0 e He 4 a3
TR A 4 LR S X RN sc LB, Migm
TH R, W6 R T AR — 2 7 T AR A A A
2(b) i o [l 2(c) MBERIAH R SF . BRIEA S £
S R R, anEl 2(d) FiE 2(e) iR, S4B RITE AR
JENHLI Y, PRI T R R R ST O M, R R
0.52 mm, K &} 1.0 mm.
1.4 MEHEE

SCH IR M R FE 304 RNEEHY . TC4 Bk G
4. PEEK #1 8L, TC4 k& & 5 A9 09 41 kL ) Bk
J WL 26 1%, PEEK A4 4 BRE R I 2 217

5 PEEK # [b, 8k & 4 FIAS 55 80 i T2 28 4 Ik, 7]
DLW, G5 R 200 T A & IUR B R R AR,
H it Hz 3 & 25 PEEK 22 (8] 4 77 /8 LG 4 4
FH; PEEK 7 Ji IR 5% B DL by 98 P 44 kL, 7 T Al
FEUL E AR . £ 2 P R =R (25 C) &
7 B PEEK A9 Ji Il 5 B2 . B I B2 &, PEEK JE i
55 B PR AR, IR A 0,
1.5 A EPGSMN

TEFG G 25 Hh SO BRI 1) B % B A e 4y
A3, T TC4 KA 4 L3R, & z J7 n] % 1 7 ),
KA 4 AR xOy T, T AR AR Y A

Gour = q(x,y) = ﬁ—ggeXp i +(y;§y°_w)) (5)
Kr: O, AHOCHIZ; R, HBOCHE SRR o Be RS
RB V ORIRREE s v, I PIERIG v ARBRAE; ¢ A

FERIRLh PO y FhIE I F2 3h, As bR R AnE 2(b)
FE7w, BOEIIE S 8003 3.

TEXS BRI b A I A 4, R 4 Gl AR, R
ES W

2024 E 55 11 1A 67



4§ & 7N Podection Theme

K%ﬁg&ﬂ% 1

Nl
g 2
N
B
PEEK

(a) # IRk G5Hy (b) M5 K 43 (c) R+F

(d) BAIBR (e) BAITH)

K2 BERZEH S BRI

Fig. 2 Diagram of model structure and burr. (a) overall structure; (b) mesh; (c) size; (d) burr model; (e) burrs in kind
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Tab. 1 Physical properties of TC4 and stainless steel

SR N NG
T/C $hF®K 1/ (Wm K" H#HE C/Okg " K" B p/(kgm”) KL/ (Wm K" WHE G/ kg K" B p/(kgm)

20 6.8 611 4440 16.7 502 7850
100 7.4 624 — — — —
200 8.7 653 — — — —
300 9.8 674 — — — —
400 10.3 691 — — — —
500 11.8 703 — 222 — —
600 — — — 23.9 — —
700 — — — 25.1 — —

*2 PEEK#EMRK (25TC)
Tab.2 Physical properties of PEEK (25 C)
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Fig. 3 Heat source verification. (a) simulation; (b) experimental
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Fig. 6 Mises stress field of PEEK during the connection process. (a) 0.200 s; (b) 0.304 s; (c) 0.318 s; (d) 0.346 s
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