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Abstract

Zan Shaoping, Zhang Wenwu
experiments
Therefore

To improve the numerical simulation accuracy of carbon fiber reinforced thermal
aking the thermal contact resistance into account

joining quality. When the laser power is 339 W and the clamping pressure is 0.1 MPa
Key words

the thermal contact model can be used to characterize the influence of clamping pressure on the laser
is 0. the relative error is 12.3%
al conte The numerical model can help to
improve the accuracy of numerical simulation in the process of LLDJ and choose optimal technological parameters
laser technique; laser direct joining; finite element model; thermal contact model
conductance; clamping pressure
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Effect of Thermal Contact Conductanceon Temperature Field of
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i astic (CFRTP)/
stainless steel laser direct joining (LLD]), a fitting formula of thermal contact conductance is established based on the

thermal contact model of LLDJ. The theoretical simulation and experimental results are compared and analyzed. The

lasti
we establish a three-dimensional finite element
results show that the thermal contact model is more consistent with the reality compared with the traditional model
for the traditional model and it is reduced to 2.8% for the thermal contact model
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Table 1 Thermal physical parameters of PPS and T700

M - Specific heat /  Thermal conductivity / Density / Melting Glass transition Decomposition
ateria
(Jekg '+C™H) (Wem 'eC™H) (kgem™*) point /°C temperature /°C temperature /°C
PPS 1544 0.278 1350 280 89 522
T700 712 6.5 1760 3000
PPS laminae
# -+ 150 um
I— 5
200 pmy
I— 500l laserbeam
—EZOO pm fixture pressure
500 fm
l l l l stainless steel
CFRTP — - |
PPS laminae

melted region
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Fig. 1 Schematic of laser direct joining process
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Fig. 2 Air-actuated clamp Fig. 3 Schematic of the sample dimension
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Fig. 4 Finite element model. (a) Whole model; (b) symmetric part of the model in the bond region
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Fig. 5 Appearance of fractured surface after tensileshear test. (a) Clamping pressure is 0.1 MPa;

(b) clamping pressure is 0.2 MPa; (c¢) magnified view; (d) three-dimensional diagram
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Fig. 6 Melting width of PPS under different clamping pressures
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Table 2 Design data and experimental results

Pressure /MPa P /W V /(mmes ") Af /mm Dg /(Jemm %) Width /mm  Crc /(Wem 2+°C™1)
0 318 5 —20 37.41 5.17 2320
0 339 5 —20 39.88 5.52 2250
0 363 5 —20 42.71 5.94 2270

0.1 318 5 —20 37.41 6.15 7500
0.1 339 5 —20 39.88 6.53 7515
0.1 363 5 —20 42.71 6.89 7520
0.15 318 5 —20 37.41 6.30 11800
0.15 339 5 —20 39.88 6.67 11820
0.15 363 5 —20 42.71 6.99 11830
0.2 318 5 —20 37.41 6.42 19000
0.2 339 5 —20 39.88 6.80 19095
0.2 363 5 —20 42.71 7.12 19100
0.25 318 5 —20 37.41 6.49 30000
0.25 339 5 —20 39.88 6.85 31200
0.25 363 5 —20 42.71 7.21 31450
6.75
6.50
6.25}
és.oo-
%5.75-
= 5.50
5251 —— thermal contact model
5 00 L —— traditional model

0 01 02 03 04 05 06 0.7
Clamping pressure /MPa

& 8 A I) e s 7 T B fu A 28 A% G 2 3 B 2 2R Y LA
Fig. 8 Comparison between simulation results of the thermal contact model and the traditional model under

different clamping pressures
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Table 3 Comparison of weld width between simulated and experimental results
W,
Clamping Welding -
Laser Dy / . Traditional model Thermal contact model
pressure / speed / ‘ Experimental - - : -
power /W P ) 1 (Jemm 2) lue / Simulated Relative Simulated Relative
a s value /mm
. mmes value /mm error /% value /mm error /%
318 0.10 7 26.72 4.35 4.96 17.8 4.06 6.7
339 0.10 7 28.49 4,72 5.30 12.3 4.59 2.8
339 0.15 7 28.49 5.09 5.30 4.1 4.92 3.3

4 T IR AR R B TR S 03
TE R AR 0 3 R BP9 CFRTP/ S 5 0 MO ok 2 e 0 L 43 1 18 5 38— WY W — % 1 % 9

0402002-6



H = # ot

ML, 7EHOLTIRN 318 W i E N 5 mm/s BN —20 mm K HIE Sk 0.1 MPa B, 0{E 115515
) X6 R T IR 43 A 2 R AN B 9 Ca) 7R S KR R0 2R 45 S TR EE AR AL IR 9 () i . SE p  FEAR R AN 1 3k
AR S P2 EARTRER 6 4N 55, AR FR 239 (0,0,0).(5,0,0),(10,0,0),(15,0,0),(20,0,0),(25,0,0) ; 7E
CFRTP &g FREERC6 A, AB bR 43514 (0,0, —2) (5,0, —2) (10,0, —2),(15,0,—2),(20.0,
—2).(25,0,—2), M & 9Cb) AT A, A5 9 1 I B AR AL R A« XY 2l AR R 2 38 T AR 2 0 T ARG
T3k 3 e KAE L B 5 U R o AR S S RS R O IR E LR L BT AN B TG .
e RS AR I I YL A T T R R R B I e R RS A T BT, M AR, CERTP 19 T ik #8247 7F
— B B S M FE BRI DA R AR S TR BT A G R 18 5 2) i R IR B RS L CFRTP 5 A8
A 1 4l T 2 IR SR AE AR TR 25 AN BTSSR 0] CFRTP A% 44, B 31 W 2 T B e 14

2500

— CFRTP 2=0
@ 2250| (P) { — CFRTP =5 mm
) 2000 | — CFRTP x=10 mm
unit: mm . | — CFRTP x=15 mm
5 1750 [ — gggg x:;g mm
[ — =, mm
E 1500 | = s:ee{ x=§ mm
— steel =5 mm
g 1250 — steel =10 mm
2,1000 — steel =15 mm
=] — steel x=20 mm
ﬁ 750 | s steel x=25 mm
3 interfac 500 i
2 250 ‘
0 n
0 1 2 3 4 5 6 7 8

B9 Ca) Yo R T £ 30 3 A 5 () R4 w0 2 b A 1) 535k 42 o F ] 19 25l 2%
Fig. 9 (a) Temperature contours at symmetry plane; (b) temperature-time variation curves of different nodes
along the center line of the weld
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Fig. 10 (a) Temperature-time variation curves of nodes along the center line of the weld at x=12.5 mm;

(b) temperature contours at symmetry plane when t =2.52 s; (c¢) temperature contours of CFRTP
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Fig. 11 Temperature contours of the CFRTP/stainless steel. (a) Temperature contour at x-z plane;
(b) temperature curve of CFRTP/stainless steel along path 1; (c¢) temperature contour at z-y plane of CFRTP;

(d) temperature curve of CFRTP/stainless steel along path 2
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