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Numerical Analysis of Heat Flow and Thermal Deformation in Transmission Joining of
Polymers Using Nd:YAG Laser
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Abstract

Laser Transmission Joining (LTJ), which is a joining process of polymers by using different transmission
rates of materials, was studied npumerically. Unlike previous studies, energy loss by reflection at the surface
was included. Besides, energy absorbed in the transparent substrate is also considered to increase the
accuracy of the analytical results. Furthermore, thermal deformations of the substrates were also calculated.

Temperature distribution of the substrates on the joining process could be effectively predicted by using
the thermal analysis model developed, which could also analyze the rising phenomenon of the absorbing
substrate by bulge effect. Calculated results show that temperature of the absorbing substrate is higher than
that of transparent substrate when the laser is being radiated, and this temperature difference causes more
thermal deformation in absorbing substrate, which results in the surface rise of the absorbing substrate.
Comparison of calculated results with corresponding experimental results could confirm the validity of the
numerical analysis model proposed.
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Fig. 1 Schematic of change of the radius

REEHEEEE 244 H6%E. 20064 12A

Z,=2r,F (F: F-number) @)

1/2

2
re(z)=r, |1+ Z=20
(2 f‘){ +[ Z, J ] @

Tho 2 Fig. 29 o] F A5e WM wha}
&8 2SItk AR EHE o)A ZHelz
7Pgstaom, ZRQ A AR Aold AT 27
HAlgto] Ejgtt. FadAgst FedAge] BAN
ol BAEE H(Fig. 29] Ro)2 Al thad what
7+g Asle £3bd Mgl FAN AA FdsA 2
LIA=E AA7E Aoz Edd TR F4
3 Ago] thel] FPe oM Bea 712 AE oA
45 AYE FreA)e T Az FAW)
of 24 LA AH/ME FEE ALoleE Fost
At (Fig. 3). &3 oA g uish 2o] 29 3
FTE 93 W2 w9 Aol o] FAAES 2
HellA] glold HiolA H3E s3] g © 8
sjdolld aesiict. Azl ool tigk wEY (ry(2))
< 2T 92 4 (3) F 2o

I(r z)— 2k 4

- Fro expl — 22

’ ﬂn%d[rf(z)J ’{ }(Z)J Py Fo 28 (W)
3)

F44 ABNNE 712 =59 auan 2o &

Holl FFATE 1z ERstE EE el A&
agict. oldl Wd Fde A4 2ot A (4elA

power

|
Fig. 3 Schematic of volume heating method

465



30

A S AN UAF

ol
2
=)
=2
R
lo,

o

%, Re SaAas FHiAae
golt

z(r,z)=(1_R)%exp(_2’2_z}exp(-m)

22 7|3f%% 2H

A 8o e e We aiA =23l ABAQUS”
g AMgst] B3 AlBele AAsiE WY e
Bojsly, 44 Agdes 9719 4o dde #
st sldE FaEet. sl 7|slEel 2dY

F30 olxddore AL mEsld 1/28& &
gaen, F4, ¥4 A5 EF < 10mm,
o] 2mm 9] AV|E 77 BdHY3lu HF %o
A Alole] 7HAL 0o sHgsignt o we) =
AgzA3 Zo] golA TE 40, 50, 60, TOW
14 AJZkE 1.0secd] 7FEAIZIH 5.0sec] w37t
AIZEE A8 Y. AHmesh)E 2 AZFt 0.2mm
9] Eol2 FYd Hoslgon Z wWeozEe ylo]
ZAEE R AEE NS Yl FAREA
AR et Azle] Fele ABAQUSS! C3D8H
o] 24¥HE Agslgen ALE F 24 69120
7 olth Mo AMEE As FA AEATe v
g 93l A7 54T ASE Ao, o=
g AEZA AR GEIE 0% S48
7HeHA] &2 oladz 44 AEEAM 30%9 B
o] ARuE s 2dlx] Mol ofmdolr}. &4
A% Age EAL Table 19 L ALgsrh
Table 19 @ & EAEA, HE 52 2% wet d

lo

T

U=
o
o

T O -1
S
ot

N

>
o

to Jo m -m

Table 1 Material properties of acrylic

Natural acrylic Orange acrylic
(G.F:0%) (G.F:30%)
i ] 20 C 0.14 20T 0.19
A= Al - -
(W/mK) 100 T 0.18 100 C 0.22
200 T 0.20 200 C 0.21
o 20 C 1450 20 C 1900
B
(J/keK) 100 C 1490 100 C 2000
200 C 1475 200 T 1915
4% (kg/m3) 1090 1200
483 (V) 256 260
2AA S 1.23 1.45
F5A%(mm™) 0.117 0.782
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Fig. 4 Temperature distributions at various joining
times
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Table 2 Mechanical properties of acrylic

Acrylic (7 59 Acrylicell £&
X A8)

Yield strength (MPa) 53.8
Tensile strength (MPa) 48.3

Modulus of Elasticity (GPa)| 3.1
g A0 90 162 (x107)
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Fig. 6 Comparison of experimental and analytical
result of thermal deformation
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