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The Verification and Analysis of the Moving Heat Source
Working on a Plate using the Micro Stress Measurement

Student : Yau-Rung Tsai Advisor : Pi-Ying Cheng, PhD

Institute of Mechanical Engineering
College of Engineering
National Chiao Tung University

Abstract

The research proposed a novel thermal stress analysis methodology
cooperated with new designed micro thermal ;stress vision detection system for
investigating the optimal -cutting sparameters on laser machining with moving
heat source. In the article, we ‘adopted the finite element analysis numerical
system ANSYS as the analysis kernel. As considering for the model of the
moving heat source, we proposed the-application development tool (APDL) to
form a iteration processes for. moving boundary ‘and moving heat source. For
improving the correctness of the stress evaluation of the distribution, the
non-uniform mesh generation has been designed and implemented. Thus, the
simulation results of some illustrative examples have been evaluated to be a very
closed quality tendency in physical phenomenon as compared with the
experiment detected data in the experiment.

While in the experiment process of plate cutting via laser beam, it is a

challenge on the request of online detection of thermal stress and strain. In the



research, a easy-install and easy-use micro stress vision detection system has
also been designed and installed. The vision detection system is composed of the
microscope, DVT image measurement device, special light system, and the
stress calculation software program which is also developed in the current
research. The vision detection system has been upgraded to be a multi object
simultaneously stress monitoring system. In the article, some typical examples
have been demonstrated in simulation and experiment phases for further
verification. The verification data have -demonstrated the advantage that

proposed in the study.

Key word : micro stress measurement ~ thermal strain ~ANSYS ~ APDL ~ moving

heat source » vision detection system
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B 1(z) 5 [12]
1(z) =1, (2.15)

(2.15)7 ¥ 5 o L MR g T ik o

22 + FH50

221 B4 BRI R

SEAE AR Y - Rl 4 S e R 2 B A F - hmE o e fE
Bodow 2 pliefd il kG o g R B b AL mh - TS e ¥ LTS
X S 9/ R gl e K]

o S A

For 1D
Gy=2Ge, — a(3A+2G)AT (2.16)
For 2D
O =Aen +&,)+2Ge, —a(31+2G)AT,
o, =AMey +6,)+2Ge, —a(31+2G)AT, (2.17)
Oy = 2ny
For 3D

0w =Aen t&, +&,)+2Ge, —a(31+2G)AT
o, = Mey + &, +6,)+2Ge, —a(3A+2G)AT (2.18)
0, =Aey +&, +&,)+2Ge, —a(31+2G)AT

o, =2Gg,
o, =2Ge,, (2.19)
o, =2Gg,,
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For 1D

g, =% 1 gAT (2.20)
For 2D
Ex =é(0'XX —v-0o,)+aAT,
T, =é(c)'yy —V-0,)+aAT, (2.21)
1
xy _Eo-xy
For 3D
(2.22)
(2.23)
H? A ~G~Efeve B4
__ % (2.24)
L+v)(1-2v)
E
C2@+v) (2.25)
FrWEFT AU TAL FRREREdy ¥ AT S
(2.26)

de; =def +def +def +defl +.....

th ¥
U

Booodef MR E de) ZHPRRHE def AR BEH L 0 de

AERAL -
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O i Oy G, -0

=0c’-1,0c°+1,0-1,=0

I, =0, +0,,+0,
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BENY RS PR SRR LR Y B U S e Sl 2 X I

2.3 # @5t

BR TSN I

RS- @ 15]
(2.36)
(2.37)
Bl ¥ @
du =(6—j dT J{Qj W, (2.38)
ot ), N )
dH =(@j dp+(@j a7 (2.39)
oP ). ot Js

BT R E o TV =dP=0

i
pI

m ¥
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Bl 2.7 g 2R K& b Tk B R 2.8 1 & F 2R K& OB T

RN R R T L ko R PR S

gV R AT BT 2 el (2.46):N Rls v 1 4 T 5 [18]

H(T) = [ pop()dT 4, T'<Te (2.47)

H(T) = [~ ACp(T)dT

o { (du )+pCpf(T)}dT v T, <T <T, (2.48)

H(T) =} 7Co (NAT 20,

S pC, (MT + [pCMaT + T'>T, (2.49)

HPCp v Cy v Cum Bl 5 hFdn - REApERAR BT U SR

FEAL o o (2.46)5 $HH (T A T 17 5

“‘3‘

dH
PC, (M) = (2.50)

T IRAP R EERE > T U R

¢ B RRd Ao 5 TN S B
i ! 3

B2 el o e d S RIE t BR R RS T AR R 3 [19)] -

TR AR SRR AAL 0§ Y R AV EE R B TR o

£
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* < #rig * g1 CAE(Computer Aided Engineering)#c 42 = ANSYS > H %
g T 7 B A& o 3 Tk BAE[20] [21] 5 2 T
1 ~% ~ &0 2 i Es

PR R & T AE A S FRY o g R TR o 2
AN E T ERF IR LA EAFEN RN @ 0D i EE: T HE A
% 1D iRz HEAS 2D chfERE S A £ 223D e G HE G
ME~Z - FHVELIZAITHE PR G #0440 22-D #2359 > T
#5R > 21D #5757 » PI A ZEBEHE IR A ERRZESAS
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2 B HP S AIE > AN Z A 2030 PR E &
S N Z_ 1B &

G, =E/2Q+v)) o M ad7d s aft 2 F R T 5050 FlL ok g %A
= U. ¥ 5 iE !

18



Bl e Bo% 2 X AR5 - 2 #4170 ¥t Orthotropic HAta = > & 4 &
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Bl 3.1 PLANE13 48 & #-2-D"~ %
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# = 2 #(Young’s Modulus) » EX=6974500000 ( pa)

7p F> b (Poisson Ratio) » PRXY=0.3

## % & =1190 (kg/m?)

F% 0k % #ic(Thermal Expansion coeff.) » ALPX=0.000063 (m/(m)-K)

v %4 (Specific Heat) » C=1465 (J/(kg)-K)

B A LT RAORIR 0 R L R T B VY e T

B4 B EGEARBE TR AR R X Ap3 2 B Gded 3.1 47

7T [23] ¢
%31 R4 R BRGHE - B2 AR MG
HAREE B il =+ 5L H o
0..201224 23°C
0. 20125 47°C
0.20254 49°C
FRUR R 0.20476 67°C k W /m°C
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4 p xR GED

BEHBARRAGRFE R P FRER LA B

21

)



HRN S KEFT - HAY o d fRTUEHEEY 4 A F S hERE

TR o $OCMBRAEY FE f R A W A 0 50 (AL AR

5. & #7 Ff%(Solution)

BELSFTRDE NI FS W AIL ¢ fEm e BN 0 AT D

—;é

s  HERY ~R% - =B EFTRDET 27T -
{$ 2 (Post-Processing)
FRERSAFERE S T RAFEAMNEALS B BEE

HE R - R T e LR 2 S e 2

(w

L%]» .

3.1.1 APDL.#& ANSYS*® i *

A

B 4 A g Ml o T R R B 1 MR

|

X
—_

Feng P27 > ANSYSHAR T i fé % APDL3K -~ 154p 4 > iEd ff 1

- °

APDLen* 8 % % B FEA(Finite Element Analysis)#25% o 2 # 5t 7 14 A
B 0 T B ARRT R RE O LI BEREAE R gD
Fhfrit B BB R e FEARRT FHR 6 T+ 5 - #ag 4

22



A 1 B oo K A G FEAL (e SRS M- B R AT
2o BEE o PEFRIIEY o4 FeAA - BRI R R BT

T kT (bldol - BAEEY FEHONSPESE ZRFRE G I FEES

% FEAL 7 Pl4% kA% % gram> @ 37eng R0 72 870 4% < - @ & * FEA
R SRR R R A e Gipl B AR 0 A F AR

SR B e A B A e )R o o TR - BEH

3
&
>
1
.
i
=
Fexy
|—\
o
¥
S\
(&
e
(i
do
|

\
e
‘\.;_’l

B RHC) e Aok A
- AR S - BEA N T > TR R AR A
THRIEY B o

APDLAZ ;N § - 50 4 pos8 engf B o T i % 77 Hi58 > ANSYSV 4 #
BAE LT - A Z SR EE AT  ERAF A RD W

SRR o pE - B E 0 R AR c FEL 0 b eniE

23



APDL # % e #_ANSYS % #) %k 3+ 3% 7 (ANSYS Parametric Design
Language) » i&fd:F 5 iF i ¥ F i 2 AT HCRI R 0 0 Sl L Rl
£A57%F 2 o ;%f@ﬂ;;t duE sV OUHE B g (7RO ek 2 18 2 o APDLE
BRNFT - A F RV EY AANSYS LA o sV E T kN
22323 FORTRAN-: & g iz o e £ APDLY M = @R 7m 2 F 5d %Kik
(Compiling) -

B ANSYS#73 e £ 30 8 5 4 3% 2 TF T A 07 AR5 o i H
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Case 4 : b=10mm ;

Case 5 : b=12.5mm ;
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Mechanical = MEKS Dimension | Multiply | Te Obtain Dimension
Parameter Unit by This | puMKSv
Number Unit

Length m m 108 pm pm
Force N (kgj(m)f(_s)z 108 u (keg) (um)f (5_)2
]'I'ime |s ‘s ‘ 1 |s |3
|Mass |kg fkg ‘ 1 [kg [k,g
Pressure Pa (kg)/(m)(s)? 106 MPa (kg)/(um)(s)?
Velocity mis mfs 108 prnfs prns
Acceleration  |mi(s) mi(s)? 105 prnf(s)® prn(s)
Deosity kg e/l 108 kglum)®  kg/(um)’
Stress Pa g/ (rmi)(5)? 106 MPa leg/ () (s)°
Youngs Pa kg m)(s)? 10°6 MPa leg/ (m) (5)?
Modulus
Power W (kg)(m)?(s)? 1012 pW (k) (urm)(s)

T kR ANS
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S PUA R A T IR HANSYS B Sl I H 2 e
Thermal | MKS Dimension | Multiply | To Obtain | Dimension
Parameter Unit by This = pMEKSy

Number Unit
Conductivity |[Wim°K  |kg)mW(°K)(s)° |10 PWi) K |(kg) (um)/(°K) ()
HeatFlue  [Wim)?  |kef(sP ! PWim)?  |kg/(s)®
Specific Heat k@K  |[mCK))?  |1012 PUkDE  |um)(K)(s)
HeatFlow (W (kg)my(s® |10 oW (kg (um)*/(s)°
Heat Wi |kimye® [10° pWium)y  kg/(um)(sy’
Generation Per
Volume
Convection  "W/(m)*K fkeg/(s)? 1 PWI(um)2K [kg/(s)?
Coefficient
Dynamic [kgf(m)(s) [kg/(m)(s) 10°° kg/(um)(s)  [kg/(pm)(s)
Viscosity
Kmematic  |(my¥s  |(m)¥s 101 (um)?fs (/s
Viscosity
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