creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000265998

201739 2¢

HAL S 9=

Aol gy wd Fl <)
BYsts 4 L A mdl] BB
A7



folA el &y WA F5ol o)
BASE G 8 A vl BE
AT

Study of Thermal and Mechanical Effects Induced by Laser

Absorption in an Elastic Medium

20173 29 24

A sl sk

Collection @ chosun



folA el &y WA F5ol o)
BASE G 8 A vl BE
AT

A=msy w3

-
rif
i
tlo
o

ol
1%

>
>

GAAA =0 E A=T

2016 10€¥

zAe ot

Collection @ chosun



o
Mo

o

2016 d 11€¥

Collection @ chosun



ABSTRACT

AT AL BT coervreerseresesssiees s

oR

A27d g iAo A e o)A

PN

o
=]

A g vl e golA

mK

>~ >~ O &

A3 A B O] A I e

18

T A EH O] A e

e
=

- 26

A3 & w2 4

26

27

24

27
- 29

ﬁa
T

=2 AlE o]

1. 574

T
Ky

37

FATE T B e s

Collection @ chosun



Collection @ chosun



29 54

M

2.1 ANSYS Fluent A E O] A H) O] OF-% covererrrmremimiiiitii 14
22 #olA "z UA7E B, = 2580 mJY o, ¥4 v W T4l 5
% A5A Ase] NF @) 54 R (b) AFUN AT 15

d 23 &k AeAZE AW w@olA B olyA E, = 2580 m)), B v

I
ot gt

N
¢

= 20,49 M) seererere s 17
18] 2.5 ANSYS Mechanical®] A]E @] 0] A O] OF-% o 22
a3 26 W2 S FA A A ] ¥ (displacement)ol] 3k Al EH oA AI (a)

el Fxo] A (E, = 5.82, 8.16, 14.51, 20.49, 25.80 mJ), (b) HX
HHEEo] 20 HzQl A9 (E, = 2049 ml), (c) F2= WHEEo] 50 Hz<l
O (B, = 20,49 M) wwreeererssersesssssssrsssesssiss s 23
a9y 2.7 wjd FE S o] 7 (acceleration)ol] TH3F Al Edo]A A}
() Y "9 A (B, = 582, 8.16, 14.51, 20.49, 25.80 mJ), (b) &
2~ WHEEo] 20 Hzl A5 (E,= 2049 ml), (c) 2= WHEEo] 50 Hz<l
39 ([, = 2049 M) woeeeeeeeeessssssssssestisisissis i 24
a9 2.8 WA W FAHAA Y 7FE X (acceleration)el] st 4 A3} (a) T

2o A5 (E,= 582, 8.16, 1451, 2049, 25.80 ml]), (b) F== WEE

%]

D040 TJ) ++++++eseeee 5 25

a9 3.1 #olA W

Collection @ chosun



33

a9 32 #HolA

34

w
o

#t Wsk AlE el

)

py

e
-

M

e

X
B
=K

1% 33 ol A

tol AlEHoldS

A}-g-3]

=
=

Iy, = 3.55 mm’, k = 0229 W-m'K")

)
=

N

A (a) "

ki3

&

35

(a) Hd

=
R

AR e

19 3.4 HolA

36

_iv_

Collection @ chosun



£ 23

T 2.1 AEHol A AFLE o)A FFEFHE] e 12

7 22 A EFHo| Mol AFEE uE EA] AR 13

T 23 W9 L AHEE ABeoldd FbHoR AgE vjde] 54 A 21

T 315 AT FE AT (T mm) e, 31

329 AEE 3 F2 AT (T Wm K e 32
-y -

Collection @ chosun



ABSTRACT

Study of Thermal and Mechanical Effects Induced by Laser

Absorption in an Elastic Medium

By Seung-Jin Yang

Advisor : Prof. Jong-Rak Park, Ph.D.
Department of Photonic Engineering
Graduate School of Chosun University

In this study, simulations of the thermal and mechanical effects induced by
pulsed-laser absorption in an elastic medium were performed and a method for
determining the optical and thermal properties of an absorbing medium was
demonstrated.

For the simulations of the thermal effects, ANSYS Fluent (ANSYS Incorporated,
USA), computational fluid dynamics (CFD) software, was utilized. The elastic
medium, assumed to be in the form of a circular plate, used for the simulations has
a thickness of 2.2 mm and a radius of 15 mm. Axisymmetric analysis is applied for
the simulations for considering the geometrical symmetry of the medium. For the
simulations of the mechanical effects, ANSYS Mechanical (ANSYS Incorporated,
USA), a structural analysis tool, was utilized. Spatio-temporal distributions of the
temperature increase obtained from the simulations of the thermal effects were used
as the input data for the structural simulations, and the results of the displacement
and acceleration of the central point on the rear surface of the elastic medium were

obtained.
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When a single pulse (pulse width: 8 ns) was incident on the medium, the central
point on the front surface attained the maximum temperature increase immediately
after the incidence of the laser pulse, and then the temperature gradually decreased
due to thermal diffusion. The magnitudes of the displacement and acceleration
linearly increased with increasing laser-pulse energy. When repetitive pulses were
incident on the medium, an abrupt temperature increase occurred immediately after
the incidence of each laser pulse and the temperature gradually decreased during the
period between adjacent pulses. While the magnitude of the displacement increased
cumulatively after the incidence of each laser pulse, the same waveform of the
acceleration appeared periodically whenever each laser pulse was incident on the
medium. The simulated results were in fairly good qualitative agreement with the
experimental results measured using an acceleration sensor.

While simulating the thermal effects, we found that the maximum temperature
increase of the medium depends on the absorption coefficient and the decay time
constant of the temperature depends on both the absorption coefficient and the
thermal conductivity. The absorption coefficient and thermal conductivity of the
medium were determined by fitting the simulated results with measured ones for the
temperature change data obtained using an infrared camera.

We believe that the results presented in this thesis can provide useful information for
research on evoking tactile sensations by using a pulsed laser and an absorbing
elastic medium. A study in which effective parameters for the laser and medium are

determined through simulations is in progress.
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ol AE B mjdel Aol Ha HolA FeE A% d a3 AEYol
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A3l Al By olAS Sttt 18 2.1 ANSYS FluentE AFRE & 314 A

EHold dololg RojFa gy Rdgs g vjde T/ 22 mm, WHE

15 mmE ZHal 9= 9 3 Feolth a&%Q Al EoAS & A 715
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F 2.1 AlE el el A8 #olA vtetiH

Parameter Value Note

Laser Beam Radius w 3.95 mm Fixed
Laser Pulse Width 7, 8.0 ns Fixed
Laser Pulse Energy Ep 5.82, 8.16, 14.51, 20.49, 25.80 mJ Varied
Wavelength A 532 nm Fixed
Repetition Rate Single, 20 Hz, 50 Hz Varied
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F 22 AlEHel e AREE viE 54 A
Parameter Value Note
Mass Density p 1010 kg-m'3 Measured
Specific Heat ¢ 2270 Jkg' K" Measured
Thermal Conductivity % 0.307 W-m K" Fitted
Refractive Index n, 1.52 Measured
Absorption Coefficient i, 3.44 mm’ Fitted
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Temperature Increase [°C]
Temperature Increase [°C)
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shlow, 1 o]F XFo FFE Holw dAT gow FHselt dHeolA &
2= oY AIZE FhEkel whel W9l gk A7]e dlEste] St ekl 2 #lol
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2~ E @ 2 (bending stress)’} TASHA Hrh o]t wdE 2EHAV) dAE A

2!
29 w3 W¥o] A =, 2 g Foll AES] B g sdRd
Jels Aoz ols & 4 ekl
% 2.6(b)9F ()= #olA HZ YA 7E 2049 mio|w, ZH7F H A HHEgo]
20 Hz, 50 Hz & wl¢] wgle] tist Al Edold AxE RoyFa gt vy
h=]

ms, 50 Hz® 4% 20 ms)o] &% 74 Al #h(~900 ms) Ht} vf$- zlo} &
spatel oja 2% g7t A
Moz A © vhot e

rlo
ki

>

o>
N

O 278 AlEAS B 4 wiE A FAANAe W @ ARE
St AlFgE 7} E(acceleration)o]  theF Aol ¥ 282 VlEE AlA
(352C23, PCB PIEZOTRONICS)E Ah&3te] HAdHow =43 ZAyjolty. 17
27@% 9 7HA] A2 tE dolA H2x U X(5.82 ml, 8.16 ml, 14.51 ml,
2049 mJ, 25.80 mN)E zte @ Hxol] gk THEee] A 9y S HoF
Atk #ol A H27F QAR AF TS ghe $AS] FUkeke] ~50 msell A X
o ghell E=Esigion, 7 5 E3e 53 PR sk FzA R FFe] o
of sttt HolA H2x oA 7F T7hEe wel 7bEE ghe] A7) = vlEs)
Z7F ik glolA F2s oy A7F 2580 mIY W Ho) MR ghe ~17 go]
A, o Fe APdHow ZHH (=39 99 ~40% F=olth. & WG A9t
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Hd 7F&EE gholl digk AlEdeld Ave} A3} Atolo] Apol7h A A
o gdnh 24 Agel A ~1 ms olF JHE gho] A9 0o AW
o, AlEEelA Ao ME A £EE7E AN ~1 ms o] FolkE o3
2 &0 TMEETE Al B ASES g 9l ol g Aol 4
glof] AbgE v Aol HEHA](viscoelastic property)S Zril 7] wjito] WA= A
o2 wpagn

a9 2700 (o) oA H2 oYU A7F 2049 miolw, ZF7t H HHE Sl
20 Hz, 50 HzQd W9 7h&mell tf@ AlEdold AxE molFa gich Ao 7}
S5 #E F A4S BT ~13 g olflEH, o] Agem A¥Hor FHH 3h~30
g)°l ~40% FFolArh THEEe e A= wol A H2vb iAbe wf wirh
AR M AEwHoA Arpelis th2A HolA Havh QA o mirh vl
Ho] 799 TUI o] wEE )
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E 23 W9 % kEE AR Hel FMoR AgE Ay B4 345

Parameter Value Note
Young’s Modulus F 26.1 MPa Measured
Poisson’s Ratio v 0.49 Ref

Thermal Expansion P
1.8x10™ K Ref

Coefficient (3/3
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= = = Fixed Boundary Condition

Free Boundary Condition
--------- Bonded Condition Edge of annular
m—— Symmetric AXis optical mount

Elastic Medium Sample

0.000 3.500

7.000 (rnrn)

1.750 5.250

Z1%] 2.5 ANSYS Mechanical®] Al Edo]A #lo]o}%-
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T T T T T T T T T
a 5.82mJ
8.16mJ
1451 mJ

20.49mJ
25.80mJ

i

0 2 4 6 8 10 12 14 16 18 20
Time[ms]

0 10 20 30 40 50 60 70 80 20 100
Time[ms]

Time[ms]
a9 2.6 Wjd FH FAFAA e ¥ S (displacement)ol] thEF AlEdo]A A} (a)
$- (E, = 5.82, 8.16, 14.51, 20.49, 25.80 mJ), (b) H2= WHEEo0| 20

p

Hz%l 7% (E, = 2049 mJ]), (¢) B2 WH5E0°] 50 Hz? 4% (£, = 20.49 m])
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A3y B4 vde] 9 2 3 4 AR

Ad 4 2 AEdEelA =4

A2 A Aa7fE dle] A Al ¥l (Centurion+, Quantel)S AFE-3lo] BHA] & o
dolA AxE ZAbsith A3l AREE #HolA A|=EomRH J% = 4
o|A Hzxo A Hx FL 7z A = 532 nm, 7, = 8 ns©] oM, Ho|x
2 olUA= E, = 2580 mJ2 AT 77 22 mm, B 15 mmE 2t 9
3 ¥ FH ofad AY Heolx wjdES Ao AR&E3ion, 3.1, 65, 7.
14.1 mm®} Y 7pA] M =2 E}E W AA(p=2w)°l el HAFs TP %%‘
glolA Wl AAel i F 5319 54 AFES JPsrh xH 2% FEA

W3l =S 93 zmw 7 2H(T420, FLIR)S AF&3 =4, Zod E(frame
rate), & Al }

_1&; _IlN'

I %], A=7] 7% (detector resolution)i= Z}ZF 30 Hz, 25 mm, 320 x
240 pixel ] At}

AlEdlolde] Aol A2del AelEel A=
ANSYS FluentE Ab&ato] & 31 2% 34 ]%?ﬂ]o] As FdedT 55 7
T, 4 AREE AT wde g& 54 dge Al AReE okaE Ad
golx wjdel] dis) AT @k AR&SSlth =, A% 9=, Hd, 24E o

5

2 p =1010 kgm>, ¢ = 2270 Jkg"'K', n, = 1.

1>

2.1) ~ 24 7wtoz
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E @ 3% A%E HolFm gtk & 2089 A9 FuRTE 5 A
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%31 55 A # FF A9 (39 mm?)
#1 #2 #3 #4 #5
¢ = 3.1 mm 3.55 2.81 3.88 4.10 3.69
¢ = 6.5 mm 3.74 4.21 3.75 4.29 4.22
¢ = 7.6 mm 3.10 3.22 3.10 3.06 3.02
¢ = 14.1 mm 4.06 4.55 4.47 3.62 3.61
Results .= 3.70 £ 0.52 mm’ (average + standard deviation)

Collection @ chosun
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#3249 AEE g FF A9 (39 wm' K
#1 #2 #3 #4 #5
¢ =31 mm | 0.229 0.28 0.201 0.191 0.226
¢ =65 mm 0260 0.206 0.167 0.224 0.209
¢ =76 mm | 0298 0.363 0.281 0.285 0.292
¢ =141 mm | 0217 0.185 0.103 0.375 0.167
Results k = 0238 + 0.067 W-mK"' (average + standard deviation)
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