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ABSTRACT

Study of Thermal Effects and Structural Deformation Induced
by Pulsed Laser Absorption in Human Skin

By Jae-Young Kim

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

Studies of the thermal effects and structural deformation induced by pulse laser
absorption in human skin were performed. First, simulations on the absorption of a
pulsed laser in human skin were executed. Optical design and analysis software,
TracePro (Lambda Research Corporation, USA), was employed for the simulations.
The human skin was assumed to consist of two layers: epidermis and dermis layers.
The literature was referred to for the numerical values of the optical properties for
each layer. Laser parameters used for the simulations were set to be the same as
those from a recently published paper on the tactile sensation evoked by
laser-induced thermoelastic effects. From the Monte Carlo simulation performed with
TracePro, the volumetric heat generation rate of the heat source caused by the pulsed
laser absorption in the skin was obtained.

Next, simulations on the thermal effects of the absorption of a pulsed laser in
human skin were executed. Thermal analysis software, ANSYS Fluent (ANSYS
Incorporated, USA), was employed for the simulations. Again, the numerical values

for the thermal and physical properties of each layer were chosen from the literature.
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By wusing the volumetric heat generation rate obtained from the Monte Carlo
simulation as the input for the thermal analysis simulation, we obtained temperature
distributions on the skin surface and in the skin as a function of time. The
simulation results were found to be in agreement with the experimental results.

Lastly, simulations on the deformation of the skin caused by laser-induced
thermoelastic effects were executed. Structural analysis software, ANSYS Mechanical
(ANSYS Incorporated), was employed for the simulations. Again, the thermal and
physical properties of the skin used for the simulations were selected from the
literature. The spatiotemporal distribution of deformations and stresses were simulated
using the temperature distributions obtained from the thermal simulations.

We estimated the order of magnitudes of the deformations and stresses of the
human skin achievable with the experimental conditions of the recent report on the
tactile sensation evoked by laser-induced thermoelastic effects. We hope to verify the
simulation results through experiments in the near future. The simulation methodology
developed and presented in this paper is expected to be of great use for further

studies on the development of laser technology for tactile sensations.
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%o = A=) [(1 — )y, +1(u,, +u,,)— 3 B1(r, z)} (4.5)
—o. =L (4.6)
O —0py (1+V>u7z .
S?;I }‘\_‘]'Oﬂ }\1 0—229 0—7'7'9 g¢¢9 O—Zy-—‘_‘:‘ Z—}—Z—}— ’{\‘Eﬂﬂ’{: I‘%ﬂ/\‘}_cl] %9 ]?1—7619 %——Z,—
(Circumferential), h(Shear) &S oM, u,;v 2EHQ] (IS L3k &

EdQ WA 7 gRe the Ash ol EAWGY

ou,
U, = - 4.7

ou,
Uy = 75, (4.8)

U,
I (4.9)

1/[0u, ou,
== 4.10
=2\ or 0z (4.10)
AZ1NM w9 w, & 2442 W9 wol F 8, v B ALe vt

Algeoldel AR A A= p, TEI} FEH ¢, FokEH] », A QYA
o] 2214 2 7AA 54 e £ Bad

A% g, 9% £ 59 A% 24
4

%/1_% /\]‘-g—f)‘]»s’j\ gtq’[29,32,33,34] E
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¥ 4.1 7% A A EH o) ALg=

=)
4o
BN
»
Lo,
e
AL
a
)
N
)
a
i
oX,

Mass Density p 1200 kg'm” [29]
Longitudinal Speed of Sound ¢, 1540 m-s™ [34]
Poisson’s Ratio v 0.48 [32]

Volumetric Thermal Expansion P
) 9 x 107 K [33]

Coefficient 3
[29, 32, 34]
Young’s Modulus F 324 MPa
Eq. (4.2)
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Al AT EYo]¢l ANSYS Mechanical(ANSYS Incorporated, USA)*E A}-g319it).
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19 4.1 ANSYS Fluent Al E#o]A #ojol2S HojFa ) Rdyy ¥

Tk = o1 34 (Axisymmetric Analysis)S A 7 9lo] 7|Eo] UGy =
A F2= ol A7) ofeell A JAFSHEE ARE-3F Mesh®] Cell AFo]Z== 20 am x 20
= Agstglom, AAXALS 17 429 gold mdle] ZAIE A ol

N B
male 9%y o2m AAwel wy FA 27

~
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wo) oz AAMel = A 7
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fz
)
N
K
X0,
4o
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=
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T
L
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L

2. Al EF ol A3
a9 44= ¢ = 5, 100, 200, 400, 7000, 10000 ns< 9 =
ANEHl A AFE HolFTh #olA Bxo AT} Byt JI( = 5 ns)ol =

%
Mol WS gtk Aol 2F Aue F e UL 9 YHIY
mom BFes) AAPom, & W WS el W Asta vz
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Helae] A7 Hol oF 80 nmol Atk
% 4.5% ¢ = 5, 100, 200, 400, 7000, 10000 nsd uwje] Wk WEE W] gy ol
gk A g AAE HolErh o] Ffole #HolA F2=o Yart
(t = 5 ns)oll= WP o] WA eFgtar, A|gre] g Aag & 35
W ko g ety AlAglem, vk ek W arl A Eol
vzt EW o) whg B Hd of 95 nmA %= TSkl o, Wi
= ek Welute] A7) Hd °F 40 nmeo| AT
6 ¢ = 5,100, 200, 400, 7000, 10000 ns wje] W] HWE 7]
ul(= o2 1) o G ABeeld A welEth F A 5EA ARE
#HEE = Sl AA, Wt st 95 fEE F59
=4, 95 ZHEe 95 R 7] & Wego s Aist

[
)
N

BT AlFke] & O A3 o= & il o3 &% A
ML 7] AEHZ HEo7b7] diiel o] A dEE
Steady-State) = &-2] -2t}

a8 472 AZF = 10000 ns 7FA 9] FH WA HolA W T4 YA =
o

W w9l AIZHA WEtE HolFal QT 47904 & 1 ¥ 2] (Surface
Displacement)= T4 €5 F7] % WEFo 2o WS ou|gir) ol A7t YA
5 o9 gHe 7] Hom A AT A ot 5T & =4
el =Eehe e BT Aol v S Ze A2 9F 1 = 180 ns©]
ATk o] A AR glo]A Wle] ThgAtE ol A AR AEY A0TE golA
o] Fodoll wEeeh= AlREY AR ko gl ATk ok Al oS F 3
BL 2% A 999 A0 056 mmolil T3 £ o] 1540 m/so|EE, &
T A Bxo] spgtElel A A ~Eganst go)A Wle] Fokd wura)
= ARE oF 182 nse = AT whebA, 5 B e vaer ke
@ 3519 B Ugs 2 A7E Sl vl 7o &9 & o5 Sdln

17 482 ¢ = 5, 100, 200, 400, 7000, 10000 ns¥ wWe] F W AEYHA o
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D: Transient Structural

Directional Deformation

Type: Directional Deformation(y Axis)
Unit: m

Global Coordinate Systern

Time: 3. 2e-007

2015-11-25 2% 5116

5.4048e-8 Max
2.3696e-8
-b.6562e-9
-27000e-8
-B736le-8
-8.7713e-8
-1.2807e-7
-1.5842e-7
-LB87Te-7
-21912e-7 Min

713 4.1 ANSYS Mechanical®] Al & d oA #lo]o}&-
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D: Transient Structural
Imported Body Ternperature
Unit: K

2015-11-23 £= 7:37

312.58 Max
312.20

310 Min

I9 43 ¢t =5nsd o Fx Y AlEG)AH
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Axial Stress [MPa]
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