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Abstract- The temperature and thermal stress distribution on
BK 7 glass was numerical simulated by MATLAB according to
heat conduction theory. Research has shown that the laser
pulse number, spot radius and pulse width can change the
extent of the damage threshold for BK7 glass. The results
shown the damage threshold decreased with the laser pulse
number and radius increasing. The laser power also increased
with the pulse width reducing. At the same time, the damage
threshold was corresponding reduced.
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L INTRODUCTION

Because the optical window of optical system was often
irradiated by high energy laser makes the heat accumulation
of the optical window internal, thus the optical window
caused melt and burst™®. The development of high power
laser was restricted in the maximum extent, so study the
damage characteristic of the optical window is awfully
necessary. BK7 glass was an excellent performance of
optical materials played a very important role in the optical
system and possessed a high transmittance in the ultraviolet
and visible. BK7 glass was often used in the laser processing
of optical windows, mirrors and prisms. This paper
established theory model about BK7 glass irradiated by long
pulse Gauss beam and discussed the influence of the damage
threshold depends on spot size, pulse number and pulse
width by MATLAB.

II.  THEORY MODEL

Figuerl shown the circular plate type of target material
irradiated by Gauss beam. The thickness of the target
material was % and the radius was r. [ represented center
power density of Gauss beam. Materials irradiated by
Gaussian beam produced by the space non-uniform
temperature field with the emergence of the thermal stress.
Through the equation of heat conduction and thermal elastic
equation can be comprehensive understanding of heat
absorption damage and thermal stress damage.

We selected circular plate BK7 glass as experiment
sample(r=2cm, h=2mm) and established the cylindrical
coordinate system with the origin at the center of the laser
incident sample surface. Assumption the sample surface was
vertical irradiated by Gauss beam (z=0) and the direction of
laser irradiation was consistent with z axis. The initial
temperature was 7, and the center intensity of the Gauss

beam was P.(R=0.5cm, =1ms) In order to facilitate the
calculation the sample surface and side both were adiabatic
surfaces. We concluded the temperature field 7 (7, z, f) of
internal sample according to the heat conduction equation:
ofr o, dT. d 0T, d,6 dT 1
Ao o &gt K g &+ Az ()
Eq.(1), where p, K, ¢ respectively expressed density,
thermal conductivity and specific heat capacity of BK7 glass
in the general situation. The temperature distribution was
expressed by T and time was expressed by ¢ The heat
generation rate produced by the internal samples heat
conduction was expressed by A(7, z, ?) .
Ar,z,t)y=P-o-B-e”* ©)
Eq.(2),where P was Gaussian beam power density, o
and f respectively was surface absorption coefficient and

volumetric absorption coefficient of BK7 glass sample.
Initial condition:

I(r,z,0)=T, (3)
Boundary conditions:
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Figure 1. Gaussian beam irradiation circular plate type of target material
model

The laser absorption coefficient of BK7 glass was

related to glass preparation process,U.Broulik!”! have

measured the absorption coefficient(o=0.46~0.86m™) of

We selected

a=0.65m™" volumetric

BK7 glass samples with 1.06um laser.

absorption coefficient absorption
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coefficient™ f=1.6x10’m™ ,concrete parameters of BK7 glass

as i1s shown in table 1.

TABLE.1 BASIC PARAMETERS OF BK7 GLASS 4
density 2.51g/em’ 5
thermal expansion coefficient 8.6x10°K g
specific heat 0.71J/ gK 2,
tensile strength 3x10'Pa H
compressive strength 6.9x10°Pa =
young modulus 8x10" Pa
melting point 1400°C 5
thermal conductivity 0.0112w/cmC /
poisson's ratio 0.208 £
elasticity modulus 7.6x10° Pa T
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III. NUMERICAL SIMULATION RESULTS

A. Temperature distribution

We got the Gauss temperature distribution of BK7 glass
for the laser pulse energy E was 10J as shown in
Figure2.(R=0.5cm,7=1ms) Figure2 shown the highest
temperature was in the center of Gaussian spot decreased
with radius increasing. The center temperature of Gaussian
spot was 230°C not reach to the melting point (1400°C) of
BKY7 glass ,which not caused melting phenomenon.
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Figure 3. Radial thermal stress distribution on BK7 Glass
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B.  Thermal stress distribution 41
We also gained the Gaussian thermal stress distribution 5+ /'
of BK7 glass through simulations as shown in Figuer3. ik /’o
F1guer(3.,4,.5) s.hown the radial and circumferential thermal 00020406081012141618 20
stress distribution of BK7 glass samples. Because the axial o
thermal stress component distribution was the same to the
radial and circumferential thermal stress component not been Figure 5. Thermal stress distribution on BK7 Glass

discussed here. Compression stress of BK7 glass was
controlled by the radial component of thermal stress
decreased with radius increasing. When the highest
circumferential direction stress was 6.5x10Pa not reach the
compressive strength (6.9x10°Pa) of the BK7 glass, so the
compression failure phenomenon didn't happen.

The circumferential thermal stress component was
manifested as compression stress of BK7 glass decreased to
0 with radius increasing. The circumferential thermal stress
component was manifested as tensile stress in the spot edge
region changed from high to low finally closing to a
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minimum value (0) with the increases of the radius of the
sample. At this time the highest tensile stress was 1.8x10'Pa
not reach the highest tensile strength (3x107Pa) of the BK7
glass, so the tension failure phenomenon didn't happen.

C. Laser pulse number influence on the damage threshold

We discussed the relationship between the damage
threshold and laser pulses number with the spot radius and
pulse width unchanged as shown in Figuer6 ( t =1ms, the
spot radius R=0.5cm).The results shown the damage
threshold obviously decreased with radius increasing. After
the fifth pulse its downward trend becomes flat.
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Figure 6. relationship between the damage threshold and laser pulses
number

D. Radius of Gauss laser influence on the damage
threshold

We got the relationship between the radius of Gauss laser
and damage threshold with the pulse width and laser power
density unchanged as shown in Figuer7. (z=1ms, R=0~1cm)
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Figure 7. the relationship between the damage threshold and radius of

Gauss laser

The results shown damage threshold was changed by
spot radius and decreased with radius increasing by
researching many radius of sample.

E.  Laser pulse width influence on the damage threshold

The relationship curve between the laser pulse width and
damage threshold was gained with the radius of Gauss laser
and laser power density unchanged as shown in Figuer8.
(=0~1ms, R=0.5cm) The results shown the damage
threshold was changed by pulse width which decreased with
laser power increasing. Thus, the damage effect was obvious
by laser field effect on BK7 glass and the damage threshold
was corresponding reduced.
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Figure 8. the relationship between the laser pulse width and damage

threshold

IV. CONCLUSION

This paper established the theory model of Gaussian
beam irradiation BK7 glass and numerical simulated the
temperature and stress field distribution on BK7 glass. The
results shown that the thermal stress damage occurred before
the melt damage.The circumferential thermal stress mainly
manifested as tensile and compression phenomenon which is
the major factors in control of BK7 glass damage. This
results are as same as other literature! reported. Research
shown that the pulse number, laser spot radius and laser
pulse width of the BK7 glass damage has great influence on
damage threshold.

The theoretical model of this paper was also suitable for
similar optical element damage problem provided a
theoretical foundation for laser processing and laser
propulsion field.
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