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Research on High Power Laser Beam and Focus Power Intensity Distribution
Directly Measuring Instrument
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Abstract Using the method of rotating needle pinhole the measuring system which can directly measure the high dense laser
transverse intensity distribution of laser beams/focus for laser processing is developed. The mathematical and physical models of
measured laser beams/focus propagation in needle pinhole are established. According to the calculation the system parameters
including aperture of needle pinhole dimension of propagation channel dot number of sampling are given. A new measuring
system is designed. The measuring of high power laser beams/focus by this system is realized. The calculation results are of
agreement with the measuring results. The instrument can measure CO, and YAG laser measured power larger than 10 kW
maximal measured power density up to 107 W/cm®> measured laser beam maximal diameter is 60 mm measured laser focus
minimal diameter smaller than 0.5 mm.
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Fig.1 Principle of measurement by a hollow probe

cross section

scanning line
2
Fig.2 Schematic plan of scanning line intensity
distribution
1

3.1.2

A, A,

3.2
3.2.1

1y

2
T.= 1-A, " 1-A "
A, A
w h l
1 . 1
= —tan0sin® n, = —tanfcos$
h Y w

cosh — u 2 +0°

cosh +u 2+ °

n* — k* cosl — u >+ 2nkcosd — v ?

n® — k% cosO + u >+ 2nkcosld + v >

n? - k* - sin®0 +
n? — K —sinf0 %+ 4n?k* V2
- n? -k +sin’0 +
n? - k> —sin’0 % + 4n°k* 12

k

4



259

1 ~ 4
2rn/2
T=P/Pi=||fab6¢T 0%dods 5
00
3.2.2
5
|~ 4
A, A,
P,/ P;
3 4
. 1
§
£
£ 0.8
2.
[*]
g £ oeh
a &
2
s o4t -
cz a
1 L L
1000 2000 3000
Laser power /W
E 1. 0F
E 0. 51
F w 0. BF
1
¢ 207
RN
=
€ o5 3 ‘ [ ®)
3000 4000 5000 6000
Laser power/W
3
o,
1 mm
a 300 pm b 100 pm

Fig.3 Transmitting characteristics of measure

system beam

the line is value of theoretical calculation

the dots are values of practical measurement for CO, laser

a pinhole diameter is 300 pm

b pinhole diameter is 100 pm
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Fig.4 Transmitting characteristics of measure

system

focus

the line is value of theoretical calculation

the dots are values of practical measurement for CO, laser

a pinhole diameter is 20 pm
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b pinhole diameter is 40 pm
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Fig.7 Diagram of hardware system
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Fig.8 Data and graph display measuring result of 6000 W CO, laser beam with LQD-1

a X-Y section distribution
d  3-D section distribution

¢ nine cutting distribution

LQD-1 PROMETIC UFF100

b 3-D intensity distribution

e 3-D intensity cutting distribution at one intensity

¢ 3-D intensity distribution at different lookout angle
f four cutting distribution

h  color graph display of power density
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9 LQD-1  UFF100
a d TRUMPF 6000 W CO, b e TRUMPF 6000 W CO,
¢ f  HL1006D 1000 W Nd: YAG
Fig.9 Measuring result comparison between LQD-1 and UFF100
a d measuring result of 6000 W CO, laser beam b e measuring result of 6000 W CO, laser focus
¢ measuring result of 1000 W Nd: YAG laser focus
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