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Abstract: In order to analysis the interaction between the metal plate and high-power CW fiber-laser
beam through a long distance transmission, the laser beam jitter induced by the interaction on a high-
power array detector with a high power CW fiber laser at different distances was researched experi-
mentally, where the effect of the laser jitter on the damage of the metal plate was analyzed. The jitter
and jitter-free models of the far-field damage of metal plates were built in simulation, and the tempera-
ture distribution between the jitter and jitter-free mode is compared by the finite element method. It
shows that the jitter amplitude grows gradually with the increase of the transmission distance. At the

same transmission path, the deviation along horizontal direction X is lower than that in the vertical di-
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rection Y. Due to laser spot jitter, the far-field spot presents elliptical distribution, which leads to el-
liptical damage morphology on the plate and a beam deflection about 20 °. When the spot centroid off-
set is greater than the spot radius, the maximum temperature drop rate of the metal plate reaches
more than 10% by the original position. The experiments and simulations demonstrate that the high-
power CW laser beam quality declined after a long distance transmission which may reduce the energy
coupling efficiency and affect the laser material interaction efficiency.

Key words: CW laser; laser spot random jitter; spot centroid flatter deviation far-field damage; finite

element method
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Fig.1 Schematic diagram of laser spot jitter, where
d is spot radius and left little point is the cen-

ter of mass which indicates relative position

jitter deviation
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Fig. 2 Near-field laser beam spot deviation caused

by mass center jittering
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Tab.1 Thermodynamic parameters of three metals
. Thermal conductivity/(W « m~ ' « K~!)Specific heat . Melting Tensile
Metal  p/(kg* em™®) - " " Absorptivity
100 C 300 C 500 C (Jekg '+ K™ point/K strength/MPa

2A1 - 12-T4 2770 113 97 80 917 0. 059 933 470

316L 7 870 15.1 18. 4 20.9 502 0. 307 1 370 480

TC4 4 500 16. 3 16. 7 18.0 500~800 0. 257 1 668 539
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Front surface damage morphologies of three

metals

K5 = s 5 3R L OB R 5K
Fig. 5

Rear surface damage morphologies of three

metals

Hi I 4 A& 5 AT 52 Fr 2 3k 48 1 ) D't B
IR — AR v B L 2 5 B — A ) A2 2y 20°
0 10 5 ) 3% T i B2 5 ) S IR R AR B, R
FEMER RN, BOLEMNSRE B & &k E
FES R e R0 B R T B0 R 1) 5 HE BRI
R TR T K AR T B A 8 O i T T E
S BRI Rl O A8 v H0 A AR v by T BB TS ) R
RS QR 1 T34 g D S-Sy [ B Ei e AR
AT b AR R T A S 3 T 20 32 E T ) R B
Hl s R A B RS T AN Y AR
B 4 A5 3 350 AT LI Wl S kAR e S O R
WL B ARE, XA REE T A ST R
EWMMERESRZ . [ IR 3 a8 7 A
WOCHR IR T B A T RO R A R B OB R
SR TR TN 55 9 45 B < L O 2 L 04 3t

KNI BARNFENMERE VR . WEAHW
IR G YB3 T2 30 4 B, ol T 3 7 b 43 ) 1) 42
AWy IR A [A] i 2 T 24 BAS [ A 2 Y AR Ak S
SO F TR B B A [R] o b v e ) A H B AR A
RIE IF Bt e AL 2 B R . X —E
S5 b — 1 B B 00 B 0 B 3l i 25 A A L B
WY 322 37 506 Bk 14 50 434 3l ol 0] 5 B8 TR ) ' SR 22 A 168
T HOLS & Jm A1 B AR AT I AR R AN R R it R IR
i i L8 AR R i DX s g DA A [ JE o i A A 7fE (5
I B G W X W] KT 3T 3 44 3 3 /D 5
LR NIRRT A 0 R X

4 B

T8 37 1% S O R IR 4 TR R AT L B 38 5 Ok
T BRE 5O i 2 O R A% B P B 4 R 2B R [ R BB 1Y
a2z . AR 5250 4 Jm AR R BE BOGTEE AR I K
NS FI A BR I0 O 2 BB B AR G B L3 B 8l
JEBE LA KGO S b} sh o BE 2% 148 T IR T 43 A6 X E
1% i B e 1Y 4 Je TR T 0 S ), O LA A
AR TR 0 R KOG TR} ¥
4.1 HEFZE

HI TG PR 2 8] 53433 Sy e 30 43 A 0 DG 36 o0
A T DY S Y BE AL Bl O R AT R
AL T AR, IR 6 TR EER Y Jr Bl sh
TRz B shia T e 7 iR, PSRN .

a 9 9
o b T(;cxy t)]_'_

aT(Ia 29t) — i
9t 91‘

J [kaT(lf, X’DJ ’
dy dy

KT,y O WEMIRIE, o W ERREE, C
FHHRAE R G G R, 3 Bl & B I T S5
W 1R AR EOE 0 W R BE /N AT

B S T IS O3 R AR A

k2T AT (D, =0,
dy

(10

an



46 pite

k% TR

5 24 &

Laser

Metal plate

K6 WokS 4 JE e AR R 2
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Fig. 7 Near-field and far-field laser spot deviation in
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