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Abstract: In order to study the relationship between dislocation configuration and grain refinement in
materials treated by laser shock processing, 690 high-strength steel was impact-strengthened by pulsed

laser. The scanning electron microscopy, transmission electron microscopy and high resolution
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transmission electron microscopy images of the sample treated by laser shock processing were obtained
using scanning electron microscopy and transmission electron microscopy. The inverse fast Fourier
transform was performed on the high resolution transmission electron microscopy image, and a grain
refinement model of 690 high strength steel treated by laser shock processing was established from the
perspective of dislocation configuration. The results show that after the 690 high-strength steel was
loaded by laser shock with a power density of 5.09 GW/cm®, the internal dislocations of the material are
proliferated and the surface grains are refined, with grain size ranging between 80 nm and 200 nm (cross
section). The precipitation phase maintains a semi-coherent relationship with the matrix, and many
defects such as edge dislocations, dislocation couples and extended dislocations are distributed in the
matrix, among which the dislocation couples are formed by the screw dislocation motion with cut order.
The geometrical dislocation interfaces’ extension and intersection divides the original large crystal grains
into fine grains, which consists of dislocations, extended dislocations, vacancies, etc. The grain
refinement model of 690 high strength steel treated by laser shock processing can describe the grain
refinement process dominated by the dislocation movement of 690 high strength steel.

Key words: Laser optics; Laser shock processing; Dislocation configuration; 690 high strength steel;
Grain refinement
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BB 40 ) A B o S R R AR T 4T 4 B T I8 30/ (Scanning Electron Microscopy s SEM) F1 38 I 3% St 1 7 &
1% (Transmission Electron Microscopy, TEM) . & 4 ¥ B2 F & ## 1% (High Resolution Transmission
Electron Microscopys HRTEM), 3f %t HRTEM {& #f 47 R 3 {4 B M 36 45 & (Inverse Fast Fourier
Transform, IFFT) , -5 b 8 b A i A 5 A 0 S5 175G 3R L I3t o S 700 L R A7 685 2 285 0 A o 240 Ak 1) 22 RUE
KFR I AL ZH A A B ST WO by 690 15 5 A R 20 AR AL SO h s 75T 00 B SR AL L 20 A 5 10K 1 R
&R AR 2 O B | RO B PR 57 B8 ) SEPERETT L R T LA 690 1R 3R A A T A R 1 9V T A% 0
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1 SEWHFRIE

1.1 SREe#F R & 5K 56
S AR SE T 690 SR L X BB BT A kb P2 R R AR e R A S LA
RELFR 1, Hf o, RARPLPIRIE Lo Fm i IR BR. 4% B8 50 mm X 50 mm X5 mm B BLAS i FH 22177 %1 HIHL 690
o SR A IR L JR AT 240-1200 2 KBS AR AT B alRE 2 T, B IS FH TE /K £ B35 Bk O v UK R AT 25 mm X
25 mm X 0.15 mm 8 A /E AR IOZ G5 TR R T, L2 FOKAE R AR 2.
F1 690 BEMILZER S SR

Table 1 Chemical composites of 690 high-strength steel and mechanical capacity

Chemical composites(mass fraction/ %) Mechanical capacity
C Si Mn Cr o,/ MPa o./MPa
<1.72 <0.45 <1.24 <0.74 =690 835
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(a) Cross-sectional SEM image

A1 ThE%E 509 GW/em® T 690 & &4 SEM #%
Fig.1 SEM image of 690 high strength steel with power density of 5.09 GW/cm®
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B2 690 & 3 MW A& KA R TEM F %
Fig.2 TEM image of 690 high-strength steel matrix

0414004~ 3



D/ R S 14

2.2.2 Bk E 690 FH A TEM B ik o 47

K 3 NINHEE 5.09 GW/em® B 0L s 58405 690 R NI FE A TEM JE $2 4% .38 1 %) FL 43 #7690 7
SRANEOE P TR TEM JE SR T A1, 690 1 58 89 i0RE 28 o i if 485 . 222 5ok 9 4k, an &l 3 Ca) iF
IR 5 4 RE PN RS 7 A KR A L T T A A DX A 7 A A 28 4 5 Tl T2 B B BELAS 1 B R S K AR AE TR
JEFEL L a3 () T s SO wh i B T A 4 K RS AE L S5 IR R AL SUR HL R 2 T 2 A/ A I 3 (o) B
JRLPL BB RO oh i A S B AL A B Bl 690 SR AN B B 2 2 4 A0 AR I S RO L AR AR 2 AR 1 K

IARVIRE e ] % .
. | e 4
100 nm e A 20 "u
= = ¥ 4 &.L@

(a) Grain refining 7 (b) Dislocation tangle (c) Precipitation

B3 hEHE 509 GW/em? T 690 & #4087 TEM # 4t &
Fig.3 TEM image of 690 high strength steel with power density of 5.09 GW/cm’
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Fig.4 HRTEM image and corresponding IFFT filtered image of the precipitated phase
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Fig.5 Line intensity distribution
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Fig.6 HRTEM image of 690 high strength steel matrix by laser shock processing
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Fig.7 Dislocation configurations in the matrix of laser shocked 690 high strength steel

AL A T2 4 T A RE Y I TS R v L A e B L Ak 2 S R T 3R R X R 2 UL BE B 5 T AN
AERBRT A TR B A R B R L L A IS B O, IR 8 TR I B 5 BE MIN A JLAS S ]
PRI RN 5 XY SRS REYSMIIN IERT G HIBr MN — 18 SR B sl kA2 18T — R 90 Sk
B A& 8 Ca) T M EI B 1 /85 B MIN 3A 51 20 nm K VL b B BB PRI B2 0 KA 2 FATHL Tk, By 1R
VTS 3 B4 A7 A B e A O ) 52 0 /D 5 TR i 57 5 2 LA S B BT T 1 L 2 A T e Bk 3 i) A 9 B T B Sl L
Bl 8(b) FIrn. S HI B = B2 MIN 76 P &5 Bl Y L 245 4k XY AR MERY B BB MIN /T4 T, 32 51 B 52 ] 1) 30 20 4 2k
SRS, T3 AR S22 il R BEE AL B9 AN B B 3, e 1 R i b B T — S KA S5 0 B 2k (UL AR 62 i
) s HAZ AL 85 42 10 07 0] 5 LA IR O it 3 B, 7T 5 AR 70 B B 7 SR AR TE n, an 1818 (o) i ot wh i 690 75

(a) Small cut order (b) Large cut order (c) Medium cut order

B8 TRHANBETHREMLEZH TEA

Fig.8 Schematic diagram of screw dislocation motion at different cutting heights
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Fig.9 TEM image and selective electron diffraction pattern of different regions of the surface of 690
high-strength steel by laser shock
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(a) Sparse dislocations (b) Dislocation proliferation (c) Dislocation boundary
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(d) Dislocation boundaries intersection (e) Many dislocation boundaries meet
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Fig.10 Dislocation change characteristics of IFFT filtered image on the surface of 690
high-strength steel by multiple strong laser shock
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Fig.11 Grain refinement mechanism dominated by dislocation movement of 690 high-strength steel by laser shock
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