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Abstract: This paper investigated the optimization of processing parameters for surface hardening and
morphology improvement of H13 mold steels using laser processing. lLaser power, scanning speed, and
overlap ratio were selected as processing variables, and their effects on hardening depth, peak-valley height
between adjacent scanning tracks, and surface roughness were optimized. Initially, Latin hypercube sam-
pling was employed for experimental design, followed by the development of a multi-objective optimization
model based on the obtained small-sample data. A multi-objective optimization algorithm was then used to
optimize the processing parameters. Finally, a comprehensive evaluation method was proposed by integrat-
ing the multi-criteria decision-making approach with an objective weighting method to rank the non-
dominated solutions and identify the optimal parameter combination. Experimental results conducted under
the optimal parameter combination demonstrate significant surface hardening of H13 steels along with effec-
tive reduction in surface roughness.

Key words: H13 steel; laser polishing; laser hardening; small sample data driven; parameter optimi-
zation

T 4 2 B 58 A 5t R e T O B8 1L 5

W H AT TR, VESELY % JF % T —

OB I T AR XA SRR IR MR L o e O AL 10 7 B % K 3 43 B S A7 44

PRI AP LI T A CUREATRCHE B BRI g 1 g o 22 040 R 245

Eiiff@fiﬁﬁfﬁiﬁmﬁﬁ’%%*ﬁ 5 B AR CR . WAGH %75 i B3 IE
>N ’ e ’/ﬁ o ’ o v ~ o

A RS SEURIR AT T ORI 1

e R T BB FE 55 2 61 O 28 L 2 B2 o T

BRTE . WK {ARE S ORI A 4 (CSTh2022 S5 AT PR B 37 ) A 14149 208 HV 42

0 8%

NSCQ-LZX0011) ; & B 7 5 & 0§ #F % 8¢ 4k 5 { 175 2 833 HV , [R] B A4 ek i B 4 d 3 # 5 . CHEN
(CXQTz1024) AED I B I O T LU SR QT 700-2 1Y

- 1917 -



hE LM T AR 28 37 B 2 S 2026 4F 8 H

il i R HL T S 40 0 R B T S BCF R AR E 1Y
R {0 3K B 4K (250 HV) 9 3 6% . 41 A4
XFHE A3 A T O FE AR RO VR kO RE AR 1 52
M) , & BRI F S 0 B TG R & 2 RO Al
U 5 0% MOT 2 B G i AR O .
JEF AN AL AT LA S B 3R 1 R Ak L 38 T DAUAT R R AR
2 THHLRE BE L WF AT N B R B SOG4 R DL 2B el
S AL 1 2% T R R RUORLRE BB . ZHAO S5 4
T ok b SO R 22 U A G T SO I
T % . R K 3R TE MRS BE Sa AN 20.958 pm FE 2
0.242 pm , 2 17 5 734 B B2 412 &5 T 2290, EE A TR
N 22 pm, LTU S5l H 94 D ik o ot st Zr 3k 4
J& 3% B HEAT HOGHOE L BF SR T T2 SO R T
e VR BE (9 5% W), e B ' JS 3R THDREDRE BE R IK T
90 %, Fe I AE B 45 v T 1190, R IR /N T 10 pm,
YTAEWESE T 440 0 R A A e ) e O v IR A
G R PTE W KA B T 2S8R
2 1 HLBE BE Ra M 0.702 pm F& & 0.354 pm , [ i}
3 1 A B A B

A% B BAF Y R k2R TP RE L 8 K Y I
50 ] DA b Ny T2 S RS e N E A =z [ B
R ARABAT R T TAER K FERM B Z &, K
fiff DA ) L, — S 2 3 6 25 o I 4 B A D 1
FEABAG AT T A PEARE ST K B0 AT LR R o
AR T LSRR G . A SR el ik
BPNN 835X} 5 20 HE A & 2y 20 Y 8080 2R 47 8t
RIBAIRE B R R iz AL ae Ty . &5
7 SR R e S A R [l Ay vk ST T K [l A
e B R AE I R A B R 30 M L R RS A5
N BN BRI RBOR L Rz e RUR . 5 o6 4
K M BBD ik B e 5 T 28 4R 56 o din L it 45 A
BPNN-MOGWO- 4§ £ -TOPSIS & & 5 ik 52 3
TRW T2 S8R .

EI i 4 ol 380 2 1 el tE L IS N B BT SG E A
— A IO T T A58 AR A Y AR T A B 5 R
AR AYE . BARE A U5 & B HHnT LLIR
Pt A 5 2 AT A P RTOREL R BB (H G A b 2 i G sk 2R
HEAT IR 25 P Ak DA S BRI S5 1 [ 25 1 Ak B 4l o 3R
MO dRE D . A, TN AR B0 K B0 1
TASZEA T EA T — P05 . WL R
(18 29 T A b 205 2R T B 5 2 T REL RS B L A BF 9 4R
W T — i L T /N A O 9 HL3 4K 3R T RO
bl 2 AbriAb ik, By T 2S5
e R H bR 22 ] 2 H AR 00 AL R 5 R £
Hir BBk AT T2 S B IR IR Z
THE ) 2Z B AR A6 A 75 (visekriterijumska optimizacija

- 1918 -

i kompromisno resenje, VIKOR ) 4% £ % ML Wk A% 75
(criteria importance though intercrieria correlation ,
CRITIC) X 75 21 B4 fift 28 2EAT HE Y - e & 3045 2 19
RS EA G AT S E

1 ETAHAHKEN S E R MAAS

o A5 B H13 49 2 T S0t B8 16 [F) A8 #Oe i ot
Mt T A S A AR SCHR 3 T/ AS B
2 BAR A sms . O P L 1, e T
1o 6 K 4 F o HL3 B9 3% O B AL [R] 25 O i
6% H bR BINALAL, SRS 2003 2 B AR fgs &
PR R S BRI T 2SS R R AT
Lo Rl

BT ESHAE
% H w5 ik

FT /NP SO IR W H 35N R T O BEAL R e T E 24t
E1 ZHERAUKREREER

Fig.1 Flowchart of multi-objective optimization strategy
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Fig.5 Schematic diagram of measurement method
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5 | P/W [v/(mmes )| 8/% | H/pm | AH/pm | Ra/pm
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3 567 14 24 1659.2067 | 659.2067 | 2.7285
4 581 14 41 | 706.8433 | 254.5815 | 2.6617
5 586 11 54 | 753.3067 | 76.4454 | 3.4433
6 606 10 68 | 816.2033 | 34.7314 | 3.2717
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25 916 11 14 |1040.8467| 352.9074 | 4.3978
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Tab.3 Comparison of model accuracy

. - BPNN
PEAL 48 bR -
R’ MAPE & RMSE &
Ra 0.904 5.411 0.236
H 0.939 4.332 44.002
AH 0.876 27.652 15.883
. B DT
AR 1R bR -
R* MAPE {8 RMSE {4
Ra 0.903 6.024 0.238
H 4.362 42.955 0.899
AH 41.352 0.903 6.024
i B RF
2NN . - X
R? MAPE {8 RMSE f#
Ra 0.912 6.240 0.227
H 4.580 43.433 0.933
AH 33.629 0.912 6.240
i B XGBOOST
BRGEEEA -
R’ MAPE {4 RMSE {4
Ra 0.943 4.185 0.168
H 0.952 3.493 39.125
AH 0.989 8.243 13.918
. X OOA-XGBOOST
A 16 bR -
R MAPE {8 RMSE &
Ra 0.961 3.988 0.151
H 0.973 3.172 29.117
AH 0.991 4.366 11.998
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Fig.8 The set of Pareto solutions obtained by each optimization algorithm
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Tab.4 Algorithm performance comparison

R . . [Ugiis
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HV 2.53X10° | 2.16X10° | 2.92X10° | 3.03x10°
IGD 15.9 32.1 6.89 6.19
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Tab.5 Top S groups of solutions ranked by comprehensive evaluation

75 P/W v/(mmes ) /% Ra/pm H/pm AH/pm S, R, Q,
1 793.0291 9.2820 41.8260 2.5715 982.6173 144.3267 0.0570 0.0570 0.0009
2 787.7155 9.4735 41.9124 2.5759 978.6181 145.5351 0.0645 0.0578 0.0070
3 774.4715 9.0337 43.5136 2.5765 969.5222 143.4933 0.0726 0.0564 0.0101
4 774.4715 9.0337 41.0374 2.5760 975.5882 152.6799 0.0725 0.0627 0.0197
5 792.5727 10.3157 41.8353 2.6071 901.2695 131.3647 0.1516 0.0819 0.1003

3 M ERBIE

H1 265 2 119 Qi Q¥ e T 58 AR X 2 Fh Jy
SERY R R E AR A% A A S S B B A 25 27N
F1%) . R Qo Fe 7 58, WU Ji5 ik 4T T2
R, B P=793 W,v=9.3 mm/s.0=41.8% . *
MolmprakanN. Ml HAMENHN
994.9038 pm , 5 T P {EL A9 AR 152 25 4 1.23 %05 AH

7 138.7315 pm, 5 U AEL 9 AH X 15 25 4y 3.887%4 5
2 T HLBE B Ra i 2.4335 pm, 5 9500 8 A4 4H X 15
P20 5.4 %, 1 3 WA RY A TR B R by, TR
T OG22 I ) i #  E 9 BT AR L AT LSO M
A ) ZE KO- A 42 o ELAH 4030 VR 4 18k 2 1 R
B AR 10 Fros L S S 19 3 A% AR Y 2% 1
B B 3 ) 2.3258.,2.2480,2.7267 pm , 3 4 A
F)SF- 24 2% 1T RS BE 5.2674 pm FEAK T 53.8% , Al WL
- 1923 -



hE LM T AR 28 37 B 2 S 2026 4F 8 H

B9 BotAMRHET

Fig.9 Cross-section after laser scanning
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Fig.15 Surface XRD before and after laser scanning
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