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Parameter Optimization of the Laser Cladding Process on the Surface

of the H13 Steel Injection Head
LLeng Yuefeng, Zhang Liang” , Zheng Chunsheng
(School o f Mechanical Engineering , Liaoning Technical University, Fuxin 123000, Liaoning, China)

Abstract In order to address the surface failure issue of H13 injection head. and to determine the optimal parameters for pre-
paring iron-based alloy coatings on the surface of H13 steel using laser cladding technology. Taking laser power, scanning
speed, and powder feeding rate as the optimization variables, and dilution rate and aspect ratio as the evaluation criteria for the
optimal solution. Based on the orthogonal experimental design method, the influence of the three variables mentioned above on
the evaluation indicators was studied, and the range analysis method was used to analyze the results of the orthogonal experi-
ment. By using the comprehensive balance method and establishing a linear regression model, the optimal combination of
process parameters is determined to be laser power of 1 400 W. scanning speed of 12 mm/s, and powder feeding rate of
1. 2 rad/s. The research results show that the iron-based alloy coating generated under the optimal process parameters combi-
nation exhibits excellent performance. Through the analysis of the coating microstructure and phase composition, it was discov-
ered that the coating i1s mainly composed of phases such as o-Fe, FeNiy, FeCr, C,Fe;, etc. The hardness of the coating has in-
creased by 34. 72% compared to the substrate, It can be indicated that the Fe60 clad powder can produce a high-performance
coating on H13 injection heads, meeting their operational requirements.

Key words laser cladding; injection head; H13; orthogonal experiment; range analysis; Fe60 clad powder
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Table 1 Chemical composition content of H13 steel

Element & St Cr

Mo Mn V S P

Mass fraction/ % 0.32~0. 45

0, 80~], 20 4,059,080

L, Jfs=l, 5o

0.20~0.50 0.80~1.20 =<C0.03 <C0,03

F2 Fe60 EEMRITERSD

Table 2 Element composition of Fe60 alloy powder

Element C B

Si

Cr N1 W Fe

Mass fraction/ % 4.0~4.5

1,572,

2. 0725 0

24, 0~30, 0 4,0~56,0 2, 0~3.0 Bal.
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Table 3 Experimental factors

Serial number [Laser power/W

Scan speed/(mm * s )

Power feeding rate/(rad « s)

1 A, =1 000
D Ay=1 200
3 A, =1 400

B, =6 C,=1.2
82:9 C:g:].."rl
B;=12 C,=1.6
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Table 4 Orthogonal experiment optimization plan table

Serial number [Laser power/W

Scan speed/(mm * s')

Power feeding rate/(rad « s ')

1 1 000
2 1 000
3 1 000
4 1 200
§) 1 200
6 1 200
(s 1 400
8 1400
8 1 400

6 1.2
9 1.4
12 |
6 1.6
9 L. 2
12 1.4
6 1.4
9 1.6
12 1.2
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Fig. 2 Macro view of 9 sets of test cladding layers
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Fig. 3 Cross section view of 9 sets of test cladding layers
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Table 5 Measurement data table of orthogonal test cladding layer

Serial number Width/mm Hight/mm Pool depth/mm Dilution ratio/ % Aspect ratio
1 2.832 0. 736 0.104 12, 381 3. 848
2 202 Q. 349 3 | 22,503 6. 602
3 2. 099 0. 281 0. 137 32. 775 7.470
4 3273 0950 0.138 12.5679 3. 413
0 3.271 0. 866 0.079 8,309 S 0TT
6 2.892 0. 554 0.118 17.560 5. 220
Vi 3.461 1.134 0.129 10. 214 3. 052
8 3.026 0. 527 0.103 16. 350 5. 742
9 28013 0. 634 0. 082 11, 453 4,532
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Table 6 Orthogonal experiment range analysis results

Dilution ratio/ Factor A Factor B Factor C Best plan
K, 67. 809 35. 174 32.193
K, 38. 498 47. 362 50. 427
K; 38. 017 61. 788 61. 704
o 22. 603 11725 10. 731
o A; B, C,
K 12. 833 15. 787 16, 809
K, 12. 672 20. 596 20. 568
R 9. 931 8. 871 9. 837
Degree of influence of factors o il
Aspect ratio Factor A Factor B Factor C Best plan
K, 17.920 10. 313 12,157
K, 12. 410 1%5..121 14, 874
K; 13.:326 17. 222 16. 625
K, 5.973 3.438 4.052
- A B;C;
K, 1.137 5..374 4. 958
Ky 4, 442 5. 741 5. 542
R 1. 836 2.3 1.490
Degree of influence of factors B & 26
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Table 7 Fit test value

Object R-squared Adjusted R-squared F-value P-value
W 0. 820 0.712 7.607 0.026 0
H 0.783 0.653 6.011 0.041 1
h 0. 683 0.642 3.4a79 0.102 0
Ui 0. 883 0.813 12. 600 0.009 0
n 0. 803 0.686 6.810 0.032 0
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Table 8 Regression coefficient test value

Object Standard error t-value P-value
A 6.734 1X107° —3.686 7 0.014 194

n B 7.482 3X10°° 3.293 4 0. 021681
c 6.734 1X107° 3.651 9 0.014 719
A 1.736 9X10°° —2.204 1 0.048 689
n B 1.929 9X10°° Fodld 7 (021 130
C 1.736 9 2143 6 0. 044 927
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Fig. 5 Microstructure diagram of the cladding layer and H13 matrix

(a) Matrix microstructure morphology diagram; (b) microstructure of heat affected zone;

(¢) (d) microstructure diagram of the combined area; (e) (f) microstructure diagram of cladding structure
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Table 9 Hardness value of the cladding layer

Distance/ mm Hardness/ HV Distance/mm Hardness/HV
3 771. 01 1, 2 708. 78
0. 4 i | L, 3 510. 64
0.0 784. 47 1.4 517. 34
0.6 781. 04 L b 068, 81
0.7 787.63 1.6 089. 86
0.8 784. 46 1.7 561, b2
0.8 113,29 1.8 0i78. 27
110 756. 95 1. 5 568. 14
j o | 735. 86 2.9 591. 04

800

750

700

650

550

Microhardness/ HV

500 cladding zone

0.4 0.6 0.8 1.0

N e

| heat
| affected |

| zone | substrate

1.2 1.4 1.6 1.8 2.0

Distance from surface/mm

6 T U P T A o

Fig. 6 Microhardness gradient curve inside the cladding layer
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Fig. 7 Phase analysis diagram of cladding layer
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