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Dual -layer Temper Technique for Laser Cladding Repair of P20 Mold Steel
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Abstract: Mold repair using conventional welding methods is likely to cause a large heat input, resulting in
the deterioration of performance of the heat affected zone (HAZ) and the need for subsequent high-tempera-
ture heat treatment. This paper presents a dual-layer temper laser cladding repair technique, which can avoid
subsequent high—temperature heat treatment by taking full advantage of the temper effect of the second layer
against the first layer. Dual-layer temper cladding repair was carried out on P20 steel plates using a diode la-
ser of 3.5 kW. Interlayer power density combinations were determined by the modified Higuchi model. Opti-
cal microscope and micro—hardness tester were used to characterize the morphology, microstructure and hard-
ness profile of the HAZ of the repair area. The results show that the optimal power density combination for
dual-layer temper laser cladding repair of P20 mold steel is 5 & 10 kJ/cm®. The dual-layer temper laser clad-
ding repair technique using this optimal power density combination can obtain a better repair effect than the
traditional single—layer repair technique that need subsequent heat treatment, and the microstructure of its re-

pair HAZ is tempered sorbite and its hardness is approximately 400 HV.
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Table 1 Chemical composition of the base metal and filler

metal (w/ %)

C Mn Si Cr

Base metal 0.28-0.40 0.6-10 0.20-0.80 1.40-20

Filler metal 0. 10 0. 80 0. 50 1. 40

Mo S P

Base metal 0.30-0.55 <C0.03 <0.03

Filler metal 0. 30
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Fig. 2 Illustration of dual-layer temper bead technique
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Table 2 Laser cladding parameters of Higuchi test samples

Power/  Scanning speed/ Power density/
Sample
w (em » min™ ') (k] » em™ %)
HT1 2 800 56 5
HT?2 3 000 36 8.3
HT3 3 200 32 10
HT4 3 500 28 13.3
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iMicrohardness®
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Fig. 3 Location of the hardness measurement of Higuchi

test samples
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Table 3 Laser cladding repair parameters

Sample . Power Scanning speed Power density
_ayer )
number /W  / (ecm e+ min') / (k] +cm?)
0 Single layer 2 800 56 5
First layer 2 800 56 5
1
Second layer 3 000 30 10
First layer 2 800 56 5
2
Second layer 3 200 24 13.3
First layer 3 000 30 10
3
Second layer 2 800 56 5
A N T
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Fig. 4 Illustration of bead sequence, location of the hard-

ness measurements and macroscopic cross—sections
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Table 4 Results of Higuchi test

Power ,
. v./, L/ P/ H/ S/ R/

Sample density/ ,
mm’ mm mm mm mm mm

(kJ « em™)
HT1 5 3.22 5.60 0.18 1.05 1.35 1.92
HT2 8.3 4.70 5.80 0.20 1.55 1.70 2.70
HT3 10 5.97 6.00 0.27 1.85 2.00 3.32

HT4 13.3 8.20 6.40 0.42 2.45 2.45 4.27
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Fig. 5 Diagram of decision according to the criteria of modified Higuchi Model
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