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Abstract: G20mn5QT cast steel has excellent mechanical properties and is applied to key components of railway vehicles.
However, during service, G20Mn5QT cast steel component may suffer from wear and corrosion due to high-frequency vibra-
tion contact, leading to their scrapping. Laser cladding has the advantages of high energy density, low dilution rate, good in-
terface bonding and small deformation. In order to reduce the cost, the laser cladding repair technology was used to repair
the defects of G20Mn5QT cast steel parts with 316L stainless steel powder to improve the present situation of replacement
repair. It is found that the melting width and dilution rate of the single-pass laser cladding sample increase with the increase
of laser power, but the melting height and the melting width decrease with the increase of scanning speed, The dilution rate
has no obvious rule, the melting height increases with the increase of powder feeding rate, while the melting width and dilu-
tion rate decrease with the increase of powder feeding rate. The cladding layer is mainly composed of planar, cellular, colum-
nar and equiaxed grains. The hardness, wear resistance, tensile strength, impact toughness and shear strength of the cladding
layer are close to or better than those of the matrix under appropriate technological parameters. it also shows that 316L stain-
less steel powder can meet the repair requirements of G20Mn5QT steel.
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Fig.1 Morphology of 316L stainless steel powder
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Table 1 Particle size distribution of 316L stainless steel powder
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Table 2 Other parameters of 316L stainless steel powder

MHAZ 4L BT AT S R i
Hall Flowmeter 17.80s/50g GB/T1428
Apparent Density 4.11g/em’ GB/T1479.1

Tap Density 4.54g/cm’ GB/T5162

R3 316L FERM R G20Mn5QT ER I H it 5%

Table 3 Other parameters of 316L stainless steel powder and

G20Mn5QT substrate
RS Fe C Mn Ni Mo
316L Bal. 0.01 0.93 10.92 2.54
G20Mn5QT Bal. 0.17~0.23  1.0~1.6 <0.8 <0.12
ok Si Cr S P Cu
316L 0.72 17.24 0.003 0.01 —
G20Mn5QT <0.6 <0.3 <0.02 — <0.3
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Fig.2 Laser cladding system
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Table 4 Single-factor test parameters (powder feeding rate r/min:

1.0,1.4,1.8,2.2)
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2 2 000 14 2 000
350 500
3 2300 15 2300
4 2 600 16 2 600
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6 2 000 18 2 000
400 550
7 2300 19 2300
8 2 600 20 2 600
9 1700 21 1700
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11 2300 23 2300
12 2 600 24 2 600
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Fig.4 Surface morphology of single-layer single-pass cladding layer
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Figure 5 Cross - sectional morphology of single - layer single - pass
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Fig. 6 Influence of laser power on cladding width, cladding height and dilution rate
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Fig. 7 Influence of scanning speed on cladding width, cladding height and dilution rate
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Fig. 8 Influence of powder feeding rate on cladding width, cladding height and dilution rate
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Fig. 9 Cross-sectional morphology of single-layer single-pass in

orthogonal test
23 ZEZERBRERERE

5 SHRN T G )Z R R ML AN E 10
FiR AT LA 0 7 )2 3R Jo I il 2 AL A
Ve, B 538 R T ik — RS E A R R
TAFAE RSO AR AL AF B , X IE A 1T BB R
P, I J2 R T 2480 AL

S WU ARAE T AN F T2 S E80T R I
BUATE RN 11 Frs . A LOULER BBk S#F 8#aUAE
Ah KRR A IS, BLRUAE R AR /L
It HAE HA S H0h S AL 328 B 2 X, X 2
AT A7 5 P R T 1 5 R e 1 A ] B R A
SRAE S5 1t 7 A5 J5 R BB BT DA it TOU 5 % H



55 5 1) WRBH, 55 G20MnSQT $EBOLIE AL T2 5 HIWERENT S 43

[ ——

Fig. 10 Surface morphology and penetration testing of orthogonal test specimens
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Fig. 11  Cross-sectional morphology of multi-layer multi-pass in orthogonal test
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Fig. 13 Microstructure of 316L cladding layer
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Fig. 14 SEM morphology of the cladding layer
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Table 6 Test results of tensile properties, impact absorbed energy and shear strength
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Fig. 15 SEM morphology of tensile fracture surface
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Fig. 16 SEM morphology of impact fracture surface
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Table 7 Test results of microhardness and wear performance

PR MMV,  EHkEmg  BEERK
316L A2 205+15 68+10 0.35~0.48
G20Mn5QT 200+10 102+15 0.45~0.57

17 PEE#EER SEM 251

Figure 17 SEM morphology of friction and wear surface
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