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ABSTRACT: The work aims to select the optimum material for remanufacturing of EMU axles and meet the mechanical
property requirements of the axle and the conditions of the wheelset press-fitting. The appropriate material for the

remanufacturing of the EMU axles was determined through selecting alloy materials of different chemical composition as well
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as comparing and analyzing mechanical properties, coefficient of linear expansion, composition in the dilution zone of fusion
area, and hardness variation of the deposited metal by laser cladding technology. The cladded specimens were analyzed in terms
of macroscopic structure, microstructure, chemical composition, hardness, mechanical properties and wheelset press test by
optical microscopy, scanning electron microscopy and nano indentation. The microstructure of the laser cladding fusion area for
Fe314 and Fe316 should consist of A+F as predicted by Schaeffler composition diagram, but the hardness value of the actual
fusion area was higher than 600HV, which implied the existence of martensite formation. On the other hand, the hardness of the
fusion zone was consistent with the deposited Fe310 and NiCrMo alloy. The mechanical properties of Fe310 were lower than
those of EA4T steel, and the coefficient of linear expansion was much different from that of the EA4T steel. As such, Fe310,
Fe314, and Fe316 were regarded not suitable for remanufacturing of EMU axles. NiCrMo was selected instead because the
tensile strength was 790 MPa, the yield strength was 542 MPa, the impact toughness was 68 J/KUs for the deposited NiCrMo
alloy, and it had a similar coefficient of linear expansion compared with EA4T steel. In addition, the compressive elastic
modulus Er in nano indentation was 180~185 GPa for the NiCrMo alloy, which was close to the compressive elastic modulus Er
of 185~190 Gpa for the EA4T steel. The press-fit curve of remanufactured axles showed the maximum pressing force in the
range of 680~1160 kN, which was deemed acceptable. NiCrMo alloy is selected as the laser cladding material for
remanufacturing of EMU axle because its thermal expansion coefficient, mechanical properties and compressive elastic modulus
of cladding metal and substrate EA4T steel are similar, and there is no brittle martensite structure in the transition zone of laser

cladding metal, it has passed the press-fitting test of wheelset, and it meets the requirements of press-fitting curve of EMU.
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Tab.1 Chemical composition of laser cladding powder materials for remanufacturing of EMU axles
wt%
C Si Mn P S Cr Ni Mo Cu Fe Other
Fe314 0.20 1.04 0.139  0.034 0.0087 17.84 10.16 0.056 0.034 Rem B: 0.024
Fe316L 0.03 0.3~0.65 1.0~2.5 0.03 0.03 18~20 11~14 2.0~3.0 0.75 Rem —
Fe310 0.08~0.15 0.30~0.65 1.0~2.5 0.03 0.03 25.0~28.0 20.0~22.5 0.75 0.75 Rem —
NiCrMo Alloy <0.1 <0.5 <0.5 =<0.02 <0.015 20.0~23.0 =58.0 8.0~100 — <5.0 Nb: 3.15~4.15
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Tab.2 Variables and parameters of laser cladding

Type Essential Variables Parameters Note
Laser type Semiconductor-fibre
Model No. of equipment Laserline 4 kW Robot No.: KR60HA
Laser .. Laser power 2.0~2.25 kW
characteristics :
Spot size $3.0 mm
Speed 10 mm/s
Preheat/postheat  Preheat or postheat None Inter pass temp<100 C
Gas Poyvde.r feed gas/Flow Ar,8 L/mir? Ar=99.997%
Shielding gas/Flow Ar,13 L/min
Heat input <0.225 kJ/mm
Amount of lap 50%
Distance between nozzle and work piece  14~15 mm
. Powder feed mode
Technique .
Powder feed speed 22~25 g/min

Multiple and single layer

Multiple layers and passes

Two

passes

Test piece of Groove plate

Cladding on axle surface, and a
single layer thickness is 0.6 mm

layers and multiple
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Tab.3 Point scan results of Fe316 on EA4T steel

Spe. C Cr Mn Fe Ni Mo Total Graphic

Spe.1 0.13 1.07 1.18 97.62 — — 100.00

Spe.2 0.13 1.50 1.17 96.48 — 0.73 100.00

Spe.3 0.15 8.74 1.33 81.07 6.66 2.04 100.00

Spe.4 0.14 17.30 — 67.39 11.93 3.24 100.00

Max. 0.15 17.30 1.33 97.62 11.93 3.24

Min. 0.13 1.07 1.17 67.39 6.66 0.73 BT ER1

JEE A P S 2o 3 o T BRI AR T X R R A T
AR F 380HV 5. X J& T E T, Bt
ZRECHAERS, THEE B ICAREEE, BB Tt
XI5, B4 JE R R, A X 204 24 1%
FEVRKAL TR, 458 B, AREE I X 2 2
T KA, AR R0 B (e = TR, 7T DL i i
il 25 AR A A A P T2 A L D A S DA A
XHLIEAKFE, Fe310 Al NiCrMo &4 H Fe314 F
Fe316 MW7 4 Jm 38 & T 2250 i 334 44 P-4 2 o

2.2 WMARKRSMIH

Fe310.Fe316 Fll NiCrMo & 4:7F EA4T LK 1
IS Z MG B SUE WA 6 TR . =M rhr

WOCK B R AL A, 5 ARSI B — 2%
“SEET RN ARREERE LSRR S AL SOk
120 FE AR AT, BOEHE B R S 4 ) LA Bt
M EIE A (TT3k 10* C/s DAL ) BERE, 454 4 )m
I#i] LS —— RO il HE B G5 BB 1 3 3% R X 5 [ A6
AR WL 7)), m LUHEWT - 6B w2k (S/L)
AEBIRERR L GLER, BERIEEE R /N, Mt
RN, F RSP TR AR I B 2 A R i 4
AR, MBI G W, BEIEECR R BN,
G/R BB/, T ve B R, St A K 07 3
S THT it 2 T 38 A0 DR A FHIR S o 53 A SR
(13RI Alm Cr Al S EHotE
T HLBUEE .

,,,,,,,,

a Fe310+EA4T

le G/R determines morphology
ngh/ of solidification structur
G/R GX%R determines size of
© solidification structure
8
2
&
g
g &+
o
H
Growth rate, R
Bl 7 REME G5 MARARKHEER R XEE RIS SRR
<t R i !
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Tab.4 Mechanical properties and KUs impact toughness
properties of different materials

Impact

Yield Exten- ya1ye/(Jat20 ')
temp. strength/ strength sibility

Material Test Tensile

WPEC MPa /MPa /%  Traverse LOMEItU-
deinal
EA4T 650~800 =415 =18 =25 =40
Fe310 651 500 22 65, 63, 59
Fe3l4 50, 615 523 12 42,4.4,52
Fe316 563 413 50 98, 87, 93
NiCrMo 790 542 355 68, 70, 74

Alloy
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Fig.9 Elastic modulus (a) and nanohardness (b) by nano
indentation
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Fig.11 Press-fitting curve between wheelsets and remanu-
factured axles
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Tab.5 End and maximum stress of press-fitting

No. for The end fitting force F/kN The Max. Fitting force F/kN Interference between axle and wheel/mm
Axles Left wheel Right wheel Left wheel Right wheel Left wheel Right wheel

1# 821 788 822 795 0.237 0.256

2# 862 866 843 845 0.264 0.260

3# 823 825 846 848 0.242 0.241
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