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Axial Pressure Effects on Microstructure and Wear Resistance During
Friction Surfacing of X65 Alloy Steel

ZHANG Xu, YANG Xin-qi, CUI Lei, DU Bo

(Tianjin Key Laboratory of Advanced Joining Technology, School of Material Science and Engineering, Tianjin University,
Tianjin 300072)

Abstract: To broaden the engineering application of friction surfacing, experiments using X65 steel as the substrate and
consumable rod were performed. The optimal surfacing speed was selected, and the effects of axial pressure on
microstructures, microhardness and wear resisting properties were discussed. Results that the coatings with better bonding and
shaping qualities are obtained under the conditions of 4 000 r/min, 200 mm/min and 59.7—-104.4 MPa. The width of the coating
increases. However, the thickness is decreased with increasing axial pressure. The excessive pressure decreases the effective
volumes of the coatings. Friction surfacing joints consist of surfacing coating, heat affect zone (HAZ) and base metal, and the
surfacing coatings are composed of coarser lath and granular bainites rather than fine equiaxed grain structures as found in
conventional friction welds. The HAZ consists of the overheated zone and phase change recrystallization zone. The overheated
zone has bainite features and the recrystallization zone has fine ferrite features. The variation of axial pressure has greater
influence on the coarser tendancy of coating microstructure and the size of HAZ, but smaller effects on the microstructure
types. Both the average hardness and wear resisting properties of the surfacing coatings are better than that of the base metal
for different axial pressures, and the wear volume can be reduced to 33.3% compared with the base metal.
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Fig.1 Schematic of friction surfacing process and the dimension of
the consumable rod
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Table 1  Composition of the X65 alloy steel ~ (w/%)

Element C Mn P S

Content <0.26 <1.40 0.04 0.05
Element Nb \% Ti Fe
Content 0.005 0.005 0.016 Bal.

R2 X65EEWMAF M
Table 2 Mechanical properties of the X65 alloy steel

Property Value
Average hardness/HV 180
Yield strength, o,/MPa 448
Ultimate tensile strength, o,/MPa 530
Elongation, 4/% 18
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Table 3 Process parameters of friction surfacing of X65 steel

Rotational Transverse Axial Axial
Parameters speed / speed / force / pressure /

(r'min’") (mm-min™") kN MPa
Sample 1 4000 150 12 59.7
Sample 2 4000 200 12 59.7
Sample 3 4000 250 12 59.7
Sample 4 4000 200 14 69.6
Sample 5 4000 200 16 79.6
Sample 6 4000 200 18 89.5
Sample 7 4000 200 21 104.4
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Fig.3 Friction surfacing coating appearance under different axial pressure
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Fig.4 Transverse section macrographs of friction surfacing welded joints under various axial pressure
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Fig.5 Influence of axial pressure/yield stress on the width,

thickness, effective bonding width and effective bonding cross

section area of friction surfacing coating
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Fig.7 Microstructure of different positions of coating under different axial pressure
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Fig.8 Interfacial microstructure of different positions under different axial pressure
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Fig.12 Variation relationship between worn time and axial pressure with the wear volume of the surfacing layer
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Fig.13 Worn surface morphologies of friction welding layer under minimum and maximum axial pressure
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