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Effect of Laser Alloying on the Fatigue Crack Growth Rate
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Abstract In this paper No. 45 steel (equivalent to AISI 1045) was laser alloyed with a special laser alloying powder
TH-2. With SEM in situ observation of crack growth from base to alloying zone, the relationship between FCGR and
stress intensity factor range (SIFR) was investigated, and the structure morphology of surface crack path and the
fatigue fracture was analyzed. It is found that crack would appear on laser alloying zone (LAZ) after a certain cycles,
but the boundary of LAZ would retard crack growth. Unstably propagation would occur when the crack from base
meet the crack on LAZ. The relationship between FCGR and SIFR was not agreed with Paris formula. Typical fatigue
strips was found on fatigue fracture of base and the morphology of LAZ was brittle fracture. It was necessary to
design special alloying powder for different base material. To increase ductile phase in LAZ would improve resistance
to fatigue crack growth of LAZ.
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Fig.1 Sample size and its site of laser alloying zone
(dark area)
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Table 1 Chemical composition of the specimens
(weight percent % )

C Mn P S Si Cr Ni Cu
0.45 0.64 0,010 0.011 0.28 0.05 <<0.02 0.09
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Fig. 2 Crack length varied with different cycles. N means cycle numbers, a is the crack length from notch

(a) N=0,a=0; (b) N=2400,a=280.3 pum; (¢) N=60192,a=366 pm; (d) N=67112,a=569 pum
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Fig. 3 Crack growing on different zones. (a) base; (b) heat affected zone; (c) phase transformation hardening zone;

(d) laser alloying zone
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Fig. 4 Fractograph of base factor range
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Fig. 5 Crack length varied with cycles
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Fig. 6 Relationship between crack growth rate and

stress intensity
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Fig. 7 Fractograph of brittle fracture of specimen
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Fig. 8 Intergranular fracture of LAZ
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