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Fatigue Strength Improvement of Pressure Vessel Steel
by Laser Beam Radiation
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Abstract

Degradation problem due to long term service in machine or structure is now one of important
problems in whole industrial field. In this study, pressure vessel steel, Cr-Mo steel, which was used
more than 60,000 hours, was surface-modified by laser beam radiation for the improvement of
fatigue strength. To find out optimum radiation condition, hardness, residual stress measurement
and fatigue tests were carried out with the specimen of different radiation conditions. Experimen-
tal results show that micro-hardness values on the surface of the radiated specimens were
approximately 2.2 times higher than those of un-radiated ones. In the depth direction of the
specimen, hardness on the surface showed maximum value and was decreased at the inside the
specimen. Different hardness values are due to the energy density Q which was absorbed by the
specimen. Fatigue tests show that fatigue life was improved by the compressive residual stress
after laser beam radiation. However, some specimens with differednt conditions show the shorter
fatigue life. It means that laser beam radiation with optimum parameter can improve thae fatigue
strength.
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Table 1 Chemical compositions of 2!/, Cr-1 Mo steel

C Si Mn P Ni Cr Cu Mo As
.16 .29 .55 .014 17 2.40 .20 1.04 .30
Table 2 Mechanical propertie of 2!/, Cr-1 Mo steel
Material Yield Tensile Elongation Reduction of

strength strength area

(Mpa) (MPa) (%) (%)

Degraded 416 599 26.6 65.4
Recovered 400 581 29.8 69.8
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Table 3 Information of laser beam radiation parameter in Cr-Mo specimen
Radatied parameter Laser Energy density
Material beam Q Note
P(W) V(mm/sec) | d{mm) type (W sec/mm?)

Laser No.1 | F:1391 | B: 1340 27 5.5 square 3.34 F, B

Laser No. 2 | F:1392 | B: 1400 27 5.5 square 3.42 F,B

Laser No. 3 | F:1396 | B: 1395 27 5.5 square 3.42 F,B

Laser No. 4 F:B:900~910 9.2 6(4) oval 10.44 F,B

Laser No.5 | F:B:900~910 9.2 6(4) oval 10.44 F, B

Laser No. 6 F:B:910~930 9.2 6(4) oval 10.61 F,B

Laser No. 7 F:B:910~930 9.2 6(4) oval 10.61 F, B

Laser No. 8 F: 971~1025 5.5 5 square 10.08 F only

(F : Foront surface rasiation, B:back surface radiation)
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Fig. 5 Residual stress distribution of crack tip on the
laser beam radiated specimen
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Table 4 Fatigue crack initiation fracture life and material constants m and C in dgraded, recovered and

laser beam radiated Cr-Mo steel

Material 0.1 mm Ni Nf m C Note
(cycle) (cycle) (x 1079)
Laser No. 1 40,000 289,300 3.58 2.08 F,B
Laser No. 2 40,000 295,300 3.52 2.54 F,B
Laser No. 3 50,000 278,900 3.50 2.68 F, B
Laser No. 4 70,000 475,000 3.18 2.347 F. B
Laser No. 5 100,000 452,200 3.32 1.733 F,B
Laser No. 6 180,000 561,600 3.38 1.38 F,B
Laser No. 7 160,000 543,000 3.20 2.27 F, B
Laser No. 8 140,000 488,400 3.23 2.16 F only
Recoverd 92,222 584,500 3.81 0.32
Degraded 82,000 457,400 4.23 0.13
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Fig. 8 Relationship between stress intensity factor
range AK and crack growth rate da/dN in
laser beam radiated Cr-Mo steel

Fig. 9 Relationship between stress intensity factor
range AK and crack growth rate da/dN in
laser beam radiated Cr-Mo steel
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