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Role of Post Weld Treatment Methods in the Improvement of Fatigue Life for T-type
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This study aims to investigate the effect of the post weld treatments on the fatigue life of T-type
welded structure made by a SM50A steel material, generally used for excavators, because
changes in the geometry, material and surface properties of welded regions affect the fatigue life
of welded structures. T-type test specimens were prepared by the CO2 welding of rolled steel
plates (SM50A steel) with a thickness of 10 mm at a welding speed of 30 cm/min and these T-
type welded specimens were further treated by UIT (Ultrasonic Impact Treatment) and/or toe-
grinding post welding treatment methods. In order to investigate improvements on the fatigue life
of the samples. 3-point bending fatigue tests were conducted with a stress ratio of R=0.1 under a
cyclic loading environment at a frequency of 5 Hz, via a hydraulic fatigue testing machine (£100
kN, MTS 809). The tests were performed at room temperature. The fatigue life of UIT specimens
was approximately 25 times longer than that of as-welded specimens at a stress amplitude of 281
MPa, while toe-grinding specimens exhibited 4.15 times longer fatigue life. The current results
could provide important guidelines to determine the proper post weld treatment methodologies of
T-type welded parts for excavators with a satisfactory fatigue life although under severe operating

conditions.
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Omax . Maximum stress

GOmin : Minimum stress

oy : Yield strength

op : Tensile strength

El : Total elongation

R : Stress ratio (Pupin/Pmax)

UIT : Ultrasonic Impact Treatment
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Fig. 2 Dimensions of box type specimen
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Fig. 3 Sample dimensions

(c) Ultrasonic impact treatment (UIT)
Fig. 4 Post weld treatments

Table 1 Chemical composition and mechanical properties

Material C Si | Mn| P | s
<020 | ~0.55|~0.60| ~0.035
SM50A | o, (MPa) | c{MPa) El(%)
325~ 490~610 17~
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Table 2 Welding conditions of the fillet weldment
Method

Mix gas welding

Current
430A 37V

Voltage Speed

30cm/min

Table 3 Conditions of toe-grinding treatment

Plate thickness [mm] 10
Treated groove depth [mm] 0.6
Speed [rpm] 30000
Air pressure [bar] 6
Travel speed [mm/sec] 20
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Fig. 5 Ultrasonic Impact Treatment equipment

Table 4 Ultrasonic Impact Treatment conditions

Treated groove depth [mm] 0.5
UIT indenter end diameter [mm)] 3
Carrier vibration of transducer [kHz] 27
Ultrasonic vibration amplitude/power
/W] 30/1000
Ultrasonic impact frequency [kHz] 350
Rebound amplitude of ultrasonic impact 15
[mm]
Press force Upto 2.5
Treatment speed [cm/min] 42
Groove roughness [um] <25
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Table 5 Fatigue test results

As-welded Toe-grinding UIT
Amp. Amp. Amp.
Cycles Cycles Cycles
[MPa] [MPa] [MPa]
352 109,713 | 352 350,257 | 352 623,616
328 133,979 | 328 464,717 | 352 783,742

328 149,965 | 328
305 209,429 | 305
281 289,944 | 305
258 363,390 | 281

664,462 | 328 1,197,340
670,922 | 328 1,404,110
750,130 | 316 2,660,560
1,078,700 | 305 3,000,000
258 372,908 | 281 1,329,208 | 281 3,000,000
234 483,324 | 258 1,537,259
234 491,175 | 258 1,760,883
211 782,155 | 234 1,901,594
211 792,894 | 234 1,949,205
188 1,016,279 | 211 2,700,420
188 1,030,970 | 199 3,000,000
164 1,875,667
152 2,200,000
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Fig. 8 Fatigue experimental results of the post weld

treatment specimens
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