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Improving Reliability of STS316L using Surface Crack
Nondamaging Technology

Chi-Young Park
Department of Materials Science and Engineering
Graduate School, Pukyong National University

Abstract :

First study : The Effect of ultrasonic peening (UP) on tension
fatigue limit of Ni 12% STS316L with a surface crack was investigated.
UP was conducted on the specimens with a surface crack of aspect
ratio, a/c=1.0 and 0.4, where a denotes the crack depth (a=0.1, 0.2,
0.3, 0.4 and 0.5 mm), and ¢ denotes the half-length of surface crack.
Tension fatigue tests were conducted under stress ratio, R=0.1. The
result showed that the fatigue limit of the UP specimens having the
crack below 0.3 mm in depth was almost same as that of the UP
smooth specimens. Thus, the maximum depth of crack with various
aspect ratios that can be rendered harmless was less than threshold
stress intensity factor of the material. The estimated values were in
good agreement with experimental values. According to the estimation
method, a harmless crack assessment diagram was proposed.

Second study: Cracks degrade the performance and reliability of
steel structures; hence, researchers are extensively investigating
solutions to the crack problem to ensure safety and easy maintenance
of structures. A new technique has been developed in this work to
render surface cracks harmless, which also reduces the fatigue limit
by the influences of compressive residual stress caused by peening;
this technique is referred to as surface crack non-damaging
technology. This study aims to contribute toward reliability
improvement of the of Ni 12% STS316 steel via the surface crack



non-damaging technology. The crack depth (a,,,) that could be

rendered harmless by ultrasonic peening(UP) was largely dependent on
the compressive residual stress. Further, increased as the crack
aspect ratio (4s) and threshold stress intensity factor (AK,, )

increase. At large residual stress, the crack did not propagate and
were rendered harmless. The relationship between a,,,,, ayp (the

crack depth that can detected by nondestructive inspection), and a,,

(the maximum crack depth in the assumed safety factor) were
compared.
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Fig. 1.1 Liberty ship Schenectady in the Portland shipyard split in two

while still under construction in 1943.

Fig. 1.2 On 12 February 1952 a large all-welded oil-storage tank
collapsed during hydrotest at the Esso Petroleum plant at

Fawley in Hampshire



Fig. 1.3 Brittle fracture of pressure vessel destined for use

ammonia conversion in 1965.

Fig. 1.4 Hasselt Bridge after brittle fracture in 1938.
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Fig. 1.5 Self-healing mechanism of ceramics

(a) Before crack-healing, (b) After crack-healing

Fig. 1.6 Appearance of before-and-after crack-healing at SisN4/SiC
composite ceramics.
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Fig. 1.7 Appearance of self-healing of bone fracture.
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Table 2.1 Chemical composition of test materials. (wt.%)

C Si Mn P S Ni Cr Mo Co

0.01 | 0.67 | 1.19 | 0.035 | 0.001 | 12.14 | 17.41 | 2.05 | 0.21

Crack by EDM Region of UP

20
10
£

| 40 44 [ 40 |4

3

(All dimension in mm)

Fig. 2.1 Shape and dimension of specimen.
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| Smooth
Machining , "| specimen
Fig. 1 i
(Fie- 1 , , | Ultrasonic | | Smooth
Solution annealing peening specimen
L. (1,050 °C, 20 min
Crack by EDM | | in Ar atmosphere) | Cracked
a=101,02,03, Specimen
04,05mm P | Ultrasonic | | Cracked
(Fig. 3) peening spectmen

Fig. 2.2 Flowchart of specimen machining process.

As(a/c) | As(a/c)
1.0 0.4

0.2/0.2 |0.1/0.25

0.3/03 [0.2/0.5

0.3/0.75

0.4/1.0

Fig. 2.3 Shape and dimension of surface crack by EDM.
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Table 2.2 Condition of ultrasonic peening.

Peening machine

Ultrasonic peening
(UP-600)

Pin head One single-pin
Diameter of pin J4mm
Frequency of ultrasonic oscillations 22kHz

Level of ultrasonic energy

Range 3 (50N)
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Fig. 2.4 Residual stress distribution by UP.
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Fig. 2.5 Stress range of Fracture and Not-fracture for crack depth on

Non-UP and UP specimens. (a) As=1.0, (b) As=0.4
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Fig. 2.6 Evaluation of crack size that can be rendered harmless on UP

specimen. (a) As=1.0, (b) As=0.4
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Fig. 2.7 The harmless crack assessment diagram for STS316L
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Semielliptical crack by EDM

10
!

Fig. 3.1 Schematic of a finite plate containing a semielliptical crack.
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Table 3.1 Research parameters
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Fig. 3.2 Three types of residual stress.
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