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A Statistical Properties of Tensile Behaviors of
STS304 Stainless Steel at Elevated Temperature and

the Acoustic Emission

Myung-Kyu Kwak

Department of Mechanical Engineering
Crraduate School

Pukvong National University
Abstract

The tensile tests fo identify the statistical tensile properties and the
acoustic emission characteristics were conducted for STS304 stainiless
steel at 600C, 700C. From tensile tests performed by constant cross
head speed controls with Imm/min.  rates at each elevated
temperature, the scatters were observed in tensile strength, reduction
of area, elongation and the acoustic emission parameters. The effect of
temperature on the scatter of tensile behavior was larger at 700 T
The distributions of tensile properties was well followed in
3-parameter Weibull The AE counts and energy of specimens were

concentraled on the plastic zone.



AE

Nomenclature

: Acoustic emission

: Diameter (mm)

. AE counts rate (count/sec)

: AE cummulative counts

: Shape parameter of Weibull distribution

: Scale parameter of Weibull distribution

: Location parameter of Weibull distribution
© Reduction of area (%)

: Strain (%5)

. Tensile strength (TS) (MPa)
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2.1.2 Weibull #3
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Table 1 Factors that affect the relative amplitude of acoustic emission
response
Factors that tend to increasc | Factors that tend to decrease

acoustic emisston response amplitude

acoustic ermission response amplitude

High strength

' High strain rate

Low temperature

Anisotropy

Nonhomogeneity

Thick sections

Brittle failure (cleavage)
Material containing discontinuities
Martensitic phase transformation
Crack propagation

Cast materials

Large grain size

Mechanically induced twinning

Low strength
Low strain rate

High temperature

! [sotropy

| Homogeneity

Thin sections

Ductile failure (shear)

Material without discontinuities
Diffusion without discontinuities
Plastic deformation

Wrought materials

Small grain stze

Thermally induced twinning
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Table 2 The chemical composition of STS304 stainless steel (wt.9%)

‘Material | C | Si [ Mn| P | S  Ni|Cr|Mo|Cul| N | Fe.

- SUS304 10021 04 | 1.83 0.02960.009 8.13 |18.221 0.24 | 2.06 |0.012| Bal
L

Table 3 The mechanical properties

) Tensile | Yield ) ) }
Material Elongation Hardness
strength strength
SUS304 T060R 4904 33.019% 250
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Fig. 5 Elevated temperature tensile test system
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Fig. 8 Displacement dependency at 600C
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Table 4 Data of sts 304 stainless steel at 600T

[

Tenstle , )
. . Elengation | Reduction of
Temp(T) strength
(95) area(%s)
(M)
600
sus304-1 _ 409 21.3 375
(3mn/min)
600
sus304-2 _ 407.2 199 36.7
i (1mn/min)
600 _
sus304-3 ) 4125 19.04 41.7
i (1mm/min)
600
sus304-4 o 393.6 22.0 33.3
i (1mm/min)
B 500
sus304-5 ) 400.3 220 375
{Imm/min) |
600
sus304-6 ) 403.8 2009 38.3
(1mm/min})
600
sus304-7 _ 396.9 227 38.3
(1mm/min)
600 B
sus304--8 ) 445.4 5.0 42,7
{1mm/min)
600 .
sus304-9 . 441.9 16.0 43.3
(Imm/min)
600 B
sus304 -10 ] 4575 185 425
(lmm/min)
600
sus304-11 . 445.4 179 427
i (1mm/min)
600 .
sus304-12 ) 452.3 17.4 4277
(1mn/min)
Mean{u) 42257 19.39 40.18
HH A 6.81194 0.7464 0.74649
0/l 0.016 0.0384 0.0186




Table 5 Data of sts 304 stainless steel at 700T
Tensile . )
" . Elongation | Reduction of
[emp(C) strength )
(25) area(%)
(MFa)
700 -
sus304-1 _ 209.8 25.7 7
(1mm/min)
700 R
sus304-2 ) 303.3 246 29.2
| {1mm/min)
700 L
sus304-3 ) 2929 26.5 30.8
(1mm/min)
700
sus304-4 ) 296.3 27.0 30.0
(1mm/min)
N 700
sus304-5 , 284.2 31.4 28.3
(1mm/min)
700 ~
sus304 -6 , 239.4 335 28.3
{(1mm/min)
700 )
sus304-7 ) 2911 336 28.3
(1mn/min)
700 .
sus304-8 ) 32407 28.26 40
(1mm/min)
700 )
sus304-9 ) 329.27 24.36 40
[ (1 mm/min}
700 .
sus304-10 ) 32581 27.89 40
(1mm/min)
Mean(u) 303.62 28.28 32.66
E&HAt R.2576 1.08428 1.64007
0/l 0.0173 0.0383 0.05




Table 6 Data of sts 304 stainless steel at 6007 (nrim)

Tensile _ ,
; . Elongation | Reduction of
[emp(C) strength )
(%) area(%)
(MPa)
sus304 -1 600 372.4 42 65
sus304-2 600 3724 42 69
sus304-3 600 3724 42 70
sus304-4 600 3724 43 70
sus304 -5 600 392 43 73
sus304-6 600 392 43 73
sus304-7 600 392 43 75
sus304-8 600 392 | 43 16
sus304-9 600 4116 46 76
Mean(u) 385.47 43.00 71.78
ERGEI RS 461976 0.40825 1.18764
0/1 0.012 0.0094 0.017




Table 7 Data of sts 304 stainless steel at 700C (nrim)

Tensile ) )
. Elongation | Reduction of
Temp(TC) strength
(9%} area(¥s)
(MPa)
sus3id-1 700 204.8 47 60
sus304-2 700 254.8 52 61
sus304-3 700 254.8 53 62
sus304 -4 700 254.8 53 65
sus304-5 700 264.2 ) 66
sus304 -6 700 264.6 57 69
sus304-7 700 274.4 61 ™
sus304-8 700 274.4 6l 73
sus304-9 700 294 66 30
Mean(n) 265.64 56.11 63.44
EEHA 4.4567 1.9253 25117
a/u 0.0167 | 0.03431 0.0366
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Table 8 Parameters of tensile strength distribution

600°C 700°C 600°C (nrim) | 700°C (nrim)
0.8 1.16 2.68 1.28
423 309 392 267
396 280 343 ‘ 247
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Table 9 Parameters of elongation distribution

.

600C 700C | 600 (arim) | 700°C (nrim)
a 452 115 0.98 282
B 20,52 29.12 43.12 58.24
y 741 23,50 4171 B
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Table 10 Parameters of area reduction distribution

6007TC 7007C 600°C (nnm) | 700TC (nrim)
a L.17 0.63 4.7 0.98
B 40.8 32.64 73.13 70
v 36.14 2797 20.04 28.54
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