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ABSTRACT: The objective of this paper is the inwvestigation of the statistical properties of Vickers hardness (HV) of friction welded parts
in nickel based super resisting steel, alloy 718 steel. First, we examine the statistical properties on the case of as-welded parts. Sever
Virkers indentations were made under same nominal conditions. This was repeated for three different applied loads, 100, 200 and 300;
with a duration time, 10 second. The arithmetic mean of Vickers hardress in base metal (BM) materials is larger than that of HAZ in
all applied loads. The measure of dispersion, that is, the coefficient of variation (COV) for BM and HAZ is decreased by increasing
with the applied load. The distribution of Vickers hardness was not found to be symmetric type. The probability distribution of Vicker
hardress was well followed Weibull distribution. The shape parameter and the scale parameter (characteristic hardness) are increased by

increasing with the applied load, as both BM and HAZ.
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Table 1 Chemical composition of materials (wt. %)

Material Al S Mn Cr Ti Fe Mo Ni

Alloy718 062 01 006 192 11 177 28 Bal
Table 2 Mechanical properties of materials
Tensile Yield Reduction Elongation
Material ~ strength  strength of area ¢ (‘(’;/)
oMP)  G(MPa) (%) i
Alloy718 988 600 616 485
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Fig. 1 An Example of the sample for the Vickers hardness

measurement

Fig. 2 Micro Vickers hardness tester (HM-124)
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Fig. 3 Schematic diagram of the parts of measurement
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Table 3 Statistical Properties of average diagonal length and
Vickers hardness values for each loads
(In case of load 100g, duration time 10sec)

Numl Average Standard  Average  Standard
Reci ¢ ' diagonal ~deviation = Vickers  deviation
son tes(’zin length of DL hardness of HV
S m)  m)  (kgf/mm) (kgf/mm]
BM 30 27.87 0.362 238.91 6.161
HAZ 30 29.00 0.460 220.66 6.996
(In case of load 200g, duration time 10sec)
Average Standard  Average Standard
Number . s . L
Region of diagonal deviation  Vickers  deviation
o testin length of DL hardness of HV
§ m) m)  (kef/mm) (kgf/mm]
BM 30 38.62 0.485 248.78 6.334
HAZ 30 40.14 0.612 230.27 7.069
(In case of load 300g, duration time 10sec)
Average Standard  Average Standard
Number . - . L
Region of diagonal deviation  Vickers  deviation
o testing length of DL hardness of HV
() @) (kgh/mm) (kgf/mm’
BM 30 46.08 0.496 262.03 5.654
HAZ 30 47.17 0.542 250.30 5.750

(a) BM (500X)
Fig. 4 Micro-structures of the each region
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100 30 23891 236.61 24121
BM 200 30 248.78 24649 25149
300 30 262.03 259.95 264.11
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() BM and HAZ for 300g
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Fig. 8 Effect of COV on load

Table 5 Statistical dispersions of Vickers hardness values

Number Coefficient
Reion ad of of Skewness  Mode
& ) e vatiaion  (SK) (M)
? (cov)
100 30 0.02579 -0.28729 240.68
BM 200 30 0.02546 0.27471 247.04
300 30 0.02158 0.14857 261.19
100 30 0.03171 0.06432 220.21
HAZ 200 30 0.03070 0.83628 224.36
300 30 0.02297 0.31304 248.50
Sp= _%Mm M)
Mwm=1—3(n — Median) 2
oA7A, 1= e, ov XA 283 Median2 FYA = o

ehilc

ol (Skewness) = ShEse] A 9o wpe] v
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=R B
ol Ry

A oA ekt Boels ok oo mye 7
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Table 6 The estimated distribution parameters for BM-100g

Scale Shape

parameter parameter Coefficient
PDE mean(z)) STD(0) of .
correlation
or O or a
Normal 238.9067 6.3234 0.9881
Log-normal 54757 0.0266 0.9870
2-p Weibull 241.6702 46.8568 0.9887
Probability - Normal
99.00
90.00
S
T ;
v )
2250.00
E
o
I
C
)
10.00 .-/.
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1.00
200.00 220.00 280.00 300.00

24O.OIQ|V 260.00

Fig. 9 Plot of normal probability paper of HV
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Fig. 12 Plots of 2-parameter Weibull probability paper of Vickers
hardness values for BM
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Fig. 13 Plots of 2-parameter Weibull probability paper of Vickers
hardness values for HAZ

Table 7 The estimated parameters for 2-parameter Weibull
distribution for BM and HAZ

Lo Shape Scale Location  mean
. ad
Region parameter parameter —parameter B-
© a B y 1141/ a)
100 46.97 241.67 0 238.99
EM 200 51.97 251.37 0 248.56
300 57.69 264.50 0 261.54
100 38.60 223.73 0 220.05
HAZ 200 41.66 233.25 0 230.65
300 55.40 252.75 0 249.93
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