BERKBHRCTREIhS MnS RESBNMEHOERL 893

© 1985 ISIJ

LU TRTITH

MEREEEIC TREEN D MnS % B oX
BB TEY O EEA

a il

NENUNGIRIRIRIHINm

B*-H OB kK om©

Quantitative Evaluation of MnS Inclusion in Rolled Steels
Detected by Ultrasonic Testing

Synopsis:

Noboru ISHIKAWA and Toshiaki FUJIMORI

A new testing method is proposed which may evaluate the quantity of A—type Mn$ inclusions in rolled
steels. This method is characterized by scanning on the lattice points assumed on steel plates.
An experimental study about the performance of this method has been performed.

Results obtained are as follows.

Mean echo height (F) is correlated with the ratio (AR¢) of the projected area of inclusions to the scan-

ning area of steels.

The pitch of the lattice points and the scanning area of steels affect the assurance of results.

Therefore,

in the inspection of steel frame members, it is necessary for the pitch to be at least 10 mm.
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Table 1. Chemical compositions and mechanical
properties of the steels used. '

Chemical composition (wt%) Mechanical property

C Si  Mn P S

ay I El
(kgfmm?) (kgfmm?) (%)

A] 0.16 0.38 1.38 0,019 0.008 35.1 52.9 26.9
B| 0.17 0.36 1.40 0.025 0.009 38.1 54.7 25,4
C| 0.17 0.37 1.40 0.022 0.008 35.8 54.7 27.4
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Photo. 1.

C-scope figure of inclusions by C-~scope
method with an immersion focusing type probe.

Table 2. Ultrasonic testing conditions.

Method
Item C-scope method Lattice scanning method
Testing apparatus UM 731 FD 410 S, SM 80 D
Probe Immersion focusing type probe 5Q20 N
Frequency: 10 MHe
Probe diameter: 6. 35 mm
Immersion focusing distance: 50. 8 mm
Focus diameter: 20, 32 mm
Couprant Water Glycerin

Detective level

STB-N15.6 ¢ 80%+12 dB

STB-N15.6 ¢ 50% +24 dB
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Fig. 1. Comparison of the distribution
for the stratified relative frequency on the
inclusions’ area and the frequency curve
of the exponential distribution obtained
from the mean area of inclusions in B-
steel material (A) and C-steel material
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Fig. 2. Variation of the sound pressure on the
bottom surface of STB-A2-2¢, which is mea-
sured with the Electro-Dynamic Senser.
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Fig. 3. Variation of the integral sound pressure
calculated from eq (2).
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Fig. 4. Comparison of the echo height obtained
using Electro-Dynamic Senser and the echo height
measured by the reflection method with direct
contact probe (5Q20N).
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Fig. 5. Change of the echo height per unit area
(=7 mm?) for the distance from the center of the
probe (5Q20N).
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Fig. 6. Relation between the mean echo-height
(F) by the lattice scanning method and the area
ratio (ARc) occupied by inclusions in C-scope
figure.
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Fig. 7. Change of the echo height for the flat
bottom holes of various diameters (d) and dis-
tances (w).
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Table 3. Conditions of simulation.
Item Mean area of Area of the Distance between Number of the Number of
the defects scanning zone the scanning defects per calculation
Purpose (mm?) (x10*mm?) points DL (mm) unit area Ng Ne
Inf;luex,we of the 4.72, 9,43 5
defect’s area on 13. 89, 18, 86 2 10 50
the mean echo-height
Influence of DL on
the reference value 9,43 2 5, 10, 20, . 200 12
(F/ARp) 50, 100
Influence of the
scanning zone on the 2 4 8
variation of the 9, 43 16’ 32, ’ 20, 50, 100 50 20
reference value 4
(F/AR¢)
99.99 —
mean area of defects = 9.43mm?2
99.9"  jistance between scanning 5
points = 20.0mm
99
at
95 °
90 °
° -o-o— —{ —————————————————— --
._3" 80 ° ° 'S ﬂ‘:’3
3 70 ° <
3 60 ° ]
g 50 0 ® ]
2 a0 .
£ 30 o 21
ZO 200 0 ©
o
10 o Number of defects 200
5t , ° 1}  Mean area ot defects 9.43mm?
Repeating number of
. sumilation 12
01 0 50 100
. DL {mm)
0.01 Distance between scanning points
20 25 30 ; 3.5 4.0 Fig. 9. Effect of the distance between scanning
as= one points on the confidence interval of the reference

Fig. 8. Distribution of the reference value (a=
F/AR¢) obtained by the summilation with a
computer.
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Fig. 10. Relation between the area of measur-
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erence value (V/a), in case that the distance be-
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