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2. TOPICS

Determination of Plastic Working Limit by Circumferentially Notched

Tension Test

Keitarou Enami’, TOPY INDUSTRIES, LIMITED and
Kotobu Nagai, Metallurgical Processing Group

“(Formerly in Metallurgical Processing Group)

Introduction

In plastic working such as deep drawing and
tube hydroforming, presumably the steel is some-
times deformed up to an equivalent strain of 1.0.
However, it is often said that the plastic working
limit (PWL) for sheets is related with the elonga-
tion at the maximum load (£,) in the tension
load-elongation curve. Because &, is at most 0.3,
there is an ambiguity in the determination of PWL
with respect to £,. The authors have carried out a
circumferentially notched tension (CNT) test to
determine the ductile fracture initiation in plates.
Thus, CNT test has been carried out to determine
the PWL in sheets.
Experimental

A hot-rolled JIS-SM490B steel with a 16mm
plate thickness and a chemical composition of
0.16C-0.44Si-1.46Mn-0.013P-0.004S (mass%)
was used for the study. The circumferentially
notched tension test was carried out at room tem-
perature. The crosshead speed of the test machine
was 1.0mm/min. The radius of the neck curvature
was 15mm, the neck depth was 2mm, and the di-
ameter of the neck section was 6mm. The load and
the diameter of the neck section were measured.
The round bar tension test with a uniform gage
(gage length: 40mm, diameter: 8mm) was carried
out at 1.2mm/min. at room temperature for refer-
ence. The load and the gage elongation were
measured.
Results and Discussions

Figure 1 shows the average stress-equivalent
strain curves in the notched tension test and the
tension test with a uniform gage. The average
stress and the equivalent strain were determined in
the notched tension test as follows:
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where Oy iS the average stress, P is the load, a is

the radius of the neck section, z is the equivalent
strain and aq is the initial radius of the neck sec-
tion.

The average stress and the equivalent strain
were estimated up to the maximum load in the ten-
sion test with a uniform gage, as follows:
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where Iy is the gage length and Al is the gage
elongation. Figure 1 shows that the equivalent
strain at the maximum load is constant between the
notched tension and the tension with a uniform
gage. The average stress-equivalent strain curve
in_the tension with a uniform gage is confined
up to a strain of 0.17. However, the stress-strain
curve in the notched tension can be determined
up to a strain of 0.85. The stress-strain curve in
the notched tension terminates at a strain of 0.85
because of ductile fracture. The PWL was deter-
mined as the terminating point in the average
stress-equivalent strain curve in the notched ten-
sion.
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Fig.1 Average stress-equivalent strain curves in
the notched tension test and the tension test with a
uniform gage
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3. TOPICS

Improvement of V-notched Toughness of Low Transformation-Temperature

Weld Metal

Frantisek Gunic

Welding Metallurgy Group

1. Introduction

The low martensitic transformation-temperature
(LTT) weld metal (WM) with Ms < 300 °C has an
advantage of the reducing tensile residual stresses in
welded joint by the martensitic transformation
expansion during cooling. The drawback of LTT weld
metal is low toughness of WM in SMAW, GMAW
and SAW.

2. Factors limiting LTT WM Toughness

Three LTT weld metals (see Table 1) were formed
by plasma arc welding. Figure 1 shows the
relationship between WM oxygen content and
absorbred energy in Charpy impact tests. Here,
mixture of argon and oxygen with various ratios was
used for shielding in order to obtain different levels of
oxygen in WM.

There is evident rise of toughness for all types of
LTT WM due to reducing oxygen content of WM.

Additional improvement of toughness can be
expected from the presence of retained austenite in
martensitic matrix.
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Fig. 1 Relationship between Charpy energy at 0 °C

and WM oxygen content.
(welding heat input 30 kJ/cm)

Besides, the oxygen content of WM in conventional
MIG (95%Ar-5%0; shielding gas) or MAG (80%Ar-
20%CO, shielding gas) welding is about 200ppm or
350ppm, respectively.

The oxygen content of WM, 30ppm can be achieved
in 100%Arr shielding MIG welding with NIMS Hybrid
LTT welding wire (refer STX News No.93).

3. LTT WM Charpy full-curve

Figure 2 shows the relationship between LTT
WM Charpy energy and testing temperature.
Specimens were made from beads welded by pure
Ar shielding plasma arc welding with heat input of
30kJ/cm.

Though the drop of Charpy energy from 100 J
below -120°C was measured in WM C with high
strength of 1100MPa, the 1000MPa class WM A
with retained y maintain the Charpy energy level of
about 100J under -196°C.

It can be expected that LTT weld metals are
effective to high strength welded structure under the
extreme low temperature service.
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Fig. 2 Charpy energy full curve of LTT WM.
(welding heat input 30 kJ/cm)

Table 1. Chemical composition and vy ... content of LTT WMs C, A and R in wt %.

LTTmark | C Si | Mn P S Ni | Cr | Mo | Al | Ms(°C) Structure
C 0.05] 0.3 | 1.00 | 0.005 | 0.002 | 7.4 | 7.8 | 0.15 ] 0.01 | ~260 M+3%Y rer.
A 0.05] 0.3 | 1.00 | 0.005 | 0.002 | 9.6 | 11.0 | 0.15 | 0.01 | ~110 M+15.6 7 et
R 0.04 1022 | 0.63 ] 001 |0.004]9.5|12.5]0.26 ~70 | M+43.9%7
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