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Abstract

Both the SS41 steel and the M.E.F(martensite encapsulated islands of frrite) dual phase steel
made of $S41 steel by heat treatment were welded by friction welding, and then manufactured
machinemade Vnotch standard Charpy impact specimens and precracked with a fatigue system at
BM(base metal), HAZ(heat affected zone) and WZ(weld interface Zone).

The impact test of them was performed with an instrumented impact test machine at a number
of temperatures in constant loading velocity and the dynamic fracture characteristics were studied
on bases of the absorbed energy, dynamic fracture toughness and fractography from the test.

The results obtained are as follows;

At the room temperature, the absorbed energy is HAZ=Z WZ = BM in case of the M.E.F dual phase
steel : BMZHAZ=WZ in case of the SS41 steel, HAZ=zBM =WZ at the low temperature. The
absorbed energy is decreased markedly with the temperature lowering ; it is highly dependent on
the temperature.

The dynamic frature toughness of the M.E.F dual phase steel is HAZzWZ=BM at the room
temperature ; BMzWZ=HAZ below-60°C. Therefore the reliability of friction welding is
uncertain at the low temperature(below-60C).
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The dynamic fracture toughness of the $S41 steel :

RMNE - RAEH - hE

HAZ=WZz=BM at overall temperature

region. The flaw formed by rotational upsetting pressure was shown by SEM ; in this region. The

absorbed energy per unit area and dynamic fracture toughness were low relative to other region.
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Table 1 Chemical composition of SS41 steel(Wt%)

C Si Mn P S
0,20 0,25 0,72 0.014 0.017
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Table 3 Friction welding conditions

1000 C X { hr.

furnace cooling

I

rotational speed 3, 000rpm
heating pressure 8kgf/mm?
heating time 3sec
upsetting pressure 12kgf/mm?
upsetting time 2. bsec

1050 ¢ X 1 hr.

furnace cooling

760 C X 30 min.
air cooling

780 C X 30 min.
water <cooling

200 ¢ X 2 hr.
cooling

furnace

Fig.1 Heat Treatment Process of M.E.F. dual phase
steel

Table 2 Metallurgical properties of M.E.F dual steel

. Ferrite Martensite .
Properties L Connectivity
Series grain size volume (%)
- (gm) fraction (%) 7o
M.E.F dual
phase steel 31 52 9
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8=10+0025mm
W=1020025mm
fatigue crack
depth ; 2mmj radius of
/ nofch; 0.25mm
L)
nofch  depth ; 2mm

Fig.2 Specimen geometry and dimensions for

Charpy impact test
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Fig.3 Schematic illustration of major components
for instrumented impact testing system

(the circuit for instrumented fup}
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Photo.l Change of continuous microstructure of friction Welded joint in SS41

steel and M.E. F dual steel
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(B) Brittle fracture surface of base metal{(BM) in M.
E.F dual phase steel. —80°C, x300

(C) Brittle fracture surface of heat affected
zone(HAZ) in MLE.F dual phase steel,
—80°C, x 1000

(D) Fracture surface of bond zone in S541 steel.
— 80T, x10

Photo.2 Microscopic of fracture surface by impact
testing with various temperature
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