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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

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.
furnace

cooling

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

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

Properties Fe_rrlt.e Martensite Connectivity
Seri grain size volume (%)
Deries (um) fraction (%) 7

M.EF dual

phase steel 31 52 9
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8=1020025mm
W=10+0025mm
fatigue crack

depth ; 2mmj radius  of
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)
notch depth ; 2mm
Fig.2 Specimen geometry and dimensions for
Charpy impact test
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Photo.l Change of continuous microstructure of friction Welded joint in SS41
steel and ML.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



26

utebAl HAZe| oh gk mRigel v =) @haykims
TAEZE B/ FEE Ao kst

Photo, 2(B), (C)= —80Col#4 #& M.E.Fig
GRS Bt o HAZS mmEelc}h, pigs —
#2693 MLE, FiE A48 MRMmEEE FiEel )
slate] #%EE SBAKY ML vEo] Bl
BREZE 2ohER Lelglct, ol AL el HAZ
o #iffol HelolEs} nlewlAolEr JE o=
e A BrebE A Yol mmHS Rk
HAZ7} fhifirel wliel % ZoEtt o ey %
g5 Vel = Zo)of,

Photo, 2(D) = SS41#8¢ BZE Hilmyez i
PR BEE S VhEbd oA He ghor o
Ehvis BE #RfRE Mol Fo o|7Ae M.E.Fi#
SN s BAEg e oz 3
WZel Rigol v ) o} BinyRiEstiEe sl s &
B ey ZEsteiel & Zloz guis|olc)

4, #& #

SS41 3 ol 5 #AEIEY M E FEAERMS
% & MEEESEES e BM, HAZ 9 WZd Vix
ik A HRRE T ololl BTAE HAY &
BRER S Tvldted & BREEAY HEEES
—sEshAl slod EHEE{L HEEAERS MiTo EE
B ek ke R EhEIRTIREAME = BREER
Mis& Eslel BOORUEEMES HEx - WEsied o
T A BERE A9
(1) EAHMmme 7% E%ﬁiﬁrﬁ BEEF A EArm
g RkoldxlE HAZzWZz=BM< Jigo]]
SS418Mel A+ HiBoA BMzHAZ=WZo|+
{kifol = HAZ=ZBM2WZ9 Jigeg Jehd K

Boz 242 A Mool B Kiptol
acte AL o 4 9

(2) WSS BRI MOS8 A6
#smel 749 FiflolA+= HAZ=ZWZz=BMS Jigo]

B, —60CLLT #el= BM=HAZz=WZ¢ g
2 vieht EEEiEEtEol JlE EREMe] (REBSEB
o = uloton], SS418H9 7 folE 2BEMEB
ol Ax HAZzZWZz=BMY] Jlgo g jlelytel,

(3) WZoll & mEmigsry RimBo = g g
B Sloll Thifpel o3 #tfgol BRSS9l
Bi=lolon] ol oldle] EAIEMYE Wikl A
o BRI EATEE Y BM, HAZ ¥} oA ZHME

SHAE - RAEM - T

2ol W MMM EEsoF 2 o s Fuis|gl
ct.

2 E 3 H

1

~—

EHE  EEHBRS) AEEEol ulA L M

A7) of B, KREMMEERTE 5

%, 939, (1981). pp. 223~229,

RUEN . REM BEESE o] Yo &

B RHREe BEEGEGe BMG %EE

LB g% 1%, $1%, (1987), pp.

138~143,

A5 B MBS BE, Ak

BB, F5%, 19, 1987), p2

4) HRIRER D EHEEfLZ o L e-REEIC L 2 &
BrEO {RTI2E T2 HEEIRSEOTHE
20T, BXRSBEEEH, $£12%, S8,
(1973}, pp. 548~556,

5) Sailors R.H and Corten H.T : Repationship

between material fracture toughness using

2

~—

w
=

fracture machanics and transition
temperature tests, ASTM STP 514. PartlI.

(1972), pp.164~191.

6) Gearge Succop and W.F Brown JR:
Estimation of K,¢ from slow bend precracked
charpy specimen strength ratios, ASTM.
STP 632.(1977).

7) Appendix II : Standard test method for plane
-strain fracture toughness of metallic
materials(E399-74), ASTM. STP 632,(1977).

8) Hoover W.R: Effect of test system respons
time on instrumented charpy impact data,
ASTM. STP 563.(1974).

9) Server W.L.: Impact three - point bend
testing for notched and precracked
specimens, Journal of testing and evaluation,
JTEVA. Vol, 6. No.1,(1978), pp.29-34.

10) Liaw B.W, Kobayashi A.S and Emery AF.:
Effect of loading rate on dynamic fracture of
reaction bonded sillicon nitride, ASTM. STP
905,(1986), pp.95~107.

1) &7t mRKE  dole-He) g,
KSRI-87-25-IR, ’'86% #ed 7 sfubalal, “z}
3 el Vel 2a oA Pl 4 Rz)A)

Journal of KWS, Vol. 7, No. 3, Sep., 1989



12)

13)

14)

AR Aol T BrRYRIRERY
FFTEFATL ABDT AL
1~77.

Server W.L, Wullaert R.A, and sheckherd J.
W, : Evaluation of current procedures for

1986,

St

pp.

dynamic fracture toughness testing, ASTM.
STP 631,(1977), pp.446~461.
Ireland D.R,: Procedures and problems
associated with reliable control of the inst-
rumented impact test, ASTM. STP 563,(1974)
pp.3~29.

Server W.L and Ireland D.R: Non-standard

REIEHBELE, B TR B 39, 19894 9 R

15)

16)

27

test techniques utiliging the instrumented
charpy and Izod teste, ASTM. STP 563,
(1974).

George Succop, Bubsey R.T. Jones M.H and
Brown W.F, JR: Investigation of some
problems in developing standards for
precracked charpy slow bend teste, ASTM.
STP 632, (1977).

Roger J, Tissot J.M. A. Pelissier- Tanon poac

P.L.: ASTM. STP 668, (1979).



