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Abstract

Recently, a demand of ferritic STS is increasing rapidly in automobile exhaust system. Exhaust manifolds
are the part nearest to the engine so that the material is exposed to high temperature exhaust gas. Excellent
heat resistant properties, especially high temperature strength, thermal fatigue resistance and high corrosion
resistance are necessary for these parts. STS429L contains 15 weight percent of Cr and low Mo, so has
good price competitive. And it has excellent high temperature strength and corrosion resistance, so receives
attentions as material that applying to exhaust manifold. In tensile test of lap joint welded STS 429L, most
of specimens are failed in base metal, but occurs brittle fracture in weld metals at some specimens in the
face of good welding conditions. In the process of tensile test, lap joint welded STS429L specimens are
transformed locally. The brittle fracture occurs that local transforming area exists in weld metals. But, butt
welding specimens made by same materials showed ductile fracture in tensile test and bending test. In this
study, suppose the reason of brittle fracture is in the combined local transform and tensile stress, through
analysis of bead geometry, evaluate geometrical factor of brittle fracture in lap joint welded STS429L.
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Table 1 Chemical compositions of STS429L sheet
and STS430LNb wire (wt%)

C |C|Mo|Nb|Ni | SifMn| P | S

Base | STS
metal | 4291, 0.007/15.010.01]0.33)0.13]1.02/ 0.27 | 0.02 |0.001
Filler | STS
wire |4301Nb 0.01 |18.5] - 10.45] - 10.50] 0.50 |0.013]0.003

Table 2 Mechanical properties of STS429L

Yield Tensile Max.
Strength | Strength Bending Fracture
y £ Strength | Elongation (%)
(MPa) (MPa)
(MPa)
STS
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Fig. 1 welding conditions

Teaching distance

Table 3 Welding conditions and results of lap
joint tensile test
Heat Teaching Torch Number of
. . weldment
No. input distance angle fracture
(kJ/cm) (mm) () .
specimens
No. 1 2.17 0.5 45 0/5
No. 2 2.17 0.5 50 1/5
No. 3 2.17 0.5 60 0/5
No. 4 2.17 1.0 50 1/5
No. 5 1.78 0.5 50 1/5
No. 6 1.97 0.5 50 1/5
No. 7 2.39 0.5 50 0/5
No. 8 2.60 0.5 50 0/5
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Fig. 2 Schematic illustration of making specimens
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Table 4 Tensile properties of base metal, butt
joint and lap joint of STS429L

Lap joint
Base | Butt
metal | joint | failed at failed at
base metal | weld metal
Tensile
strength 510 510 462 448
(MPa)
Elongation
(%) 19 16 16 10
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Fig. 3 KS standard geometry factors
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Fig. 4 Results of analysis on KS standard geometry
factors
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Table 5 Average of the hardness value before
and after tensile test
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Fig. 6 Horizontal hardness distribution of No. 2
specimen before tensile test
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Fig. 7 Horizontal hardness distribution of No. 2
specimen after tensile test
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Table 6 Comparisons of 6 and actual deformation

angle
No. (‘?alr/lz) 6 defﬁ?rtr?;c:ion e(r;o)r
angle(°)
1 0.298 16.6 17.08 2.8
2 0.312 17.31 17.86 3.1
3 0.277 15.51 15.90 2.5
4 0.330 18.25 18.89 3.4
5 0.470 25.16 25.91 2.9
6 0.351 19.36 20.13 3.8
7 0.276 15.42 15.80 2.4
8 0.240 13.48 13.74 1.9

gpte] MAYSHA] = HAE & & Ao, 1 He
7F 1.95-2.15mm FAEZ o$ F o
ozt SHAIZE EAlste] 84 559 Q] sde] o
Q1o = FHetslr]ol= Fel7t it

Lox 3t Ao g Tmm FEE 7
7F 58 A5 &4 55004 -Jé -’Jr

&
o
lo
N
o

2
o
>ir££r4>m

e _E
m
g (o ofth mN Y

Y
[

=l

o iy
o,
o,
2
3L
.fi
o
AQ
my,
_°,
N
OHI
WrE o

\]
-~

of
o

o ol
Hn
Ho
fr lo

ofy
(g oL
ol O\
N,
of\
o, ;\lg
o
® 5
o

o ofk
s
ks
o=,
ot
ko

i
:

o &
of
E2)
X
o,
ol
o
o

('
oot
)
ol
rir
—
wed
=
NS
'S i
o2
rE o

r &
N

o
o

BB 4o gl B oo 10 10 o o

33 _]m
m
o
>,
B

1;1[‘
oL
o &

QL
=

)
)
oW r

rE ol
ofk

me i

o

O= Hws| EH Table 604 E&= upe}
om go] 175 o]
ot. ]* Ay HH7] u

2

¥ o

r
il
ol

M

H Bl s
Az F2 A
o 44 olgel

qME KS EF
$31 ZuT} YR shae] 4ge s
$31 7o) Agsitkn Mgt g )
B2 o9 47 240 TaF % Lot Lol 2olS

A

ST
%0
rlr
& T
i
o3
m
b
>«
=
o)
AC)

=
ok
X
Lo
(e
ofo
|
BN
L\L
O o
AN o
ol jx
oo
o N,

(]

3

rlo
-
Q

:) I
E
~.
Do

o

At} Table 69 et

—f—xgs}oq 3 HE ST FE

W Li/Loel M7k o 03 oldd A% £4 el
24 st 2o wae S WsT),
4.4 =

dgto]EA zElQlelx ~€el STS 4291 A
S g5 O st 54 akehd ot 2t

523



54 A% A - A - o]
1) STS 429L #HA ol I Aeve EAE S
Sxah} e o 24 BN 24 FuI e
e 2 £7Eel ggto] WAEh o]‘_ o]-& e =} 1. Sang-gon Ahn : A recent tendency on development,
Aol FAA goloA 7]olgittm ek} technigues of r?anufacturing and Weldi_ng 'of STS
9) KS ¥2 7140 ®alg 4% o g4) o)z used. in automoblle exhaust system, A institute of
slo] BAalo] B A3 2bdo] 1.95-2 15 Aol welding techniques, 10-1(1994), 1~26
ato] ated © mm 2. Beddoes J, Parr JG, Introduction to stainless
oA o A A Al B F59 oEQ ghtto] WAy steels, ASM International (3rd ed), 1998
3lA] &S & 4 Yt} 3. Gyeong—cheol Lee, Young—gi Lee, Jae-seong Kim,
3) AZ Wy B2 Aoz FPA QxS Aol Bo-young Lee, Soon-woo Kwon and Do-seok Han : A
B B A7 KS B2 FhdAe AA(L,) T B2 Stud‘y. on th.e Mechanical Properties of MAG Welq on
72 9 @4 ool shgke] ZHH(Ly)e] WE el Ferritic Stainless Steel Sheets, KWJS 2008 spring,
B °¢ VoIS STeTl el we 49-61(2008), 69~69 (in Korean)
Wy Ztwo] J3s F= Aoz BAHGeH, o] 4. Young-gi Lee, Jae-seong Kim, Gyeong-cheol Lee,
Li/L29 BlE ARgste] w7] wiyZ=e] A= ¥ Bo-young Lee, Sung-kyu Hong : Characteristics of
Zlo|EA STS &A1) AA oL &4 A ¥st= & aging treatment in ferritic stainless steel welds,
A 2o 27140 Hel A 4 9 Aow T KWJS 2008 autumn, 59‘28(2008), 45~45 (.in Korean.)
che o) 5. KS B 0841 Destructive test on welds in metallic
= materials -Tensile Test on cruciform and lapped
= joints , KSJC, 2001
< 7 6. KS B ISO 5817 Arc-welded joints in steel -
Guidance on quality levels for imperfections’, KSJC,
2 dAqe 7R ATE (No.M20604005402 - 2007 (in Korean)
06B0400-40210) At4e] 4oz A7 o]
o =G,
& =
KSEZT4 774 9 FA QX
- . Ser 2 T T4 8 B4 A=
i eee 5= A | 5EFA | &Y Ly Lo 0,(%) 05(°)
(mm) | (mm) | (mm) | (mm) | (mm) ! ?
No. 1 - 0 2.09 14779 1.17 2.09 7.01 16.6 141
No. 2 _ 1 2.21 | 1.5627 | 1.49 2.21 7.09 17.31 145
No. 3 _ 0 1.97 1.393 | 0.35 1.97 7.1 15.51 0
No. 4 _ 1 1.8 1.2728 | 0.13 1.8 5.46 | 18.25 134
No. 5 _ 1 2.4 1.6971 | 0.11 2.4 5.11 25.16 0
No. 6 _ 1 2.15 1.52.3 | 0.45 2.15 6.12 19.36 0
No. 7 - 0 2.14 115132 1.75 2.14 7.76 | 15.42 152
No. 8 - 0 2.11 1.492 | 1.78 2.11 8.8 13.48 157

524

Journal of KWJS, Vol. 27, No. 5, October, 2009





