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A Study on Development of Dissimilar Welding Optimization
Technique for Auto-Lifting Magnet
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Abstract

In this paper an experimental study on the development of the shielded metal arc
welding(SMAW) optimization technique for the dissimilar materials SS41 and STS304 of
Auto-Lifting Magnet core plate was carried out. It was confirmed that the optimum
welding heat input range was 37.5 to 45 kJ/cm by considering on the strength and fatigue
life of the welded joints more than 1009 joint efficiency. And the quantitative relationship
empirical equation between the strength toughness and fatigue life and the weld heat input

was obtained.
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Table 1 Chemical composion (wt.%6)and mecha-
nical properties of materials

Tensile | Proof

Mateniat] C | St | Mn P S Ni | Cr | stress |stress
(MPa) {(MPa)

SS41 10251 - | 130 [< 0060(< 0050} - - 410 | 20
STS304 | 008 | 1.00 | 2.00 {< 0.045{< 0.030] 902 | 190 | 530 | 210
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(a) Tension test specimen
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(b) Fatigue test specimen

Fig. 1 Tension test and fatigue test specimens of
base metals and weldments of SS41 steel
to STS304 steel (W.I : weld interface)

A
Al

22 Agud

o

SS417}g2} STS3047H%31 SS417g 4719
S Aol wte} Fold o|FA e ¢F A ojas
] (shielded metal arc welding) (SMAW)E& Al 4]
au, oluf ALE-X S 8-& AWS E308-16(4 32
X 300mm)e]=, APl AH4-€ &=L Table
29} 3c},



A% 228 vhad FEIASAARY o FA ke HHY

Table 2 SMAW conditions for core dissimilar
materials
(SS41-STS34) (Electrode : AWS E308-16, ¢ 3.2)

spec. | Welding vol. | Welding current | Welding speed | Heat input
NO. EW (V) V (cm/tnin) H kJ/em)
# 3 0 10 44380
#2 2 200 10 38400
#3 31 186 10 34596
#“ » 160 10 77840
#H 2 120 10 20.160
Table 2014 93 H(kJ/cm)E ohg AVell4

T3t

- OE . 8 M

714, H : 9% (kJ/em), £, : AESE(=1)
E: £4A4 (V), I:|HAF W)
V: 434 % (cm/min)
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Fig. 2 Heat input vs. welding current vs. welding
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(a-1) Ultrasonic weld-flaw detection result (b-1) Ultrasonic weld-flaw detection result
at the front plane (Weld defects A~ at the back plane (Weld defects A’ ~
H) H")

(a-2) X-ray weld-flaw detdction result at the (b-2) X-ray weld-flaw detdction result at the
front plane back plane

Fig. 3 Ultrasonic and X-ray flaw detection results at the front and back plane of core plate dissimilar
(SS41-STS304) SMAW joints
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Fig. 4 Effects of heat input on strength( o) and
toughness(E, ¢, &, U) of core plate
dissimilar SMAW joints(SS41-STS304)
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Fig. 5 Tension-tension fatigue fracture life vs.
stress ratio of base metal SS41 steel
plate

Fig. 5& RASS417t%e] B 2vpd 4
% Neeycle)sh $23u) R(= —7-)%)3e] 4224
g 7€ 2 Zo)nk o] 2N 1 3x10°H &
$4¥) R=83%%} Z& A2 &Yt 2 oFA
439 H2APAD(Figlh))d Hzsidss
Fato] 2aje) s} vy Zo] Fig. 6019, 7
sl gl dhsted Talsdct. oldf siAdRFE] Flel
wel weadeds Zobse, sa2sago)
100%e1739] M7t EAFE ¢ < ek



LAFAAA-AA S

32 /£
xX10'f
3.0 N of Base metal 5541 4'”“&
! H
" ' H
E 2.8L- ' 1
! \
' I
B L
Zz H : :
é 24 ' !
2 : i
8 224 1 !
2 1 : !
0 h H
2 201 H |
LN s !
5 18} ; :
5 3 : ;
? 16 | ,: '
!
2 '> 1 OHZ ]
—
1.4 H B -
“ : i T
LMLLd T v T L T L} T 1
o 20 25 30 35 40 45 50

Heat input , H (kJ/cm)

Fig. 6 Relationship between fatigue life and heat
input of core plate dissimilar SMAW joint
(5541-STS304)
=83%)

: =30
(stress ratio R 470

Fig. 4¢lA 38 OHZ=375 ~ 45kJ/cmeiA |2
st NE 2A8e} 100%0]4o] 28 #d 4
9lt}. olu) R-N3} N-H A3aAAL ohg3) 7},

R = 14296-10813 N (R* = 0.98) 9

N = -0.0035H*+0.283H-2.662 (R* = 099)  (10)

oAeld o 4 sl ZESH A4 B W24
We st} AFYxY chade] 3o} o]FA
olz43e AHEAL $USE 10cm/mindholl A
A7 44 ALPENE H375~45)/cmelH,
olde] A 4HAFE W& [=200~220(A), HA
S W E E-32-34(V)elo] salsiict

i@ SHL o AR o 4404 A3
A7t FAHSS,

=1]

Fo| Zx2xZ, olM=3 ! nfhHe| =AL

351 4449 Axry

Fig. 72 H3 $yg=2sldAq £33 AYHe
e FXF vehdc o] a2 zE v $4AE
(weld interface)oll ] =7} & ze|c}.

1
+

ol % %

g ~N
=
=3

, (Load 1000g)

g 8

3

Vickers Hardness.

Distance from weld interface (mm)

Fig. 7 Hardness distribution near the weld
interface of dissimilar SMAW joint (SS41-
STS304)
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(a) Weld flaws

(b) Tensile fracture

(d) Fatigue fracture

Fig. 8 Macro-structure of weld flaws inside core
plate dissimilar SMAW joint (SS41-
STS304) (picric acid deep etching)
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(a) Picric acid deep etching

(b) Sound weld without weld flaw

© Tensmn fmcture

(d) Fatigue fracture

Fig. 9 Macro-structure of sound weld without
weld flaw inside dissimilar SMAW joint
(5541-STS304)
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