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Fatigue Strength Improvement by Replacing Welded Joints with Ductile Cast Iron Joints

Tetsuro HipAKA, Nao-Aki Nopa, Yoshikazu Sano, Nobuhiro Kai and Hiroyoshi Funmoto

Synopsis :

In this study fatigue experiments are conducted for ductile cast iron (DCI) to compare with the fatigue strength of cruciform welded joints.

Here, several DCI specimens are prepared to have nearly the same fatigue strength in smooth specimens before welding and to have similar

cruciform shapes in the welded joints. It is found that the fatigue strength of DCI specimen is about three times larger than that of the welded

joint specimens. The fatigue strength improvement can be explained in terms of the small stress concentration factor, notch insensitivity and

compressive residual stress generated by shot blasting for DCI joints.
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Fig. 1. Dimension of welded joint (#,=20).
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Fig. 2. S-N diagram showing fatigue properties of before welded

and welded joint (£,=20).
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Fig. 3. Macrostructure of welded portion (Etched by nital).

Table 1. Chemical composition of steel plate before welded
(Wt%).

C Si
0.166 0.33

Mn P S
1.45 0.021 0.011

*Carbon equivalent C,=C+Mn/6+8i/24+Ni/40+Cr/5+Mo/4+V/14

Ce*
0.42

Table 2. Mechanical and fatigue properties of steel plate before welded and welded joint.

JIS Z 2201 (1968), No.1A type tensile test specimen

Steel plate before welded

Welded joint

Upper yield stress Tensile strength Elongation Vickers hardness Fatigue limit Ac Vickers hardness* Fatigue limit Ac
(MPa) (MPa) (%) (HV 98N) (MPa) (HV 98N) (MPa)
397 534 31 154 240 225~250 80

*Maximum hardness of heat affected zone
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Fig. 4. Dimension of DCI joint.
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Fig. 5. Dimension and machining location of tensile test

specimen.
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Table 3. Chemical composition of DCI joint (wt%).

C Si Mn P S Cu Mg
3.67 2.45 0.41 0.024 | 0.004 | 0.31 0.042

*Carbon equivalent C,;=C+Mn/6+8Si/24+Ni/40+Cr/5+Mo/4+V/14

Cu*
3.84

Table 4. Mechanical properties of DCI joint.

JIS Z 2241(2017), No.14B type tensile test specimen

0.2% Proof stress | Tensile strength Elongation Brinell hardness
(MPa) (MPa) (%) (HB)
340 560 15.8 191

Fig. 6. Microstructure of DCI joint (Etched by nital). (Online
version in color.)
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Table 5. Broken position and fracture origin of DCI joint in Fig.7. (Online version in color.)

Number of specimen Maximum load stress
G, Number of cycles to falure N,

Broken position 4

Fracture origin

No.1

Gna=350 MPa  N=1.72x10* cycles

50mm

Dross inclusions 500pm
—

No.2

6,.=320 MPa N=5.77x10* cycles

No.3

G=280 MPa  N=2.52x10° cycles

No.4

G,=260 MPa  N=4.14x10° cycles

Sand inclusions

No.5

6,.=240 MPa N=1.99x10° cycles

This defact can be removed real product.

Internal
shrinkage cavity

No.6

Gua=240 MPa  N=9.05%10° cycles

No.7
6,=220 MPa N,= 1.00x107 cycles
No.7*

G,=300 MPa N=2.28x10° cycles
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Table 6. Fatigue limit and surface condition of steel plate before
welded and DCI plate.

Specimen type Fatigue limit Ac (MPa) Surface condition

Steel plate before

240 Mill scale

5.1 FEMOEFRE welded
OV & HC b B T HERET: & SREIET A Hle 3 L CHEA DCl plat 240 Cast ki and shot blast
600 N TTTTTTT T T T TTT7T T T TTTT7T T I
B [ ] DCI plate (¢,=12) O Before welded (7,=20) i
500 L W DCljoint (1,=24) O  Weldedjoint ¢,=20) i
u Stress ratio:R=c, . /o =0 i
o N ¢ ’ I
E 400 o o0 i
- — 2 * (@) DCI_ . STEEL _ M
b o 7 =L 0, 0C1= g STEEL —240MPa | |1
N o300 o1 T T L [PQ Vo i
g - . ~u -W i
g B M ~ gy = N
g - sl Eilbrany e 12 ]
2 200 By 3 6 .
o — i
3 - um 7871 gbCl=220MPa |
[ N i ] 1~8 : Number of specimen
100 NI OO - .
[ ‘ T O I:L 7% : Plot is the result under
- o STEEL —_g()MPa t——tiHH [l the condition of increasing
o L wil {1 the stress of No.7
10* 103 10° 107 108

Number of cycles to failureVV, /rs cycles

Fig. 7. S-N diagram showing fatigue properties of DCI specimen and steel specimen.
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(b) FEM model DCI joint (t,=24)

Fig. 8. FEM model and boundary conditions. (Online version in
color.)
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Fig. 9. Results of stress simulation by 2D FEM. (Online version

in color.)
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Fig.10. Stress concentration factor of a stepped flat bar with
shoulder fillets.
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Fig. 11. Notch insensitivity (Relationship between the stress
gradient and the maximum elastic stress at a notch

root).

59

TEPAE T2 BR IR S S Bk T TR § 5 ZLIC L I07 Mg O

BT O MM, oSk CIZIZRZIRT, B
B & [Fl% T b 5 SMA90B DY HAE T-OMIE#E 5 251 L
Tk, Table 7125 5 A~DDA4HDEHE L LTRL 7=,
RT3 I iR A 1T - 72 RBR L F 2y b T8 L 7
EONEIAEEL, 1HTOME L2 FEETH %, HlE
VI XORERREIE e 26 % FH VY, Table 8 (7R 3 IGE 544
& U7z, oo, VEHENKT, SE&RMET & & 100% 7 s bR 92 ft i
IZEHIB A HE L Th 5,

IS DR S, T 13100 MPa OIS 123 %6
ELTHWBZERbr b, EEEMIBTIIE200~300 MPa
ERELRGAEH DN, SHOWPEMIZZHIZHNRS L
INE W, T AU, BIE T AN S RSB 2 © 3 mm BT
WRZENEREF LS, BEEIEERITE6ICKEL
REIR B REL T D L e h s, 7, ST
300 MPall FO K & S FEMEFRMAIS A BAEL T0hd, Zh
WBRBR OBYEHFE T L 22 A F— Ly 3y b T T A ML
HOEELEEZ OIS, MEDOHRIZENTE, RN
K0 IFIERASOIEHRIC AR X T 5 ™,

ZZT, ZhEDOKREIS TG BIE IS RIE T B EE
A %o FRHI I, B LIS AER S 2 L IRET 555
M 520, TR % RIS )T A AU O
RIS TEZ B Z L2l cd 5™, SllLEik T c
L T BB J1A1100 MPa & LB/ X Z & A
5, BHEMET (2D W T Table 71278 U 7298 57 2B AT 0 5%

Table 7. Residual stress and measuring point of welded joint

and DCT joint.
Specimen type Re(ssldl.(lilns):)e s Measuring point
sl

A [] B
Welded joint 100 | X :
l I

p/ [\

139

DCI joint =305 ,—;fl—ﬁ

Table 8. Residual stress measurement condition of DCI joint.

X-ray CrKa
Diffraction plane Fe (211)
Filter \Y
Stress constant (MPa/deg.) -323
Tube voltage (kV) 30
Tube current (mA) 10
Collimator (mm) 2
Incident angle ¢, (deg.) 0
Measuring method Half height breadth
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HIBHERWS Z 3%, —J, $illicya vy V7T 2
b & i U 72 BROFREIB 3 A1E, RKEEHEARAKT,
IR C TR N5, &7, DRI IO EIZ XD
B30, &7 500~1000 pm DE X TIIIRHIG ST DR
BIEERL BB LI WENH 5, SN &
75 72 REGY A XA31000 nm BB T, BRI O % %
A WRKGE X2 R DA P EE XN S 728, Table 71278
L 72—305 MPa®D ¥ & %2 143 Tdh % — 150 MPa DR IE ]
MEHLTWBZ L LT3,

iR 0 9E 57 i o, & A (1) D & S IZHIHREE 0, D 0.48
57 LR B L, IEHAET & SRk T 07 BRI HXE
Fig 120D & 512k 5%, K Do ido, &FAEE L7z iR D IE
WRETHD, X Q) TEIhD, 0 ldo ZHUEL U TR
B 0, WFEHIB ST E UTHER L 22358 DM I78% T d
D, X @) T£Ehd, Zh6 &b, BREIBINCK 5957
I DRS00, TETZENTE, ZhiaRX @) D&
HIZCLEFRT B, Fig 12 & 0, IWEMTF I3 IZ &
0 IE I ERIE A3 0.72145% (C,=0.72) (275 % —JF, ShgkikT 1%
14015 (C,=140) 1252 ZhBbnd, UEDZns,
FRHEIS N OB & & ShERET 3 IE P T 15 U 97 i
N Ed2EEIEND,

c,=048c, (1)

(2)

o,=0,/(1+0,/0,)

c,=0, {l—(ol +Um)/08}

C =o0,/0,

o, * Wil D JET7HRIE (MPa)

o+ GIEARIE (MPa)

o ¢ IXEIES (MPa)

o, P BREIG A WA OREITEIE (MPa)
o, FREIGTIH & % 5B OREITEIE (MPa)
C, : FREILTINC & 2989750 I% DRGIR

5.5 EEERPEFEEICRITITHR

Figl3ld AZEDE L L LT, EHREIZHEL K
FTRMEEROGRABEANICERLZEDTH S, &
R T, SFEkT & & IS TIFM DN I i IE & fh e &
L TRAMIZ/RL Twd, BRERE ZORRIE, KFET
BHERL O EP R (K effect), @YK = §lE M
(x effect), @FHIL N (0, effect) TH 5, BHEMFIXO
K, effectiZ & O $FEM2» 5 ENEFLIKT T3
(240 MPa=69 MPa), @ y effectiZ & O X° R0 ¥ 97 58 )& 1%
k%8 DD (69 MPa=82 MPa), < DxhH T/ X <,
@0, effectiZ L D HITPEHTREMETTEEHEL6N0
% (82 MPa=59 MPa)., Z DFER, WPk T 097w 1k
59 MPa & THHITC X, ~EiEM OFE 7581 240 MPa D 25% F2 1

60

FTHELLIKT Y %,

—77, $h8EE T 13 DK, effect 1 & 1) JEH7 3 HMK T4 5
2, T OREIE/N X < (240 MPa=> 143 MPa), @ x effect
DRIRE H > T (143 MPa=> 161 MPa), $h8EiET- D) 575k
JE13 161 MPa & VIl C &, $h8 M D B & % 67% % i
RLTW5S, 22T, $hthitkF 3@ 0, DB A FIMKIZZ
TV B EEEEM A RAET D 5 720, ZORIRIEX P
ZIRELL AL, DEDZ &2 6, kT 0E)
T PHEIC W T BT 0275 E 5 0, JE 775
JEBAEDH B Z LI e TH B, 72, kT
RERBK = ou lon \ZTEHEETF O UIR = RBK™ =

350

QT T[T T T T 7T
= C=0,/0,-072
300 | SRR \:
B = 0,70480,-254 .
S 25 :
= A\ |o=172 7
g C -
3 200 = N\ R=0 =
3 = Modified Goodman's
? 150 F / \ ’diag|ram | E
2 = \ ~o,=124 =
£ 100 N 2T, 3
Z = > c=272
50 : Greszloo :
ol bl il
0 100 200 300 400 500\600 700
Mean Stress o, , MPa 05=530
(a) Welded joint
350 T T TIT I II T II T [ IT T[T o g
‘00 :_/0'w:0.480'B:269 Cr:O.Z /0-1:1_4() :
- \ [ .
p ¥ _Lorasa ]
S 250N [ o-182 =
o — . -
2 200 A Xt R=0-Modified Goodman's]
£ - N diagram ]
“%« 150 \< ]
% 100 - \ ]
= ~ N\ .
“ — \ 3
S0Hf o =150 \ “1_560 =
0 |||||||‘||||||||||||N||||r:
07T 100 200 300 400 500 600 700
0,=32  Mean Stress o, MPa

(b) DCI joint

Fig. 12. Fatigue limit diagram showing the effect of residual
stress.
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Fig. 13. Effects of various factors on fatigue limit.
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KEWERE L 572,

(3) ki (1), ) OEREE UT, $hEikTI3ia8kT &
B U TR EPREAVNE L, YR E IS L THKT
B, EfMIZyay bT I OIEFKRREIS RS B
ZENBHIFoNB,

7. SHEDEHRH

SRR X RIS S & e > TV B0, ZORED
PO W TS EELR L Ty, 72, SR m X
BrshKkEL, TOMEBIZONWTERITTIVELRH
%

PDloZ &h s, S%ITEHHMMT ORKRIEY 4 X2 E
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KT DR I7IRIE & iR $ 5,
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