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A Study on the Low Cycle Fatigue Characteristics for Two

Low Carbon Steels of the Different Manufacturing Process;

Jae - Choong, Noh

Dept. of Marine Mechanical Engineering, Graduate School

Korea Maritime University

Abstract

In this paper, the strain controlled low cycle fatigue proper-~
ties at the room temperature in the air environment were investiga-
ted for carbon forging steel, SF45A, and rolled steel for welded
structure, SM41B. Throughout the test, the strain ratio, Rg ,
was maintained constant with the fully reversed condition,v—l.

The main results obtained are as follows;

1. SM41B steel cyclically softened at the total strain amplitude
lower than 0.47%, while cyclically hardened at another strain
amplitude higher than 0.4%. On the other hand, SF45A steel
cyclically hardened at all the test conditions excepting 0.2%
strain amplitude.

2. Even if some kinds of steel exhibit the similar monotonic
stress-strain behaviors, their cyclic stress-strain behaviors

can be quite different with manufacturing process of steels.
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3. The low cycle fatigue lifetime of SM4ID and SF45A appeared to
show little difference in the region of this test conditioms,
In addition te, the experimental total strain amplitude —num-—
ber of cycle to failure releations (Eta‘bh) could be expressed
as follows:
SMALB,
o= 0.351-(2N;)7%-*% + 0.00237 -(2N;) 0%
SF45A,

era = 0.279-(2N, )48 + 0.00342- (2N, ) ~0.087

o~

The appearance of low cycle fatigue fractographies at the
lower strailn level were striation pattern, while they were
rubbing and tire track pattern at the higher strain levels.
The features of the secondary crack was transgranular at
the lower strain level, but intergranular at higher strain

levels.
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W AH MW (Total Strain Range)
; WM ARE (Plastic Strain Range)

AW A (Elastic Strain Range)

F& %588 (Stress Range)

2 W E R (Total Strain Amplitude)
HEMEERE (Elastic Strain Amplitude)
WM AR (Plastic Strain Amplitude)
M M (Modulus of Elasticity )

% % $ £ R M (Fatigue Ductility Coefficient)
¥ 4% k4 75 3 (Fatigue Ductility Exponent)
P %5 SR B =¥ (Fatigue Strength Coefficient)
FES% B EHRM (Fatigue Strength Exponent)
& 77 #% %8 (Stress Amplitude)

K28 (Number of Cycle)

% B 52 22 8 (Number of Cycle to Failure)

; BEW M (Number of Reversal to Failure)

; B#i5|3E%E ¥ (Monotonic Strength Coefficient)

HEM5lk WPAEE/LIFH (Monotonic Strain Hardening Exponent )
KRB BE /M (Cyclic Strength Coefficient).

RO % % E{L# B (Cyclic Strain Hardening Exponent)



mp o LRl v ol fREGEmel ol 60 ol b E TR

. 28 R FF (Ultimate Tensile Strength)

0.2 %S Al B ki@ (0.2 % Offset Yield Strength)

0.2 % /@@ %4 E (0.2 % Cyclic Yield Strength)

: Current Tensile Peak Stress

Half Life Tensiie Peak Stress

; Faijure Level
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SS3U4S

Strain, %

A &= Total Strain Range = 2:€q
A &= Plastic Strain Range
A &= Elastic Strain Range = 2€,,
A J = Stress Range = 20g

2€pq

Figuret. Parameters of the hysteresis loop.
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B T s EHERRAA BKE 23%TF EXENH®E
stel A®eba otk o Bhmy wLEES Emog WI B, ¥

g Eel o at prgel A& (life-time) 52 RregEs o
ol o},

Aol HaEE gitel od wol p®s=y mme LA B
el muEBE 74 vrol AAE Ak el EBAG HEME

oldl A HIES BamT HaRkmel EEe oy«
A0
=S

Elastic Stress Fieid

-

s
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Plast:c Zone — Strairi Controlled { i

Region
AE

/ Specimen subjected
—
.

P strain - controiled load
T T T | T
. | b

IaNe)

Structure component under stress - controlled conditions

Figurett Simulation of !esi specimen for the structures
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fEel 2 #% MM (Low Cycle Fatigue test) & 7ol Lo
A AgslE J1715d mEEEe A% S HEREY A4S 9
d T2 JARoy, Ydls BN A&HE JiALAE, FzE
T ENEERA A FIEY FHL dBss] g Py o

FHz Ay FHAFEE Al 240 KAMEC IFLYy AL,

S48 HEEe HEEN BHA AHsted U xHdr SHPFH
Tl s B H#E 24T 4 U oW SHYFE  Zuo
B BYBHS TAN =453 4 (elastic stress field) o ofs A
e 7] AEl L4V ME OEE ™ o A= A
= 449 (plastic zone) & #WH&o o3 #H@sActs £ + 9
o olgzte HAHez HE i EH(root of notch) MK I
EASE 2 HHY FH/ARHA (smooth specimen)S MpE Aoz
7 (strain control condition) TFolA AMolZ HZAPES 3o
de AR AUAL F Yk F A2stFol FLAE kA ES
of EH—MHEBRE (stress-strain history) & HFAFHLY H
Bt EAolZ EHRARE Ytz d7AM g2 AA%E REEBEE
# (cumulative damage theory )ol HEFo 24 w3A4 Lo @i
&2 (small crack) %ol ZAF Wag d3¢ + Yoh2®

AL FAE A AIAX o HHSAd A3 EHol T
HEH%ol A WP BExmso glen ¥ pAea gz

El (parameter) & ol &3 FHFAH W Fol FHFz o F sz

of¢

}_
o XA HolAd FIdIH P HEES IO o AF odFo #H
Fol HmElel et zaY mI T HE FHKEEY MAfmEd
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2. XBHH 9 KBHE

2.1 XMHH 2 RmA
Wl A3 HBE At BESEY HHZH da  FiEEa
Sle SMABS, FA&A, a4a%, ASYLE So ALLHE: SF45A

oltt, Table 12 =259 (LBfy RHSS 233 Table 2 BBy

t®E hehul o

Table 1. Chemical compositions of test materials.

Materials Chemical composition (wt. %)
Desig. . C Si Mn P S Ni Cr Mo Ceq
SM 41B 0.13 0.28 1.0 0.014 0.004 =3 - - 0.308
SF 45A 0.20 0.24 0.8 0.016 0.008 0.017 0.015 0.006 0.348

Table 2. Mechanical properties of test materials.

Materials Gauge Yield Tensile Elonga-~ Red. of
Length Stren. Stren. tion. Area
(mm) (MPa) (MPa) (%) (%)
SM41B 200 289.1 426.6 33
SF 454A 70 286.2 487.1 27.5 55.0

Fig.12 & XRoIA A& HmAA 834 2 A54E vy

itk RBAS SM4IBS A$ 25w BFs Zoo]s, SFAAL

2
gz dAst =TI HEd #FA FlA A4 ddwFH

z
BYsA Ak RMAL AUAF F $10009 BAel o
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g ewreron ook e, B Fo Ru: @iasoez v A(buff-

ing) utstEe HskAh

O =
Pv S - S
S S NI,
Roll. Oir. X S s
T 1)
A
2
35
87 5 45 5
177

Fig.1. Configuration & dimensions of specimens .

2.2 RBE X ERIE
el AHEE RBREAN S BB KHE 250 KN, BEAEE
+ 100 KN 29 5 Z X mMEES R R B # (closed loop serve-

hydrenlic testing system) &4 ] Z 39 M-S Photo.l ol
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Phototo.1. General views of material testing machine.

ARE BERSI@EN s & R#Ko dsld RBEY @HEO
E dAY% BEEEELT REWME SRR E (companion specimen
method)®eo 2 FYsigon, WMAE BWEEY pEwpe 42479
(triangular waveform) 02 st@lch Fig.2% o978 &Mtk
o WMEMMERXS e
ABfol REWMMEE BHEL #HE 2 KHEe 35me  REE
BYF Aol £33 KW 4 (gauge length) 25mo] knife edgel fd
B®it (extensometer) o A3l Pk 2KRS Sshd WK
(strain ratio;R:)E -19 %Z2FE(fully reversed) 22 519 oo
M= = WMEPEEE (strain rate) &= 0.005/sec 2 UAsHA 5o}
etd  REEE (cyclic rate) & 2 W ARG (total strain ampli-
tude) of K/hel @tz 0.104 ~ 0.625 HZ 9 Rol ok, W s &
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WL T#e] wh SEel JURGRMe] dieh K Aol T BBl il #i%t
e
0 ‘ll\ ,l \l\ ‘ \ N
-€

Fig. 2 Type of control condition.( companion specimen method)

met Ho o+ 0.000505t7t HEF A

2 OERIAN RBNY mEFL IS RAERAAA 5IEEA H ol &
wo] (ko= ZFolze 2749 o oFfzm oz s 2w
REKS Winsd 28BPERE(UT , 2 RaLT)d A 113 [ R

B (number of cycle to failure ;N;) = sk o,

oy. (100—X) 1
oo < 00 ()
1 ”i:"
“ == (G max)i
0 H-L (%/_4) ‘,__.g T

71 A,  Grmes ; tensile peak stress (o} Aol Zell Al ol Aot #

o DD
6w ; half life tensile peak stress( N—4 o] ol 4 %’V
wpo) &7zl 2] tensile peak stress o HFA)
N &R

X ; failure level(range; 1 ~ 100 %)
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€ EEIAE X3e 50%2 HPs H 2 () A&
onax <0'56H-L (2)

2 ZE3 dAg F, Jdo REMAAS Z[EBES  mAEH o) Ou.L
4 1289 e 2AY A mEt BES Aoz BEY w3,
€ MBAAE dde e, o W3 HBAER (8] 25 2] A £ F Z(hyster-
esis loop) , WM MWIARM (plastic strain range ;4¢, ), fEHE M
(stress range ;46)] 52 1~8 Ho|Z7x = o ol Ewvick, 7 o]

o Al FEANE B Rl AL MHNZENA 247} o Hop

n = 4.5’6'7, ......

£, 2 RBAA A% BERK(E)ZLS A 1x0Z o 1/44
o]F Tl AASHA

Xk FHA zmAFA FAZoo, KMERESLS SI Hirs
e},

re

e

i)
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3. BERER 9 EE

3.1 FEEEH-—#pEE (Cyclic Stress-Strain Behavior )
Fig.3-2 SM4IBol ¢,=0.2 %2 KEESHES matd & wHel I
o]

G- s 8 el A= F-2 (hysteresis loop) BES ‘YrER L QL

o, REEor Zobarel  wheb dAeh e ol HEE fEhpEEs A 7t A

s Rk (cyclic softening) & Aol s Aqee ¢ F A
v,
cycle
i
1
stabilized
hys.loop
4096 cycle
8192

Etg=02 %
R((_ :—1

Fig.3. Variation of cyclic stress-strain hysteresis
loops by companion specimen method.
(SM41B)
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Fig.4= SM41Bel| ¢, =0.8%% REFSHES mstde o9
REEN—-BEE slzbadNs 2SS dYeyz oh 2goz My
¢ T AT v ol ¢, =0.2%d ALYE WU T FEamo 5
Zhel @t BAOEEX S Flste REBEAL (cyclic hardening) & Aol
s YLEE ¢ F Ao

512 cycte
N

g

r0.4%

€a=0.8
RE ="7

Fig. 4 . Variation of cyciic stress- strain hysteresis

loops by companion specimen method.
' (SM418)

Fig.5+= SF45 A9 ¢, =0.8%<2 ZAsFIAY 3 zuasga =
EHE ez gk SF45A HA SMAIBY s, = 0.8 %ol 49 u}it
A2 REEARHLE Bolz Qo
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T TR th N EaEe) (EEGE] fiE sol <t AR i B R

L Lfl,

O gt ; ! A [ )

e i i ol L 04%
T Egs Oéi%'l” =TT A b g e

Rg:‘“7

Fig. 5. Variation of cyclic stress-strain hysteresis loops
by companion specimen method. [SFL5A)

Fig.6 »1 Fig.7 & 77 SM41B 9 SF45A gold KREHS #
e Hage @, 7t el EESHE Bt REmstel A S

UEbd A elch SMAIBel A e, = 0.2%%) A% o4 slz" A=

|

2wz vy zAd we ol WAN ®EFE ¢ & stk WA

o

cw = 0.4% e okl A sk Aol apa sk, = BRI e T
0.2%el 4 ok dAsA Felwm 8@ Ax A AZT E

JEtEel vrebtn Ak e = 0.4% ol & ASEd AdjdE A

v gE@Erde ¢ o+ ol
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&M SF45ACIAE  Fig.Tel ey upojztol €a = 0.2 % o A=
%7 WALt F4sAwk, AL SM41Bo| oA Bddes F3 A
%oea 7t 0.2%MY AW, REE{LSTS ¥ SM4IBoA 9} 7+
v BARES Rl UolA, SM4IBel wusted 2o o
.

3l

N

ol9hZe e Fig.4st Fig.5% wmstd polw ¢ F Aok
w2tx  SF45AE  SM41Bo] st HEBEENN o & REBE/ &
< e Aoz Exmo

olet o, REMEE Wiol =2 K@it B BELEEHS @
Bl =, 2R e, kel @ =R o £ g ghivas

3.2 BMMBIE#ET REEN-BEELY

Fig.8 3 Fig.9¢ 27 SMMIBSY SF45A° EMIERH_BEE
R REEN-BEEHRS T4 Jgd Ao o

2ol —KERoZ JEy o] REEH-MEEMEolw A 2
0= EAY AEL A eol Wad AN gAY EH-WEEE
BE FE 12N REBAASY 0,9 e, Alojghme u g
Mol AT 2MMEHA 1 EEFel WA W Ee EmIE
BO-BEEHRY XE) REEH-BEEHHRI -—-Hgge 272
obfel  (5a) Rt (5b)Rez FAYF 4 9o

LEEIE S SR 32

g = K-(ep)" (58)
= o,(ep/e},)"
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Fig. 8. Comparison of Monotonic & Cyclic

stress -strain behavior. (SM41 8 )
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—— Monotonic Stress- Strain
Curve

—&@—  C(yclic Stress-Strain Curve

obtained from 0.5N¢ by Compa -
nion Specimen Method

| | l I l | | | | |
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Comparison of Monotonic & Cyclic
stress - strain behavior ( SF4L5A )
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KJ’ = “{] T‘—} (\ L ‘3,] 0 e ﬁk% Cy €,0 = 0.2 % = 7 9\9 = K” *O"I Zik

Table 3 Monctonic & Cyclic stress-stralp constants.

Monotonic Cyclic

Material K 0, (MPa) n . Oy((MPa) n'

CMAL B 301.4 280 G.0436 | 348.6G 262.5 0.1768

pre Y S,

SEA45A 33507 87 0.0975 {394 .6 2945 G.1018
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W BOBEAET 12N $2Zo4 A dAsH7] o Sof €ta T
T V2NsjolAde EH-BEE slzdaddr 232 ey Begp
BRG (erg) 3 BUBEERS ()22 Ud¥o] Aok meby Zojx
Bir N, oM 2BEBRE, ¢, BUEBBEN BEESBE ol
o AL HMAfsH 6ORoZ Ueo Ao

eta = epa + Eea (6)

Oq
= epa + f-
A714  e.— 2:N; %A £ Basquin’s Eq.3l M&Xog vehyd 4 9

.0

a = L’Ef_.(ng)-b )
3, € —2:N; HAE Manson-Coffin ®3 (8) Ro 2 gy <«
10s A

e,a = GII-CZNI)_G (8)

2-A R m Qe wped o] cea—(2N) 9t ,,—(2Np) & S (log-
log) #HTAA F5F FHAAAES ey 1,0 RBERSS o &3lq
7 AL B/NERE (least square method) of o 3 A e 7pzt
A AF R AF, ¢ ,a,0//E bE Aejstwd Table 4 9 7}

A7l e o NS FAE 6, M, B Koz iy

€ta = ef’(sz)_a‘}‘ L’Ef_(sz)-b <))
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Table 4 . (Coefficients & exponents of L.C.F Eq.

Material Ef'

/€

SM&1B ¢+ 0.351

0.498

0.00237

SFL54 | 0.279

0.478

0.00342

ey 4 8l

th,
A i R O

SF1HA S @i 2

Lot Bp gl o 970
4 {"‘{ e \} :L .‘L,QZ ;%

Photo 2

18] ol
Apol =

i 546

B B 2

Photo. 3

71 2]

o zk7h SM4iB S

EE R

A
g4k | 7

R way

%z Ytk oly SM1lB

7o) Pk

L

SF45A 0 &, =

Sory o Lv et mEe #@mel BE#f (macroscopic) @l Bk
H o
: el whel el e, b ARSFE mEmo oS 7
Gl ibgn ow wrkdlE 2 kg8 (secondary crack) @ S A
: U, b AWEE Ruelz f b MR
Mmoo dp skl i Eelve Eesig el s, @ belis W&
i S wokvl gAimol g Asiel At B (step) oy ok
- R o oy ST
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REREAE ABE RIK W10

(Aa) Efa:O.Z%

Efa: 1.0 %

Photo. 2 . Macroscopic fractographies of the Low Cycle Fatigue
fracture surface. ( SM41B)
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o

b Aol tly o) Rl i I el

Photo. 3. Macroscopic fractographies of the Low Cycle Fatigue

fracture surface. ( SF45A)
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Photo.4 9l sl B+ 2 @ oua € = 0.2, 1.0 % 273
A4 REMES Hmste gz WE = BBAY (microscopicy
ME el Aeold 2go0z w2y o A wek ol Emp
OB e EHREY & &Ezolofo] 4 (striation)o] =g
StAl vebdeh e, W o) = BRES LW} F®mo g
R BRI Jd wBEY MW (rubbing) o] B4 sle] 20 %
FHE RS BMEY St e, BEagel AA  Striation Hoh:
tire trackol BRI Y Lo Boly <+ A=,

Photo.5 &= Mmsl: e, g Ko € BELY xRE =z
1A e, =0.2, 0.4, 1.0%e14 BEY mES REMA B
T FdEod dehd Aol
ZHR HH & & dE w7 EBEE M (e,,=02%)
Fel BEAN & 2Egoloolde  Hpol A A whd, HMwEo
TF5 BEY ZEooojHe ZojS o, rubbing o} tire track
oOBRel AvHol Fe @ £ g g BE kol Ydeg:
ZXBHL EBPHANE W AR (transgranular ) 9l uiel, m@pz
off A & ¥R @ (intergranular)o| g ., °l¢7te ALM & photo.d of A

E A% 4 Uogw
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Efa=0-2°/o

€rq=0.4%
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Photo. 5 . Variations of the Low Cycle Fatigue fracture surface
with changing the loading condition
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