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Increase of the Ratio of Fatigue Limit to Tensile Strength after Tensile
Prestrain in the Surface Layer Strengthened Hot Rolled Steel Sheet

Yoshio HASHIMOTO, Masaya Mizui, Tomoo SEKINE and Shinichi NISHIDA

Synopsis :

A study has been made of the plane bending fatigue strength of the surface layer strengthened hot rolled
steel sheets produced by austenite range rolling of cast composite ingot which in the surface layers, about
0.1%C-0.5%Mn are added on the 0.08 %C-0.8%Mn base composition and also of the stainless clad hot roll-

ed steel sheets. Following results are obtained.

(1) The ratio of fatigue limit to tensile strength (RFT) in the 8 % tensile prestrained surface layer strength-

ened hot rolled steel sheet is about 0.65 at 10 % surface fraction.

In this case, dislocation hardening due

to high work hardening properties in the surface and inner layers, and compression residual stress in the
inner layer have increased fatigue limit of composite steel sheet.

(2) Fatigue crack initiates from inner layer in the stainless clad hot rolled steel sheets.

The calculated

RFT of inner layer becomes about 0.62. This value is higher than that of inner layer only, namely 0.44.

(3) It is thought that in the surface layer strengthened hot rolled steel sheet, the surface fraction at
which RFT is highest becomes smaller by the tensile prestrain.
Key words : fatigue ; fatigue strength ; plane bending ; surface layer strengthened ; hot rolled ; steel sheet.
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Table 1. Chemical composition of surface layer
strengthened hot rolled steel sheet (Ingot analysis)
(mass % ).

Layer C Si Mn P S Al

Surface 0.19 0.02 1.32 0.004 0.002 0.014
Inner 0.075 0.01 0.78 0.004 0.001 0.015

o RIGERABEEIC L D JIS RERBETIT- 7. BIRDY
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IR S5mm TH5H. FHBoOMERBE O M 2
9 FE (759 FOLBEIHT2RAAEGEHMOELD
HE) 013 0.5% IR TH - 7. 2 DOFEKE % #600 of
EREFREREITo 72, #6000 FIBT 2 7 v FEiF 2~
6% KT L7 EHREBREMFEWIRY FHEmehy, 1800
CPM TY 7B HV2. X701V 2275
FEESROMEE 2 FEREL, NE (ZENBE 3.5
mm/30%, 4 mm/20%) F.LES 265 3 mm EOREBK
*PRELL7Z:. FLT, 729y FEN20% OIEHRTH
LRI L 2B R OBA5 RAKRE X UEF AR
%, 77 v FEN 0% OBIERMK A SERELL 7-ABR
BRRDBETIRABMOA 21T 7. EHABHONER
B i #600 BPEARERNEL, MIBEKRE LA, &
52, BIESIN O KRB % #600 BHE D AT - 72 RERH T
FIRAB AT, WBOWEL 7 5 » FEILEBOI]R
ErEtE L FlED BXUERNREBICIE, TXCTE
IR EER % Fva 7.

3. # R

31 FTMBRERROMY
KREHILBIERBUIRE, FEL b7 2514 MRAIC
BRFRA %, BES A BEND EORECITbR
7:EFERTE . FBIZC, Mn ENEVDT/N—F4
P ORI FHE TH A (Photo. 1). ERBELHED

Cast composite ingot Rough rolling m m

Reheating : 1200°C, 1h Reheating : 1250°C, th Fraction of
Finishing thickness : Finishing thickness: 4~5mm surface layer
55mm FT : 800~830°C (>Ar,) was changed

C.Mn in surface layer
Ingot size
150t x 150" x 300¢(mm)

Fig. 1. Processing condition.

Table 2. Chemical composition of explosion bonded hot rolled stainless clad steel sheets (Chemical analysis, 5
mm thickness) (mass%).

Clad ratio Layer C Si Mn Cr Ni Ti Nb
20% Surface 0.022 0.48 0.88 18.38 9.42 — —

(10+10%) Inner 0.004 0.01 0.14 0.01 0.02 0.015 0.018
30% Surface 0.019 0.50 0.88 18.59 9.42 - —

(15+15%) Inner 0.004 0.01 0.15 0.01 0.02 0.015 0.020

— : Not analyzed
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+— : Surface-inner boundary
Photo. 1. Microstructure of surface layer strength-
ened hot rolled steel sheet. :

FT(C
OO 48 (e ézo ) 4508
E 0800
A 815

% 4l |a830 4312 |-
x o é
") 4116
~ Op=40.6+13.3XRg .

m

© 4l 392 L
%\ 333.2
N

- 313.6 |-

X o
= &
4 Oy=28.7+12.8XRg | 294 [

B
© Llo7a4 L

50

Fraction of surface layer (%), (RgX100)

Fig. 2. Effect of fraction of surface layer on ten-
sile properties of surface layer strengthened hot
rolled steel sheets.
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Fig. 3. Work hardening of surface layer strength-
ened hot rolled steel sheets.
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Fig. 4. Effect of fraction of surface layer on 8%
proof stress of surface layer strengthened hot roll-
ed steel sheets.
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Table 3. Fatigue strength of surface layer strengthened and conventional hot rolled steel sheets.

Hot-rolled 8% prestrained (tension)
Surface fraction Tensile strength Fatigue limit (ratio) Fatigue limit (ratio)
Steel (%)
0 [ o-Wt
kef/mm?(MPa) kef/mm*(MPa) owl oy kef/mm*(MPa) i/ o
Surface | 10 42(412) 27.5(270) 0.65
el 20 43.3(424; 27.5(270§ 0.64 26.5(260) 0.61
strengthene 30 44.6(437 27.5(270 0.62
Conventional 24( 235; 0.51
(SAPH45) 48.9(479) [22(216)] [0.45] [24(235)] [0.45]

[ ]: As hot rolled, the others were polished

40 392
E 8% Prestrained Table 4. Residual stress in the surface layer of
~ 3BE Qe we ———— |sas . ) . )
~ E \B prestrained specimens after fatigue test (Strain
30 HSurface @ 5)
g E | layer T — 204 F & gage method™).
s 250 ®10% 20% o> Resi
b - 245 esidual stress
> 020% 2
030% Stress amplitude . kgf/mm® (MPa)
o 2 Surface fraction
g 20 196 kgf/mm % Position
£ Hot rolled and polished MPa)
o 40F 392 A B
£ 3 20%
6 35 O~Th 30% 343 35 21.1 +8.3 +7.3
3 ANz \icg (343) (+81) (+72)
§ 30F ~3o.. = 30 18.9 +5.9 +6.5
£F S tmrm _._‘é: 204 F & (294) (+58) (+64)
(7] - 10% o> : 27.5 17.1 +7.3 +7.0
3 245 (270) (+72) (+69)
- >
20'111 . el " Lotk 196
108 5 108 5 107 4. % =

Number of cycles to failure

Fig. 5. Fatigue test results of surface layer
strengthened hot rolled steel sheets (Completely
reversed, plane bending).
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FEH I 0.62~0.64 L& <, RE Nb, VIEMERRE
WAIEHN & FRBETCH 72, T/, REE 10% D
FEREE (& S-N f#f TR L3k 2X 108 [~/ IF1E %
EHREE LANET A & 4 26 kgf/mm? (ESTRREEL 0.62)
LIRS NS, COEFRECHL, REX10% OF
I TERER A (3 IE SR A4 1.5 kgf/mm® H\v. FML
BOEFREHIIRRBERI 20% Tix 0.61 LHET
D064 LOETF LA L L, REEH 10% DHEH
FREEHIE 0.65 & FIIA R WIS OHERE 0.62 X D
BWEERT. EFRERE OIS HIEE (27.5 kef/mm?)
TERFABRFBEOFIMLABH (RBEH 20%) K@i
35 RFRZ IS 250 A EL 7.3 kef/mm®, BERTERITEEC
7.0 kgf/mm? 4 L T2 7z (Table 4). & OfEIZEERH
FARTIRIEHIEESAKREL 2o THA L LAEILL &
Vs, D AEROFRE I LI 57 R ERET ORI ) & [FAR
EThHIE, BEALHIEFRBRPIC, 3LALEL
LTwiwiillsns,

MIER S © WM TRELOEFREICRITTHBLRA~S
o T¥RAMECEHEMI ML, BKEH (YS) &
EHBE (o) OBFEZHAELL. 2L C, HEML
THREZHEMT 5 EABMIMoRER I LE— YS
THB L CEFREMES 25 LTWE. &512, &
S OEBRTREMBILE (04, D 0.23 fEAEITRE
DWMEBEL+HEEREL B —KLALY., ZZTlRT
MIic &k e LE & LT 8% BIEEFM IO EG
HmE (ROBmEXx1.08) 2H, 20 0.23 %
EHBREOMEL 5. RIC, BRECHOEEIZ>V
TEETS. BB RERMCLIRMIETH> &7«
74 PEARCEHREDHETSY. Thid 7254
FEN—FS A VERRBETAHICNE s ulB IO
BahzzpheELON, XBTHUETETHAD. *
LT, CORNBEFRBEFICREL, EHRE~DE
B3, 70 2~3%? THhH, FEII-SWV, o7,
ZCTIBMACRIE L EREROBREIC I EHV 5.

TR I R TRE AR BE 0 I ) IR R 9 57 A BR 1A 5%
TBI6H (og) PEICEETHLEZDY. RELHD
EHRE~NOEE RN TEKES (Fig. 6).

AGWRz — UW/UTXf Gp *eeeremrereassnsnaaainaiin
(og 3BIBED #1E, EME B LT ). ¥/, EBKIC
B (o7) ZBIREBED 1.5~2.0 & L, EITREILT]
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Fig. 6. Change of fatigue limit with prestrain.

RBED 0.50~0.55 5L 5. Tho o
LOEEBRTHOLN. 055, R 1.5~2.0 L5H
BESRARC13 O N7z ET, M OB ERREE SN < % <
RAHUEEEED D, BHERIICBTS op/op DB E
RICART. FEH HE 2.82 mm) : og=741 MPa, oy
=1404 MPa, or/og=1.9 #4E (H#E 2.52mm) : op
=602 MPa, 07=922 MPa, or/0g=1.5. %7z, 0.50~
0.55 WEHOLDERR2LHM L. Shooffet
(DHRRATEE (2)XrEBLIB.
Aowr=—1(0.50~0.55) X 05/
[(1-5”'2-0))(‘7}3])(0'1% ........................ (2)

I SREIED 0.25~0.37 EAYESNRE OELE
e, REMACBLFHITTFMTICX - TIMIE L&
BN ORENERICES 5. 0k, FIMICE
BIEHREEOEAL A oy FEAIIRIL & BRBIEN X B
LILEDEE (Fig. 6) THAHH,H
A0yg=0.23X 045,— (0.25~0.37) X g +sverereess (3)
Ll b,

I R EmE (APS: 8% I-FEREE) MV
<

Aowy=0.23X (14 &) X APS—(0.25~0.37)

XUR(E;ﬁﬁ'\U‘f&) ........................... (4)

LRESL., I T, APS & oy O BRI JIS G 0202
1132 FOEBRRNIC L o 72, FIMLES 2 WIBEERED S
BETBHEDEFRE ows, AR SHIET 256
DIEFTRE oy iRD(5), (6 )X TERES.
Os=ALX Ggg =werrereeererseoreaseniiniin, (5 )1)

Owr=A2X 051/ (1—Rg) +rrereeesessescaneneciannns (6)V
ops, opr: K&, WREOFIRME Al, A2: %, £RBE
ENRB MR OFEIZLDERFRL S.

37, BBLARBORYILT ors, opr EIMILE ()
DEEDFKE L NB DM PSs (e), PS; (e) EFE
SIEBASELT

”RSZ[PSS(5)_PSI(5)]X(1_R5) ............... (7)
opr=[PS(e) —PSg(e)]X Rg <:-eeereeruererecnnes (8)
EEPT S,

(3)~(8)A»oFIMILFEOIEIFRE T
KE»SHWET HHE - (5)E (4)Kd ok » s
bNn (APSs, ogs: KREOWHEME, ZREIET)

ows=A1X 0gs+0.23X (14 ¢) X APS4(€)
—(0-25~0-37)X”RS R (9)

F7203(9)RD ops 1IZ(7)RERALT

ows=A1X o5g+0.23X(1+ &) X APSs(e)
—(0.25~0.37) X[ PSg(e)— PS/(e) 1 X (1—Rg)

WBH» SHEYT B3546 : (6)RX & (4)RXhoRkX 13
5 (APS, op: PO PG, HEIEH)

owr=[A2X o5+0.23X (1+€) X APS/( )

_.(0_25..,0_37))(0“]/(1_}35) ............... (11)

F 7203 (11)RD o, 12(8 )X EMRALT

owr=[A2X 0g;+0.23 X (1+ &) X APS; (&) +(0.25~
0.37) X[ PSg(e)—PS;(e)1X Rsl/(1—Rg) +++ (12)

&%, KRGO TEMTETRER T, REHE
BREVHEFRRB LA OEFEOMITIEIZ/AS .
D, RELSHEETAH. LT, EFREIEE
DEFBEIZHFEL <, KBFICEBRI—ETHE. —
i, REBEROBLTFY EEHRD) MEIETT %
WoT, RBEOET LHIEHBERITE 25, =
s L, REBEI/NS WIHEREFEOMITICAK &
, WE»ORET S, ZOBSERTMOESHE L —
ETHHD, KEIHE L BT IRBROMIME
HITKEL D, 2 OEMEHIES FIR O 56 EE OB s
LDREVI-ORBEOMEME LICHEFRELIIE 2
B, ZOZOo0MBRERAE LY S LEE, NEOMBIE
DEBT D HEB TR RELA B RICL .

LT OAREBRBIC S & FITIC & 25 REOEE
FET 5.

(1)RBH» ST 56
ML & B2 - 2.3 kef/mm?, BIEFHRF BN IC X
BEAL : —1.8~—2.6 kgf/mm® & EFH(Aoywp+ Aoyg) —
0.3~0.5 kgf/mm?

(2)HBH SHIEST A5
MTRE LI X B2 : 2.2 kgf/mm?, FEHEEZIEHICX
% 24t : 0.3~0.5 kgf/mm® & &t (Aowp+ Aowgr) 2.5~
2.7kgt/mm?, (KB¥H, KEF 10%) 2.8~3.0
kgf/mm? (FEREHH 20% 13 2 OEA, EHICKEL %
5).

DX C—EDHIREH ORI ETEINEL S
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Table 5. Fatigue limit of 8% tensile prestrained surface layer strengthened hot rolled steel sheets.

Fatiguf limit
kgf/mm*(MPa)
Method Fraction of surface layer
10% 20%
Fracture from surface layer Formula (9) 26.7~30.1
(264~295)
Formula (10) 24.9~28.9 25.4~29.3
Calculated (244~283) (249~287)
(41=0.50~0.55, 42=0.60~0.65) Fracture from inner layer Formula (11) 33.8~36.5
(331~358)
Formula (12) 29.9~32.3 34.1~37.0
(293~317) (334~363)
27.5 26.5
Measured (270) (260)
0.8 T T T T T 4 0 i : ] 392
o :8% tensile prestrained
o :Aspolished ?:r;?ncren polishing; #600
Al:Fatigue limit ratio oy i a,
of surgf:ce layer ] E 35 |- o N, 343
A2:Fatigue limit ratio &= [ A o™, i
" A2=0.66 of inter layer g N N
2 o1} . 3 “ h2
13 J =1 " N, L «
g L 2 30| 3 g 204 &
] g - \\ o, ]
g g \ - - ‘D"’
e g N
g Z - N e
= 256 | | Surface ) —245
g C | Sson N\ °y ]
2 - 0
& O 30% halalblie ¢
20 [} | ] | [ 196
105 5 106 5 107
Number of cycles to failure
0.6 1 i 1 1 1

0 10 20 30 40 50 60

Fraction of surface layer(%) »

Fig. 7. Effect of fraction of surface layer on fa-
tigue limit ratio of surface layer strengthened hot
rolled steel sheets.

BIET ABE5 RTFINL IR TRl & MR I
NEELEHE, Thb2s, FEFREOMEICHKICEST
5. —F, REH»S AHRETHHAMTELIC X H1
NE & FIRBREBIC I X AR TENRER CIIFERERE &
%0, EHFREREERFMIICLD, 3 AEELLE
Vi, SHICH L, EEBRTIEIREER10% THET S LK
FRERFIBRFMIICE > TH 1.5 kgf/mm® FH < %o
Twah Ll ans, 7, REEH20% TE5IHRT
T & 0 EHFREA 1 kegf/mm® KT L7, BIERF M
TEBEFREOEILEIRBEH 20% DFEIIE
B0 OBBEDHEIEL, REFEH10% OHERR
& o nBiE L N2 5 OBIEDGE O P REER R,
(10), (12)X CTEH B L -EFRE & EREFRE %
Table 5 (2789, T OFARBEHN 10, 20% DHE L

Fig. 8. Fatigue test results of explosion bonded
hot rolled stainless clad steel sheets (Completely
reversed, plane bending).

LEBH O OHIE (R 10) R LEHEME L EHE»E .
DERET S ERBEN 20% OBEIRBD» 6 OM
W ORBEN10% OBSINEISLOREL KB, S
DWIBOBRERICHADTHA . RIZ, EFREL
PEROBEL RLRBELIRFMLOBBRIZOVTEE
T5, RBELEFREELOMIRY Fig. 7 IR T. &
&% 5 OBIEMAMRIIE RFMILEAT > THIEFREHNE
L7z oBEIL2 V. —F, AL S OBERKIE
FIERFIMLCHEFRE S 25700 LEANCRE T 5.
CORR, EHRELRIRLEL RARBERITIERTM
TITE A& 25,
RWECATFYVAZ T v FEESIKOEITEEICDOWT
EEBTAH. 7Ty FEH 20%, 30% O BIEHHK D
#600 FFE#/ D S-N # X% Fig. 8 IZ7R"T. ThHDR
HE2BELL CARFREEEORBR T TR LARE
Mo EHUPRELTWE, 2025 v FIRROMESM
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30 ; . . . 294 [ B LOGEMIELE RS S0pum BELEZ S
Clad ratio 20% nTsy, RBFOBEZIIHL 0.8% IC@E s\, 2
] N t=5mm 06 | RS LIRSIRIE I 20% BB A L WES AT
5 58, ZORGEYEIINCH L O THEES £ L% It
3 _ BLTBY, GEINTCRERES D L7 iR
£ w0 1% [ amchornTdhwE B2 6505, REEHOH
E FATHNZ T, FBE T ORINLRE R RS Tl
g, o } BICX BT NOBEHAL LI, SHIFE LBV L
THEIDOBEE, SHICBEIBHETES.
0 0 5 1 15 2 2.5-98 ) 5. i

Depth from surface(mm)

Fig. 9. Residual stress in stainless clad hot rolled
steel sheet (Strain gage, chemical polishing).

TIEH R I % FJ& 0.50~0.55, P& 0.60~0.65 &
WEL THED S DBIE~EKB DS OBIEOERT HE
v ETHL 50~60% LB, 7T v FFE20%~
30% CTIEABY» O ER/IBETHLEEZOND, HH
BETIhZHEALL. oy, WEBEHE (ERE)
ICHE L S [ow(l1—Rg)] &, 77 v Mg
20% ($#600 WFEE % 14% ) D3paid 19.8 kegf/mm?, 30%
(#600 FEER 28%) DM ix 20.2kgf/mm® 2% 5.
AR D5 IEMREIX 2N 31.8, 32.5kgf/mm® TH 5
M5, NREBOWHMELIXIIC 0.62 L 42b. Zhicxt
L, 77y FEH20% ODBERBDONBE D H 50K
B # R RIE T B L 72 0 H IR i3 14 kgf/mm®
ThHY, EHRELIZ 0.4 LKW, ZF VLRI Ty
N B IESAR S i JI P I B AR A 1T K D SRR AR AT
BGENHHY. 2Ty FEI 20% OREBRIIEHHN
12 EEIZTHH 20 kgf/mm? DOFRRE S, WREIZE

¥# 5 kgf/mm?® O FEFEHRZ IS A8 AE L T 72 (Fig. s

9). T, NEBOEFMEZ(3 )5z 1~1.5
kgf/mm?> BN+ %, COBEFEBLTLER»S &

BORETHBECHLLARYL L ARBIRETLIHED:
BT E L ER, WENMTLT, -
Tay by FEOBBIINTIC X o TESBRED

BEH LT = & s

B RABENRELAORTWS, I RIEMAITIC
OB ESIMTELBATE, RS ORI ER
BWRBILHBELA O EHPShTWEY, LarL, &
FREOEHVEFIREGICHFELTH, ZOEIN W HE
WIEARBET OKRIMNITE D ERE & FREEDILIIRIE &
LA, ZD7, KMLEOEFRELAEETICEDLL

TWABEBELEL 25 ERINTB»SBIEL, EHIRE

BB OTPL2ES OV THSL). T4bb, Y]

KRBIZC, Mn %iEML, Ar ZREMLLECHIEL /-
BAAFKEBILBERINE X OBEXF LAY S 9 F
B O T E BT E S BE > W CHRE LS. UTFo
BEIHRONRTV S,

(1)RBEILRERIK 05| R F I L%ETREL
(ow/op) \IEBRAH10% T 0.65 L2 0), BWEIE
bh/:, THIREREABOMIMLESKENT &,
FREI/NEVEHBOEFREDZEIKE L, NE
KGR TFMTC L D ERERECISELA 2 L, W
ERBIZILLRBOWED /2§ DI L SR-PFLE
LEEVWEIZLZ0THA .

(2B LERBOBEDOKEVAT VLAY Ty
N C IS TRERE O CTINE L SHIET .
PRI L - BRIE I 2 5 v M2 20%, 30%
DRBFEH80.62 THDH, NBHEMOEZAD 0.44
L@,

(3 )FERACIM T ILE I BREE AT A & 72 B KB
BEBRFN LS AHE R 2 WHEL VIS kB EF
WENbB, FPMLTICLDEFREDOEL Agwa & Aoy,
=0.23X 04;,— (0.25~0.37) X o TERE 5. FEBILH
HESAAR C 13RI & NG DIE 5T IRE 253 ICF I T T&AL T
DT, 5IRFPIMLERETBREOSHEN Z/ER L 7.
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