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Abstract

53

This study has been concentrated on the relations between the crack growth rate and the stress

intensity factor, the fatigue limit and finally on the condition of the crack propagation along the

laminated cross section of the laminated steel under the repeated plane bending through tests. The

fallowing results are obtained.
1. The fatigue limit of the laminated steel is higher than the single steel
2. The relations between the fatigue crack growth rate, dL/dN and
Stress intensity factor are;

dL/dN = 214x107"' K*** for SUP9

dL/dN = 1.70x 1071 K*% for SMS

dL/dN = 9.77x1071 K**  for SPMS

dL/dN = 357x10% KI5 for SPMM

dL/dN = 550x 107 K"% for MLD

3. The crack propagation of the laminated steel also tends to be completed through 3 steps;

The first step proceeds swiftly, in a second slowly for a long time and last very rapidly for a

short moments.

g

- F

BT T 3 =) BER ¥ BEY
MRiEA Kgmel R mEst 2% BREASH
7t BAE S & HFAA olml wol AHEHI
RAow ol & bhklel o3 TEE MM soidt
e Adeldh el d B4 F i, L

o Bie BREAHAAE

5, fg2EKE 2 EAMES dade B
e HEA o) %A oM AE 2 B
REAH AT BEE T3 Ak

WHRERY,

B ¥ AR R EAHG wE HERAEe #

ol ol® o sy o Folek gazlch
WIHTARERE A M o #4 Erdogan” &

o] MHFHRI E, ol Pkl 4 Ystd #

* :[E h' o - L
o an AENR PEECL B, 9 MES BEAMRA Aoz
OESR, A RERE THAE F2¢ 9 E >E, s EHOBEAER Ko &



54

3k E, >E, " &u3te Ry,
Isida® = Erdoganst: wre] 97 Mol 4e] 3
T S 12 EIRE A G ASH
Laurant expansion, Conformal mapping %
A4 Ko wstE 73 Asx, E#Hmeon:
Erdogan o] z 3l Ao axslzm ek

filre] EEEE o) o dlwl lamination & 3
Akks WEA A Favh ow =3 K
kel BisEsv S kATl Ao gy ch

2 % Mo el g B BYE EERBRA
ol b kel A Mettel A MEE =
Hol AYsiwl K& apstn HHe 2% =

¥

w
T
A

a%gd s vostn o=, Embury”
waioz = FARE Aol Charpy HEBRRERS
443 43 lamination & AR ES A3}
obe AES dgivh =g Almond”Ze RE
= Wt BREMA Slit & Yo 433 As
BRBEY BiEs WHEs o AENYS

&k - HEY - kB

$ MEHEHE 95 7 doEek gass

K PEe oleddh @B =t} FEBEEel —
Rez HBEH Zoz EEMo2 Annealingdl
BRESH) BH—pol HHa g, FSay
HEEE S Bk AGEE S HAMK, B5E
& o pEEme BMEE Fsid 27kx MR
HHEE HE s

I BB Z&
2-1 &R

R FFEA LS HE ZYMa RwWE
BaATl 2HHM(SPM), A=ufs A= YH
Abololl S HAAIF 3EM(SMS), 28 x
®El MLD), A= g (SUPQ 47125 4
539tk

2o LBas KK 4342 Tablel 9
Table 2 o} e}

Lo
- £
4 3

239 o Ohlson® & Rrsie] dake F Table 1, Chemical Compositon
< B TA BEREL Wa 242 sho Material Compositon

Mo BEHHS ¥4 Y + A& 7t cls|mm| P S | ¢
sAE sl Mild steel [021[0.32| 045| 0.021 | 0.007| -

webd EREEME Bpeld wet Hz SIP9  |056|029]090] 0,025 | 0.024 | 072

Table 2, Mechanical properties
Tensile yield ; Rockwell
Material Cross Section strength strength Elongation Hardness
(kg /mm?) | (kg/mm?) 22 (R
mp(Mid | N T4 s %.1 2.4 403
SUPg s 14 9838 65.9 18.1 586
SPM 14| es1 218 26.1 -
SMs PR (4| 824 506 219 -

A FEE 1100°CY &BAA BILEY & AR EES FEMEEG 5 Si-C emery pap-
S BhiEsZ] A& E4F, BLUEEEY ES er 1,000-CW~7l= BigEsln Ep{rs2E 02 bu-
#S Ahgstel Rollero) ot MEIEELS 39 ffing HEA stk old wE frge Mpe
o Aol Wakow sto] WG] o EHL gS

WA 850°Cel 4 annealing ¢ ©hg Fig 1 el #MY EE 412 8A MOY EE

A zbo] SEEFESHAE)A HAESE N (b)Y
27k JERER SifEsSIl o, EAEXL ¢1.8
mm 2 drilling 3} & ¢ 2mm7}x] reaming E

% stgch

=

= 71&5*h

2-2 Bk HEM2 BREEK
Fig 2 &#s ~ =@ HAmMe Bk



B ~od W@ ey MRkES

(a)

e i
b e b g

(b)
Fig 1. Shapes and dimension of fatigue specimen

Fig 2 Otical microstructure near the interface
in the laminated steel.

SRS wolxn Utk
rrite, B2 pearlite S 435t U+
u BEAME »ul Az AL 52 pearlite

&, #ame ferrite Bo 7 X HAMHKS 7
Ao gk

2-3 EEas

2}-g.5 REAM+= Schenk Type o BRI
TYUFSABRE(EE 20kg-m, 2700 rpm) &
A ada B ROEBZ sl dd B

of ARA Mg fe-

_.3_

412

R Bl He Bt 55

ORANK -

|
——

DAL mmmmb
TESIPIECE. 7 __
~ .

Sorl
STRESS

DELIVERY

SYST BAR

EM | 1
\ F@—% il i
1T AW

{ i

U.7_U " VT )
JMOBTOR ‘- . ECCENTRICOF

N } . INNER SHAFT
ar-CUINGER . EONIRC Qe

Fig 3. Mechanism of testing machine.
o] w5 KB HHe TYEARET ¥ 7 A
o,

Fig 3 & &R #& A8l Maolch  Hbydl
Zhsf Al Fel v el Es RERRES FE 4RYE dhiR
ol 4 ¥ reied g Dal gauge of g
o} Worm & %35tod Worm wheel &  ga# 4]
A4 ROBEY BOBS BAR, BhEkd W
Fx Dial gauge gRu g FolAs

2.9
L=

2-4 HBFHk

Hivel 7tz AL ST ok
BET =& K& 4H&shach

(1)

A7 4 ML (S, 78 BiEKE
(Z = wh?/byel ek,

g2 Aol EEM fige TUsHne
EWch EEEST EEE, Nod RES #
W22y 4sr#ste micro comparator 5 fHF
A7 RBEESoZ AAREPAL g5 mm
2 Plige g mmel MEEE 2% Aold
AlEdt che chAl RES Bl WESL o
g A3y

ojoh e BES WAHA il BEY

7t EEEEY, Nol o 238¥mn Zol<
BUFE 5HS ek,
I RERER Y E%
3-1 S 3 MR
WA zol, L& #fitéh, KEEH, NI

o= o EHAaAEBEMERE (L —N Curve)
< {EFfEAMRE Fig4 (a.b.c.d) g Table



56 Sk - HEY - EKE

3ol BAlSkSrh A4 29 o],
Faoll 4 A" A RmEe] 239 Aolelzn
Folzl BH oxv HRF R st MiRE
Helw sl kg/mm? ojef mY Aol K

£ hole

- o325
£ SPMM
;. mMLD syP
5 ° SMS
Z s oSpMS °
lﬂ & L4 A‘ n"
s o & “ 50
: § s 8 0 at o
3 & “A‘ 2 © e
4“( RN
15} g ¢ g Loy Kl) NPT i

(@) NUMBER OF CYCLES, N (10%)

20r
"E‘ G=25
£ My)fo""“
E o
a P
] Do gms Y sus
lﬂ o a
) 4o o ]
o 2o .
gS :‘oo R A a
RN
-
Ao 9% | L Py
o] &0

{C) NUMPFR OF CYCLES. N(I0%)

Fol fefste AHHRAC E|EHI HRISE R
Eahaeh o

Fig4(a.b.c.d)E 53 HABHERE Z&H
A

00
(d) NUMBER OF CYCLES,N (id')

Fig 4 Crack length versus cycle curve.

i) E—HkiolAE fEAEAC BinY 2
S gl o REAY KEEKE Ao
Ao,

i) ®HS 2AMEE 2F0 B 5o 2
mm (el 0.160) RBP4 MEHT % W
W wo mmsed 10 mm IS 0545 A
gonl amsl MiEstel Bl ol =¥

iii) 24 (SPM)9 =z MiEBRe Bl

o 2= A (SPMS)2 &MHE (SPMM) o 4
o] UAF o HHelE B4 2~ xelgy
(SUP9) R =8 {§i&7t eivhst &KFflo)
G4 g A A ek A &FMo] =
A B BRAISE AEE Fohehel B
Brol = aieh

iv) Table 3ol 4 fERAKEH =& HKB F

¢ vas vy o= 325kg/mm’, o=275
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Stress (kg/mm?)
Material 0 =325 0=275 0=2 o=21

S M S 155,300 400,600 562,400

S U P 9 92,000 302,600 439,800 1,490,000

L D 16,900 50,400 79,400 180,500

S P M S PMS 43,700 115,100 146,600 469,000

S P MM 40,300 105,200 130,200 452,000

(SPMS—-SUP9/SUPY -525% -62.1% -66.7 % -60.5 %

(SMS-SUP9/SUPY 689 % 324% 219 % o
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