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Abstract

I. Tt was expected by the authors that the existence of the “knee’” on the fatigue S-N cruve
of the steel at near-by N=108 cycles would be related to the instability of the structure of
steels and the sudden bend of the P-N curve (probability of fatigue failure versus number of
cycles diagram) would correspond to this knee. With this expectation in mind, the effects of
the age hardening ability of the steel on the S-N diagram and on the P-N diagram were studied
by rotating bending fatigue testing.

Two kinds of rimmed steel specimens made from one lot of bar were prepared for testing;
specimens A had the age-hardening ability and B had completed the ageing and had no ability
any more.

As a result, for the test on specimens B, the knee did not appear on the S-N diagram and

the P-N diagram showed a logarithmic normal distribution. On the other hand, for the
specimens A, the knee appeared in the S-N diagram at near the same cycles. It was concluded
that these effects were due to the ageing ability of the material.
II. S-N diagram of fatigue test in atmosphere at room temperature for austenitic stainless
steel shows different characteristic from that for the other steels. That is the S-N curve
bends and makes a knee at about 10% stress cycles, while most of other steels make knees
at 108 cycles and over. It was expected by the authors that the early bent point of the S-N
curve would be related to the large internal friction of the material.

In this respect, fatigue tests were carried out to find the fatigue mechanism for SUS 316
stainless steel and the variation of the internal friction, temperature of the supecimens were
measured during fatigue tests. Also statistical analysis was examined at the same time.

As a result, it was considered that with raising the temperature of the specimen by
repeated stressing, the internal friction of it increased and this effect increased the rising rate
of the temperature still more. This synergism effect raised the temperature of the specimen
rapidly for over a critical repeated stress and this phenomenon was considered to be the main
cause of shortening the number of cycles at the knee of the S-N curve.
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Table 1. Types of frequency distribution of fatigue life of metals.
* o T ook ‘ w
i } Number | Number | Total | Frequen—} Number | ONfqu?li:
Wiatesials ‘ Heat Repeated“ of stress | of speci-| Number | cy distri-| of cycles ‘ at siew Refer-
ftreatment| loads | .0 i< | mens at | of speci- | bution |at knee of| — ences
| } | each level mens [ type ‘S-N Curve]P—Ncurve
0.14% C-steel A | RB | 3 65 ‘ N | (7
0.199, C-steel A | TC | 3 45 N | (8)
SS 41 steel A 1 RB | 2 34 | 69 N ‘ (15)
German steel — RB ‘ 1 235 N i (10)
Armco iron, steel } i A T ‘ 10 2 ‘ 1000 N (11)
Cu, Al 1 1
75S-T Al-alloy - RB & ‘ 165 N (12)
6061-T6 Al-alloy | RB \ 4 |9 19 | 46 N \ | (13)
0.459%, C-steel I = RB | 6 . | s (14)
30 CN 11 steel ‘ QT RB 4 | 3 ‘ } - S | 2x108 10® } ( 6)
35 CD 4 steel QT RB 11 59 S 108 10®
| N  RB 2 35 ‘ s
SS 41 stecl { ‘ - |z | | s | pxgge || 1)
0.479; C-steel J\ QT ‘ RB | 8 ‘ 22 S | 5X10° |1.5%10% | (16)
SCM 4 . oT | RB 6 7 9 43 ( S ‘ 10° 108 a7
75 S-T 6 Al-alloy QT T 1 S (18)
5083-0 Al-alloy — RB 19 : % S | sxi08 10 (13)
59 Sn-phos. bronzel T l PB .16 \ 8 | 768 ,‘ S i 2x10° 4x10° (9)

* A=annealed, Q=quenched, T=tempered, N=normalized.

kK

T=torsion.
* %ok

low stress level.
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RO BT X 2 RBREROME R, KRBk
DAL 12, (iii) DWW Tid SUS316 $licD X, 3%
BERONMBEBROEZHEL, R EHFEdq: OB
REF~N, S-N fitrEEL 1,

L E7hidso S-N Hid
1. REAGLVELHAD S-N dhig

RIS X O EEMOEIIC BT 5 S-N fifid, &
OHE, BY 1572 fairR (knee) 277 4%
TEMBMENTVS, LML, TNb 2BMLEDE A
SRMULTAS &, —fkic, BEATLE2HEL 126 C
1, PRAMER U %K 105 7200 U 108 [EIUTIC g3 5054 &
N5, BERZUMTIR, ChAVBEDLNLNE S Th
%o BlAE HAEFIRELE 120 ZELE 5 HRATIL
#£U1z, ENS-N ¥~ 29 iz23, FEERBRHE O B
B S-N gk OBEE L TA S &, D¥OFIL



RIS LA — AT F A4 Y RAT vV ABROEY S-N ik (A - K- W) 65

RPHNT, REM, AEMEEBL T, —fkic (1) BEx 2
UB* 352 O0es & Ubhicid, phiff AN EfEd 5 BELLs
I N, Q)EAMBIOBEAREDL ¥ LHIZ N=
108 7201 5x 108 DA, BAS b7 g ASTFELEL
TWb, 5%, WZMOEE, MPEANE 150°C, 1hr
DIEEMNSEE Tid, BIITRPEL{FEEL TV,

ihF, S-N ghi#Ro ghifs &, P-N ghi (ESREREK
FOEHRERE log N OERHER) O Sising
2 NS EERD BELN TS, Weibull® i3 #5E LIS
HAKEEIT L 5T, P-N BEHEMR B & g% S0
M, KO ERERMS b OEMTH B L EAX, Wb
W75 Weibull /537 2#EBL TV 5,

Table 1918 13 N4k CIT b 12 S Hh O ERIT
B35 S-N ghfte P-N phiR & OBEfR%, & L iciED
BUHICER L THNIZLDTH 5, £7— 2 2L
TAHBE, BUT (@) BEaT UM 348803 (R
W%, EREEE) O BT, S-N iz B b
5 it sEbh Y, A B ER M2 LT O»E
v, (b) BEANEES EUBTIZ, S-N figgizBh x5 7%
Prnphash 24T, P-N BEI #ERU IEHDK 30K
TR, MEERSHH 2 2L, EHRECTVEAK
#Tit, EOFHMA skew U, S-N #E O [RFRMEEL
¥ &, P-N HED skew [RAMEEL & i3 12i3—HL,
KEZRED IZH 5NN,

PLED S-N #K & P-N HEDKHE X Otisd 6,
(1), (a) BT 2HEHI DR E L, #idhTtic EET
FOREV DD, TIUIREHR, RRFEZEEL T
FELTHDH, (2), (b) BT 38ETR, BEETHEI
ERTTIEEL, MTERE &b THE LRI L
T, REEZRECDS L2 BETSE, S-N @i
MD knee &, P-N O3t hphhib &5, xtid 37
BELTRINS, ok, BWERToLT, 4o
2 OMEHE, WD 0 S ICBL TV A, Thb idimsh,
M7 Eic & 2 RO REEMEDEFREIEKTFT 5 C
EMELLEND,

P13 S-N #Ei X o8 P-N BRI b i3,
MEIOMBOARZEM EBEFRBD 2 D EFHL, X4
DA EI TN & DRBIICKIT THERRANS 12
B, Vs NERHY, B X 5 TR RS L2
2Hpte, ChRHERBNCE - T, 3K T I8
D2 EHEL, EIRBRE T45-T, S-N#HE
P-N #R% Ve L, g OBER2HRITL, RIS
DNTEELT,

o EERESELIZEDE.

2, S-N Hiff &HBIERF P- N iR OWT
SR U RS DIER 220 26080, PIRERR & B0
FHYA L DNTDEHZD LAY OFFEICE 5 &,
1Y 4 2 ovehie il Sh s NEET 2 VY AWy
L, JESiERE S & DRiIciE

AW, = aS™ (1)
DOEFEMRVIZINI, RF, o m BERTDH S,
D2 VFDS B, —IINO A = % v FOEHIC,
—IE X (O TAZRUFOREKR) kEPIN, &K
DIZELVE LTI NG L EBA LN, ERSHERLIC
BNT, 1¥4 200 EDOTHT RV FOMBIEN &
PR 9 = 3V F OEFHOHIS & D7 AW ¢ H3RFH
BirEET3DEL, TNRKRDE I IRKEL I

AW = C(S—Sy)* (2)
it C, nidERTH 5, So RFEEFHWBEREL LWVK
KRFIGSITD 5%, BISIEREL BBRICBVT, N3
BRICE 5T 5 T 2 V¥ AW D3—5EfE K 1L T, %
REMVETTHEEALD L,

C(S—Sy)"Nf =K (3)
tith, CTIC Ny 3RHES TOBRLUETD 5,
L3RS 2 DO B O REZERE B L ZVEE
@ S-N BE2EA %, REB)IEBWT K/C=NoS" &
Bi, APEEDE

S
nlog(s—o——l) =—log Ny+log N, (4)

LigD, n %5 A—2 LT, log(S/Se) & log Ny &
DOBRZHIL & Fig. 1 8B 60h3, XB) 2 EH T3¢

S—Sy = bN;U%, b=(K/C)u» (5)
Lch, ZLFIHINS Stromeyer DERRNE —FK 7
%o 1) BT, % log(S/So—1) ite 5T

log N;—log No

Fig. 1. S-N Diagram.

¥ ZOEHLUTOmHF A 74 Tlk, BREoREicX
5T, BB Tiobh, WL ERTSH, W
b5 EHHEFATDH 5,



66 BETHEREPRBE B-7  (1982)

[}

1.0

T
%
5 T
0.5( s
L ) ’?%\
- = o
\
s
0.2 |
=t 6 T 2 5 4 5
log N;—log No

Fig. 2. (S/So—1) versus N/Ny, diagram.

f#i< &, Fig. 2 ¥F 5605, Thid Weibull #5 S-N 7
— 2 DFFFTCFIAL TH Y, #FlAid Ravilly DFEZE L
DT 7 — 2 % log(S-So) %t log N #X iz v » b
U, 20HMPREZELS &, DD TIVEBRE S
5T EREHL TS,

DXL, EHWEOBRBEREAS &, 3RRBEOER
&, XZEREDEREY, FHICLORTFIT &L 5 &
12, —EHEDLNTEH, LI-T, ZOMHREE
BREDVLDOERFLUHETI2HREZAIDOVEYUTHS
5, 1217, 525 DEHFIC BN TIE, Zh b ODETFH
BRI ER T 2 DIt U, 5 D% A S ik
BT 120, THBMEERE RGN G2 b 126 T
RREEZbND, ThbL, »3ETRER X, &7
5 &, ENHHEELEDEEE No, N1, +++ 22N T Ny
T T, AMEBITMSLU 12 WHIRIZAL v1, vay =+ vn %
ZITHRETSELE S,

N1 BT X1=Xo(1+v)
N B0 T  Xo=Xi1(14wve) = Xo(1+v1) (1+v2)

Np BT Xp=Xo(1l+wv1) (1+wvs) +++ (14+vp)
95, ZOxEEESE

log X,, = log Xy+log(1+4v;) +-- - +log(14vy,)

(6)

L7825, Gibrat?® {2, Dk 5 A DEE ¥ 4 i 12,
vi <1 DERIBHBERMAIGIC 5 5 T & 2REFAL T
5o 3biT, —DO—20KEHK (AT) VLT HERER
PRTHDTHL TS, 2o OMRERIIILEALSE
TR % & % & Thud, FOEBREEIC L > T
BEHF L 25,
PUERR—RBERICODNTWVWAR L ETHY, FiS
KA BHERL FEMDS, WIS SHER SR % 2
TEHIEZ,

3. = B

#kHE CHIOR 88 (V - F6f) T, HE 18 mm OILE
D HEFRBA 2 EHIL TH R, Cheidusy i,
BALEIZ, 23°920°C, Lhr EZEMBAL, h%z ZAL
THIEETAEE > U Tz, BRI3ERL%R5 oy, HEREBO
T IREEE R FE LB XL THEIL 12, DXiT 700
°C, Lhr EZef#h, K&ELIZED % A e 451312,
A MR 2R OI2D, BULEEE, #7-20°C O®BET
WARTEL, O RBICEEL & WU THERL . 212,
AR HEHIC 120hr IEKEBL, Bghe 1 335%T S
RIZLD2BHM & LT, AMDORRNCE 2T 2 DE{LD
—fil% Fig. 3 10T, HEabr DILFRsy, HRA &
BLOHERDK X 3% Table 2 iIT7RT,

T RBRIIE, NFER T B (A& 10kef. m,
[R5 1650) % FL, BB DEE-HEIZ, AT
HER 10mm, FATHES 38mm, 20 A7 4L v b
YR 25 mm Th 5, EZZNMBUUEE O kR ORRL
BT d - 1203, I RBREARTC, L ET % 04 F
=2 ) AT WL 12,

=
Z

._.
5
?

—

=

=3
T

Micro-Vickers Hardness Number

1201 . L . L L L L
10 10° 10° 10 10°
Lapse of Time, min

Fig. 3. Variation of hardness of material
A after heat treatment.

Table 2 Chemical composition and mechanical
properties of materials.

Chemical | C si | Mn P s
composition
(%) 0.11 0.01 0.39 0.016 | 0.018
Specimens ’ A ] B
Yield point (MPa) 251 319
) Tensile strength (MPa) 451 490
Mechanical | gongation (%)| 32 28
Properties | poquction of area (%) 72 69
Vickers hardnes:1 sl 919 305
Mean diameter of crystals (um) ‘ ~16 ’ ~16




BMERR L OA — AT 4+ RAT v L AMOEY S-N #i: (B4 - KJI| - L) 67

350
Specimens A

w
Q
(<]

Stress ( MPa)
o
09
& 4
= #c
o
q
q

N
a
o

o

200 L
10* 10° 10° 10’ 10°
Number of cycles to failure
Fig. 4. S-N diagram for specimen A.
350
Specimens B \
3
oobﬂ’qcm
~ 300 LN
o N
% of o&gc:o
g o ol o of. )
7 250 2.
200 -
10 10 10° 107 o

Number of cycles to failure

Fig. 5. S-N diagram for specimen B.
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Fig. 8. Tensile test results of SUS 316 steel
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Fig. 14. P-N diagram (a) Test speed 3000
rpm, (b) 300 rpm.
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Fig. 15. Variations of internal friction
energy during fatigue testing.
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Fig. 16. Internal energy versus surface
temperature diagram.
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Fig. 17. Relation between internal friction and
temperature of specimen in the furnace.
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Fig. 18. log D versus logo diagram.
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Fig. 19. log A-T and »-T diagrams.
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Fig. 20. Calculation model of the temperature
of a specimen.
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Fig. 23. S-N diagram introduced
by calculation.
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