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Initiation and Propagation of Microcracks in SNCM 8 Steel
Fatigued under Combined Axial Loading and Torsion

Kohichi TANAKA, Saburo Matsvoka, and Kazunori Mivazawa

Synopsis:

The behavior of initiation and propagation of cracks on quench-tempered SNCMS steel fatigued under
combined axial loading and torsion was investigated in particular relation to the inhomogeneity of metallur-
gical structure. The main conclusions are as follows:

(1) An inhomogeneous structure was produced in the steel as a result of segregation of manganese and
the lower hardness constituent of the structure determined the fatigue strength of the steel.

(2) The stage 1 cracks tended to form along the maximum shear stress plane and to be more localized in
the lower hardness constituents as 7,/¢,ratio became higher, where 7, and ¢, were shear stress and axial
stress amplitudes, respectively.

(3) The threshold amplitude of stress intensity for Mode I crack, Kigpn, was 5.07 MPay/m and that
for Mode II crack, Kipgun, was 12.4 MPap/m.

(4)  When 7,/¢,<1/1/3, the specimens were fractured by the preferential propagation of Mode I crack
originating from non-metalic inclusions. The critical length of Mode I propagating crack at the fatigue
limit was observed to be about 0.1 mm. This agreed with an estimation by using the Ky, value. When
7/ 0=>1"3, the fatigue limit corresponded to the critical stress amplitude below which plastic strain amplitude

was hardly detectable macroscopically.
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Table 1. Chemical composition (wt%,).
St | C | si | Ma | P s e [N | o | Mo
SNCM8 | 040 | 025 | 063 | 0029 | 002 | 0135 | 1.68 | 0.68 | 0.8

iH
(a) 75mm dia. bar.

Photo. 1.

iid

Photo. 2. /Typiéai non-metallic inclusions
contained in a 75mm dia. bar.

At (BEERKEATHEECG L) & 35mm D X

p 4mm OFFT (S 1 AP FATHRECHIE) 1T

(b) 35mm dia. bar.

Microstructures at the longitudinal section of bars with different diameters. (Axial
direction : vertical).

Etched by 39, nital.
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Table 2. Mechanical properties.

o . o 0B af & ) Hardness c o

Specimen | g3 . MPa MPa % % Hv MPa MPa
Series A gﬂxg\ 1076 \ 1731 16.9 57.8 | 332.144.0 | 707% (692%%) 452
Series SI |  961.2 \ 1062 1720 18.1 59.0 | 338.943.3 | 778% (688%*) 523

oy : Monotonic 0.2% vyield strength, op : Ultimate tensile strength, o : Fracture stress, ¢, : Elongation, ¢ : Reduction of area, Hv :
Vickers hardness, ¢, : Cyclic 0.2% yield strength, g, : Fatigue limit, * Companions specimen test. ** Incremental step test.

* 35mm BRI 2 EREYREORNEICT A 3EELRD 12D,

35 mm FERE & b BRI IR B B U S2HRBRA e L. 2

OREBRF X 2ENABHE (SN gk, CSS diif) 3 SI1RBAR I AR L EHEOER L 1289,
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Fig. 3. Crack length vs number of cycles on
specimens tested in the vicinity of the
fatigue limits under combined axial load~
ing and torsion. Solid marks: tensile
mode growth. Empty marks : shear mode
growth,
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3.3 ZREITEE
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aRLIH, ZoffitElLTcERUEORIEZ D
P X OEEEER 5. Photo.4 wFD L 5l X%
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U R A AR L CRARE S DTHS. B
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B N =2x 104 @R L5 2 Th L DEMmMN DT 505 %
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EEXZUIRE X 20 =3.1mm ©ET 5. IHNRLIA

Bak T 5 L SR ERT LA DI SR en b, FEAN
RO TEE L, N=8x10 BO#HE L TEX 24 =
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i D M XZ X5 O T ENER LA o TR T
BT, EZEEIHNLICE ORI IEMEEE R
LA BEE LT3 EE2 bR, HEOFESLIZ D E
CRETHS O THRGIERDBLEEL T0D LHEM SR
B 2O EEERY L8N XM A KR T
I %2 L¢3+ 5. Photo. 4Ic/R L X S ICRinsn
FEBA TS 1AL TR XEORTHEE da/dN %1
& DREFTETRD, ThZhBET Bk ER

Axial loading
N=18 xlOscycles

P !
N= 2%%885 cycles

Axial loading , N = 22 x 10tycles

Torsion , N=228x10%ycles

Photo. 4. Example of Mode II crack propagating circumferentially (Axial direction ; vertical).
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5 T lII;T‘L t ']"'1' 7 Ilollll
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i The symbols indicated are the same /// & |
]O-e‘ as those used in Fig.1 —
L |
. |
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% o +
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';! 2F ) i
g 10° .
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.5 - e v ! .
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S 10 / —r
5 " A
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2 f ]
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Fig. 4. (da/dN) vs ¢, V' ma for Mode I crack.
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5 T r 1 T 1 ll . ¥ l 1 T T T 7T T
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-.5 o
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S~ ]O 4
oz
oo °
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Fig. 5. (da/dN) vs 7, v/ 7a for Mode II crack.
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s Kie=0/7¢ & Kig=14/7a CTEBE L0 Fig.
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R LT 4 iy T B EA L LTHLE
DREL, RIET AL B4 mmBECHETS LR
EHH LT OB 18EH L5, Fig. 5 ORI L5k
CDIHMEROMTEEAFHT. Fig. 4 0BIBH O
&S L7cit 5 Fig. 3 i LicrhERABRA O RE T4
D tof/0q DR F CO X AUmTEE 2 FH 7. Fig. 5
DR E DA E ZAENT PR O KRB A M
JLEWEFEE (Photo. 4) X h ZhXhihfiEAR T
WhFEAIGILERUIRRT S L X2 TEMNBK
RS RCRE S TR ERUOEREEETH 5.

4. % =

41 FhsSETHERBEDORE

Photo. 1 /&R L7z k 512 75 mm #tt & 35mm &4
TERBNBI & 2 BRGRD bl e £ H o7,
Z DL Photo. 1 joR LWl O - CUINEE
(Eyh—A:fifE 100g) A PETHLic XD
LIRS, Tihbb, 35mm BEHOBE, %
NEEE H Y O fE L R 339.9+£15.0 TH Y,
75 mm M Tk FRuL 329433.6 Lch, BEDIED
DX, WBEOTRID 2R A, WEMLD,
HMEOWE B O EBEO L » h — AWE (FE30 kg)
HMEFERDOIE D DEICHAD Lz 5k &\ (Table
2HM8). BUMNEEOFEOKAE X3 20~30 pm THD
T, TOREXIBA-AT A PRRC AL,
HAEDIELOE AR EVOIRHEBELIAA -2 F 1 +
NERBEEOHBMTELL, MELXLOENSD L%
AT 5. X 75mm BRI B B BUNEE O 5
TIES TR < k3 5. Photo. 1 DT (EIEE T
#8295 & Photo. 5 T X 5 WEHE L EELNEDL
h, B & BB A e sS B 100~150 pm D
WIcHBE L%, Z ORES LB OSEERT LI
HIHL TS, Tihbb, BINOFEEE H/M =367,
WO T 290 THot-. Photo. 5(b) D4 X
B~ 7mT7FrI4FTRRLE =V F VERRBOSAR
fBA JIE LIciERix Photo. 5 (¢) THh B, BIKHIL

Photo. 5. The correspondence of inhomogeneous
structure with the location of micro-
cracks formed under torsional test at

Geq.a=650 MPa. (Axial direction ;
vertical)  (a) Microcracks (b) Mic-
rostructure (3% Nital-etched) (c)
Distributions of Mn and C contents
(X-ray microanalyser)

REIV I~ vH vERGCHIGEIEL DS, 35 mm &
MoOBECb < v v DR, FEOBEIRIEE LI,
OB D HYEx 356, KEH Tk 323 THOM. &
& 75mm BEHOBELY NS LEROHMETT L
ABEDHIE KB E O TELVEND 5.

Table 212k L7 X 51 75mm ¥M & 35mm
I TR T LR CHIEER Y » h— 2
BB 320507 20 Loy To WAKRR LE BB EN
BhHT Lk, BERRE MR T S EE O
Bl oTEE 55, BELUEMREI TR
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DOEELBLZTHIDEEL RS, FHEMIILK
DMEO R Mo BRI ERRBRE T, Thd
D oy fBIZ Hy {BCERCEATSZ L RE LT
Wb, ZoOBEEVEETL LSEOWERM LA, Hik
DFE (FEEDOWRER) NERRELTED T3 L HER
TE3. Tihbbt 75mm BHOEET 35mm EBHo
BEWHND & oy, {HIX 13.69 KT L2y, HMED
T 10.6% L0 izigMEOMIIRA > T 5.
UV ERO L 5wz h Hanr —E TR E» 5
oA T OTR L AR D 555X 8L
fefb LicBiiic #4: 3 %. Photo. 5 (a) L 0eq.a=650
MPa Ch U ) B Lo ERBRAREOEE Th 51,
ZDFEEA 0.1mm BEPE L% BAE LT oMM
ZEiZeT %5 & (Photo. 5 (b)) EZUNIH HAWCEEE DK
WESR ORI RE LTCWS. T L3R B LIk
REEH-FEHAY HTHRPFFELT, H M EXIETHLa
DT 301.1439.9, T 346, KT 256 L 7%
e, OREE LSRN0 WEEY BT 5 & AR
= X oTLkric HA B 8.5% B F L, & il
I0d (5.7%) WH(11.7%) TOEFSE L. 20
HEIF R OHAAYEMT T 5.
4.2 B1EBEEUBEOHEASTSILEEY

Fig. 6 i/r L7z, ZhbitPhoto. 3 (a), (¢), (e)(g)
() TRLEEEFM TR ThORBAETOEED 3
ik #A %R 200 f2CHREL, ThHDEHE Lt
W 100 mm YU DE ISR Lc EHOFME R IR
BELELDOTHS. 0k, Fhilliziok 2203 hsr
DX DI E B L, Fhllinih T sE L
THIE Lc. RBRA OB A Photo, 2 /R L7k )
HSBNEYOH M E—HTHERE L TED L.
TORERFIT 4 pm CTHOF. DL LTHIES
hicZ2EO LA KT BRI OFVHES ARALET
RLTeh, ZhbofEik XA, t/o. LIRS
120 10 pym Ligofe. oz LIXE 1B O
BCH B W BOHRITIHA — A F F 1 MR 1/3 4
OB LB L LTTbh b E R 5.
Fig. 6 1l K EIET) (1) B IORKEAM T (20)
OEN HAIER L. EEHERRE (c/0.=0) OBEIT
DT AEITEICE AT R LT 2457 OFiP
CRITHE— DA LTS, Chit o 0BEs o EiRH
B B 28T W 1 A T TE Tl Y U 45° o3 (ATED,
Fig. 6 1257 LIcTH) & PRGN L CE A E Tl
R LT 45° BT (BE)Y © 2BELHEREL, &0
FZOWMEAICEWH TR 2EENRETH L o LE

Photo. 31CiR L7 1 AR E 2 G B EZ) ol 2 bhd.  t/o.=1/4DHEIX t/0,=~0 DFHE L7
Fllestd 2 FRR LOEIORHE RN, LRy BEERTD, t/o=1/V'E Lich b X BomENT
150F  Ta/0a=0  P=I2mowmtt Ta/Oazifa  Pz13nmmml  Ta/02:F P =9mminm?
T o T (o7} T 'Tr Ol'i T =
b [ o2
100+ 1 B

5 §

g b5

g ° of 1 ol%lo| © ° :

Lt50;o 0° o ouloooo d, 0000000;;00 Lo olole| I3 °°°°~IO§

[o]= . L1 , , ; + . L, i . A _LDr , . .
0 30 6 90 120 150 O 30 60 90 120 150 O 30 €0 90 120 150

Angle to Specimen Axis (Degrees )

Ta/0acT bt 102t
150
T T op T

Frequency,

Ta/0a=
T O1

£ =110mmimm?
130

Crack Length (um)

0 60

0 30 60 90 120 150 0
Angle to Specimen Axis (Degrees)

90 120 150

Fig. 6. Histograms showing the observed frequency of microcracks as a function
of angle between cracks and the specimen axis. The circles indicate the
mean values of crack length and p is the total length of cracks per

unit area.
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ooy H O (AHE) Ko TAOBEE»RS L IsoTL 5.
Las L: %jﬁ;ﬁ&%%oﬁgbi [ bﬁ:ll}ﬁ‘;%ék T3 mj
DAE L IXELEIC KT, t/o.=1/V3 DEETIX

Thdh o X DK 10° B 72HRE, t./0.=V"3

OEEIIK) 8° T E 7o b, to/o,=cDFBHIC
BUDTHEN BT S, chbDHER L r,/0,=0
& /4 D Ee b EUBE O 20D o HEIKFE
NICHAD 5B, aoififHCERNCRFE > TV L EE
BEETDHE, BIBEEH GChHEH) ok
WAREILNOEEOH S = Lk BT 5.

Fig. 6 R LIcEHDBEHMIc K2 DB E AR S
YHGCINET A Lk, HAAEE (mm2) %4y
DIERD FHE X p w3t E Lic. FofERRMCE
Lleh’s p L to/oq HICBIR <, 121E—5%E T 9~I11
mm/ mm? OEDHHICA S, ZDOHIL goq.¢ [HHE
Sl BB REREE O NBEY 2T 5 B2 W
L, Mises Bicft 5 L Bich /o, ORBTH— L
7o CSS fhig7s bowe MC B B oh s o ikt
T 5.

4.3 ZREIFEHENIEE

e Fig. 4 & 50 1B E TR EROBIEE D
WCEET S, Fig. 4ok CEE O MG IR R
WX DBre I B ERD dafdN—- 4K BBR (R=0)12 %
A ARBOGE (R=—1) © da/dN— K, B{FR% 0T
PERFHEF O TIRE dKpn BB L CAHORY %
FVHE LIt otk Thrbhb.

da/dN=5.94x 10-11[K}2-48—5,072.48] ... (1)

E 2T Kio(=0q/ma)ix 1 BUGHINKERFIRIE CHAT
12 MPay'm, a OEFIImTHS. ks, (1) XoE
IR L, KHORBELR L ER 7t 0.71 LEX
Wi REED AKyn {EI3 6.20 MPay' m » L7, K
EBRERT K, HoSVER T (1) RNE X <—H%L
TEY ZhoE I CIiF — 2 DI o X1k 50—
ey ety (1) ReEbIh?.

Fig. 5 D I B X BRI DT — 2 XIE B DX AL\ DY,
Ko B 5 e lifgiz 7 — 20 LROEEER LT
Wh. hERBRK Fe BT 5 ZRMIEFHACERTS
BESMIEAMGERT 256 L ORIEEEIIZKE
e\, EREB T EoREGEE R ERBRF O TR LD
2~ 3ERREE . P ERBRA TR H G
NABD DY, ZOFADBIENEEL s> TD L#E
Hahsd., MboFEBc X 5L, 1HXUOEIEI A
T 5 I DIKFEIRE Ko (=t./v 7a) O FERAE Kign
X 12.4 MPay'm &b, TRIEEEEBEBD Kin
3 () ReRLEL 51 5.00 MPay'm ThoHhb,

2.6 f5b . Las L, Fig. 5 ORIEE O ERIEK DA
Bl (=4.19) S0 CERMAEHEE TS & £ Ol
ERE. ZD X5 I B EAORE ORI
EDOENEH (SS 41 §8) © 1 T X ZUR T HIER O Flic ]
T\ 5D T T BRI .

Fig. 5 & 6 TEFE L1z K (=04/V7a) B L0 Kipo(=
7o/ V' Ta) VBN TEREIC T B S UG IR R RS &
Wzt ThOLoTFRMED, BERRD L STk
Vo L L, Th b RDIERAE T LAY
fEFTIETRIBECTH 5 B2 b, T2 TLILD Kign [H
& Kign B%#>C, Fig. 3 0 X URIEBO MM %
4D, Fig. 3(a) o I BEWMUOLE, o B L
TeEZD K (=01 7a) 7 Kign iz 5 L EBIE%
BAtA T 21T Ch 5. o4& HERTHBRAEHUEX
% (2a)1 % BERD Kign BEHGCEEL, CoOER
AP X EICAR Lic. Fig. 3 (a) oML
SAURIN (20)1 Bz D L2 ERBIBL, *

a)

b)
Photo. 6. Fractographs of hollow specimens tested

under axial loading(a) and torsion (b)
at geq.0=550 MPa.
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DBEDIBITEET to/o, VNI, oy EDIKWI
B LIchHDTHEL Ie T\ b, ERDMEEE AR
faDK & XH (2a0)1 YT OB 2URE Bk T Cre
HHWERET B, Fhds (2a)1 Dotz o
R LA E . COEMIERRELTD deq.0
EDW X LIHEZE W /5. T7bb, 0eq..=420 MPa
THIM ERR LR (20) =98 pm U ok & XD
REED BIEA LT XBUIEWE Lieds, FRLUTFOAE X
DM LR LI BI B L (20)1 BEGRIELT
=g Ui,

R OBROEA 18 X A OEEBHA O &M o/ 7,
=Kty ERETHE 00q.0=550 MPa DI (2a,) 1= 1
mmé& /e, Fig. 3 (b)) iR LicBAM ST R &
HTH) ZOREZEEHR LTS, TS5
I mmP BpliiET5 & TREHUCBTTH2ITTHS
DI REEUDBED X S BMIcEEOELixis L, =
DEIEZ DO EEEBE L. L L, BEOBEZC LS
LHERAD I mm DAOHAE & < ICBEE S TR
HOTH D, FOIOEPE L RO T %, Photo. 6
D XS e ORBRE REMEOEENEEEH T
HHH, WEIZE S Th TERER LTS5 2 L2
nhH. COX 5 TE X8 B\ URBIE ORI ¥ 2
CHRVCEBEES R e, FRLMC Tt IED S
o b¥, BRI XM E R K. 8, (Ki)etss
IR E S RICE X D 2B gL fe 2T b &
Exbhb. Tihbb, THUMCEBERNY o &7
&,

(KIIa)eff: (Tﬂ—T.,)Vn‘_a-m--'--'-------"“"-(2)
ERbERD. 1o 12 FE LT XHUMOMEAFERM IR
IDOTCEEBDT, 7, KIZHERE LR EHETE
B. 1,K05./V 3 TRHEZELL 4=ty THDHLD, =
xR TDIT e REL LD LERDY, RN
E Kign=tomafliz 2T B %2 bR, HiT,
Ta=Tye THDBHE tedTo ETBHD5 (2) RiL (Kua)ers
=Ky, 7B TThD. ZDZ LT 10 0F Ty WD
R oh CIBEARIIFS ey, 1HEAULER
EOMEEE LD ETFHIhD. ORI Fig. 1
® SN D eq.c DIRICTIED E 14/0,=0 & o0 Hi—
HLCTWHHEXHIT 5.

Te/0a=1""3 OFRCIEIFRED R B85 Enc s U
WTW BT, B s h M E R fi R bF
(Photo. 3 (h), X7 (20) =0.1mm BECEELT
ERELET. 20X, b I REAUNELE LEE
T5H, FOEXEEG Fig. 3 (b)) @xXHITRLED
LR ovma=Kiun DFBGETREI DTS,

Plhodgw L v AR ERR FOBERRED /0,
HEE®IRDO LI SCHEWATES. /o213 DEE
KR VM UIEE I EXUL L TR SR oS
LI OTHENRR . S h b EHOEEBEDBRR
XFEIRITHOHESE 0.1lmm, [HOBEEE Imm
BECTHD. COBEORIDz)HEAUOHEIIL,
T xHMOEHREE 10m BEO H 1R &%
Fig. 6 2/8) DBAEVRBLETH D, L DIDPEHOT 4L
EOEBECBE L, FhBERERN SO T ARIRE
DREAEBFRIC L OCTEED, Fig. 210X 5L ZDRRD
€eq.pe BT 10-4 BB THDI. 1/o,= D HEH,
(2a)n=1mm T& L&D H B EHUOERELE
ThHbH., cOEUOFRT BTV EBFLABELT
e+ 5 BN D B, FDicdi=h B WOEmEH R
GBSO RN LB EY L b, KBRS
KOG D ERIE LTEIE L. /o <1/V'3
DEHEL, BEREER I MEAUORERAC L>TE
¥5. Kign fEL OVHEE LCBEREAEZ (2a)1 1% 80
~100 ym THo7z, 1B EZoOFLIL Photo. 6 (a)
R Lic & 5 B R 40 pm R D K C 7 (Photo.
2R LI X 5 ek BN EE Lick 2 5 LHEN
EhB). coXs5e RGO ¥ i Fek Uicss 1 B
2R N AEH O WA & 30 pm (IHA— AT 1 ML
B) MOBICHRETL I 2T (2a) KET 5.
Z D 1 B X B O RUR O MR CHLE LIS 10T A% E)
NEEL T AEE2BRA.

5. 1

gD -ERE L R L L) Ol &e EELRBRY
BEANBERE L L7z SNCM 8 g% ([F-0CfT7nD7chins)
ZOMEAERRHERNEX L &BFER L b Oy E
DFeE LT L ORI Lic. Bbhictic
BEERIIKOBY TH5D.

(1) ZRERHIIBGLE Ui 75 mm REEHM X 0 8YE L
7283, FOFRITEOMBICII TG BEA U EE 5 fHE T
B Uk, O DIk~ v VORI LT
Blbh, 2 OB/INERE O SEIC G L h iR X138
FE DEFH T OB S TE ¥ o7,

(2) HIBMEHOHFIENL to/o. e (a0 B AWIG
TIIRE, o4 BRSDIRIE) BRI bic Lichi>TC, ')
KEAMIE N HECENTE e 1B X Mo FEBHE
1L to/ o0 BRI 3E 10 pm TH D7

(3) BI1BEM oMzl - FEcBE L
to/ 0, AR B Lici o TRl L, Rl hRR
OEA IR T eSS L X8 s ook
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(4) 1B EHOIETIEKRFEEIRE D TRIEK 100n 14
5.07 MPay'm, 1®&Zo%*ih, Kien X 12.4MPa
Vm Eeote. BEOMHEH B0 X s < EE
IR THDHIDTH 5.

(5) IR to/0,<1/V'3 ORL, BN
e BFA Lic 1 Bl X AREBBO LM IO TE %
D, FORREHEX (2a); 13F 0.1mm Ligh,
Kigen fEE OB E R~ L. =77, t/0a=
VS 3o Mo AMER Ly FAELCIAESA (v/
0o=V'3) FIALIREE (r4/0,=00) DRI L DT
B L. L oC, BEhBER - BERoRER
Rehb. BRI TRIREBORERMC LD EE
D ok, TR EXZOEIIBROBRR 8K X (2a)n
IR XL L 0IIE LHFRE 2%,
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