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A Fatigue Fracture Surface-analysis Map of the 18Ni Maraging Steel

Masae SuMmrtA, Norio MARUYAMA, and iy UcHivama

Synopsis:

A fatigue fracture surface-analysis map of 18Ni maraging steel (see Fig. 1) is proposed using the
condition of the aging temperature of 482°C and the stress ratio of 0.1, which consists of the quanti-
tative information obtained from the analysis of fatigue fracture surface and the curve of macroscopic
crack growth rate versus stress intensity factor. The map intends to estimate the mode of fatigue fra-
cture, the rate and the direction of crack growth, etc. from a fracture surface of which the cause is
unkown. The effectivity of the map for the above aim is confirmed using the other four kinds of test-
ing conditions, namely the prior austenitic grain sizes are 11 ym and 25 ym, the aging temperatures
are 482°C and 432°QC, and the stress ratios are 0.1 and 0.7.
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Fig. 1. A fatigue fracture surface-analysis map of
the testing condition A

7e.n : Size of fracture surfacc unit §: Standard devition of Adp,
(Ady, : devition of the direction of bundles of lath-like-pattern from
the direction or macroscopic crack growth)

A, B ER CIESEMEMD 18N = 1= — Sffi%
FAVT, BUSR & VDR B BB i U BB I X B
NRE, B DRI &R B RB & O E Ay
vy, FhFEho de/dN-AK s Rebic. T LT
fE gL s AK SEIRCBE U CBE M A BRI I, ARB g
i da/dN-AK iR OER D FE ORI Uik E g
W (Fig. 1) XDk oBEST bhantiiL
7z,

N

2 B A &
2.1 HRWETE

18Ni = L= — 248 (17.8% Ni-7.7% Co-4% Mo0.2-
Ti-0.01% C-0.003% P-0.005% S) % {HfH L. Ak
20kg EFEPEAERE CHEML, B FECXY
Tmm JEO M L. BB Tido IMEYHEL
7.

o [@5exnpofAe
i [s0CaTn
(i [ x7n]

(i) vz 18Ni(200) < = — 2 $ o BLHERY o BB TH
D, BERY s a 18Ni(200) <= = — OO EILE
LRICTHS. COFMOATr (FA—ATFTF4F) KX
X1z 1l Ths TORBOEEYL Table 1 iR
T () BBEAEREAE LT r k& 3% 25
wLieREtch B, (1) & (i) off r k& 2% Photo.
Lword, (i) nRgiREr@AF oz iy 50°C |
FC 432°C L L, MafbEeicilBThs. ThZfho
Xk () Hv=437, (ii) Hv=447, % LT (iii) Hv=
414 THhH 5.
22 FEhABR

(1) EREE: fhitBr +£10t BEMMEY — £1
ENREE (1 v A e vl 2HVCTREPTITD
1o

(FEESULTE)
(REAHEAILND)

(52 265 HNIE)

(2) FEhABHBR: figesT e g 5.0
mm &, 40.0mm {Fo )b K X AHRABRA &M
L.

P & BUHERRE BRI R %3 B, incremenal step
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Table 1. Mechanical properties.
g a 1 [} ¢ a
Steel (kgfmm?) (kg/mm?) (%) (%) (%) n (kefmmzy ™ Oye/Sym  Oym/oB
200 Maraging 138.6 131.4 12.0 2.3 65.5 0.039 111.5 0.10 0.849 0.95

(a) Testing condition A

Photo. I.

Yo ST

(b) Testing condition B

Optical micrographs of prior austenitic grains.
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&, R PEVGHEWENT, da/dN BE&8cirb Exn
D, Bl 4K >80~100 kgf/mm¥2 iz /¢ % & FU R
W X3 da/dN OMFEIR/NEL IS, 80>4K>25 kgt/
mm3/2 {5\ T RAEWIR E da/dN piE < 7o A AN
I b L7 &b DIc s WCHEE TH 5.

(ii) 4Ky O REFH. RUSNOEZEARLCTHS
Gt A LM Critlgds e, @iE (R=0.1) ofs
4K, =9.5 kgf/mm¥2, %3 (R=0.7) D4 4K n=

Table 2. Testing conditions.

Stress ratio Grai?pii;c Agm(gcct:f;mp.
A¥l 0.1 Sl 482
B 0.1 25 489
G 0.7 1 482
b 0.7 1 432
Ex*2 0.1 11 439

*1: used at the fatigue test in thc prerious paper®’

*2 : was for the specimen with the notch length of 9.9mm and
the notch radius of 0.50mm. The apparent stress intensity
factor at the crack initiation was 49.2 kgf/mm3/2,
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Fig. 2. Crack growth rate, da/dN, versus stress
intensity factor range, 4k.
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(a) 4K=11.0kgf/mm3”2

(b) A4K=32.0kgf/mm3 2

Photo. 2. Fractographs of the testing condition B. Thin arrows show prior austenitic
grain boundaries. Thick arrow shows the direction of macroscopic crack growth.
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2EDH r DT HZENTES, TLTENRTHD
B 7 R 4~5 EOBEBAC SETEY, 4Knm £
COBMPEHEIN T A » PBBWIET Ry 20 LB
ERTVv5 AHEl A BHERTE S, O X 57 B
AKn i OBHEC RO L EEPITEETH Y, BDT
¥ wT5EN da/dN LEAENR D B, dKpnfEDKRES L
BRSO B T LT E L,

4K =32 kgf/mm?¥? Ci3@EI: Photo. 2(b) iR3 X
Siied. AEE#BHEBEMCHEILT Fig. 3.
FE$FA, B, BICCRIFOREILEENLERT
BT rBEstEL, a, bR IV cRROFELETHE
ARG LTS, FREIET5EF D 5 EEEFD
TENS QR EHEREOE, SRUREH EHHT r MAN
ETFRSHhORELFT I EETRELTWS. T,
7 APRERROROF ML ERR E BURE S i is D

Fig. 3. Fracture surface units obtained from Photo
2(b).
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AK ¢ oBF% Fig. 4 X 5 @R T, rew 13, 4K
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Fig. 5. Relationship between standard deviation of
ddy, S, and stress intensity factor range, 4K,.

(Ad,, : deviation of the direction of bundles of lath-like-pattern
from the direction of macroscopic crack growth)

feh &, St R=0.1 OF/THENTI Y AR/ EL
7%, =0 4K (=20kgf/mm¥?) (3, R=0.7 © da/dN
2 R=0.1 & Thic R TEL v iEd D 4K 24
5. FLT, $§=10°, kb, FAREHEOEON
FMNERHEUGE AT A 2T 5D R=0.1 D
BEL, R=0.7 0oBEHH &b de/dN=8x10-mm/
cycle TH 5.

7 AR OR DI 4K O & b is>TER
W& BB F A 0T 2EAIZE LTI,

B » B L BEREY K LT Table 3 1R,
S AREENER DD, R=0.1 0B, Birfik
SCBATe X AK=dK,, 5 AK =60 kgf/mm¥2 (da/
dN=10-*mm/cycle) FTTHb, £ty 4K HEL
BTk s ~RBRR BN ic b, £ LT 50>4K>>30
kgf/mm¥/? CiriEEzEE 100% S AREHTH 5.

R=0.7 OFE, 7 A REREIT 4K>25~35 kgf/mm?¥/2
ish EBhislies. T LTAEH, L1 K HE
TeBET 4 vZAFHELELS X 5K,

M7 R AEXORELEH AKXV B 0 4K=80.0
kegf/mm?®? {1 B I HFE % Photo. 3(2) 35 LUV (b)
Wt AEECRCIHREYESEOEE LICEMY T
SET DL, T AREREY R TREOES EIX R
D, BEETHBH, —RALUTHIrRREIMN 20 D%
BT, RAKE &0 1l p OHEHFEARTHNT, 3
A EHATHB. T UTHEHEARE X577 R
KEZLALA—FLTHS. Tihobb, BIMKEALS
A== o5 VHBERIIED D JK=80kgl/mm3¥2 & H %
T, BEEKISBEFIOERLIBEEYFE LTS,

AK g B T A7 o b BB WL T =y 2 ERE
T5EHEESINIWHBAOKRE IH, 4K Ofne &
ek X e b, AK=50~80kgf/mmd2 18 v Bk
EEEMUA— LWl B D1, ZLUEHOBHEMIK

Table 3. Information obtained by the analysis of fatigue fracture surfaces.

A B (@] D E
R 0.1 0.1 0.7 0.7 0.1
Grain size (p) 11 25 11 11 1
Aging temp. (°C) 482 482 482 432 432
4K,y (kgf/mm3’?) 9.5 10.0 7.5 7.5 49.2%
Beginning 9.5 1.0 7.5 7.5 49.2
Intergranular fracture Peak 20~25 20~25 15 20 49.5
(4K, kgfmm3~’2) Ending 40 35 25 25 50.3
Ductile fracture Beginning 9.5 10.0 7.5 7.5 49.2
(Lath-like pattern) Area proportion of 100% 30~55 30~55 — - 52~55
(4K, kgf/mm3/2) . Ending --- - - 60 - 60 35 25 60~65
Beginning observed at observed at 20 15 60
Cleavage fracture Peak the 4K of the 4K of 40~45 45~50 65
(4K, kgf/mm3/2) Ending 60 60 70 70 70
dynamic 4Kjgcc — — 24 22 —
Dimple fracture
(4K, kgf/mm3’2?) >350~400 >350~400 >40~50 >40~50 >350~400

* Apparent 4Ky
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(a) Testing condition A

(b) Testing condition B

Photo. 3. Fractographs at the 4K value of 80 kgf/mm3/2, Arrow shows the

direction of macroscopic crack growth.

(a) Testing condition A 4K=15.6 kgf/mm3/2

Photo. 4. Fractographs showing local intergranular fracture.

(b) Testing condition B 4K=18.0kgf/mm3/2
Arrow shows

the direction of macroscopic crack growth,

XX LBHEAH B LB ONS, BB LBAREKE S
DETr RAEXEMUKE B/ 4K ATy LK E
Ep 1l p OFE AK=70kgf/mm¥2, Z1C 25p ©
o AK =100 kgf/mm?d/'2 Tz 5.
3-3 pFAh

RREINImR & 4K L oBfRY Fig. 6 /R
AR X Y KRD T Ehdbhb.

(1) R=0.1 off, WFELFPEEHEO L — 7 {HET
4K =20~30 kgf/mm¥? THh, ZOEIREHADESE

t %1000 OWHEFHZ B TROERIZL DRD .
HOMBITRET .-

HERDBUIE

9%, 4HBOEE18% ThHy, BRETFEOH ZHT
BETAH. ZOXEEMIRALAYAERD 4K FIK
35~40 kgf/mm¥2>AK >SAK y £ R THDRID.

Photo. 4(a) & L% (b) RT3, RAEhOK
BRIy RAE & 1l OBALHB VL 25 OBE
VWAL THBH, LiEOO X 5 IcHEIE4 D
WROEERENIBEZCL W TEWEDIBERCEDEE
bbb,

(ii) R=0.7 oiff, FFREHIIL R=0.1 OHFIT
WATHE AK 8%, e 25 kgl/mm¥2>AK >4K
<TBh, FOWmEL R=0.1 OB H~NTEL .
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Fig. 6. Area proportion of intergranular fracture
versus stress intensity factor range, 4K,.
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%\t COOKES) BO#H&NHS. Fhic T, K
Rl R RCBEGR 4K c X hBET D Z &8
TESH., ZHRAEROBER IR LOTVEH, XD
HBREIRDO X SCHBPTHENTES.

AT I\ Tik, R=0.7 O¥g, 4K>20 kgf/mm?3/?
WCieh RSN EBNRD X 5wl h (Table 3 &
W), o 4K f<byant dafdN-AK BERIC I %
da/dN O&8ic SIbEMR A bLRS. LIChHDT,
RETAFCH T BT AR, KBTS
PR VTR AESh CERIEE TS L HEN
EPAEIRD 2T b, da/dN AR LI EE X
Y (B

(iii) 4K,=49.2kgl/mm¥2 TEXHUNY) O REDHF
A, (S UCHEKT LicBifi o, REFRTRD IR FE
RBEEERL Photo. 5 1o/RT X 5 ERBEERIZED
TIENDY, 2B hghn, 4K =49.5kgf/mm¥? T —7
AR Lo baMcEdT 5. £ LT 4K=50.3kgl/
mm¥2 IR RENITIZEAEFELRLKLY, FEA
Eo AREREOR LS. T LTHEA DT A RERRDR
DI BRI X EREH L HDOTL 5.

I RED L FBE L ¥#303, Wi BEAE TR
YD RENFETHILO FEY RhBHI LT TER
WO, BEA LY BT LTKROI2EELLBRD.

(a) WHRELLRELLEVORNIEREBE. %
HILE L RA TR SIS,

K=K v'7ma; ¥
T K gy kREOEIEFRE. 0 XIS, L

1—1?’

Notch

Crack Initiation

Photo. 5. Fractographs of the testing condition E.
Apparent stress intensity factor at the crack ini-
tiation was 42.9 kgf/mm3/2, Arrow shows direc-
tion of macroscopic crack growth,

T a; BYHYRENGDOEFHURXTHS.

(b) B REMLEHUBENCTTCHFEL TS
@R LG X B0 R ¥ SO BHEMRP ORE
EF. AEBCR UL TNT R>0.1 THY, O
X5 R X HRBOBE, I Smax HHEAS TS
B G0 R EEBCEBBREICHVEL, TOLDRE
ZURIB A MEHT 5 J12MB < .

(a) B XU (b) DEmAb, YD REH,LLXHUFE
BEHEOBSIEHIERFEBIIED Tha v, SRR I
KECAESTH DGR BRE AT 5. ik
Fig. 2 wksiF B%&HE D da/dN-AK phiR DR BT G
LT 5.
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FHEDOBS, RMAHINESHh B0 50.3>4K>
49.2(=4dK ) kgf/mm¥? T3, —F, FoOBOLED
SHEEART, Yo REVEET B LUNORERSE
BB Lic&MFA (Table 3£MR) OB4, HREA
DRGNS D 40>4K>9.5 (= 4K ) kgf/mm¥2 ¢ 2
5. MEBTRAMRMR SIS K ORISR T
WAHDUE, kD X 5 EER THESICHI AR &
S5HDTHB. T LTHEMTEDEIIEA R, R
% 4K HBTONREhOBRT, 7 ARBEOERDOS
SLDSADOHTT i LB LT, B ommsSkzEEo
WO EHE Licb DL BT o encE s,

34 ~AZHEIET > TLER
~ERREIROBN B 4K O & FHER OB A EA
AT 4K, Thic s 4 v ARG BN S 4K ORFE A
Table 3 ©Hfai+5%. T, ~XENBEERL 4K &
DRk, B LT 4+ v I AERBEERE 4K L OBEY
Fig. 7 @Rd. AERBIVENLLTFROZ E25bh5b.
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Fig. 7. Area proportion of cleavage fracture versus
stress intensity factor range, 4K, and that of dimple
fracture versus stress intensity factor range, 4K,.
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Photo. 6. Fractograph of the testing condition D.
4K=28.5kgf/mm3/2. Arrow shows the direction
of macroscopic crack growth.
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Fig. 8. A fatigue fracture surface-analysis map of
the testing condition C.

7¢- u : Size of fracture surface unit § : Standard deviation of Adp,.
(Ady, : deviation of the direction of bundles of lath-like-pattern
from the direction of macroscopic crack growth)
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