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High Temperature Fatigue Properties of 18Cr-12Ni Steels

Synopsis:

Michio YAMAZAKI

Effects of the carbon content and heat treatment on fatigue propci’ties of 18Cr-12Ni steels have been

studied by the rotating—bending fatigue test at 600°C and 3 000 rpm.

The results obtained are as follows.

(1) The fatigue strength of the steel increases roughly twofold as the carbon content of the steel in—

creases from 006 to 0-29% in weight.

(2) As the carbon content of the steel increases, the effect of solution temperature on the fatigue strength

becomes conspicuous.

(3) The optimum solution temperature is the lowest one that gives a complete solution of carbide.
(4) Slightly aged specimens give a higher fatigue strength than that of completely aged (maximum hard-

ness) or unaged specimens.

(5) Coaxing behaviors are also influenced by heat treatments, and the treatment to give the highest

fatigue strength results in the greatest coaxing effect.

(6) A coaxing process, which is interrupted before failure, can be utilized as a pre-treatment to improve

the fatigue strength.

(7) Grain sizes, amounts of undissolved or dissolved carbides, and the precipitation during fatigue
are influenced by carbon contents of the steel and heat treatments, and from these aspects the fatigue pro—
perties described above can be explained qualitatively.

(Received June 23, 1972)
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Tablg 1. Chemical composition of steels used.

L

! Chemical composition, wt%
Steel
C Si-| Mn P S Ni Cr
Z1| 0-06] 0-45 1-53] 0-012( 0-019; 12-07} 17-99
Z2 0-14] 0-42] 1-53] 0-011| 0-019| 11-90; 18-22
Z4 | 0°29) 0-43] 1-61/ 0:012] 0-024| 11-96} 18-30
Table 2. Grain size number.
i Solution temperature (°C, X 1 hr)
Steel
: 1 000 1 080 1160 1 250
Z1 4 3 2 0
Z2 8 6 3 0
Z4 11 8 4 1
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Fig. 1. Hardness change as a function of aging

time at 700°C.
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Fig. 2. Tensile strength at 600°C as a function

of solution temperature.
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Fig. 3. S-N curves (600°C, 3000 rpm) of steels
Z1, Z2, and Z4 aged at 700°C x 2hr and
600°C x 20hr after solution treatments at -

the temperatures indicated in the figure
for 1lhr.
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(Data points for A, B, C, and D are shown in Fig 3)

Fig. 4. S-N curves (600°C, 3000 rpm) of steel
Z 4 heat treated as shown above.
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E ” ” B 27
F ” 1000°C X lhr WQ 7 21°5
Aging A : 700°C X 2 hr+600°C x 20hr

Aging B : 700°C x 20hr + 600°C x 20hr :
Fig. 5. Temperature change of specimens after
cyclic loading at 3 000 rpm, while furnace

temperature is unchanged.

S-N curve Failure point of
coaxed specimen
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Fig. 6. Coaxing process and the difinition of coaxing
effect factor. n shows the numerical order of
coaxing steps, and N;(o,) is number of
cycles at ¢, and taken as 5% 10% for all the
steps except for the one at which failure
occures.
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Fig. 7. Coaxing effect factor as a function of solu-
tion temperature. (Aging : 700°C x 2hr+600°
C % 20hr, solution time : lhr)
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Fig. 8. Coaxing effect factor of steel Z4 solution
treated at 1160°C x 1hr. Specimens shown
as aged for 2hr or 20hr at 700°C were
further aged at 600°C for 20hr, while
specimens shown as aged for null hr at
700°C were not at all aged.
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: 5-N curve of virgin material at 3000 rpm.

: S-N curve of virgin material at 1500 rpm

(two data points only).

: 8-N curve at 1500 rpm after coaxing until point Cl
at 1500 rpm.

: §-N curve at 3000 rpm after coaxing until point Cl
at 1500 rpm

: S-N curve at 3000 rpm after coaxing until point C2
at 1500 rpm.

F : S-N curve at 3000 rpm after coaxing until point C2

at 3000 rpm.
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Fig. 9. S-N curves of steel Z4 after interrupted
coaxing as a pre-treatment. Heat treat—
ment before fatigue test: 1160°C x lhr
WQ, 700°C X 2hr +600°C x 20hr.
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7o & 5T EELONS Nl nEE o S-N dhifich b, &
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Wi R b o i X 2T UsdoTH D
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2 dh b SFEIRIRA SOFT B0 { BHER RS
Ardgv. ZHUERS TR AR T R IR R ORI EhIC
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KNS BAL D13 X OFEGRLENS 7o SV g BEE Lt
S5ZEL LT Vw5,

W ks X O ERIR B R DZEREhIT X B BT HAEE L 2 E
MR AEREEELS X5 EBEbLRTEKD, o
ASR DB RS s R D Zhic X2 THASh TW
BHRem=1s), irdsh,, (RDERLUIGHIT XD TELR
TEALd B \WVIE T RD AT E 5 D TX DEOEN
W EOMEFTHS RS ATINZ b, E£dbBIGHLTT
FREE LR DT I X 0 TN EE O T3 E R LRTAER
NHbhd EEZ LTV,

AEEBROEMLT CHENRER P HT HAMET 5 2 L

L= prEaa
(a) As heat treated, (b) Ruptured at 33-5kg/mm? (2°39%x 107 cycles), (¢) Ruptured at 38 Okg/mm?2
(9°5x 103 cycles), and {(d) Ruptured by coaxing with the maximum stress of 43kg/mm2, (b), (c) and
(d) taken ai about 0°5mm from the specimen surface.

Photo. 1.

X-ray back reflection photographs of steel Z4 solution treated at 1 160°Cx lhr

and aged at 700°Cx2hr and 600°Cx20hr. CrK,, beam=0'5mmg.
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EDEZLNDD, knee RH L LB LR ThIT X2
TROELFHHTER Y. T ZTELOEERCLOT
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T 5 EWENRE B EE XD, Sk EORBREMLENIE
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Fig. 10. Schematic expression of fatigue damage
(D) as a function of number of cycles.
Stress decreases in the order of curves 1
to 9, Dy’ and D¢'' are assumed amounts
of damage at failure, and the damaging
rate (slope of curves) decreases as the
number of cycles increases, becoming zero
at a certain number of cycles with
stresses below a critical level {(curve 5).
Overaging causes failures at points i1 and
j even below the stress to yield a knee.

— 43 —



i1io % L

% 59 & (1973) &L

MLTWLBF2EReRmLaboThs. gl »
59 DIEICEIBET LTWL . EOEMERE (dhil
OOE) WEAPICAECBRHHBICI 2T LREWIZKT L
TWL A, BAHEN (HhiR 5) X D T TREFOETH
HBIEDELELAETRELT S, Fig. 10 o—Eofk
DR Li-#ERdhiie st LT, mifioc s D, 2%
D D 2XFERBANC E 21T B 2135 OB TIMETE TS
5. 2T, Fig. 3® S-Ngiffid knee OB b5 2
BITE 52X 5% Dr ORLEZEIRLTAHAX 5. HEB¥EZ
LEEy D' ¥ 5 & (Fig. 10) f a~d TR
B 5H, TNOSIREHTOETE & kK LER
R Z BT LIARIE RN 52> knee X Hbhix
V. ZhicR L, BB 2 ERY D' 15
Bife 7 o f S TWEREESE T 555 [GEhBb T &V ik
MO RN EET, FH I S knee &35, 0F
D knee 234 U% X 5IIKAETIE, MWW 28
ARSI D' XS L RViEhHD EELIBND.
T Fig. 10 omiiEas D' & LcRiE%:R, 7
& x4 Fig. 3, Z2 g% 1080°C Tk L&
CRENABR{LWINT & A E7s < knee BEbh5b) &%
ZEH. Thicx LT Z24480% 1080°C CigRIbdT 5 &
R FRE Z280% 1080°C CigfR{b Licf ezt
AERICTHBPBRENERILD /DML LTED,
»oRERLIC X 5L mb>T, Fig. 10 @ I~
9 DEMBOMESS/ NS B, 2%, WHHEEEE
Fig. 10 @ D" LRIUCESC L THWTEARODE
BPNEL LEEEHWTEL I VWb TH B, T
VIR E A & A E BhiR & ORI L BEHRD A H3
FETHD» 5, ZOREITECBIHEEREN? D' £T
FRUEEEEAMRETHZEMNTE S, WHHHE RS
D! OBFIWCHB ESWEENED X 51T knee 2iHi7n D
T, Z4 §8% 1080°C C¥H#EIL Lic & Hi knee %Hdb
NitnWZ EDEBATE 5.

Z4 PEELITHBRE LB S, S-Niifficvwo
7oA knee S AKFEHBEBROLN LB EE VR LEIC
HEELBHARIS. ZhIERBoORBROINENT X
VIBRENMR BT LI X B ¥ 2 bh, Fig. 10 ofh
%8 L9 TCREBMBICHUHEESHEMLIEDEI, JT
BEiSEIBLDE LTHALS D, Thht Z4 DA
TERIDHEAE LTE, REE EITHDHERBNE
Wi DYRRIC X BT OH XX REESLT VW I L03E
A bhbhd.

4-3 Fig. 4 DERICDNT

Fig. 3 13 700°C X 2hr+600°C X 20hr &\~ 5 &%)

(Fs%h A LIPR) 2528 THok. ThiTkL

Fig. 4 1 700°C X 20hr +600°C x 20hr &1+, X 0 BB
orsh (B%h B LIER) % Z4Eic 5 2B AT,
TRCOBEEILBE T LCr%h B %) A X9
NGBI T EES. (BB X 5 EEhflco fist
$dH5.)

1000°C & 1080°C it g Er B it OH
BEx (Fig. 1) & 600°C o55EMmx (Fig. 2) X A
Rt X DIETLTE D, LA OTENEXD B R
OB R DIRL LAYRTH A H. 1160°C X
U1 250°C CIstRIb L& A Hsh#tk v B &
It OEXDERKE . WEHEO S-N fhigx /% &
(Fig. 4> C & C, D & D'), 2x104~3x 104 [ELL
T ORI R UBTHEETT 5 X 5 B TRikE
DFTHFRDS, [GHIMEL B &EFlET 5. Zhid>&
DX S THIREN S, WWEEERIME WA ENHER
Hh b i 4 U BT E SRR E R (Dr) I
ETH0T, WBATOREOMES BB VI HBHMHERY
A%, RISTNTTE B & REITHRNEAIR AR OB A RN I
LRI RS E Uiz 5 L E 2 H6h 5.

B wahftic knee 25BNl voix*, Fig. 10 2
W, 1080°C Tifk{b Lz Z22 §lic knee 53R,
1080°C Tigtkit Lz Z4 $iic knee D3Fbhis\vZ
LR Lo & Rk Ehaior @ kic X b Fig. 10
DA OWES A U, WEEELAMERINT D' i
ofebhDE LCHEFEEINS.

Fig. 4 g3 = 5iz, Z4 % 1160°C CiEfkib LRELD
Le W CIENREBR R T R 27 5a (B C'') MARE N
Twb., ZOREENHRBRETON HIC X 238k £ 07z
e Wi D ENGRBR AP O B FHLCER 3 % £ C DR
CENHENP L VETT 20T C & C XhfHEdk
DTWBD, FERHOHE+SCREIBDTCENET
FhiE knee ZPED7/ARSERbLNS.

ik, HEBFRIOOICIVT Fig 4 D C & C"
@ S-N, thtf a4 & v TR L, BIERIEORE,
ENEERRTOREShIC X D ITHE L7 R (L9, SiREhehic
WH L-R{bhohEE2HEEL, BEIRIZE LT
#1065 (LEE % ORESKD) ONRBHH L
=ik L7z
144 SHERYDECETI—BNITEER

ENRBPOITHIE XD TS H#ESESRLI SR
Rz 2V TEXLTH LS. ZORPENHEBR | OERF
BT X B T Li307e D —EANCERD T h 9o,
LT X > THEOFHEABPEEMCTBRELI T

* BRZM T LEREL (0:29%5) DiiT 50% B ZI7BEELTHWS L

EVBTEROMELLFSNS . Lith > TEBRESDLVIZD
knee S ZZ N E WA S

— 44



18Cr-12Ni SO FBEN 111

W o LBl NTWAY. ZZTRIDEZLDLS
SLIBY TTF2ED2 205 T THLTAHALS.

4-4-1 JETIHESHEROE 1 OEE

BN A SR YRR A BAIA T B G NS KA D& Fi b3
P, JSINHBEAEE DIKNG ) EXFE TETIED/NE WD
SWERTHET B, ZOER LS (FXDH) ~
B Ak & E BH o3t A BENE ik FRAMNERL LT 258 T3
5. ZOWEOREARE, I0VBWVIENESEZXTLD
% { DERS P UTHEETR LB a8 ii&ie O
RS T2 WICE L D& S fod/NE L, &G THHE
EEEOMIRA KR E { EERAEROMC D= + Y
v 7 A DREIREHSED T WIS IREQEIFTOS S X
DREVDT, EIEHTRFHAES 2 & < KRB EL
XNBHZEThB.

442 JEJVEIERHER D 2 DN

FENHEORMTEEREhAPICE Z STk X o
TWRECNEL D2 TWL . EREEOETEES XU
FERROFHEERZ E DT ENEEL b L ERKT5
73, BIEOEEIRGH O AL &L ICARICHEMT 50
wat L, BFRBHATIC X o T I Urcthidbisk
CEOTHREXNDL,HHHENTRERI DIZLDLER
NELRIETCHLETNEERR LAV EEDOLDEE X
SR5. ZOX S EmHE OHELEGR?> L, #HEOMETH
FEE VT P U T O HEAT S B A5 K & MRS I EBER TAR 0
BL B H%E 52T G hlishR» Bbhsd 2 ik
5. ZOWEETIRATROE 1 OB L 2 D TR SEIE
T BRGNS OEFIT X DTRED &LV O RER L
T,

PED2 o0 ED &b S TRERDIE @ISR D
SEBRFPINE,EOED 45 Hik 46 §iTERD
B3, X ZTOHRAREEERNCHRE IO LEV
ZTIRBOEMSCH B EiEFE I V.

4.5 Fig. 7 OBRIZCDNT

700°C X 2hr+600°C X 20hr EE3h0D B4 0 157 it
ok LETBHRCRE OB RT Fig. 7 2R3 &,
KEBRIL DD Bkt (22, Z4 g0 1000°C 7
IR 5 X O ENEIRE DL CIRE & B 7R
DR INE L L BEAM»D 0, (FFEELENEBES
NBIRETHEEE LchRREDD @ (218 1000°C,
1080°C, Z2 & Z4gH, 1080°C, 1160°C) o HhE
IR E V.

KEVA R & & THIk AT X DR ORI LR 5
EAOWHEBE L, TR LEHES (T ~OFk
WHDBHIE X N5 7 DS NSRBI NE VD EFE X
Lbhb., ZHEFETHRKR 2 DOBBOmMEIC 2\ T

WzBHZETHS-

D EFTFELABHRILIBED LIcBRMLIBES EA X5
LISHHMEZH RS/ PNE D 2 L8 | OEE» LE X
5. 51 OB TRAEANICEEERSBRGT 55
WRNDGHINHD ZEERFHELTWDR, ThiEjlo
FHT W XIFIRSIRP BB T 2 W KANDGHin 5
il s IRATRIE—RAT V2o T S O F KA
THH»5, TOXRMOBE (lctxiXz520 -9 —
FROEX) LEERMESELRNChE S h D REIR
B (ZOPEAKRMURE) o823, TORENE
Wi EREOTRE U730 CHRALIRATEB 2 18D 515N
iP5 —EFEDORNTOFHEMECELOE, KRAERHOZE
BPEL 2T T EBFELLNSE. Lo >THEI
DRI X BIE NS RIS 5. X 5IT, i
BOBDESTHIE, 7oL X 2RMBESENT S X 57
JENEIED» BE XL ThH, HIRAES H4 Uic— ROl
B2 (TDH) OERREKREVDT, HhSHT D H
A Ay T DFENES R SE OTREUS A 28 LU >Rl
RED IREARS RLPT B En8 kB EHF 2N
5. L7ic32CIs iRV G N 2 5 2 T—3 o0
BB DB RIS /- & LTh, £ T AM»2D TR
AL, SERALRSERFICES Lo S XD RELKLS T
L7 <, ISR RbLN V. OF b EIRE
ki, BREFEOFE LT IDEL/NELTHTLE, B
IORMIBEOBE 2L TH 2 LITX VE 1 O
X BIGHMiEshRE A2 /NS LT 5.

Fig. 7 Of5RITE 2 OB TS T <{FPHTE L.
4.6 Fig. 8 OFERICDIVT

Fig. 11 T& 3{HE T OBEEILIREE CIrALiR % tABh
WBEHDHEEa DX S CHHLTwBE LIS HTH
K EX2TZDENSMEESDA~E LS, BVt

ey c

(=4

[:%)

3

o

[V}

o

st a

[ =

o

=

3

0

=

=

o

o b

Stress to activate dislocation sources

Fig. 11. Stresses to activate dislocation sources at

various degrees of precipitation hardening
(schematic); a : as solution treated, b:
slightly aged, and ¢ : completely hardened.
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