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Fatigue Properties and Fracture Surface Analysis of Plazma-nitrided Cold Work Tool Steel

Daien YOKOI, Yasushi HARUNA, Nobuhiro TSulll, Yoshihiko YOKOYAMA and Kenzo FUKAURA

Synopsis

: Rotating fatigue properties of plazma-nitrided cold work tool steel have been investigated using modified SKD11 (Mod.SKD11), which con-

tains 0.8C-8Cr-2Mo-0.5V. Specimens were tempered at 470, 520 and 540°C after quenching from 1030°C. Plazma-nitiriding was conducted

at 450°C for 3 h after tempering. These tempering temperatures were decided by the following reasons: the hardness is same for the materials

tempered at 470 and 540°C, the material tempered at 520°C has the highest hardness, and the material tempered at 470°C contains 15 vol%

retained austenite which has a possibility of toughening the nitrided hard layer. Fatigue lives of nitrided specimens was five times longer than

non-nitrided specimens, especially at higher stress amplitude. It was considered that crack initiation sites for nitrided specimens were shifted

to interior of specimens because of generation of hardened layer and compressive stress near specimen surface by nitriding, while fatigued

cracks generated at or near surface for non-nitrided specimens. At crack initiation sites, carbides or inclusions were observed in all speci-

mens. Fatigue strength of nitrided specimens tempered at 470°C was higher than other nitrided specimens. It was considered that stabilized

¥ Was contributed to suppress cracking of the carbides, which act as fatigue crack initiation sites.

Key words : cold work tool steel; JIS-SKD11; nitride; rotating fatigue test; retained austenite.
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Table 1. Chemical composition of specimen (mass®o).

Grade C Si |Mn| Cr [ Mo | V P S
Mod.SKD11 {0.80|0.88{0.38|8.01|1.90|0.54 | 0.024 | 0.002
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Fig. 1. Shape and dimensions of rotating bending fatigue
specimen.

Fig. 2. Optical micrographs of nitrided specimens after
tempering at 470°C.
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Fig. 3. Vickers hardness distribution in nitrided specimens.
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Fig. 4. X-ray diffraction pattern for specimen tempered at
470°C.
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Fig. 5. Change of half-value breadth and shift in peak
angle of « (200) and y (200) with increasing of
distance from the surface for nitrided specimen
after tempering at 470°C.
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Fig. 6. Relationship between residual stress and distance
from surface in nitrided specimens.
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Fig. 7. S—N curves.
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Fig. 9. Relationship between distance from specimen sur-
face to crack initiation site and stress amplitude.
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Table 2. AK, calculated from crack size.
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Ok, FaBA LI EPBERENS,
Thbb, v, EAK, Ol L0 ZHEEEHICF S

TH5DOTIRAL, EHOFEAKREZBLEIESZLIZLD,

WEHFMOE LIIFESETE2ZEn8ELIONED, BED
YR & &L QT F M TIRIELMIE LV ke Fanm LIS
Shisu,

Z 2T, E5H12470°CE LM OBIERTE (74 v ¥ a2
TAE) BT, MEXBEGEET0, y, DFERFIREEC
DWWTKRET Lz, /2, O, QT EMIZDONT
LHIEET -7, ZORRO—H% Fig14 ISR T, QT %
EMTIE, FEALOMEBR Ty, S ORI Y — 21368
HDoNT, y FMTHELEELZRKI LTSI LMD
Motz —H, 470°CELMTIE, §RTOBIERSIZE
Wl AR E N, 20, [KAKIZHET 27 1 v
VaTARLBIIENTOAY, RO LN LD, Eib
IZE > THESANILBI L 2R Ny, ICE @A L, T
W BHEOLENEAIE L2720, QTEEMED Sy, %
KBEAFLIZEEAZBNS,

L72h - T, 470°CELM DR FFi A KIFIZEE S h
7=01F, @iz & B Emifl & EHERRIS IO EIZKD
FMDEGETO ERRENIH S22 LICMA T, ®R{IEW
DREADIZFET 5 y 02 ERICKk-T, KOLENRL,
WIS & e B IRIEIIN DI TP AL, RIEYIOE
NREAHFIL 22 L FERDO—DELTEAIOND,

DIEOfERHS | mBEl THMOBET R, Sy,
EEMZHADESZLI12XD, KIBZREINE Z LA
e B -7,

4.

ol

SKD11 D R #l Mod.SKD11 % Fivy, Wz h 9 57 75 din
ZRIET T 5 Av i K OBRRE ORE & RET L 7248
WA FlHHLLTOLSIZA S,

(1) EIEHREMICB VLT, QTEEMTIZ, v, &2 &
AT CIERM DIEFT T i AY, 520°C ¥ & UF 540°C BEEH4
EDeHETRS L7,

64

kU 72, BRI HRIEM T O LSS T 0, 1L
MOWgTiFFanis, QT £ MK s L&/RmL 7z,
(3) QT EMOBHHERIZ, FUTKRIAH 5 IF KA
WETH 720125 L, BT, IeHRIEOKE X1
faboF, KHEALSKSoum ENAITH 72, THig,
Sl koM ER AR ENh b 2L, BROKRIERIC
KE GRS AEC TS Z L IRET 5515
ha,

(4) ZLFIZINT, 470°CHER LH D357 F7 i 23 It
R Ko, TAURIHRERIC & o TR L 0 TR
Loy, 25, BB & & BRI DIE SR 2 FEA L
RALIOBINFEAE ZPHIL 72720 L i X h b,
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