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Formation of Functional Surface of Materials

— A Functional Surface Modification of Die Steels Applied Various Surface Treatings —

Masahiko HIHARA, Koji YATSUSHIRO, Shigeru HAGIHARA and Tukahisa MASUZAWA
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Abstract
Effects of thermal fatigue on die steels and surface treated oncs, such as various nitriding and PVD process under the heating
and cooling repitations were evaluated by means of author developed specific testing method using a surface modificated testing
samples, X-ray residual stress measurement has proved to be effective to evaluate thermal fatigue phenomena in their
samples.Various nitriding samples before and after thermal fatipue tesl were tound to be much less substantial compared with the
non-treated samples, and also, TIN and TiC thin films coated on the die stecl surface, large compression stress were gencrated scon

after the start of heating but it changed to the tensile stress as it was held heated. These surface modification technigues, especially

the nitriding processes, were more effective to increasing with the life up and quality in the dic steels.

1. 8 E

AEDY A AN ERCHIKE Y S ERARADE
CALRHFGIN LA HAE LT, e, RS LU
R AL ME D EUA °PVD, CVD, PCVDIZ L AW
FE MBS A5 E ) O 0940200 U TR S T B,

FHOFENM T R EH T 2548, Km0
GG O — i O 4 7 BTSN AR )
BhREFEL LAY, AMET2REILAIMIFCE v
A%, Thbt, KALAROTEIZEEED
LEBIRE I B R S DYFPE, HIEDRBEFE, i forh
RLMEAPEZF MR T, 1) e — b F oy 2Pk TR,
2) WA, 3 ) ARER L ORERE - - 2 EE
TAHULENSH D,

T, FEORMLME L WERBATY 4 H A ba)
RHIREE VICEHL, BEBETOEEEEMEFT A
¥\, AT BREORT IR 2 H v TR O TRY

*FAMEH  HoURFEE AT AR

O EE, WEIS DGR 7 7 v 7 OBR BB % M
TAHLEND L.

AU RO LB & OTUR PR L A GBI 2o
VT, B — FF oy PR OREE IS E T A A
DTEDFR L.

2. ERFGE

2—1 HEBH

BRI RS IR SR R TAM (SKDel, LA
T, &RMEE5) ThHY, FEANE, 2 R LN
TV, FTE S 4 48HRCE L F45HRCE 17z,

BT AR L L s M R R o S B &
UFPVD) JRALEE 15 X DRI I T~ ORI %2 K 417 -
720 A A DT OBIES S A PR ER S
B REER BB I, S =i U L O BB
HFARE shTwLH, RRCETIH A P SHTOR
FE WA RAN, U it Iz Jy 200 Bk FHRERE - (Fig. 1)
W Ciro i,

_42_



o 2 SR L A T 09 R AR IR L Aok — ar Rl o
A7 N RROSELRBMEmIZAaN L, —8T 12 V8T
ofa. Tk, BABGERIC I B AR R E O R IE O UE
IR EIR TIT o 22,

SERIIINEL T 0 v 2 R oK (HB00 AT &N
#ONBGRAESTOC, (RIFESRT 160 &, AKRAUCIIELRE
Row (BHNRE100T, RISEMISH) TR TIr-
fal

SNERE D KB IE 7 T v v OFEIREE, R, R
0L D 2R 1L 5% & R BLD 0038w L2 KIS 3L 57 558
D OGTHRE L,

Racordar
= 2] od
Thermacouphe - c0e OO
— 0000
Thismosusk
/u-nlnumlnq murterisl Oporming somrolier
Heaiing ey

jelo]

Hir gofmprossr

AAr Cynces

Fig. | Schematic view of thermal fatigue testing apparatus.
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Tabic | Conditions of X-ray residual stress mcasurement.
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Fig. 2 Residual stress and crack measurements of samples

before and after tesling.
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Fig. 4 FEM analysis for die steel and thin films as TiN and TiC,
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Fig. 6 Residual stress distribution curves for various samples

during thermal cycles.
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during thermal futiguc testing for PVD thin films.
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