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YSS HOT WORK TOOL STEELS

YSS ZEINTATEMOIEFRT

Chemical compositions of YSS hot work tool steels

$hiE 1t 2 & 2 (%)
Grade Chemical composition
YSS JJiss C Si Mn Ni Cr w Mo Vv 01t
equivalent Others
DAC SKD61 0.4 1.0 0.4 — 5.2 — 1.3 0.9
DAC-MAGIC | SKDO13LE B % @ fB  Onginalstee
DAC10 SKDBIER | g3 | 03 | 06 | — | 52 | — | 27 | 09
SKD612 R TOfeRRTR
DAC55 SKD61 modified 0.4 0.2 0.6 0.6 52 = 2.2 0.8 itz £estEl
DAC3 SKDB1ZE | 04 | 03 | 06 | 06 | 51 | — | 16 | 07
DACA40 SKDTER | 04 | 05 | 05 | — | 43 | 07 | 21 | 09
SKD7H B ZOMAFTR TR
YEM-K SKD7 modified 0.4 0.3 0.9 0.9 3.4 — 2.5 0.6 Other special
SKD8 R _ DM T TR
MDC-K SKD8 modified 04 0.3 0.5 4.4 2.0 1.6 1.7 egmg;tsspgggd
SKD6 11l — — :
FDAC SKDB1 free outting 0.3 1.0 0.7 5.2 1.3 04 S:0.1
DM SKT4 0.5 0.3 0.9 1.8 1.3 = 04 0.2
YXR33 | MUZ7RIMAA | 05 | 02 | 05 — | 42 | 16 | 20 | 12
P SHEEDTFYIE, B BFOSREREZERL. JISENERFILTHEIET,
*Impurities such as P and S are controlled below the levels specified in JIS by using Hitachi Metals' own high-qualtity raw materials.
7AVMAEAITEHE . — MMM ORETHB52 T (8 @7 VIOEC DACDEM
HAmE) . AAFEOEREEDEREERAL. EHH Toughness of Isoropy DAC
EF-EEBDTY, 5
TEHOSEFHRICHEVEHEIZ Z (T TV B OHEiTREL ]
LTOMIICEL SN OB HORELLPESFHL §
ym :
ICRECRBMLTVET, g% 1t
Isotropy tool steels are so named becase the “?%
difference in mechanical properties between its i:fg
longitudinal (forging or rolling direction) and H} 3
transverse directions is reduced, thus overcoming a 5\ (% o
weak point of ordinarily processed steels. This EE
technological concept, which is highly evaluated by ok B s aTHRC
users of tool steels, is applied for the production of L:BmFEaam
. o Longitudinal direction
all our steels and contributes significantly to : T SBREAKE
stabilizing their characteristics and enhance their e frensverse dection
service life. Isotropy DAC
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Applications of YSS hot work tool steels

Isotro

(PAUNEIEA) ERYSST AR NARDRLL P TO—F T,

By

i A SAE
A& SAEERRES Recommended YSS steel
Application Standard hardness —fi% ZE4%ER
for general use for mass production use
TILIZYLE4AE  for Aluminium alloys A B1HRC DAC DAC-MAGIC, DAC10
<72y &4 A  for Magnesium alloys FDAC (38~42HRC) DAC55
5 o | BRNALA for Zinc alloys 41~49HRC DAC, FDAC (38~42HRC)
;fj % &4 H for Copper alloys 41~49HRC MDC-K
A o | $hREEY 40~50HRC DAC -
g :g Core pin for die casting 52~58HRC _ YXR33
Z1)—7  Sleeve r\%jr E§4HRC DAC
J—2Z%w? Goose neck MgH  for Magnesium 35~45HRC AHD32
R P ALF  for Aluminium 45~49HRC DAC DACS3, DAC40
Dies Cufl for Copper 45~49HRC DAC, MDC-K HRD10(56~60HS)
qTFEIY ALH  for Aluminium 44~50HS DM DAC, DAC3
Container tyre Cuf  for Copper 44~50HS DM DAC
TYRR)—T ALE3  for Aluminium 60~65HS DAC DAC3
Outer sieeve Cuf for Copper 60~65HS DAC YEM-K
1>FRY=T(F1F) ALH]  for Aluminium 60~69HS DAC, DAC3 YEM-K
g | 'ner sleeve (Linen HSBR forpue Comper | 46~60HS HRD20 (46~51HS) HRD10(56~60HS)
E s #4AR for Brass 46~51HS HRD20
Mg s ALFR  for Aluminium 60~65HS DAC DAC3, YAG300 (69~75HS)
5 CuHd  for Copper 60~69HS DAC DAC3
ARG ALH  for Aluminium 60~65HS DAC DAC3
Die holder Cuf for Copper 60~65HS DAC, DAC3 HRD10(56~60HS)
£4/\y# Die backer AL, Cuf for Aluminium or copper 60~65HS DM, DAC DAC3
<IRLIL ALH  for Aluminium 60~65HS DAC DAC3
Mandel Cuf for Copper 60~65HS DAC YEM-K
£3—T0yy ALR  for Aluminium 60~65HS DAC DAC3
Dummy block Cu for Copper 60~65HS DAC, DAC3 HRD10(56~60HS)
< RUJVaRIL4 Mandrel holder | A4, Cuf for Aluinium or copper 60~65HS DM, DAC DAC3
RILZH— Bolster AL, CuPd for Aluminium or copper 55~60HS DM, DAC DAC3
IS for small size dies 55~65HS
Zrl/p;r;ﬁi*__t:orging S for ot oae e 52—62HS DAC, DAC3 YEM-K, MDC-K
KA for large size dies 46~56HS DAC DAC3
& % N for small size dies 55~59HS
& S NY—FE _ s¥E for middle size dies 53~57HS DM
A 5 for hammer forging
"‘g KYIE for large size dies 50~55HS
RS Warm forging dies 50~59HRC MDC-K YXR3, YXR33
ANy B A R Header dies 45~49HRC YEM-K MDC-K
TTyhy—Ib Upset tool 46~50HRC DAC YEM-K
4—TJL—Rx  Shear blade 37~45HRC DAC, DM —
FEFRE Glass molds 28~45HS HPM38 ZHD11, SUS310S
HFr— Glass shear >80HS YXM1 —
MEARE L METE ORIV LR R T R

Use for thick billet shearing

Use for bolt hot forming

YSS HOT WORK TOOL STEELS
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YSS HOT WORK TOOL STEELS

YSSABINMNTATEMOERESGR

Types and features of YSS hot work tool steels

$FE  Grade
YSS JISFaEL R Features
JIS equivalent
BRI SIMEDNT L IS L EAMICENS Standard grade for general use with good balance of
DAC SKD61 BRI CE SN AR FIs R T 548 toughness, strength at elevated temperature and with
excellent hardenability.
RIS B A S R CINT L XS B High performance die steel for die casting with well
. _ balanced strength and toughness and strength at elevated
DAC-MAGIC| SKDB1ER | si(2h4mmms, Be—ho w7, IS HE et ® s at ek
SKD61 modified temperature. Excellent heat crack and stress corrosion
RENEICEBN TS
= ° crack resistance.
= - Wk g Excellent heat crack and wear resistance at elevated
SKD61 £ MHe—h7 2y V1%, ShETMHEFEEICEN D, B
DAC10 SKDB1 modited | H4HANE. SETL X B A EISEAENS :mperature. Steel for precision die casting and hot press
ie.
SKD61H% & Me—b7Zy 7M. HEDEN LA HINEE Die casting die steel with excellent heat crack resistance
DAC55
SKD61 modified | FE4H and toughness.
DACKWEMIBN 2R T B4R C. SEED Hot work tool steel with higher toughness than DAC for Al
DAC3 S?(E6D161 Eg(%ﬁ 5 S ZPEE T B OENI RE IC# A extrusion dies with high hardness or hot forging press dies
modilie: h3 with good crack resistance.
SKD7#H B DACEWEIRSRE . S LM DEN /RS 1 X Al extrusion die steel with higher strength and better
DGR SKD7 modified 2k softening resistance at elevated temperature than DAC.
SKD?E&E SKD7 D& Bk E Sy A L L /-34S T 248 Hot work tool steel with higher toughness and strength at
YEM-K O Rk T — oA S 5B A R AN S elevated temperature than SKD7 for forging die of mass
modifie -~ = F RS production use such as hot former.
SKD8M M EEEL - b #hE T 4. sHA High strength hot work tool steel with higher toughness
MDC-K SKDSE{% HHAI R FAELIAMHANLERET DB than SKD8 for high heat load applications such as Cu
SKD8 modified AZISERINS extrusion and Cu alloy die casting dies.
KD61 el I 26 T BT \—K>) IOk SR ) Free cutting hot work tool steel (supplied in prehardened
FDAC SKD6 . . . condition) for dies of small production use or dies *
SKD61free cutting| M ERINZEE-EIEMAELISERINS
associated parts requiring good machinability.
SRR BALRHLILEL D S N Hot work tool steel with excellent toughness, used for
DM SKT4 ~v—&8 TILIEER NSRRIV 2 hammer forging dies, Aluminium forge dies, forging
BT EREICERAINS bolsters and extrusion die backers, etc.
< )y o X EEIME TR T RN X B A S T Matrix-type high speed steel with high toughness. Excellent
. . strength and wear resistance at elevated temperature and
NR EEFEME. TR BN ICEN S, B-HERE RS,
YXR33 M:trix HSS é . AR 01 oy i”m R excellent erosion resistance. Steel for warm+hot precision
FAARFFRECLESERAENS forging dies and insert pins for die casting.
/N YSS HOT WORK TOOL STEELS
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Characteristics of YSS hot work tool steels

Isotro

FFEAIE

Characteristics of

hot work tool steels

x

=RRE
Strength at high temperature —— high

=]

HAHDRNE

Die casting

SKD8

SKD5
SKD4

TUN—R4R

é—\/—’

l RERETY
Warm forging

BRI
Precision hot forging

FyhT4—<H
Hot former

=
D
D

[ : mAmiE (JISER)
Standard steel (JIS equivalent)
CO  BREE
Original steel
TIVIFHL AR
TLRSRER Aluminium extrusion

Hot press/forging

dies

Prehardened steel INT—RER SR T
DM Hammer forging,
(SKT4) I Extrusion auxiliary tool
ik X

Toughness —— high

R EDLEE
Comparison of properties
sirE EimiEE ;AL 0t M EEFEME AT
Grade Stfe?gﬂpff:!ﬁ;’:ted Softening resistance Toughness Wear resistance Hardenability
DAC C C A C A
DAC-MAGIC B B At B A
DAC10 B B A B A
DAC55 B~ B~ At B~ A
DAC3 ct Cct At Cct A+
DAC40 B* B* Bt Bt B+
YEM-K A A B A N
MDC-K A A C A B
FDAC C C C C —
DM D D Att D
YXR33 At At C At

fIEFIF[EA ¥C D] Ratings: A—Best C—Ordinary D—Poor
) OB FE—MABEREL TITFIRLEEN,
(Remarks) Please use above ratings only for general reference.

YSS HOT WORK TOOL STEELS
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YSS HOT WORK TOOL STEELS

YSS #EN AT EMDERFE

Properties of YSS hot work steels

—_— I?\‘J;ﬁf,hjj_rﬁj Work material flow direction

HAIEER DX N XL BEBER oo o oo e R

Surface oxide film = S/8 f R ABIERIBHS DR
('\g D%Hﬁﬁ/ 'EI-'E\) t gE? jinite laver . Crack opening ;i;aﬁlﬁgkf fr?miﬁ?ard;ed ziojiﬁdry layer
Hot forging die wear mechanism ﬁfﬁiﬁ Iayer__ / ‘ ’/ .

"microstructure" and influencing factors.

A1 Eﬁg,ﬁ l-‘iéal affected layer
BUEICSIR i - ]
Heated up above A1 7
transformation point E@, E
Black layer
BMETE
Lower hardness layer
WERNDEER
Pro;ress of crack into the inside 75‘77@&%&‘3%
Progress and confluence of cracks
WBRAOLEE
45::'& %2@% Extent of impact on die damage
Properties Influencing factors TABHEERE ;b 797> KEh
Sliding wear Softening to abration Minor crack — Catastrophic crack
HRALMIEITEER Area ratio of carbides| BURTIIBENM (BRI oo Do o O O
A1 At point BEEANHIE Anti-rehardenability O A
EEEE tsggfggtg&gelevated TR Deformation resistance O O
i Toughness RENNDERIH caiones © o2k O
DAC ALY (ETE=E%) DAC3 AL (ETEE%)
48HRC Area ratio of carbides 51HRC Area ratio of carbides
A A
+4 -+ 4
£ £
T2 B +2 5
AR i L At -
A1 point 840 \ 25 A1 point =2
(= 0 460 500 66(; éjg g © = 300 42)0 500 66(; % g
ES i ES
r 700°C5|5R3#E N/mm?2 ; 700°C515R3#E N/mm?2 ;
(Tensile strength W (Tensile strength W
at 700°C) T at 700°C) T
D VE—EEE (FE ) S )LE—EEE (5 H)
v (Index of charpy impact value) y (Index of charpy impact value)
§}J'r$ it
Toughness Toughness
YEM-K ALY (EHEE%) YXR33 ALY (EFEE%)
50HRC Area ratio of carbides 57HRC Area ratio of carbides
A A
T4
£ £
e 0 W
g g
+2 k7] @
A A o g A N E‘_D’
A1 point 840 }eo/ 2 A1 point  g4g =%
(C) =— 1 ‘ ‘ 1 el 31 (C) ~— > &g
204 500 600 B g 500 600 E 5
40+ = 700°C5|5R3#E N/mm?2 =
} X 2 (Tensile strength W
700°C5I5k3%& N/mm2 = at 700°0) £
80 (Tensne° strength
100l  at700cC) 1004 - s
> )VE— B (15 2) a:é(l;g oféé:*?rlp_)yﬁln;g;ct value)
Y (Index of charpy impact value) '
L33 i
Toughness Toughness

'YSS HOT WORK TOOL STEELS




Ei&éﬁg Tensile strength at elevated temperature

FA4vhOES

(PAUNEEA) ERYSST AR NARDFLL P TO—F T, I y

REREL/ VT A—4 Tempering parameter

2,400 T T . . .
A—
2,200 600k —— YXR33 |
*~— A
2,000 ~
T DAC (50HRC) \
g b A N
S 1600 \;\l& ‘ \ 500
z U YXR33 — . - R
= T\?\Lﬁ\ \‘\ (58HRC) =
| I
® 1.400 : I
2 o0lC— W\R\t L YXR33 3
o v (55HRC) —| 5
= DAC (44HRC) \\ | 5 400 .
5 1000 DAC (40HRC) \E\ JYEMK o
= YU
5 800 (44HRC) B
fol
UK
w0 3001 4
400
\ P=T (20+log ) /10°
200 T::BE (K) Temperature
t:BER (h)  Time
0 200 Il N Il N Il N Il N Il N
0 100 200 300 400 500 600 700 800 900 17 18 19 20 21 22

HERRRE Testing temperature ('C)

~

1R/ Y5 A—42 Tempering parameter

EIRYVIVE—EIB{E Charpy impact value at room temperature  SEASENRE & vIVE—ETE{E Quenching speed vs charpy I-value

2
Jé(c)m_ kef - m/cm?
70 8
DAC-MAGIC
_ o~ O 71— e s
T 60 Qil quench ,:':/“
S o 0 “\/ Half temperature time
2 2 I~ 6 -
we 50 \ a9 15min «\"\‘
B T T . '\
i g \\,/DACS @8 50~ 5 30min & \ \‘
V8 40 AN Y= 45min ¢ \ \
Y = 60mi
SE DAC \ 25 40F 4 min e~
35 NN
39 YEM-K 3% 303 N\
ES £S5 \,
§2 20 & E >
o) £ 20 2 >
£ $EABE 1 1,020°C (YXR33;1,080C) YXR33 o #ME:DAC 4
(% 10 Quenching temperature Material
A —r 10— 1|~ %t Ah:1,020C
Oil quench Quenching temperature
0 | | | oko ‘
40 45 50 55 60 40 44 48 52
B Hardness (HRC)
& Hardness (HRC) & R B 4 i
AR BARErs PABEYER oo st ET R0
Half temperature time:Time required for cooling from quenching temperature
to (Quenching temperature + Room temperature)/2
S N . - . s= g
EEEBY R (NEF O ERh (I 77 %)
Transition property of charpy impact value Fatigue strangth (Rotating bending fatigue test by Ono method)
N/mm?
J/em?  kegf-m/cm? 800t kgf/mm?2
80l 1% ARE © 1,020°C X 30min 80
8 Quenching temperature X
. /X’ 750
)
01 70 bilzuench X 7 \
) O, =R
2 60 & 1 44HRC « 700 Room temperature
w g I 6 Hardness #530min 70 \ 200°C
B 5 HTT(Half tempereture time) A
@ 3 _ [}
T2 sof sl A A 8 650 \)(
N = 65 A Q
T8 2
©
I8 aof 4 / R A
w O p 600 d O
i X (0}
;\ ﬁ 30 / &0 500 \ O_-:
5 L g ubd
e 3 E
E- oomin 550 AN 1 1,080CEA ,
SE 5l 55r R L : 580°C X 1H2M N
S 2r A__Afo B & :50HRC e
o—©0 500 Heat treatment
10+ | 50+ Quenching : 1,030°C Air cool
17 m&E: DAC Tempering : 580°C X THXx 2 #E:DAC
Material Hardness : 50HRC Material
ol o . . . . . . 450 45
0 50 100 150 200 250 300 10° 100 107 10°

HERBE Testing temperature (°C)

BT % comEERE (E) Number of rotations till fracture (times)

YSS HOT WORK TOOL STEELS 7
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YSS HOT WORK TOOL STEELS

YSS #ENN T AT R ORAEZRINIESRG

Standard heat treatment conditions for YSS hot work tool steels

BB R M (C) BEABRUEES
M = MATEX Heat treatment condition Quenching and tempering hardness Wi E UM (°C)
Grade HBW 1A hZ M BRLEE Annealing condition
) A HRC
Quenching Tempering

DAC 229 LI'F 1,000~1,050 2% (k%) 550~650 %% 50 LIk 820~870 &/5

MAX Air cool (Oil quench) Air cool Min Slow cooling
DAC'MAGIC 229 LJ—F 1 01 0~1 030 _'r_/TJ (/Eﬂ/%) 550""640 ;|;/'r-l 50 LXJ: 820~870 ?ﬁ}%

MAX Air cool (Oil quench) Air cool Min Slow cooling
DAC10 229 LI'F 1,010~1,030 &% (Z=5) 550~650 22745 50 Bl E 820~870 &%

MAX Oil quench (Air cool) Air cool Min Slow cooling
DAC55 241 LI'T 1,010~1,030 ;&% (%) 550~650 22745 50 Bl E 820~870 #&/4%

MAX Oil quench (Air cool) Air cool Min Slow cooling
DAC3 229 LI'T 1,000~1,050 Z2/% (%) 550~650 Z2/% 50 LIk 820~870 #&/4%

MAX Air cool (Oil quench) Air cool Min Slow cooling
DAC40 229 LI'T 1,000~1,050 #/% 550~650 Z2/% 50 LIk 820~870 /4

MAX Oil guench Air cool Min Slow cooling
YEM-K 229 LI'T 1,000~1,050 &% (%2/%) 550~650 %% 46 LIt 820~870 &/5

MAX QOil quench (Air cool) Air cool Min Slow cooling
MDG-K 241 WF 1,050~1,140 34 600~700 %% 48 LIk 820~870 /4%

MAX Oil quench Air cool Min Slow cooling

TUN—R 4R (BB RE)

FDAC Prehardened steel (Delivery in hardened condition) 38~42 -
DM 248 LI'F 830~880 ;#/%5 400~650 22745 42 LI E 740~800 /4%

MAX Oil quench Air cool Min Slow cooling
YXR33 241 LI'F 1,080~1,140 ;@45 550~600 Z27% 54 LI kb 800~880 &4

MAX Oil quench Air cool Min Slow cooling

YSS #EMTATEROBREAN ERUIMZMRFRE

1. A NSt fRI5EER
(1) F2hBERE

$B1E  500~550CXBEANIIELRFFRERE X2
2B  750~800°C X B A UiNZt R FFRFREX 1

1.Holding time
(1) Preheating

at quenching
time

Quenching and tempering time of YSS die steels

First stage: 500-550°C Xquenching holding timex2
Second stage: 750-800°Cxsame length of quenching holding time

(2) B AN DB R IR RS (2)Holding time at quenching
RS Thickﬁli(mm) <15 | 25 50 75 | 100 | 125 | 150 | 200 | 300
HZPIR, VILAAR {RFEREE
Vacuum furnace, Salt bath Holding time(min) 15 25 40 50 60 65 70 80 100
EE VIR T FRETOIZEERIREL, RBRE=RIFIEEET 2, Notice : If you take preheating time, dipping time can be regarded as
holding time.
2. 1R UIRIFRE R 2.Holding time at tempering
PIEmm - - - " _ _ _ _
Thickness(mm) =25 26~35 | 36~64 | 65~84 | 85~124 |125~174 | 175~249 | 250~349 | 350~499
JR R LRI AE S
Holding time(h) 1 1.5 2 3 4 5 6 7 8

AR BRREUE2EM ESIRTE, Notice : Tempering is needed more than 2 times.

YSS HOT WORK TOOL STEELS
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YSS Gt ABERE S HfR

Quenched and tempered hardness curve

DAC-MAGIC DAC10 | pacss
60 60 l\ J{k\ 60 60 J\

& =
~C \
] I~ ~
> >—0%0q] ~o—
50 ¢ 50 50 50
%) \ ®) o %)
£ I I £
= BEANRREEN,020C = BEANEE,030C ~ BEANIREE,020C ~ BANERE1,020C
2 Quenching temp. a3 Quenching temp. 2 Quenching temp. 2 Quenching temp.
2 40 g 40 2 40 2 40
° T e °
o} I} K T \ I} ‘
T T T T
a0 K 4 a0
% S = X 1%
30 30 30 30
20 20 20 20
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
JERUIBE Tempering temperature (C) JELIRE Tempering temperature (C) JERUIBEE Tempering temperature (‘C) JRUIRE Tempering temperature (C)

| opacs DAC40 YEM-K | mpock
60 60 60 60

Pl

1 auunEl) Tt T

50

3
| o—]
g
| —
g
=T

%) %) 3] o
o T o ©
z B = ; z
- BEANIRRE,020C - B ANRE1,020C - BEANRRET,020C - B ANRE1,070C
3 Quenching temp. 8 Quenching temp. 3 Quenching temp. 3 Quenching temp.
5 40 5 40 5 40 540
© © © ©
T T T T
b \ ) b b
1% e 1% 3 %

30 30 30 30

<
20 20 20 20
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
1RERELBE Tempering temperature (C) 1RERELBE Tempering temperature (C) 1ELBE Tempering temperature (C) 1RELBE Tempering temperature (C)

“ YXR33 DACOHEFAENZEREM R Continuous cooling transformation curves of DAC
60 60
_ A‘ Lo BEAAUEEE1,030°C  Quenching temp.

N
Lo 5(/»\#%\ 1,000
™~ - 1,140(:‘/,\\ 900

BEANBEE:
1,080°C, 1,120°C, 1,1407C|

50} Quenching temp. 400

50
\ S 800
[ \“ o) 1,120C] <
% % 54 | g 700
Y BANEE850C [1300mm - ‘ ©
g Quenc?:ingtemp. g 1,080C \(\ g 600
£ 40 g 52 : =
s 5 & 500
S 3 -

\
) l \ o T4\ L\
VoV
) 4 R VR W W W0 WO

—60 =20 =il —5 —3C/min
10 100 1,000
20 a4 500 550 600 650
0 100 200 300 400 500 600 700 2 B5RS Time (min)
JRELIRE Tempering temperature (C) JERUIBE Tempering temperature (C)

®

P

—
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YSS 2R DOEIRDEZ T (1)

Guide for selecting YSS die materials (Example)

ISR
Hot forging dies
L=SIEUN
. DAC MDC-K YXR33
600CLLTF
AR T I N g S
FEFEXISE -
Countermeasures
against wear H5EL
700CHI# YEM-K Y MDC-K Y YXR33
DAC &ﬂm o g (45~52) (45~53) (56~58)
(45~50)
GRLA) LN (BEER. 25 UZEE)
General use eE—~ISvIRER DAC Countermeasures against crack (Lower hardness and rapid quenching)
Countermeasures
against heat cracks (48~52)
BHEIrR
Extrusion dies
BDIRUEIEIC K DE EXIER > DAC40
Anti softening after repeated nitriding (45~49)
GRA) febHHR KPF A R DAC3
General use Deflection, Large die ) (45~52)

E1:( )AIEERELBHRCHEX
A2 B EEDORENIET. TMEFEEDEN FIRE

=({EE ORI

Remark 1 : HRC

hardness

Remark 2 : By surface treatment such as nitriding, the wear resistance is improvable.

Comparison of various nitrided layers

Erosion resistance

'YSS HOT WORK TOOL STEELS

B1 - B2 - #3 Excellent "1" — Ordinary "3"

TYPE A TYPEB TYPEC TYPED (b4
AT eBULEME) | BILEADNSR Bt BIMOE| REILEMEE I (R
(;, 4\L’, 11 SKDB ¢ phase(Compound layer)| Grain boundaries in | Sulfide, oxide layer | No compound layer 1,200
? A 1?@ 182 l the nitride layer v YEM-K —0— gﬁgs
Nitriding depth and form —&— YEMK
(In the case of nitrided — YXR33
SKD61) E 800
0.1mm 0.2mm 0.2mm 0.05~0.1mm 2 /
>1000HV >1000HV >1000HV | 600~800HV | & 600l PAC S
Me—~7Zv ot 2 3 3 1 3 N
Heat crack resistance & 400 /
i Sl o 14 DAC3
Flaking resistance ? 3 3 ! 200
5 BiBE{E 570°Cx90min
\m }ffe%s'%tance 2 2 1 3 Nitriding in salt bath
o L Il Il Il L
AN ] 0 0.05 0.1 0.15 0.2 0.25 0.3
[ipragi=lis 2 2 1 3

FEH,S>DEEHE Distance from surface (mm)
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eS| At =S

Sulfuration nitriding for hot work die "Hint-S"

Hint-S : Hitachi Improved Nitriding Treatment S-type

eRREICHIY CRIEMERBHIH RS E,
MEEFENE - AR EKIRICRE TSI LR
FEOREWIE T, (EX—TRHNDTYPE C)

The Hint-S is a surface treatment technique developed by
Hitachi Metals which improves significantly wear and
erosion resistance of a die by forming both sulfides and
nitrides on its surface.

MHEARISE (T < 1 (RSB R EET i)

Simulation test of hot galling resistance (On forging die)

HE
Load
250 ———— 11—
| : HFAA
é 200 L Hint-S b Spsv?{wen
-~ 5 @ i tsurftacet
< L | e reatmen
7 150 —| Friction
a N -]
o L ]
s E ]
r BRRMEL E
§ 100 - Owam suf\f]ratLucn nnndmg .
3 sof ® HAMEE 3"_— LR
H 5 O—e.\a¥ Gas soft nitriding s SZII:ICT/IaA}%’EI)a
e [#EALER No treatment = < - (;8E600C)
LS TR e S =1 §
0 10 20 30 40 SRV

AT & FEAERERE Time till test piece galled (S) Evaluation method

Data sheet

Oy

AR (&2 R E S THiE)

FA4vhOES

sotropy

(71 mu LivSSTA%S

Wi Y8 (FeSEix)
MEfT & - MhE RO £

Sulfide layer (Mainly FeS)

For improved galling and erosion resistance

Z(LYE (Fea-sNEF)
it & B DR £

Nitride layer (Mainly Fe2-3N)
For improved erosion resistance

ERILHE

B#@Eom L

Nitrogen diffused layer

For improved strength of base metal

Simulation test of erosion resistance(On casting die)
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'5 [| [Hardness (Nitriding depth 0.15mm) ] a Molter mefal
2 1 |L£TEB90E/% | | me:750C
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(Nitriding depth 0.30mm) i
¢ . P (I) 7 4(')0 . G(IJO Evaluation method

HERBEFRS (4) Testing time (min.)

1. BRI 2L  Coefficient of thermal expansion

20CHHZBEETHDFIE Average value from 20°C to each temperature. (x1076/°C)

#@#E Grade f#< HRC 200°C 400°C 600°C
DAC 45 11.3 12.2 12.8
DAC-MAGIC 45 11.3 12.3 1341
DAC10 45 11.2 12.0 12.7
DAC55 45 11.3 121 12.8
DAC3 45 11.4 12.3 12.9
DM 42 12.2 131 13.4
YXR33 57 11.3 12.2 129
2#(REE  Thermal conductivity W/ (m-K))
$fi1E Grade f#< HRC 20°C 200°C 400°C 600°C
DAC 45 24.6 291 31.0 32.6
DAC-MAGIC 45 25.7 30.9 34.8 35.8
DAC10 45 26.1 31.1 33.0 345
DAC55 45 26.2 29.8 32.7 34.1
DAC3 45 252 30.2 31.8 33.7
DM 42 36.0 39.3 37.7 36.0
YXR33 57 25.0 324 34.8 355
3.5EM{REL  Modulus of elasticity (GPa)
§ftE Grade 8¢ HRC 20°C 200°C 400°C 600°C
DAC 45 210 200 190 170
DAC-MAGIC 45 210 200 190 —
DAC10 45 210 200 190 170
DAC55 45 210 200 190 =
DAC3 45 210 200 190 150
DM 42 210 200 190 140
YXR33 57 210 200 190 170
YSS HOT WORK TOOL STEELS 11
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e This catalog and its contents are subject to
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