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W5 HANEEIARMOYFENMIER > Characteristics of Diecasting Die steels
TIWIEZA DX MEROSHILICHE L TREOESEMEASBIRTZ LI BELEMBEEZEWATEYET,

In compliance with diversification of diecasting technology, variety of steel grades is prepared in order to best fit for
each individual application.

w2 .
iRz A e
For insert pins Advanced Die Steel
EmiaEER

High strength at elvated temperature

E WE. PUEDR
g 74YROEAS Strength and toughness
£ Isotropy
s o s = o e R For small lot production
3 | TUN—KR AASERF DACOE &AL T L —F
g © Prehardened Steel Standard die steel High quality DAC (Superior H13)
E.E ? NufYN::| —
1&@% For small lot production ﬁﬂ%ﬁi@ LA : 5
To keep stability of die life TVN—R 8
Prehardened Steel
ﬁlﬁ . _I%_L \
Toughness High

WY1 HA MESRRAMOERESIFR  Steels for Diecasting and Their Features

R & E{ - B R
Applications YSS Steel Grade Features

2 DAC. DAC-S ZRME. HEONSCICEATVS
—pn 7 N 7 A\ 1) - )
,ﬂlﬁﬁ} )b,\,‘ ﬁ%nﬁﬁﬁi JIS SKD6 1484 HWINIMEDIP R BLIBEAEH/NEI W
Die for Aluminium/Zinc Alloy in equivalent to JIS SKD61 | Strength at elevated temperature and toughness are well balanced.

general use 0.4C-5.2Cr-1.3Mo-V | Good machinability and less deformation after heat treatment
. EEAE. PMESRTT/NT X € EEEES T AR

FHRT A H R~ 2ERFHE DAC-MAGIC |G — (55, ik, WisHEREINE, HEMICEN TS

Advanceed Die Steel for B3 SRS High perfoermance die steel which balanced high strength at elevated

tempareture and high toughness. Excellent heat crack resistance , stress

Die CaSting Original steel corrosion cracking resisitance and better machinability

- " fe—r75y JHICERTVWS

= Ak ]

AR, 27128 DACS5 B DB, IEEEBDS 2 & HTEE

High performance die, 5.2Cr-2.2Mo-V-Ni Good heat crack resistance

Squeeze die Higher toughness enables initial hardness of dies much higher.

) - SREEN S, MeE— b7 Z7 v THICBATWS

For Precision Die Casting 5.2Cr-2.7Mo-V Higher strength at elevated temperature and excellent heat crack
resistance

= on YXR33 ERMENROAEL

= Pa 3R A

S ) t/ﬁ\ AEﬁJIﬂBDH 2R Yy T INA X MIO—2 3 HICRBELATNDS

Longer life pin, insert die parts Matrix HSS Highest strength at elevated temperature

4.2Cr-1.6W-2.0Mo-1.2V | Excellent erosion resistance

1REI 7)) /N— K >80 (40HRC)

Oy b, BHEER FDAC
Die for small lot production 5.2Cr-1.3Mo-V-S pre ardened steel
ree cuttin - steel
HPM7 ZAIFE X 32HRC (HPM7), 40HRC (HPM-MAGIC) 7°1) /n— R 48,
HPM-MAGIC RIFLHHIME VI, AMETHREEAIBOEIDENTRAEL L,
P20 B re ardened to ood mac ina ilit and

modified ou ness east difference of ardness et een surface and center of lar e die




BE—hrISyIDREEST A MER  Appearance of Heat Crack and Test Result

E—=K7Z v DRE
Heat crack

s181
Appearance

B RS
Cross Section

—fEF A DR b

(Diecast in general use)
SIREELICFE

On the surface of dies

#HEIK

Network

BiZmEe80C

Temperature of molten material

RBE - BRI DA
(Precision/Hi-Si Al-alloy Diecast)
SRIRIGABICHE

On the edge of dies

BRFEC

Crack openning

BSRET60TC

Temperature of molten material

AB -SQFEA1 DR B
(Diecast in SQ use)
LIREARBICRE

At the corner of dies

IcH%EH

Stress concentration
BimEE720C

Temperature of molten material

kbe— NSy OREY A VIVEERERRE

Number of cycles of heat crack generation and cross sectional appearance

HERF 1 $90mm

Specimen: dia 90 mm

HERFE | IRE £600C & TEREIRINE CEBKSHOR) R L
Test procedure: repeated high-frequency heating and cooling by spray water on end face

HE&Y 1 Z7LE  No. of test cycle

£l B 1000
Steel Grade | HRC

=]
cycle
2000 3000

72y 7 ORFEREE

Sectional crack shapes after test cycles

DAC 43

DAC 47

l:—'l\75‘y TOFEE WEY T v VEE

heat crack generation
'

Observation of heat crack,
. . . N

0.5mm
; —

oac | s |

DAC55 50

0.5mm

'
'
'
'
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DAC55 53

0.5mm




WEERIEES  Mechanical Properties

ODACHER5 [FRES
Tensile Strength at elevated temperature

(MPa)  (kgf/mm?) BEAh : 1,0201C X30min
1,800 180 Ji#ER LA Tempering Hardness Quenching
HR \ \ \ \ \
1,700 9\ 0HRC O ~¥ 53804 Half Temperature Time 30 min.

170 S X 8 il Cool
B x ~i%  Oil Cooling
16001 o 1 1

1500 44HRC | | 513RMR % |

00l 150 S Tensile Strength
' 140
1300 30| G™” i
< — \o\
o 1,200 120 = N
[]
& 1100 110 ~ Ny \\§
% 1,000 100 O\\
= 900f- 90
& 800 80
i
= 700 70
600f 60
500 50
400 40
300 30
20
100 200 300 400 500 600 700
SHERBE (C) X10min. Testing Temperature
OERUESLEREE Q@RRUFEEE  vIVE—(E
Tempered hardness vs Yeilding Strength at elevated temperature Tempered hardness vs Charpy | - Value
500 60
o HAEXBE Heating : 650C JRAGHE L F5400
% Quenching: Half temperature time 40min
5 450
=3 &
5 £Es | 0 TS DAC-MAGIC
S g 400 38 4wfpb—— ==
ST @ g [oomm———- - DAC | .N
<3 & S el / DAC55  ~Tt--.TT
RO 350 w E I "
E o S8 =~J
5 Vg DAC10  ~~IT =
g § 300 S5 20 ~=r
G 13 =<
. [aV)
2 )
5 250 N
2
>_
200 | | | 0 | | 1
42 44 46 48 50 42 44 46 48 50
& (HRC) & (HRC)
Hardness Hardness
@ WIEMIME  Physical Properties
M sRFRE (X109C) HARER
20CH» 5 ZBEE COFHE Thermal conductivity YR
Thermal expansion coefficient (x 10¢/C) Young’s modulus
Average value from 20°C to each temperature (W/m-K) (GPa)
200C 400C 600°C 20C 200°C 400C 600C
DAC 11.3 12.2 12.8 24.6 29.1 31.0 32.6 210
DAC-MAGIC 11.3 12.3 13.1 25.7 30.9 34.8 35.8 210
DAC55 11.3 12.1 12.8 26.2 29.8 32.7 341 210
DAC10 11.2 12.0 12.7 26.1 31.1 33.0 34.5 210
YXR33 11.3 12.2 12.9 25.0 324 34.8 35.5 210




DAC (JIS SKD61)

DACIZ7 IV EMA (A AMNALEMBEL T REEEAS
hTHYUET,

DACIFEE FH S THEM DN 2D BB S 1 XM THY.
FLETAVMAEMEICKUESSICEFE. FHEESh BFHD
R LEERE(RESLSLTHEIET,

DAC is most widely used as Die for Aluminium and Zinc
Diecasting. DAC is hot working tool steel with good
balance of strength, toughness and heat resistance.

With introduction of Isotoropy technology DAC has
become tougher and more isotropic to help life of dies
longer and stable.

i R
- SERE . HEONTCXEBRATLS
s WINTHEN R, BLEBEADH/NEN

BA =
—MRTIVIZAHZNE RS A AN B E 5 R
GF) BEESSERBACIIHESR. HiERiEH30~40HRCD
TYN=RL TR LET,

B EEERES
- 45~48HRC —fz %Y
+ 43 ~46HRC K4 %!

Features

*Good balance of both strength at elevated temperature and
toughness

*Good machinability with less distortion after heat treatment

Applications

*General die for Aluminium Diecasting

*Die for Zinc Diecasting

*Die for low pressure casting

(Remarks)
Both forged and cast steel available for low pressure casting die in
prehardened condition of 30-40HRC.

Hardend hardness

*45~48HRC general size dies

*43~46HRC big size dies

@5 A S HRE &I/ O (X400)
Quench cooling speed and Microstructure

3745304 (30min.)
Hal Ti

7#7% Qil cool

Syl

s

BEANRE 1020C

Quench Temperature

X 44HRC
Hardness

BE7 V=L HANE
Standard Quality for Aluminium Diecasting

ODACOREA RIS
Quenched & tempered hardness

60

50 /J//\k\
DAC
(£ A 11,020°C #/430min)
40 (Quenching 1,020°C HTT 30min) i
30

20

& (HRC) Hardness

10

BEANEE 400 500 550 600 650 700
as quenched
JERLUIBE Tempering Temperature (‘C)

OBRLES LS vILVE—(E
Tempered hardness vs Charpy I-Value
(Jlem?) (kgf-m/cm?2)

80— 8
BAN 11020C
- 5 Quenchm?: 1020 C |
#17% Ol cool }i—i.zljff;Temperat re time
ure ti
60— 61— 15min +\
1593
oo %%n;i}n
ﬂ % e 5 45min
82 45% \M
o= L 6047
AQJ g 40 4 60min
5SS
5o 30 3
[aUlaV]
20 2
10— 1
v= 0 40 44 48 52
& Hardness (HRC)
@7 /O DACDH 4

Toughness of Isoropy DAC

—
T

2UTrIVE— B AR
Index of 2U Charpy I-Value

o
[$,]
T

& I 47HRC

L BT AR
Longitudinal direction

T @ SRABE A AR
Transverse direction

74 /hEEXDAC SKD61
Isotropy DAC



DAC-MAGIC

REANDEHIEXZH . BEMPVHAIIMEICENL1H
AN EDOFERSHEAIBEALTOET, ZhICHEV. KVKBTE
BEEARGKEEVTA VI TEETIEPKROONTVET
U= — XTI A THRAELDAC-MAGICIE. iR —~7 5y 714
ZHLEEBEEHIC MEINM - FHHIMEICEBN A1 HANEER
RAMTY,

The range of applications of diecast products for weight
saving and recycling is expanding while awareness of
environmental protection is increasing. This fact requires
bigger diecast products to be produced with higher quality
in short cycle. In order to meet such needs, DAC-MAGIC is
one of the best materials for diecasting which has not only
good heat crack resistance but also good toughness and
machinability.

mE R
- SRBEFEL M-t ZvI7EICEBNS
- L E REOKXRENOFEEZIFTS
- ISHBRENEDR LICEY . SRFLLSOENIHIS
- TERD SKD61 ci B8l (MEER 21 7) LUIREIEICEN
2R -2 LOEREI NS

mA &
—MEADAN T ZAA IS/ NEBLA DX

W SEHNIERG
HAN 1,010~1,030C =24
1R 550 ~640C

W SRS
+45~52HRC F/|\vipHY
42 ~46HRC A#E

Features

*High strength at elevated temperature and excellent heat
crack resistance

*High toughness prevents gross crack of die

*Improved stress corrosion cracking resistance reduces crack
problem from cooling channel

*Better machinability than conventional SKD61 improved steel
(high toughness type) possible to reduce manufacturing time
and total cost

Applications

*Die casting in general use
*Squeeze die casting
*Precision die casting

Standard Heat Treatment
*Quench: 1010-1030°C rapid cooling
*Temper: 550°C-640C
Recommended hardness
*45~48HRC small/medium size dies
*42~46HRC large size dies

MR EESY € H X bEEAHE

Advanced Die Steel for Die Casting

@DAC-MAGICOBEA BERES
Quenched & tempered hardness of DAC-MAGIC

60
S N WS o AR VU S
50
%) |
o :
< |
2 I R B A
Q I
= i
° :
£ 40 ;
) i
£ |
1 A8 Quenching temperature :
30 -O- /% Qil Cooling
T A #5405
Half Temperature Time 40 min
S s S

300 400 500 600 700
1B (‘C) Tempering Temp.

@ MICHEREI N1

Resistance to stress corrosion cracking

1,100
1,000 :
© i
o | i i
= : : :
» | | |
8 900 ——N : :
e | \\\\ .
3 : SKD61 \ *s b
) i ; TN ! i
800 : : — \ :
1 1 ! DAC55 | |
& 1 45HRC : : b
Hardness ! ! ! Lo
700
10,000 50,000 100,000
BRRLEY 1 JILE(E)

Number of crack generation cycles

@Me—~7Zy U
Heat crack resistance

HERY 1 ZILE  No. of heat crack generation cycle

- ]
WE | ma 1000 2000 3000, C(y cha)
Steel grade |HRC |

DAC-MAGIC

DACS55

SKD61

HERH 1 ¢80mm

HERSE | IRE £650C & TR & EBAAENDMR )R L

Specimen: dia 80 mm

Test procedure: repeated high-frequency heating and coolin by spray water on
end face



DACS55

DAC55(3, JERIFHEEIELIZV R APETRAMI RS
Bome—r 7yt BEOEVEBMTY,

DACS55 has been developed in responding to the needs for
a longer die life or a steel with good hardenablity as well as

heat crack resistance and toughness for large and medium
size dies.

mE R
- RE—RT Ty HICBA TS
- 50-53HRC DEBE TOEABATAE
cWMIZv T EREFERTVS
- SEREEIEN TS
cBRAMICENTVS

mA &
RBESA AN/ — 51 HANep - KR/
RGAXGA HANEY

H REERIRSRASF
- BEAN1,010~1,030CE%
- Bt RL 550 ~640C
- B 43~53 HRC

Features

*Good heat crack resistance.

*Higher service hardness of 50-53HRC
*Higher resistant to crack development
*Higher strength at elevated temperature
*Good hardenability

Applications

*Precision die casting

*Large and medium size dies for die casting
*Squeeze die casting

Standard Heat Treatment
*Quench 1010-1030°C rapid cooling
*Temper 550°C-640C
*Hardness 43-53 HRC

@A SR E &I/ O##% (X400)

Quench cooling speed and Microstructure
34154 (15min.)
Half Temperature Time

=

8% QOil cool

JRARE  1020C

Quench Temperature

B 44HRC
Hardness

60

55

50

45

40

& (HRC) Hardness

35

30

=EgES 1 AR
For High Performance Diecasting

@DAC55DFEAERLEES
Quenched & tempered hardness

J& AR

Quenching temperature -
\ 1040C |
%( 1020C

\

A

A\

}

2;%111 % 400 500 550 600 650 700
as quenched 15%ER LB ('C) Tempering Temp.

@DACSH5#E2E{FH TE &

Recommended hardness

& (HRC)
Hardness F& Application
50-53 /B 271 XE) Small Die, Squeeze Die
(ffe—bko v E#R Anti-Heat Crack )
46-50 —#%% General Use Die
43-46 KB (89142 48) Large Die (Priority:Toughness)

(F) SEEGT ERMAFICL) HEERESISHEE LA VEE P HIET,
(Remarks) Recommended hardness may not apply depending on
projection or casting conditions
OFRLBES LY vILE—{E
Tempered hardness vs Charpy |-Value

UL E—E%1E (kgf + m/cm?)
2U Charpy | - Value

6

5

4

DAC55

- DAC —

46 48 50 52
B & (HRC) Hardness

|
IS
o

n
o

2US vV E—ETE1E (J/em?)
2U Charpy |—Value

@ RASHREE &2 v IVE—{BE(250mmT Oy 71c k57 AMER)
Quench Cooling Speed vs Charpy |-Value
(Test Result of 250mm Qubic Block)

T/ T-Direction

2US IV E—EEE (J/em?)
2U Charpy |—Value

50

IS
o

30

20

O—|
\ DAC55
\ \(>\ (50HRC)
\o\\(
DAc\'\
(45HRC)
\o\ —
0 10 20 30 40 50

47485 (min) Half Temperature Time
(1,020°C —~520°C 4 ABE) Cooling Time

60



DAC10

MEMIHAERSNBZT7ILIFAH AN BASERMEELT,
e—r75v Mz ELEL -, RV LB OE—NS
v FEDEEIZEMTY,

As material of die for diecast products required higher
level of surface, and heat crack resistance has been
intensified.

Most useful for small and medium size dies of their
longer life.

s R
- ERBENHC, WE—h Ty BTV,
- HIO-Va r@h s

BA &
FO-UTBLEEDTE— N Sy TN BERSNBH, AL
 AYRH IS~ BEDNBRRAN BERENBF
- OA B LEDTHIA—Ya MNP BRSNS/ M

B EERIESRG
< BEAN 1,010~1,030C =4
 BRL 570C~610C
- & 44~51 HRC

Features

*Higher strength at elevated temperature and excellent heat
crack resistance.

*Good erosion resistance

Applications

*Small / Medium size dies of which O-ring grooves require
heat crack resistance

*Medium dies for products like headcover which requires
good appearance

*Small dies for OA components which require erosion
resistance

Standard Heat Treatment
*Quench 1,010-1,030°C rapid cooling
*Temper 570C-610C

*Hardness 44-51 HRC

@B ASHIRE EI7OH (X400)
Quench cooling speed and Microstructure

A O 715% (15min.)
7% Oil cool Half Temperature Time

LB A ]

- v " :J'lgj‘-" i ';"\

o i g B VM o :-gd__
Ry . p LA A3 R ¥ %1

-

/30% (30min.)
Half Temperature Time

3 -_\-\\-—,\h A Bt ;.-.
mn\;é%g‘;& o BEAREE 1020C
A0 PA RGBT N Quench Temperature
” EX  44HRC
Hardness

@DACT10NHEALBERLEES
Quenched & tempered hardness

(HRC) Hardness

me

UL vILE—EE(E

60

50

40

30

20

WHEIALHANHA
For Precision Diecasting

N

[of

(& A 1,0200CH415min)
(Quenching 1,020°C HTT 15min)

10 ' :
BmANEE 400 500

as quenched
JRRUBE Tempering Temperature (C)

OBRRLUESE vIVE—fE
Tempered hardness vs Charpy I-Value

|
550 600 650 700

(J/em2) (kgf+m/cm?2) 1,020 CHEA
G (1020°C Quenching)
OF 70— @4 Oil cool =

5
Half Temperature Time
60F ¢
15min 1543
= g
c>‘s 30min 3043
= 45min 454
2z 40 4leomin60% )
]
S
5 30 3
(V)
20 2
10 1
o= 0 40 a4 48 52
& Hardness (HRC)

RS RBRASTiE £ 10X10X55mm
Qil Cool Test Piece Size:10X10X55mm
OBREASHRELE vIVE—(E

Quench Cooling Speed vs Charpy |-Value
(J/em2) (kgf-m/cm2)

2USvILE—EiEE
2U Charpy |-Value

80

70

60

50

40

30

20

8

1,020CEA N
(1020°C Quenching)

BEEN

N

- 40HRC

N
- 4

52HRC
- 2
-
L ol ¢
A 15 30 45 e
Qil cool HARER (9)

HTT : min.



DAC-S

DAC-SIZARAF 1 H AN B FDACOE M E M LS /=T L—F
THY . HRENEICBN BB TT,

DAC-S has higher toughness than general-purpose

diecasting die steel DAC, which has excellent resistance to
gross crack generation of die.

mE R
- SRESAAANE R} DAC D#IMEET £
- JLKS A HAMGS (NADCA) D+ VE—EREITES
- WEHOREILICER
mA &
—8EA DA ch - K

W RERIER G
- B AN 1,000~1,050C
 BERL 550C~680TC
« BE& 45~48 HRC (— &%) . 43~46 HRC (K#%E!)

Features

*Higher toughness than general-purpose diecasting die steel
DAC

*DAC-S meets a minimum Charpy impact value specification
of the NADCA 207-2003 Superior.

*DAC contributes to the stability of die life

Applications

*Large and medium dies for die casting

Standard Heat Treatment

*Quench 1,000-1,050°C rapid cooling

*Temper 550°C-680C

*Hardness 45-48 HRC (general size dies), 43-46 HRC (large
size dies)

YXR33

YXR33IISKH51 DiTh@ZHRL BN ESRETEMTY,
TO-TaslEBERDBLVRTFES  AFHBHICELTVET,
YXR33 is a HSS with higher toughness which solved
breakage problem often existed in SKH51. Fitted for insert
pin or other inserts exposed to critical wear due to erosion.

B R W RERIESRY
- BIREEFROAEN - AN 1,080~ 1,140C
- Bi4I2 SKH51 D551 E A
- Z{LFMEICEND - BEERL 550 ~600C

=5

o Var]

BE =2 - & 52~58 HRC
fMIO—ya > BARFES / AFER&E
Features

*Highest strength at elevated temperature among HSS and
Alloy Tool Steel.

*Toughness is more than 5 times as big as SKH51

*Excellent nitridability

Applications

*Erosion resistant insert pin

Standard Heat Treatment
Quench 1080-1140°C oil cool
Temper 550°C-600C

Hardness 52-58 HRC

*Insert die parts

DACOEmiIIL— R
High Quality DAC (Sperior H13)

ODAC-SDER Y v )L E—ERERE
Index of Charpy impact value

700

43HRC

(o2}
o
o

pd

ul
o
o

/

N
o
S

/ {¢3&DAC

2 vV E—EEEE
©
S
1S3

//f

n
o
o

Index of Charpy impact value

-
— — Pl
-
/-------
_
am="

—#%SKD61

—
o
o

o

100 200 300
HERBEE  Test temperature (C)

¥DACE100&EL THRHRIE
*Normalizing DAC as to 100

@DAC-S DIEFEE
Fatigue strangth of DAC-S

1,400
1,200
1,000

800

600

5/ Stress (MPa)

400

200

0

45HRC

\

DAC-S

AN
NS—

1€RDAC

10°
TEMT127JLE  Number of fracture cycle (B Times)

10* 10° 108 107 108

=R FEVHA
For High Performance Insert Pin

O EERBENHARKNBTE

Specimen after Meltdown Damage Test

BE
Weight loss
“ 46.8%
DAC (48HRC
14.8%
DAC (48HRC) 21k 8%
DAC (48HRC) with Nitriding
YXR33 (52HRC) (%1t 0.8%

YXR33(52HRC) with Nitriding

@518k E Meltdown Damage Test

(HABRF & ABRE )
(Specimen and Testing Condition)
90rpm

2h7 X b Test 2h

o
e E—%— (heater)

BRIV I E£700C

°  Molten Al-Alloy
10mm

90mm

1 ™
[ = [ ]110mm

#BERF Specimen




FDAC-HPM7-HPM-MAGIC -

DACENARS M AANERIAMEY) GRE - B AENLUETH, @E—hITy7HER (0.5RER)
EBRESDEVESE Ny T 0Oy B ERTEETT ., Heat Crack Test (0.5R ditch)

MOy bA
| lot production

FDAC : 38 ~42HRCICERE &N /-, DACEEAERK A EL. BRI
MEFE5T 50177 (S) @RMUATUN-RAHTT,

HPM7 : 29 ~33HRC (CFAE SN /- KA EF P RIF R TN
—KABTY

HPM-MAGIC : 37 ~41HRC (CRRE Sh /- EIIE E B D R IF &

TUN—RHTY,

These materials, which strength and toughness are less

than those of general die-casting die steels (ex. DAC), can

be used for dies for small lot production or holding blocks.

of Sulphur for machinability. As delivered pre-hardened to 2,000%= vk Shots 5,016>=avk

FDAC is based on DAC for main components with addition HPM?7 (32HRC) DAC (44HRC)

RE N

Shots

38-42HRC, direct cavity making is possible. ) ——
HPM?7 is prehardened to 29-33HRC and has good .ﬁgﬁzfil (Fj/rc:#;gr—t?es (Reference)
machinability.

HPM-MAIC is prehardened to 37-41HRC and has good I B 0.2%fM7 | 5laRME@E | 8 O | & ¥
machinability and toughness. Steel Grade | Hardness | 0.2% Yielding | Tensile | Elongation |Reduction
Strength Strength of Area
(HRC) (MPa) (MPa) (%) (%)
DAC 40 1,070 1,250 12 58
B R
- JIEIED BN TS, FDAC 40 1,060 1,240 11 20
« TUN—R MM THB1-DIFEANRREL DEIIERE HPM7 32 860 980 20 55
- BT HORENE, b2V IXMERICER
HPM-MAGIC | 40 1,020 1,200 18 45
BA =
fi% - SRR, OvhE, HLE @2V vV E—ER1E (B%(E)
FDAC : #fE@EEE 2U charpy | - Value (Reference)
. - "| 1] ]

HPM?7 - HPM-MAGIC : # Bl & EUMEE 1R J— & = JEp— frpe—
Features Steel Grade | Hardness | Longitudinal direction | Transverse direction
*Good machinability (HRC) (J/em?) (Jfem?)

*As dehvergd prehardened, no futher heat DAC 40 58 39
treatment is necessary
—Possible to reduce manufacturing time and FDAC 40 19 10
total cost HPM7 | 32 65 40
Applications . o . HPMHMAGIC | 40 60 35
Die for small lot production, plain die, holding block — .
FDAC: priority heat resistance HiAT ik S'Ze%?f Raw Material - 280640
HPM?7-HPM-MAGIC: high toughness and good machinability > HXALE Position of Specimen : w/2Xt4
@FDACO#HIM  Machinability of FDAC I4I%#  Cutting condition
| | | | | | 774 X Face milling KUJJL  Drilling
71y & — Cutter $63 IE Tool HSS Co 44
KUV
DriIIir)19 ) a-7 ¢ > 78 | | fEIRE Cuting speed | 20m/min
F v 7 Insert Coated cemented
carbide 3%V) Feed 0.1mm/rev
95432 | F1% Number of inserts | 1 # & Depth 40mm &%) (Blind)
Face milling ‘ % Cutting speed | 130m/min 27—k Coolant | k& Water-Soluble
[l FDAC (39HRC) ~ e
D DAC (38HRC) 1% V) Feed 0.15mm/Tooth RS EME Lo R Hajﬁb,lkﬁ
‘ ‘ )2 Depth 0.5mm (Number of cutting hole)
0 1 2 3 4 5 6 7 8 27—Z>h Coolant | #z5X dry
TE&H4EE (DAC(38HRC) 21&£ 7 3) PN
Index of tool lfe (DAG (38HRC) =1) TABEHE Lie |VB-03mm

10




B{EAEHESE  Actual Performance

Y~V URE

fEA%EE

High melting point
Al-alloy autoparts

Breakage at 2K shots

Meltdown at 20K shots

44 HZ NELE SAFE (B~ Emm) Comparision of Actural Performance Y]
Diecast Products Machine Capa e P — Effect
T e (die size mm) ERT  Current HEH  Application
SR ER DACHALIE DAC (44HRC) DAC (48HRC) -
BBEHS BTy 800 ton . - . _ 1.35%
el 7 120X 210300 37K ayhTHEE— NI Ty 50K =y CHIERE—NI Sy 1 35 times
Autoparts surface priority Primary heat crack at 37K shots | Primary heat crack at 50K shots '
BEjE 5% DAC-MAGIC 2,500 ton DAC (43HRC) DAC-MAGIC (44HRC) >1.5f%
AF E—~7Zv7 E—t7Zy 7 More than
Autoparts Insert heat cracks Less heat cracks 1.5 times
BEgpEERS: DAC-MAGIC 1,250 ton DAC55.DAC10. fthtt#1 A ftb1t#1B | DAC-MAGIC (46HRC) ofE
WJAF 20K~50K>=vh 100K 3y Mkt E RS About
Autoparts WJ Insert Life span of DAC55, DAC10, material A | still on service after 100K shots 2 times
and material B are 20K- 50K shots.
BEp=ELRs%: DAC-MAGIC {4t #1B (46-47HRC) DAC-MAGIC (47-48HRC) >2.11%
1,600 ton 29K 3vh 62K 2 Mikiss (& F b More than
Autoparts Life span of other company material Still on service after 62K shots 2.1 times
(46-47HRC) is 29K shots
2UAAESR DAC55 DAC (47HRC) DAC55 (50HRC) >1.61%
REpSEA B 2,000ton | 60K vavh E—hI5vy 100K &=y Mt More than
Autoparts surface priority Heat crack at 60K shots Still on service after 100K shots 1.6 times
BEE3& DAC55 e DAC DAC55 of
5 A [=]
BAAT A 20K avhElh 40K Savh E > s
Autoparts (thin insert) Breakage at 20K shots More than 40K shots
DAC DAC10
OA#Z= 585 DAC10 15K a3y hCHEIE—hT 5w 7 24K 2y hTHIHIE—~T Ty >1.61%
(HE L) 250 fon 30K =y CHE1E. 80K avMiER] | FREEMIEAL.120KY v bRl | oo than
80X200X300 . . ;
OA Components Primary heat crack at 15K Primary heat crack at 24K shots, | 1.6 times
(precision die) shots, repair at 30K shots, no griding repair,
scrap at 80K shots scrap at 120K shots
OA#ZE8s% DAC10 650 on DAC DAC10
(FE75HY) 1K avhCHIEIE DN 10K avhTEDHIhAL > 3%
90X 215X 380 i )
OA Components 30K 3y hEEAN More than
(precision die} Primary bite at 1K shots, No bite at 10K shots 3 times
scrap at 30K shots
BEEHS YXR33 hEE L DAC~ o o YXRSC? 3z
e =i 3K 3y hNE#E. LY 10K =y MERH 3 times
Autoparts Meltdown and galling at 3K shots| Still on service after 10K shot
SEiA7LY YXR33 . SKH51 (60HRC) YXR33 (54HRC) +TiN "
ALEBERS REE X = < bR 10f5
Irest B 2K »ayhifiig 20K >avhEig 10 times

11
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M A% Machinability

@£ 7 AIVINTICH BB LB (Bt L)
Comparison of machinability by High feed radius milling

(anneared)
100
IHIRE
S Cutting speed
2 80 ~ [E:180m/min |
E E: 90m/min
Qo
2ol
8
=
RUS || I I BEEaa
HE
#
T 20
®
0
DAC DAC-MAGIC DAC10 DAC55
<PNT&MH> <Cutting conditions>
$ 63k T YT X3 463 High feed radius mill
YIEIEE =90,180m/min  Cutting speed = 90,180m/min
1% V) =2.0mm/tooth Feed = 2.0mm/tooth
PHARE =1.0mm Cutting depth = 1.0mm
PhiAtE=42mm Cutting width = 42mm
WiEEFEHNTE6]  Simulated Die Machining Example

Q=X T T AIIVAIT High feed radius milling

100

HHEIMEIEE  Macinability index

80

60

40

20

@ FK—JLIURIVINTICH 1 BHEIME LB (45HRCHE)
Comparison of machinability by Ball end milling (45HRC)

- $6-RIBEI—F 1Y
R—=ILIT>RK3IJIL

- YIEIRE =200m/min

* 3% V) =0.1mm/tooth

c PhAAH R E=0.6mm

- YhiATE=0.6mm

AT Work

T HEEFFEIRR State of tool wear

Y)JB Cutting chips

DAC-MAGIC

EEFENE Wear width : 0.13 mm

2

DAC55

[
|

EEFENE Wear width : 0.25 mm

44

@ FR—IJLI>RNIJVINT Ball end milling

AN TAF
Work DAC-MAGIC DAC55
TEEFRR
State of
tool wear
EE$E0E ¢ 0.03mm EE3EIE ©  0.05mm
Wear width Wear width

IR © 200m/min
Cutting speed
DAC DAC-MAGIC DAC10 DAC55
(IS <Cutting conditions>

¢ 6-R3

Coated carbide ball end mill
Cutting speed = 200m/min
Feed = 0.1mm/tooth
Cutting depth = 0.6mm
Cutting width = 0.6mm

(DO T &)

T B : ASR4050-4 (HiLY—Jb)
TB6045 (¢ 50-41H)

Z8H L=200mm HJHIEE=96m/min

®VE=1mm/A HTHARE=0.7mm

[El#5=610min"' 3 V) RE=2440mm/min

YA tE=36mm

I7—7a— 7= =l % Uit

(Cutting conditions)

Tool: ASR4050-4 (Hitachi Tool Engineering)
TB6045 ( ¢ 50-4 teeth)

Protrusion=200mm
Cutting speed=96m/min
Feed=1mm/tooth Cutting depth=0.7mm
Rotation=610min-’
Feeding speed=

2440mm/min
Cut width=36mm
Air blow
Work=Annealed
condition
(MIIEM)
TE: EPBT2100 (HiLvY —J)
TH3I— bk (¢10-R5)
Z2H L=200mm YIHIEE=110m/min
® V) 2=0.15mm/X  HHARE=0.5mm
[E1#£=3500min" 3% V) 3 E=1050mm/min
H)iAE=0.5mm
I7—-70— 7 — 7=l AR Ui

(Cutting conditions) (45HRC)
Tool: EPBT2100 (Hitachi Tool Engineering)
TH coated ( ¢ 10-R5)
Protrusion=200mm Cutting speed= 110m/min
Feed=0.15mm/tooth  Cutting depth=0.5mm
Rotation: 3500min-!
Feeding speed=
1050mm/min

Cut width=0.5mm
Air blow
Work=Heat treated condition

(45HRC)




M E{E;8#% Repair Welding

FAHARNERDESETBRICLZBFEARIRPE— NI Ty VBOELEREFHEEELRLET,
&% - DAC. DAC-MAGIC. DAC55. DAC10. FDAC

Followings show standard repair welding method in build-up welding due to design change or repair welding

due to heat crack.
Material involved : DAC, DAC-MAGIC, DAC55, DAC10, FDAC.

SRV ANIE BEE BEERY . BEEREE
d;kﬁ; i VIVeIdiln IWeI;:n A TiRE T,em b:t::e:n
~ | Welding Rod 2 e Welding Process Chart i
State of Die Method Condition weldlayers
Wikl BaEL
DAC ° Amnealing 4w A
N 680~730°C Eum'.ance
- o ooling or
1L EUIRREE 300~ i .
Ari;rf:aled;ljét;te 400C 2k foh oolng | 2s0cLLE
DAC After-heating
or O ?r?heating
same steel Welding bar 100~150C
1.6~4.0 4
= (GE) A3t g LE2EICIRLTTFEW)
5 O?’ L . Anneal 2 times in case of Large block.
Tl urren
80~200A £2EO/BRE L
. BELT
7 I R m &
O;;)zj:lk; . B below Tempering
5 SRR Fqu/(;LfE;r’gas Welding Temperature of Die
1l 1 ll;? o °f N
Hardened State YAG 8—15 ¢ /min 300~ 2 250C Ll E
e Air Cooling
%
bic:] After-heating
Pre-heating
100~ [F=N
150°C fﬁ") Ong

(%) (Remarks)
1. YAGE I3 E# T ROEMEAERE (RIVI-U J) T, YAGHRIEELFERALETEBEXRME (E—REh,

EFR—IVE) BIERDBEBEICEBRLEZLCRELISKWZEPERTT,

YAG is a brand name of Hitachi Maraging Steel used for various applications including high grade
welding rod. Using YAG welding rod remarkably decreases such welding defects as "bead crack” or
"pin holes".

TIGBREE (B T AF A F N RBER) S TIIVTL AR TAENEL T AT U EBEH AIENM E DR

(ST =V RESE T ZORTTELET—ILDORICTIY—,FAL GEENPEDSNDHETT,

TIG Welding Method(Tangsten Inert Gas Welding Method) is to make arc between tangsten
electrode covered by argon gas and objects to be welded, and then wire is inserted into the heat pool
generated by the arc.

GRELEDREE

BEEEDOMEERTIH . ERIFED. 71V —FHEDOBLDEHNTEZSV,

JL—2ENFFIED /=8 FIDINZ LIZBINZADIL =2 EEN)EDEVWEIICL TSV, B DBEERS
7= FEVE—R TR A#ZZL T2,

Use lower current and finer welding wire in order to get better efficiency of welding metal.

In order to prevent crater cracks, avoid an overlap of the crater of backward pass on the crater of
foregoing pass.

To avoid an overheat of mother material, conduct an interrupted welding with short bead

CEE (ERL) (BEEAEL) OREFERIZ1hAE25mmMICL TS,

Keeping time of Temper and Anneal after welding should be 1h/25mm in thickness.

5. MERFOMEEINICIZ 2B T30,

A careful attention is to be paid of crack during grinding.

13
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BWEWLIE Heat Treatment
Q@ ZAERMIE /N2 —>

Standard Heat Treatment Process

BAN 1,000~1,050C JREL
Quenching Tempering
. BRASE. SEH X )
750~800C AL E 550~680C
Forced Air Cooling,
. High Pressure Gas, 5
500~550C Cooling, etc. 300~350C
18 2B ‘AN .
100~150C &, R #,
T T hnEk R LA~ AM TE : SR biJ.[I,m
First Second Austeniti-zation To Tempering Pre-heating Tempering
Pre-heating Pre-heating Furnace HBRUS B T2ELL R 5L

OB ANME{RIHFEFRE  Holding time for quenching

2274 Air Cooling

=N
=R

Room Temperature

Tempering is required at least two times or more.

@ RRELURIFE™E  Holding time for tempering

ANE  (mm) HNE (mm)

Thi =15 | 25 50 75 | 100 | 125 | 150 | 200 | 300 . =25 (26-35 |36-64 [65-84 (85-124]125-174175-249| 250-349 | 350-499
ickness Thickness

{RFFRFRE BERU RIS

Holdina t . 15 25 40 50 60 | 65 | 70 80 | 100 A 1 15 2 3 4 5 6 7 8
olding time  (min) Holding time  (h)

B{EES,SE  Quenching Method to Reduce Distortion

BRASHREN R NI E, BLEBERBEYILToH 1B
—MRISGEVERBE Y, MR EL X, BOLEE
BAZECEVET, AIALEBETINV—T T, BRANhSH
NE—DREICEY . BMEBEEMZ OO, FiE%E

mLET BHDEBETEEEIL TVET,

@ A& IB R DEEERIES (DAC10,7160X400X500)

Examples of measuring impact values of heat-treated products.

Examples of distortion of heat-treated products.

As the cooling rate of quenching becomes faster, the heat-
treated microstructure becomes finer and the toughness is
improved. However, the distortion after heat treatment
increases. By optimizing the quenching pattern, Hitachi Metals
Group has establishied heat treatment method which not only
reduce distortion but also improve toughness.

O FHSNIERDOBNIEER BEHER

(DA®C12‘/)L6OX4OOX500) f&AME Longitudinal direction 20 K&AHME Longitudinal direction
N ‘;?5 3 = &R Air
& 5 150 g% B EER2ED Method 1 ]
o 2 g 20 @ EF24ED Method 2 |
@ £ i m EHS oi
g & 100 _ 815
h | =
”}E 5 ) = 10
R £ s
3 =
NE 0
wE EERAED EENSEQ  EMA <005 <040 <015 <020 <025 <0.30
Air Method 1 Method 2 Oil
A ) EE (RECxd3H00))
SEAE quenching method Distortion rate ("bend "versus "length")
W=k Nitriding O=ftEOMRLE
Comparison of various nitrided layers
EEEOMK - L. BEH TYPE A TYPE B TYPEC TYPED
HEOER. BERECEI>TE |prrzipa M (BEE) ZLBAOKT |RILN.BRIENOE| KELANEE
‘ﬂ_’, L% To E ,&%3% -, 9’], (;EESE,%;L;‘?I:@ € phase (white layer) gtrﬁgnet;g;grdanes inthe| Sulfide, oxide layer No compound layer
H 2 FBEOBEFEHEICHET S | ga) E E—
EEEIRT SV, Nitriding depth and
form (In the case of
. L nitrided SKD61) 0.1mm 0.2mm 0.2mm 0.05~0.1mm
Properties and characteristics >1000HV >1000HV >1000HV 600~800HV
itri He—~7Zv 7tk
of the n!tnded Ia.yc.er.vary Heat crack resistance B c c A
depending on nitriding methods [z @omzEE 5 c C A
and conditions. Please choose Flaking resistance of the nitrded layer
N . it /& 8
the type of nitriding according Meling Resistance B B A C
to the right figure. Z{LniExE — M=t HROEE =iRE{t EROZEAE
Type of Nitriding General nitriding Deep nitriding  |Sulfurizing and nitriding| ~ Shallow nitriding
A — RB — iC

Excellent "A" — Ordinary "C"



HiIgEIN-J0O7I7 TEMHS

Hitachi Metals Group Base In Asia

(
m AN &E (RE) SHEMERAR
KESAT
B A28 (RE)55%AERATR K&
X2HAT | @ #E
m e EHEESHREER (X)) HRAT | Xz .—|
= e =] | =k
RENERE (ﬁx)ﬁﬁiﬁgg};ﬁ;}] () > 284 mm
n o GEEHERE (L5 AT | @
m K KFERERE S (B BRAT | LiE
B HEREIE (LE)HRAT
e EERMEHREERAT
! OBISERE) EHAERAT @ FEsLE &
(= R (RH) AIRAT |2 AXEBRARHHIRAT|
INDIA
.‘\ ® Philippine Precision
[ m GOEL STEEL COMPANY THAILAND @r=~ { Technology Inc.
B Umetoku Thailand Co., Ltd. PHILIPPINE
: U.T.T. Engineering Co.,Ltd.
\) VIETNAM @—
| ® Pro-Vision Special Steel J.S.C |
~a®
MALAYSIA.\_I ¥ Umetoku (Malaysia) Sdn. Bhd. |
SINGAPORE
®m ®Hitachi Metals Singapore Pte. Ltd.
M AR 5E (TEE)
Bhanig
@ INDONESIA
| B PT. Stilmetindo Prima |
L
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+The characteristics listed on this catalog are representative
values and they do not guarantee the quality of the product.

+This catalog and its contents are subject to change without
notice.

Do not duplicate this catalog without a permission from
Hitachi Metals, Ltd.

-Please contact a representative of our Specialty Steel Division
if there are any questions or problems.
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BHiIEBM4XAatt JSa=s—Yav=E

E-mail : hmcc@hitachi-metals.co.jp

Our address and your contact indicated in this catalog are those as of
January 2011.

If you cannot put a call through, please contact our Corporate
Communication Group in Tokyo below.

Tel:+81-3-5765-4076 Fax:+81-3-5765-8312
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