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Wonil Philosophy
Pride, Passion, Possible

by CEO Y.M. Shin

The core of the industry!
Wonil Special Steel
We are opening the future era.

Developing creative products beyond imagination

To prepare for the next generation, to lead It is a technical field that
must be challenged.

Based on the best product - quality management system

| will take the lead in trust and professionalism.
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Message from CEO
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$R§ HI Main Equipments

=L Z|729| =714 H2001S H|SSH T2 HHAHIE EREAC =M 1249 needst| K= A TES

=0 Cier Fetot EH7[E 2&ot0 =L .
Au| 318}
AH|E 2AHASISE HYSH TUHSH Al
=7 H-2001 4} 49 H-1080 4} 28 P-160C 4} 7 84
SO0|AE 30TON %+ 34 30TON 4+ 18 5TON 4+ 4 56

- Z|0f A4 12,0007 x 2,000W x 6,000L
« 7t54H| : CNC Boring, PRANO Milling, Radial 2|

&71A4 H-2001 &714 H-1700

742 M| ArESAt 2t =8

04



>

I'"%_Jﬁﬂ'l Products
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SeAH Changwon Specialty Steel corporation
Doosan Heavy Industrles & Construction Co.,Ltd.

SeAH Besteel corporation

Korea Iron & Steel Co., Ltd.
SeAH Special Steel Co. Ltd.

Hyundai Steel Co, Ltd

(JAPAN) Daido Steel Co.,Ltd.
Hitachi Metals,Ltd.
NGK INSULATORS, Ltd.
Sanyo Special Steel Co.,Ltd.
Nippon Koshuha Steel Co.,Ltd.
Kobe Steel,Ltd.
JCFC

(AUSTRIA) Bohler Bleche GMBH

(TAIWAN) Gloria Material Technology Corp.

/
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‘ X“%EM (Characteristics)

St 7| H7+EM (Excellent machinability)

o

O HP1A -

O HPZAID1) - 245t 7|H 724 (Excellent machinability)
X =5

22 Ol A F| AT} (Less residual stress and less deformation)

Pt L0 d

O HP4MA(D2) -2
X

‘ EZEM (Quality Properties)

O MBEIIIAR 2] (vacuum-Degassing Process)
FZETIA H2|5t 212 TR0 AAFSE | =20,

o=
1) MEe| HEETHHET 2) 7I80] 9O 3) 20| HA i J|E R

roh

bZgo] Sl

O EFSMIE (Chemical Composition)

St ot A 2 (wt%)

HPTA » 0.50 (0.50 Added
HP4A(D1) 0.25~0.35 0.20 ~ 0.50 1.00 ~ 1.50 0.20 ~ 0.40 Added
HPAMA(D2) 0.25 ~0.35 0.20 ~ 0.50 1.50 ~ 2.00 0.30 ~ 0.60 Added
O 7|AIH ME! (Mechanical Properties)
. : Tensile : Reduction of Impact Abso.
Material Yle[lﬂ/l;n?]mt Strength Elor;ga]tlon Area Energy HSaL:'Zf:::s
(N/mm’) . (%) (Joule)

HP1A 350~450 700 ~ 800 > 15 > 35 > 15 HS 28 ~ 33

HP4A(D1) 650~800 800 ~ 900 > 15 Y 40 » 60 HRC 28 ~ 32

HPAMA(D2) 750~900 900 ~ 1,100 > 15 Y 40 » 90 HRC 31 ~ 34
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0 EE%’E—E—E (Sectional Hardness Distribution)

BEI RO e HAP HOH o,

60
50
%)
<
@40 -
&
g HP4A
T30 -
L Hpia
20 | I | I I
200 100 0 100 200

Surface ——» Center «/—— Surface
Distance from the surface (mm)

O ZE3SIEM (Nitriding Characteristics)

QD 7|AHI7FEA (Machinability)

L HPAMA
500~
Z anl HPAA
- 400
8 L
(e}
. 300~ HP1A
00 o L
B_r £ 200~ Az
Em 8 L 1) 3|4 : 75rpm
2) Al23T: @12mm endmill (£Z)
100+ 3) HAIZI0| - Tmm
L 4) HAQ M8 S
0 | ! ! !
0 20 25

0I5&=

Moving Speed (mm/min)

._%*?:‘éé‘,‘ (High Temperature Compressive Properties)

D32 JhA sk O3t HakEE TS BAISH HOICH

70
—e— HPAMA <=
. HPAA ) ‘\'\,\‘
800 - —m HPIA =60
s 540C x 5hr é sol \
9 600 — Ee
5 S
€ 400 '\_\_\-\- mg .\-\'\.
r 30
T S
= = u K E @ HPAMA —+— HPIA  —m— HP4A
200 | ! ! I I ol O I | | I
0 0.1 0.2 0.3 0.4 05 RT 100 200 300
Distance from the nitrided surface (mm) Temperature (C)
HANHE = 2IANES L= A 2 L0 2lo M2/eH.
ULHOZ AT} &2 LU= BEAO| Lit7| 20| SHA SE5t Zolof p12)7} Wesict
or2fel H= STAA thet BEAIY 2740|CH
A2 X
e W o
HP1A HP4A(D1) HP4MA(D2)
AWS AWS ERQ(\;\ﬁB ’
AR ER70S-4 ER80S-B2 2H=2X4:1.60,2.40
ER70S-6 ER80S-G ERBOS-G
ER90S-B3
e 250+50C 300+50C 250+50C AMEAZ I LNG
== (200-300) (200-350) (200-300) ALEHZ RIS 1 0.5kg/cr
_ Post Heating TP
= o Welding ™ \ HP1A : 270+20C
T2 200~350°C ) g HP4A : 350+20C
- 30(MIN)/inch -
Preheating HP4MA : 320+20%C
PWHT
o max, 100°C/hr /|(500~600°C)
SRz Vielding - HOE 271N £
(PWHT) 200~3507C |\ 12 245 24 QTA HA|
preheating 300°C

www.wonilsteel.cokr | (7
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PACS5000

DAIDO STEELS| 1Ak Z2[5= HE SEtAE FHEL

HIEEM (characteristics)

HT
W ZHA (Smoothness) 60 HT
D& M2 #5,000 014 HS7HS %
PH PH
@) PH
NAK80 | NAK—PRM
) BEATEZM (Corrosion Prevention Process) %, 40 PACSOOO-
— . 1 PH
Y E42 FAGUR0| M1 Y5t Ay OFF2] R0 a0 xa
PH:Z2|5H=XY
HTAXMEX2Z
) XS (Thermal Conductivity) 20
SHTE0| =0t 5t0[AL0| 23t thE
1000 3000 5000 8000 10000 15000
dHE MY IHEE
O 7B #5,000 2312
« PAC5000 « P20 A 40HRC xH
1mm 1mm

)

At AL ]
1AF SEI0|AT S — ADRX|M(#220-#320-#400) — 0|4 (#320-#400-#600-#800-#1000-#1200-#1500)
CHO|OF=2E H|O|AE A0} (#1200-#1800-#3000-#5000)

>

r

|

H|W X CHE| FHY A3

O FAEsd O SHES
35
HAL U2
34
o)
S 33
N
S
1S
g 31
5mm Eﬁ 30
229
[T 1] 2
NAK-W o7
g&as S PAC5000 NAK80
2FEL 3 FAAS0| M1 A58 GMEZ0| =0t 5l0|Af0[23t LS
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NAK80, 55

DAIDO STEELS| 1 ZH S2fAE FHY

NBZ3H8, S48l12 HIZHE HRCA0 4750] PRE-HARDEN EfQIo| TAJS, B! SaiAs| 2847}

EM U TR (Attributes and Main Applications) )

T NAK55 NAK80
« HRC37~4322 X220 U2 AI-IMS
- IAY 2 7KSEEH 24 NAK5554 {0
£4 - A /UTIIS29] A0t 0 - AHoIOME0| 25| R4
- 238Ed = - SIRI2HO0| XLt 02
HEO0| X0 HUSHO| X
. JIN=/XMOol=Za) ﬁgl:sq )
Soo/EEasAnsE NAKBBLHH| Ofeh S4 SAIte HZ
O bk
8% n'ar,i_fia - EUE S AO0HY SA| HIE
o HERl7 Al
A7|7| £ 2tE BE UXItE HEH SA| K2

ISt & (Chemical Composition) )

3} 5H A B (Wi%)
S JIS Code 5
2 el e R T T T
NAK55 - 0.15 ‘ ‘ ‘ ‘ ‘ ‘ ‘ Sa}
NAKSO — NAK5S CHl] ZPAI0H A1 “S" 287}

22|X EA (Physical Attributes) )

o§71|T (x10-6/C) SHEE (W/m-k)
DAIDO
20~100°C 20~200°C 20~300°C Code 20°C 100°C 200°C 300°C
NAK5B5 NAK55 38.9 39.3 41.9 32.7
NAK80 ’ ’ ' NAKS80 (0.093) | (0.094) | (0.100) | (0.102)

[( )cal/cm-sec-C]

X7 EM (Magnetic Attributes)

DAIDO Code| 5y xie | AH7/Z3H | MEXD | EAfRY
gs) | TTTTTEL Q) (©) (Oe)

NAK55

NAKS0 16,350 8,500

(S55C]) 13,800 15.0
()6=10"4T

www.wonilsteel.cokr | 09
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NAK-PRM

DAIDO STEEL®| 40HRCE{Y 1 ZHZH tSZL

HIEEM (characteristics)

60 HT
Q #y _ _ (ross)
ZHAMO0| EO{LIH Z2ZaAH(QEIX|T) T 2G| 50 S-STAR
1 AF Z{D A e 7h=5t 5 =
O-I L #8OOOO|O ilYe} EO'”E Ho o= §4O PH PH @
i
- Y
J LHH"I"*‘I 30 PX4
CHH| LHEEAALQ| SEAF PH:Z2|5H=XY
NAK80 EHH| LHYHE0| e . HT-eiMIgA2lE
J Lz
Heat&Cool M|ZY S O&BHI} 7|, W25 0| 10003000 999 8000 10009 19000
2|7} 20F Li52440[ o S0 tS
O 3HY
imm 1mm
[t A0S ]
J;‘r S20|AT7E — HOK|A(#220-#320-#400) — H|0|IH (#320-#400-#600-#800—#1000-#1200-#1500)

— C}0|OF2E H|0]AE A0 (#1200-#1800-#3000-#5000-#8000 )

LS} 32340| X1 ¥S

o

O Uy oo
AE=H)
.25 50T 200
<& 08% :
« AJZt: 24A7t 60.0
5 500
= 400
Tr
ko 30.0
l
Y 200
0.0
NAK—PRM NAK80 NAK—PRM(L) NAK—-PRM(T)  NAKS8O(L) NAKS80(T)

NAK80 CHH| 1121y

NAKSO0 CHH| %=
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HIPORAS

KOBE STEELS| 714 =&

(  Q (overview) )

RAAETRO T7ISsit HUNS, £E40| 42 S AlTe] ZR0| Tf2f HEE0| YOIX

= 2
S8 4 Qe SN L. ME7120] B2 HIPY'S 08510 22 YIEOR 2 £7/42 Mt A

K
J
it
=O£
=
T
N
=
=

T T o
LEUS HIPZTAL0N I3t T2, 19t OfH0M AZGH="2UHIPH"S 012, BEA0| 52 LAl
ol SOl STIEHS 2

O HO{t LHAKE D Lot Y
=Y AHIA L0V R0 SYE +ASHHE AE7tS

(7|71| S 1 I(PhysmalA‘rtnbutes))

o 2|
Hi £ 6.2-6.6
WA A= 12-13X107%(293-423K) 1K
g ®dE 8 16 - 18(Room Temperature) W/m-K
= 8 4k 343(BH2|M) - 686(ZX2|F) MPa
7 XA 48 = 25(ZX2|H) - 5O(EXEF) HRC
i Fo = 7u=10u
3 = = 15+3%

www.wonilsteel.cokr | 11
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S-STAR

DAIDO STEEL®| =11 4™ S2tAE

ol

32

RE-HARDEN &l 32HRCZ &2, 0] =2 AF87+s oFXITH, Q/T EX2| AldiF 53HRCE Y& 4= U2 O{ZT
LA ZHAM0| R48t
Heys wgoy | wEy LRSS B L
60 PD613* JENIRPEIN:)
ERTAR
9 50~
ﬁ 40
g0k ganp (SSARD
(QUALEY)
20—
PXZ * AQl, ATIAE
10
| | | | | | | | | | | | |
5,000 10,000 15,000
4HE
O SR (HUMEL) D 7IHH EM
DAIDO7|5 stz (%)
S-STAR oasis OIRFZEE (N /i) 1100 1940
0.38] 0.9 |135| 0.1 | 0.3
SUS420J2 742 | (31~34HRC
( )] « : 0.2%LHZ(N/mf) 890 1540
HAE2(%) 15 9
J S-STAR EZ (%) 55 28
ZZX[2uE20°C (/o) 60 25
LZ20|CIXtR!
S+8oH(ESR) O oHEg
HESEH(TESAE])
HEE2(W/m-K)
' 20C 100C | 200C 300C | 400C
(1) LSSt LHAS(DIZEIAO|EA ABIZAZ) 23 23.4 23.9 24.7 25.1
(2) 2xf2] 4 : |1 53HRC (1030°C A2))
(3) 280 O WAL
Ax2| BIES ZA (0.03% O|L
(4) SN2 H2 =4 (0.03% O|LH) A (10°9/°C)
(o) LHZI0| @& ZAXSt o
(6) US5t Al 7k A BER7FDA 20~100C | 20~200C | 20~300C | 20~400C
(7) Z2|5t= 32HRCUIME AR IS 10.8 11.1 11.3 11.5

12
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( OEE'i'I E.l %"E." (Heat Treatment Conditions and Hardness) )
W 2% (Quenching)

1020 ~1070°C

800

D A8 (Tempering) : M2 £ 12 DF 25|0| HII2/0] Hf2HXIS
(LIAIMZSA, SR{2| R|4E315A) (Y752 FHOHA)
200 ~ 4007 490 ~ 510C
4= B0~90min/25mm =» = 60~90min/25mm =

Ol
Ok
o1

£

F - UAEE SAE Z2 B 400°C O[5H01A HA|
HIX| A= SR 490~510TE F73

oo

O OIH|ZX2] (Pre-heat Treatment)

1020~1070C

&Quenching>

&Tempering> 700°C

(&) EMzo Y 2 SYATI(R) S| w2t H
o 252 Ot

( XYM (Welding Method) )

(o=]
=
o2 5tE AWS : ER420 9 °
(32HRC) (IS Susazoyp) | 200~280C 650t
P AWS : ER420 200250 510°CX 23] (MR712 2 Cat)
(52HRC) (IS SUS420J2) 250X 23] (L{AIA ZA| - SRZIZAHEES ZA)

www.wonilsteel.cokr | 13
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ULTRA, SUPRA, PLUS

NGKARZt HiZ=gt S2AE S8 =LH|ZE SEs

‘ E Q (Characteristics)

0 Jm

> Mo
re = rx

1>

0x

=l

=

=]

o

0x

= 09 02 09

o
7ta 1224
FIIA7EE U 4%t 8TY
UM O] SRS 12 AT

SAOIZ ARZHTHE

rot ok 39.'. rok

= oY K ng

It ol ol
ron
N

o

1

o

N
o
Hu
=

B> sa X

ng pior g
m

b

o

10

s 0% 0% 0X
ogr
HH
Im rE
X
&

|>
H
lo o

o

ok
1
ox
Fil

(O]
O

UNS No

NGK PLUS C17510

0.20 ~ 0.60
1.40~2.20
Bal

NGK SUPRA
and

NGK ULTRA C17200

Be
Ni + Co
Ni + Co + Fe

1.80 ~2.00
More than 0.20
Below 0.60

Cu Bal

SUPRA/ULTRA

Yo 1O M R R

9 =2, 7[4H EH
e Qs TEA > Etg A4 A4 S 2 L Mg
- (W/m<) (/°c) (KN/mr) (HRC) (N/m) (%)
PLUS 17.6X 1076 132 HB100 800 3%
SUPRA 131 17.8X 1078 127 HRC30 1100 15%
ULTRA 105 17.8X 1076 127 HRC40 1200 7%

14



NGKAPH HIZst 1 d52| MEFsH Sea2

O =28, 7I4H £

I ————

\ \ 120 \ 17.6 X 1076 \ 1010 ~ 1070
74E(HF§C) QI% %*E(N/mmz) 0.2%L121(N/mr) 5 ERAZ(N/mr) HAME(%)
| 650-~750 |  530~630 11.8 X 10° | 5~ 15
QD IREHN
300 - 05
250 / i - MP15 /.//.
¢ _ 0.4 v —
s, | —ams o) /»/‘

@ 200 -
k= \'\\ N ? 03 S
i 150 \' % //
il . =02
% 100 o :.,/f' T S55C

50 o

0 100 200 300 400 500 600 0 100 200 300 400 500 600
25(C) 25(c)
O THE MR XE
NGK MP15
320 . Berylium Copper
280 NGK PLUS @ Cooper Aoy

24

o

3 Cu—Cr Zr NGk supra | @S
@ | 200
€ NGK ULTRA
= 160 Ampc0940
o | 120 HT75HR7S0 @
L4
il 5 —@
& | 80 HR30P
40 e & o
0
60 70 80 90 100 (HRB)
20 30 40 50 (HRC)

A=(Rockwell)

www.wonilsteel.cokr | 15




c TYEE A IZE .on
- BAGH £7] e
- BUBH A=

‘ i}i“é;—E— (Chemical Compositions) )

Grade

45t Lot

1.40 11.00 0.80 0.20
STD11 160 /0.40 /0.60 /0.030 | /0.030 13.00 190 0.50
1.40 0.10 0.10 11.00 0.70 0.50
b2 1.60 0.60 0.60 JOED | JBLOE 13.00 1.20 1.10
‘ %%"g’ﬁl-?— (Coefficient of Thermal Expansion) )

Average Expansion Coefficient (x107¢/C)

100C 200C 300

400C

12.0 12.5 12.8

12.9

OEE' -‘I E—| _’F_?_'l E-gl 7045 (Heat Treatment Conditions and Hardness)

Aoveaing (8) | Q/T 70

1000 - 1050C

o Air, Gas, Oil Sl S EENE <255 >58
Slow Cooling . Air Cooling
Cooling
PUNCH CUTTER SHEAR BLADE



0.20
—— A Specimen
015 B Specimen
2 10
il
T 005
£
S
5 0
-0.05
-010
-015
As Quenching 100 200 300 400 500 600
Tempering Temperature (C)

( x| %:,'E-I:—ﬂ (Heat Treatment Hardness Curve) )

70
: 1050
1025°C I

60 — - - -
5 = 975
lod 1000C
T
o 90 ~ -
1%}
()
fo
kel |
© : :
L Oil Quenching

40 -_—

30

0 100 200 300 400 500 600
Tempering Temperature (C)

ROLL BLANKING DIE

www.wonilsteel.cokr | 17



DC53

DAIDO STEEL®| D ZE/11Q14 AHZICIO|AZ

7 HP.. (Overview)

—

7|E dTH0|AZ SKD112] oFFel 1
LS 200M SKD11ELCHE 4

7|=EM (Basic Properties)

- SKDMEL =2 E5
+ SKD119| 21 g0} 2619 St
+ SKD119] A=tz 71

%E (Major Applications)

o o

7|1E HA & Ool2, HE

HIHYO| YELE, QS O HS MR IH2A HE o
U2 JHeolo MHHOR THAE A7t CHO|AY
IEEE

- AR, IIRAO| 44
- SRSl 244

- 240[0] WHILBAIS) 244
- BEZsE H2ANML 244

A PN
- %E ET&%@I _'__'_J(gl

ERUNES

OE‘:' _-| E| 7571 (Heat Treatment Conditions and Hardness)

1020-1040C

800-850°C
. 500 hot bath

A
Air or cil-cooling

*Heating (Refer to the right table)

71& 7t A2t (salt bath)

L:180-200C
2 €% H:500-550C
10 8 - 10 / \
20 10 - 15 60-90min/25mm
30 15-20 Air-cooling
50 20-25 23| b=
100 30 - 40

-
J IS 28
7|& 7t A7t (salt bath)
1020-1040°C L:180-200°C
100mm and under | 20 — 30min/25mm 00200
800-850C Heating
RE=r B e it 2800) Over 100mm 10 — 20min/25mm 60-90min/25mm

Gas-cooling Air-cooling

23| gt

18




EQ (Characteristics) )

(OJnE:L
62HRC TAE 7hs, LOKZ 40| Fofe
@ 191
QIYRDL 35| &1 T2 THEO 2
® Holuy
2| R14812H 0|240| 35| H0f LIOIA
RI4:R07} 80|
@ ARy

FALPIA F710t THEISHS KO DA SR

fol

Q 91AMx|7} SKD11 [HH| Y5

60
® DCMX . 10R=X|, HeX|
x| A T 2
50 - ASKDI i D %EE %; 130cEd
g 40 o
=2
~— 30 °
= [ ]
o ‘
x 20 [ ]
ol o
<
10 -
0
56 58 60 62 64

Q SYNE 2 =EHY ELE0f 710]

- DCMX Az
2
+ S SKD11

DCMX

DAIDO STEEL®| BHEZIA HIHIO|A ZF

o
3
E ’ 4

A

|| —*-DCMX
t-| -2-SKD11
0 100

200 300 400 500 600

Q MOo|EN0|OZ HX2| 5 x|4 £X0| 0]

Meed Modification

T QH2E7 ()
©
920 ~980 | 1000 ~ 1050 | A& :50~200
900 ~ 1160 Slow S 112 :480 ~ 560
Cooling (=% 1030) s -]
orEiae]
Clll T
400X Y1H ‘ <235HB ‘ 56-61THRC

www.wonilsteel.cokr | 19




-

SKS3/SK3-4

Mei2 7Y/ BA 37

‘ EQ (Characteristics)

5(s3 ¥3 3730 275 UTE Foug Haz o dZHECI0A, SYZT0lA
0| =2 MOICY, BHECHO|A, Master Tool, Forming Roll, Broach
K3 E2(Annealing) HEI0IM 2ZE 374 7130] =, EE, i, HX|
713 &0loth, =2 WEAEE XIHLt. SZO0|A, ©

il'%l'é','-i'- (Chemical Composition) ’

---ﬂ---ll

SKS3 0.90~1.00 | £0.35 | 0.90~1.20 | <0.030 | <0.030 | 0.50~1.00 | 0.50~1.00
SK3 1.00~1.10 | <0.35 <0.50 <0.030 | <0.030 - - - - -
SK4 0.90~1.00 | <0.35 <0.50 <0.030 | <0.030 - - - - -

‘ OE“'i'I E| %"E," (Heat Treatment Conditions and Hardness) ’

2 =
Annealing | Tempering
(HB) (HRC)

EX2 =2k (C)

(A5) (A2 (a2
SKS3 752@00 802;;50 15%;;00 <217 TAP, DIES, GAUGE
SK3 752@00 762220 15%_1;00 <212 > 63 TAP, GAUGE
ska 74211;60 76(;320 15%1;00 < 207 > 61 22 DRILL, B

20



EQ (Characteristics)
® A0 243ict
stetd=ol 2 Me A HEY =2 AYdE U=
HHSHH EX2)7F 20[oH HEaS SHFA
TOINES S 4 S

@ WolEXNZE
DHA1-A(SKD61 ESR #1) 550l 101Xy
0|22 ZE5 =0 Wo|EMZYE Sdx /tse

1 MGE Xz St 101y

O Hofct A

50
4N
40 ()
= [ %
= 30 I >
= <
R -
Ko 20
i s
3 A 1 48HRC
10 2mmULEX|, Hefs
1030C — 500C =4
0 il ::| R
0.1 1 10 100 1000

M29 (400-200C) HAHZEE (TT/min)

J LISIEXNITHE Y= (100000 : 42HRC)

Ui TS
Oppsite Sprue

———————————

MRS

Oppsite Sprue

———————————

___________

=

ez ey

DHA-WORLD

adeEly YE E2UTH0|AZ

(o)

(DHA1—A) ( DH21 )

O O3 (200x600x300mm) SASUMT Q1Y

A4S
50 T T
@ DHA-WORLD
A DHAT-A (SKDBT+ESR)
40 Y [ DHAT (SKDS) 7
i= S o Z!nmU LA
£ 30 T HYY ]
; A 3 .
T o iy A e
= | Hpe s
u —
<0 = &
0
40 42 44 46 48 50 52
2% (HRC)
D BXZ =
820~870 | 1000~1050 | 550~650
900~1200 A 2w o
815~ 300
<229HB 35~53 HRC 875 QAHLIO|ES}
1030C
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UHI EM (General Properties)
- 4B Ol W HHAT + CIZIOIV'BIR510] 2I7HTI0| A0 X5
- 45 Lop2 Y - U205 W DL 2E Ol K

oSt &2 (Wt%

STDG 8 fé ? §8 /050 | /0.030 | /0.030 g gg ] gg ? 28
032 | 080 | 020 475 | 1.10 | 080
H13 045 | 125 | oo | 70030 /0030 | /075 | Fgy | 475 | 40
‘ %@"&*ﬁl-’.‘- (Coefficient of Thermal Expansion) )

Average Expansion Coefficient (x1076/C)

~100C ~200C ~300°C ~400°C ~500C ~600C ~700°C
9.53 10.5 11.6 12.3 12.9 13.2 13.6
‘ oé _'I El _JF_?i E—J %'E (Heat Treatment Conditions and Hardness) '
e () | QT 70
800 - 870.C . 1000 - 1.050 C. 550 68Q C <299 <53
Slow Cooling Air, Gas, Qil Cooling Air Cooling

EXTRUSION DIE DIE CASTING DIE



A2 7|AX g3 2 SHX|
(Physical properties in high temperatures) (Impact value in high temperatures)

2mm-Vnotched Specime
100 -

160 £
_80 -
S
= =
- %60 -
g 2
wn C
b =
& 240 -
=
1%)
o]
<

RT 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 800
Temperature (C) Test Temperature (C)

Ax{2| A= (Heat Treatment Hardness Curve)

80

’—< 1100C ——————1050T

Hardness (HRC)

Oil Quenching

0 100 200 300 400 500
Tempering Temperature (C)

DIE CASTING DIE HOT FORGING DIE
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DH SERIES

DAIDO STEEL®| 1gEZt5+Z

( DH2F At HZHCHO|AZ (DH2F Free-cutting Hot Work Die Steel) )
Q E ki
+ HRC37~41(BHZ D)2 ZEA2| H01Ql1, S22t HRslv|

TS0 B YRl 2T, HUst FHO|
- IAP0] PAGHDR HAOILE ZH0| 80|

- ARl TE, WIFHINS

LIS 2, LiRAps0| 9

=9 MEO| Hgt

—

+ EPIX2IS o{2 LIOIRA, LHAX0| 315 Shas)

oz8

- U /OIICIOPHARIZS, ClOHAL S5

—ono

SAR)/OHASY. TOIS20|E/AER|LF

H

I [ =15
2 25, U0l Y=Y,
IT ; | —
= ds

‘DH31 -S TS 71335187

S0 =Ror=) ol' (DH31-S High Performance Heat Work Mold Steel)
oS4
- HStM0| 20, ESAY EoF R0l f
« 2g0| R=oF/| HZ0]| s HUHME 121gS &s & UL
+ Seli9f A=z 0f Hlof IiA{-40] 2451t

Q F8&
L DAY BY - (Y YR0ks COHASSY, TUCETY, U20|5 Y52,
- U0l CIOPHASE, FRIEAR|S S

O 2 54

=1 O
- HE H7IRAMYZ SKD611 ST EX{2| =

=

- AQlAH
A A9l 2 (HB) (HRC)

820 - 870C 1000 - 1050°C 550 - 880C

A u Jpaw Qu oy ~885 Sk 28 =2

2t AT S4E =2 o1

o

A
=

fjo

4 ol
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DH32 I’.’};% OEE'?_ n%% b (DH32 High Performance Heat Work Mold Steel)
DH32= 7ICH0|AZ SKD61Q| 28l T2 FE2F0| 7M1t EZHAA Q| 1S Het HE Z0i|A

— —
DYSEETN ZHIIGH HEE 4 YU MR2 BZITI0IAZY,

8T HACE0~547} K551, SKDB1 2L} 3-5HQIE £ NHE 47 7t
X w3t HERA 50|72 o 1,560 A5 B

« SX2| R ESFSKD6T1 T SUXRAL GXE| 75

820 - 870C 1000~1050 550~650
~ < <
1007900 par fu(zEY) @) =229 =
O 7888
- HO{ZO|AZHMNEZ Y, TO0[27(0IEHXISY, 7|0tdHEL0 5
IIAMBIEEHI, 7I0MHSERI0|IHAIZE, BoUeHA| U 3
- HHZHRAMEHESY, HIHZHO|ASHXISH S
SR
- #o (G )
wgzz || DHAT | wzicix |(DH32 ) — | z=-91 | ( DRMI

eztetx |(DHI2 ) —
L exom | GFA .
[DH A3 gUYe | ( DH31-EX

oy
H1
ro
0x

PUNCH DIE
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‘ HIEEM (characteristics)

- 22X oIt HHAS} (Surface hardening by flame treatment)

- NG 2 %’1'8 (No pretreatment such as normalizing)

« E2YX 2| T 245 LHOI2 Y L T (High fracture toughness and wear resistance from flame hardening treatment)
« 245t 7t8Y (Excellent machinability with formation of fine carbides)

‘ % 'Eﬁ (Quality Properties)

Q 2ISHIEL (Chemical Composition)

st d &2 (wit%)

0 HsgEww |
L c | s | M | P ] S | N_| O | Mo [seciliog

0.70 ~ ‘ 090~ | 070~

0.80 1.05 0.80

<0.020 <0.020 <0.15
1.10 0.25

100~ | 020~ |

O A x{2] = (Heat Treatment Conditions and Hardness)

825~875 Slow cooling

875~950 Air cooling 150~200 Air cooling <235 >61

O 7IAIE MHZE (Mechanical Properties)

Yield point Tensile Strength Elongation Reduction of Area Impact value Hardness
(kg t/mr) (kg t/mr) (%) (%) (kg f=m/ar) (HB)
>35 >25 >45

=170 =200

HS=E 1T (Hardenability)

=G JHardening Direction
N Direction of
Hardness
Test

Hardening Layer Intermediate Layer

® & & &

[he]
[&)]

Rockwell hardness(HRC)

6 8 10 12 14
Depth (mm)

o

o
ok
~

% Hardness variation on depth after surface
hardening treatment.
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STFAM

F=YE EEd

5’}; (General Properties) ’

o
T
it

ox

£2F T2A (High cleanliness and quality)
HE=AH (High thermal shock resistance)
LHOt2 A (Excellent wear resistance)

AE (Uniform hardness)

—_

H 40 40 K

4 4> o
ron r_O'y |'0II

©

1!

( EZIEM (Quality Properties) )

slstMEL i iti
O EEHE (Chemical Compositions) (Unit : Wi%)

0.45 ~ 0.60 ‘ <0.40 ’ 0.60 ~ 1.10 0.70 ~ 1.70 ‘ 1.30 ~ 2.50 ’ 0.40 ~ 1.00

Q) ZEX2| EZ (Heat Treatment Conditions and Hardness)

Annealing Quenching Tempering Quenchmg 1 gl

HRC
750~850C 840~880C 500~650C X 2times 38.0 ~ 43.0
=& EM (Physical Properties)

T —

Coefficient of Thermal Expansion
(10°/0) - 12.1 13.1 13.5 13.8
Thermal Conductivity (W/m - K) 35.8 38.3 375 35.8 35.0
O E=Z EM (Thermal Shock Properties) QD 7|HIE HZ (Mechanical Properties)
1200 ™ ongi. Crack  Test Condition
P Circumf, Crack  50°C —600C
g 1000 Water Cooling =
= 800 759 3,000 Cycles %
o <
8 600 539 £
% 5
& 400 2
© 200 %5
0 u
STF4 STF4M 0 50 100 150 200 250 300 350 400 450 500 550 600 650

Tempering Temperatuer (C)
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EQ E-gl %E (Products and Characteristics) ’

UEATE S+ZO2M UOIRY 2 SAE0| 2 2822, =030 S0 BALL BEARING,
SUJ2 | MIZ=0f A1, Eel=9| feei/t §s0| B2 Feks DIXl= 7HE0 Etet=0] OjAHst ROLLER BEARING,
U lEEd, 289 710|ET

SUJ2 0.95~1.10 0.15~0.35 | 0.20~0.50 0.025 Ofst 0.020 Ofst 1.30~1.60 -

A
(Quenching) | (Tempering)
SUJ2 850~1,100 780~810 800~840 140~180 <201 <94 63~65(Roll) >60

(Slow Cooling)

‘ SX2] =M (Heat Treatment Curve)

70

L 840 R
60
50 —— 66
63 —\
0 60
[®)
12} 57
< 800 830 860 890
00 I T I
R0
30
0 100 200 300 400 500 600 700

TEMPERING 2&C

% SUJ2E LIDIZAIS 0185101 Y RollOILE 47t ABE 38 SOl MSH0 1 20 SUJ34,5 S0| /o0
SUJ32 MnO| EILF 20| R0 20 A@10| SO LSS HIZ{0 FEI0, U5 MoHPRA 0132t
=, £44, Li0t2:50| ¥S5ICt,
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SM20C - 45C, SCM4 - 21, SNCM8 - 21 etc.

45 7 [AIFE, 71017, \HLE 8k 39| 7[AHZEZ

( -_r"_;nc_'g%" %g (Properties of Structural Carbon Steel) '
TEEY AR 7|AN HEO| L6101 SH2|0f Qo SRS HMAIF ALZoH (YEHROE AF, AF, AQ,
A3 HHME| HY ALE), 728 S22 728 HALUY 7AN HES S HAE TSI INet AHEEA
SHAFTZ, GEARE, NUTR 5 20148 ZRS5= 70| AIZSIL,
‘ 2|'°|'k|=' (Chemical Compositions) '
BN I T G B TN T
SM20C 0.18~0.23 | 0.15~0.35 | 0.30~0.60 | <0.030 | <0.035
SM45C 0.42~0.48 | 0.15~0.35 | 0.60~0.90 | <0.030 | <0.035 = = = = | =
SCM440(4) | 0.38~0.43 | 0.15~0.35 | 0.60~0.85 | <0.030 | <0.030 | 0.90~1.20 | 0.15~0.30 = = || =
SCM415(21) | 0.13~0.18 | 0.15~0.35 | 0.60~0.85 | <0.030 | <0.030 | 0.90~1.20 | 0.15~0.30 = = || =
SNCM439(8) | 0.36~0.43 | 0.15~0.35 | 0.60~0.90 | <0.030 | <0.030 | 0.60~1.00 | 0.15~0.30 | 1.60~2.00 | - | -
SNCM220(21) | 0.17~0.23 | 0.15~0.35 | 0.60~0.90 | <0.030 | <0.030 | 0.40~0.65 | 0.15~0.30 | 0.40~0.70 | - | -

S X{2| YItH (Heat Treatment Conditions and Hardness)

QATAF(AS AEH)

EX2=2E(C)

AOI JO:IE
(Quenchlng) (Anneallng) (HB)
SM20C - = >25 >41 >28 = = 116~174
SM45C 820-870C 950-650T | 535 | a8 | 220 - - 167~229
water cooling =d
830~880 >85 >48 >6
- > > .
SCM440(4) Ol Cooling 530~630 (>834) |(2980.7) >12 >45 (259) 285~352
1X} 850~900RH
2Xt 800~850RH 150~200 >85 >7
_ > > ~
SCMATSQ2D) | gl gp5 ox) = 2y 2834y | =10 | 20| (269 | 232
850~900 {4
820~870 >90 >100 >7
~| > > =
e Fd 580680 (>2883) |(2980.7)| — 16 S (>69) PSS
1st 850~900 S 150~200 >8b >6
_ > > N
SNCM22021) | 51 800-850 944 54 (2830 | = =40 (250) | 248734
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SKH51, SKH55, SKH59

TYE, DY, THOLR S| LHEXO!

S1828

‘ -’é—-ﬁ- E-gl %Q (Products and Characteristics) '
Type Characteristics Applications
SKH51 SKH512 BAE STHAN X0XH, L0tRES B2 oh= 02{71X] 82 ARZE L RMAIR 2}E T
ISR STEH0I 2 RS BT AT ERH0 M. DRILL. REAMER
SKHS55 SKH55& H|WA Q18 g 27tots DEEAN SEHM| A o U= HA0W, Mo, Cr, ENDMILL, HOB,
Co, VoI &2 EAJI LY AR UCBZ HAN| 7158 ST HMZ0H ArgEIC CUTTER, BITE,
SkHsg | Mo-CoZiol ZO2M 52 TM MOl= 2751 APt Od A 52 P28 PUNCH, TA=P,
ZH|st D4 E BTHOR Of247IK| 24, HA BE M| ALBEIC, BHOCH
‘ il-%l-kl_,_ ( (Chemical Compositions) )

---ﬂ------

0.80 3.80 4.50 5.50 1.60
< < < <
SKHE1 | ogq | <040 | <040 | <0.030 | <0030 | Sl | UL | 0| oo
0.80 3.80 4.80 5.50 1.70 450
< < < <
SKHB5 | ooq | <040 | <040 | <0.080 | 0030 | oo | oo SO0 S| Sl
1.00 0.15 0.25 3.50 1.25 9.00 1.00 7.75
< <
SKHES ~1.10 =035 ~0.45 <0.025 1 =0.010 ~4.25 ~2.00 ~10.00 ~1.50 ~8.75
G'I‘I E.| u (Heat Treatment Conditions and Hardness) '

Temperature of Treatment (C)

Hardness

:
MR

OLH
SKH51 | 800~850 Al (2;1 ;gg 1 ;28 oy | 950-5708 < 255 >
~ OL
SKH55 |  800~850 Al 81 ;gg; '34618 ZL‘J,’: 560~580 S <277 > 64
’ T o
SKHE9 |  830~870 Ad 1,180~1,210 94 540~580 B <277 > 65

|' ¥ Wear resistance
&l Hot hardness

| | Toughness
&l Machinability

o
X (1) Ztthet 3y 37 (2) =8

2lge 275kE 37

SKH51 (M2)

30
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SKH59 (M42)



SS400, S35C, S45C

O
=l

EQ (Products and Characteristics)

=~
- REFERENCE SPEC. -
- AISI/ STM | OTHERS -
7% Cha] M X1 S T80 TRS0) AIRSHs
ot xg 2K
auinxg $3400 | (00 . i
R P $5330,55400, SS490, SS540 S0] Q=] Ut
o= $54000] 20| M2
ZoH NS QOB BISOIX|7| St MLt
HERIZ SM35C . of BIRIES =510] ULFMO! HHAN FHSO{X|=
ErAZT e | SR6 | Allies QoImtO| 370l 130T 0[Al0 2 S27) 228 £X
A717] 9loh AFR
217, RESR}, T80 7)) 220 AI5t= B
VS SM45C A193
- 10C, S-45, S-55 £ UHIEOZ IHZ0 A
e (pLaTE) | *C Gr.2H i“il 0. 5745 = ol A
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Carbon
Steel
Structural
Steel Alloy
Steel

Bearing steel

Plastic Mould
Steel

High Carbon Tool
Steel

Hot Work Tool
Steel

Cold Work Tool
Steel

Flame Hardening

Steel

High Speed Tool
Steel

SMxxC

SCM440(4)
SCM415(21)
SNCM8
SNCM21
SACM645

STB2

HP1A®
HP4A®
HPAMA®
HPAMA(HH) ¥
SMAT-E®
HP70®

HEMSIA®

STC3
STC4

STD61
STFaM @

STD11

STS3

HFH1®
KFHS1 ®©

SKH51
SKH55
SKH59

KCw1®

@ DOOSAN @ DAIDO @ HITACHI

SxxC

SCM440
SCM415
SNCM439
SNCM220
SACM645

SUJ2

S55C mod.
SCM440 mod.
SNCM mod.
PAC5000 @

NAK-PRM® NAK80®
NAK55 @

SUS420J2 mod.

MP15? HR750 ¢
HIPORAS @

ULTRA HH(LH) ?
SK3

SK4

SKD61 mod.

SKD61
SKT4

SKD11
SKS3

HMD1®

SKHS1
SKH55
SKH59
DRMT, 2, 3
YXR3®

@)

10xx
4140

4340
8620

52100

1050 mod.
4140 mod.

P20 mod.

P20 ESR

420 mod.

Wi
Wi

H13
L6

D2

o1

M2
M35
M42

KTSM21 @
KTSM31?
KTSM3M @

XPM—ESR
CENA1?

S-STAR®
STAVAX ©
HIT75 ©
PORCERAXII ©
MOLDMAX ©

DHA1-A®
DH31-EX?
DHA-WORLD @
DH2F @

DH32?

DHA1® DAC®

DCMX
DC53%

GOA?

YXM1 @

yxma®
YXM42©

@ KOBE

® ASSAB  ® SeAH @ NGK

shafts, gears, chains,
bolts etc.

shafts, gears, bolts, nuts,
pins, studs, keys,

bites, cranks,
transmissions, couplings,
cams etc.

bearings, shafts etc.

mould base
core & cavity
bumper mould etc.

high grade mould

corrosion resistant
precision mould

CD case, VTR sash etc.
steel that allows air to go through
plastic cosmatic vessel, nozzle, etc

tab gauges,
tab dies etc.

Extrusion dies,
die—casting dies,
hammer dies,
ram dies etc.

press dies, rolls,
drawing dies, gauge etc.

blanking & trimming dies

reamer, end mill, hob,
cutter, bite, drill,
punch, tab,

broach etc.
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