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YSS fENMIAIREROERE(LFRD

Type and Chemical Compositions of YSS Cold Work Tool Steels

ﬁlﬂG radeE 1t % B % Chemical Composition (%)
YSS Jlsﬂiﬁgent c | Si | Mn | P | S | Ni | Cr | W Mo | V | Co
S-MAGIC Paﬁiﬁf?ji;ﬁ]g SHEEH AR 4 1 A8 High performance cold work tool steel
SLD SKD11 150 | 025 | 045 |=0025/=0010] — | 1200 | — | 100 | 035 [ —
ARK1 Patﬁgtt%ﬁs%el SIS 4 1 X488 High toughness cold work tool steel
SLD8 Patﬁi%ﬁﬁa SIREAM A 1 X48  High strength cold work tool steel
CRD SKD1 2.10 0.25 0.45 | =0.025| =0.010 - 13.50 - — — —
YCS3 SKS93 1.05 0.35 0.80 | =0.030| =0.030 - 0.40 - — — —
SGT SKS3 0.95 0.25 1.05 | =0.025| =0.010 — 0.75 0.75 — — -
ACD37 0.85 0.25 210 | =0.025| =0.010 - 1.20 - 1.50 — —
EMB? Or?fiiiﬁﬁel 7L —L/N—R§8 Flame hardened tool steel
HPM1 L 012 | 030 | 090 |=0.025| 0.10 | 3.00 — - 030 | Cu22 |A£1.0
HPM2T O el 035 | 040 | 1.10 |=<0.025! 006 | — 2.25 - 0.30 - —
YXMA1 SKH51 0.85 0.25 0.35 | =0.025| =0.010 — 415 6.50 5.30 2.05 —
YXM4 SKH55 0.85 0.25 0.35 | =0.025| =0.010 — 415 6.50 5.30 2.05 5.00
XVC5 SKH57 1.25 0.25 0.35 | =0.025| =0.010 — 415 10.00 3.50 3.45 10.00
\Y(igg Or?jiiiﬁﬁm ~ ~U w7 ZX/NA X Matrix high speed steel
YXR33 patﬁgt?dﬂﬁa S#M%E~Y by 7 XM X Extremely tough matrix high speed steel
HAP5R BRNA R SEMEMER/NM X Extremely tough P/M high speed steel
HAP10 s I — — — - - 50 | 30 | 60 | 40 —
HAP40 SKH40 1.3 — — — — - 4.0 6.0 5.0 3.0 8.0
HAP72 I, 2.1 — — — - - 40 | 95 | 82 | 50 | 95

‘ AR AEEMORE

Applications in Cold Work Dies

=3 B MO R B
mfg’ié Recommended YSS steel
& & ® P
Appli : Standard - Or mass poroauction U'S_e
pplication R —— For general use it BE ¥ F & E A
For abrasion resistance | For impact resistance
£73 £ il Blanking dies 58~62 S-MAGIC, SLD, ARK1 | XVC5, HAP40 YXM1, YXR7, HAP10
7O« ITEHME — Azt DRRTHDT T AfAy7ey | # B | Cod - Male die 58~62 | S-MAGIC, SLD HAP40 YXM1, YXR7, YXR3
(A E) IR DM B DERZ L. 542 M | dies Female die 55~60 | YSM S-MAGIC, SLD YXM1, YXR7, YXR3
L hHtEE SO TY, SRPEN EAR A Slggaegng For sheet service 55~60 | S-MAGIC, SLD, ARK1 | YXM1, YXR?7 YXR3
TEROBEZICHSVEEES T TV D1 (&) AR A é;‘gﬁ:)g“t For medium plate | 55~58 | S-MAGIC, SLD, ARK1 YXR33
BREE2TOEILKDITED TN O EDRE L Forheavyplate | 48~53 | DM, DAC
= - = — 1) —Z f ~
ftﬁ%%ﬁ{t(uﬁi<ﬁﬁkbtb\§§_o O—2)sv—Xya Rotary shear slitters 54~60 SLD, SLD8, ARK1 YXM1, HAP40 YXR7, YXR3
. SEME | Trimming | For sheet use 55~60 | SLD, ARK1, HMD5 YXM1, HAP40 YXR7, YXR3
ISOTROPY tool steel i db th S des
> ) ool stee !S SO name i ecause (? B4 For heavy plate use 50~55 DM, DAC
difference in mechanical properties between its B (F & - 4 ¢ B | Bender, swaging dies 58~62 | S-MAGIC, SLD, ARK1 | XVC5 YXM1, YXR7
lo.nglt_Udmz_il (forging direction) and 'Fransverse N N # | Cold Male die 58~62 S-MAGIC, SLD YXM1, HAP40 YXR7, YXR3, HAP10, HAP5R
directions is reduced, thus overcoming a weak 7 [ 5 & B forging
point of ordinary steels I & | dies Female die 55~63 SLD, SLD8 YXM1, YXR7 YXR3, HAP5R
This technological concept, which is highly 5| # & & 4 | Drawing dies 57~62 | YXM1,CRD XVCs
N — .
evaluated by users of tool steel, is put to work in A B . )1% Cold working rolls =80HS SLD YXM1, HAP40
contributes significantly to stabilizing their A4 =27 842X | Coining dies 57~62 | S-MAGIC, SLD YXM1, YXR7
characteristics and prolonging their service life. J—JVRKRE>J 44 | Cold hobbing dies 55~60 | S-MAGIC, SLD YXM1, YXR7
#a U ¥ & 4 X | Thread cutting dies 60~64 SGT, SAT YXM1, YXR7
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Features and Applications of YSS Cold Work Tool Steels

Ei -
YSS 4% = = & B & Features Main applications
grade
SRS EREGOMLEO)PTIEMIAL | SEFRTEHALSE High réeréormle(xjnlcfe cold wogk tool stegl atltaining botlr:j Cold work dies for high-
a e _yy | extended mold lifespan and outstandingly easy mo .
(NEW) MRS ZE, BRRRELT | (MT2 ZTLARE) | 60~62 HRC with high temp. tempering. tensile steels, SUS, mass

60~62HRC. BEFEX 2 LHICHL,

EETLVAE SEL MM

Excellent wear & galling resistance.

production, and general use.

Cold work die steel with high abrasion

YSSSEMIATIRROESE

Characteristics of YSS Cold Work Tool Steels

QiFEAIEDIT
Relationship of
Characteristics

A

x

THEEFENE - MHESREE  Abrasion resistance, Strength

Vféo e\"

5

\ﬁF’_ Strength

m\

i EEFE 14

Abrasion resistance @

HE Strength

SRR

A|r hardened steel ACD37

TREE R AT

¥FR/N1 X P/M high speed steel

HAP10
ﬁl& Toughness

N\

o

)y 7 XNA X

Excellent machinability

Toughness\

\atrlx high speed steel

' A 1 .
gip | MERMEADARSRIAZME, |5 Faﬁ%\.—n—.?ﬂﬁ\ ) resistance for general use, excellent harden- Cold work dies for general
[ N \ _—— — S H
BRAMPRF T IRAZE/NS, | T4-3270- v ability and minimal quench stress use, forming roll, shear
SHETHHIMEYG REFL~<N Yy [iREHAEE . UMM | Cold work die steel with high toughness and
A BE A i kM A B Al . L Dies for printed circuit board,
ARK1 | ZAR& 1 X8, e AEN R | BB 21T L—h improved machinability. The same heat : .
SKD11&R—ZALIEH A EE, ANy INTL—R treatment conditions as SKD11. die plates, stripper plates
e BLE 62HRC or more with high temperature o
SLD8 'E“mf%l,’l—;‘GZH:C ° EEA M ARSRER! | tempering, superior machinability and Rolling d.'es’ .
RIFHWHIMEE M, toughness cold forging dies
SLD10 S4 2 TS DES62~64HRC. SRS A X Extremely hlghest hardness in die steels. Rolling dies
MR 62-64HRC, with excellent toughness
o " - R B ) o ) Drawing dies, blanking dies
CRD Efna@ﬁﬁ‘ﬂ”‘éﬁl EHTB5MH R REE Col.d work die steel with highest abrasion for mass production,
S4 X8, LHIAF— resistance brick liner
vCS3 VELERRZEIEMN, FLZeE ATE Carbon tool steel for small production to be Press forming dies, jigs and
A CHNIEN LS quenched in oil , easy to heat-treat tools
Bn-AEIMEO R RS REEE, Cold work die steel with superior machinability ) )
SGT K TD P = z i ) . ) . Dies for deep drawing,
GEARTIVYREMIIC |REAEB. 72 for general use; Be careful with quenching large
EES dies and wire electric discharge machining gauges
A-BREEAH, Vacuum gquenched and air quenched steel, Dies for deen drawi
ACD37 | SGTOBEAM. 71 VIREMI |REHLE r— improved for SGT as to hardenability and es for deep drawing,
ENE, wire electric discharge machinability gauges
HMD5 2~ ; Steel for flame hardening, resulting in high
»
D KEBARELT, lmf@?b heAei hardness and small strain even with air Dies for deep drawing
\ »
BLEABNA BRI RIT quenched; good weldability
HPM1 A0HRCDIREIZTUN—K4R, LEYEFERTLRE., Free cutting and fully hardened steel, good Press forming dies for small
HPM2T | ={b43ttRET, AIE nitriding characteristics production, jigs and tools
R SR EETE High | with high i i i
YXM1 | TR A DR N X, AEEER ST E, lg. speed steel with high abrasion Cold forging dies,
;(u wa— resistance and toughness for general use cold heading dies, slitter
YXM4 | TEEEEE . TR E . THIEMSE A D R DL High speed steel to prevent from abrasion, Cold forging dies,
XVC5 N, seizure and deformation under high pressure | drawing dies
o _ iii%'}f’rz Matrix high speed steel, extremely highest Rolling dies, cold forging
YXR7 62765HRCTTH®§M¢%TT AERERO—IL, toughness in 62-65HRC. available to vacuum | dies, roll, cold forging
\ - M Do o . .
YRUTRNA R RERAHIG "ﬁ&/\/?\?ﬁﬂ/\/? quenching panches, blanking panches
YXR3 §8~61 HRCTREDEMEERT Bh. RS Matrix high §peed steel for ge.neral use, Dies to be used for cracking
BT RNJYT RN, extremely highest toughness in 58-61HRC or chip breaking resistance
N ZADFCREDMEERT Matrix high speed steel extremely highest Cold foraing dies
YXR33 | YRy TZNAZ, AREBEE BREHEE! | toughness in high speed steels. arm fo? r? d'eé
Wi | 1es.
(& FEA56~58HRC, Standard hardness 56-58HRC 9ng
HAPSR | S8ttt/ (2., ATEEEEY ) E.xtremely tough Powder Metallurgy process C?old forgihg di?s,
77{/77/%‘/71.&1 high speed steel fine blanking dies.
HAP10 | S#0i#®/ 12, TP TT ARG Extremely tough Powder Metallurgy process | o - niing dies.
high speed steel
HAP40 MHEEFEME - S TR B D AR R ZEHERTL A P/M high speed steel with high abrasion Press forming dies for mass
N, a—Jv resistance and toughness for general use production, roll
. . ) L Cold plastic working dies of
SEECTRSDMEREMZE L | REMASBEBMEIMIAS | P/M high speed steel with high hardness and p ) 9
HAP72 | | N R ) ) ) long life, high performanced
MRNZ, A SMBEICE—ILRE R | highest abrasion resistance

IC molds

1S Free cutting and
s, DS pre-hardened steel
W "4 F i~ e
S gﬁ R HPM1
NG '33“0 HPM2T
>
X - Zlhi$ Toughness X
OIFHEDIEE  Comparison of charactistics
i = MHEEFEE i E % SREE oM 1N ZhANIETE HHIME B ?;—';EFE% )3
YSS Abrasion Pressure Strength » Distortion L i
grade resistance resistance tgtm e;z\::ttﬁﬁie Toughness Hardenability trtg; thrr?:; . Machinability Weldability E;?gg:;c;
S-MAGIC A A B A” AT AT A” B 58~62
SLD A A B B AT AT B c 57~63
ARK1 Bt A B A AT AT A B 58~60
SLD8 A~ A BT A™ AT A BT c 58~63
SLD10 A” AT A~ A” AT A B~ c 59~65
CRD AT A c o] B~ B © D 57~63
YCS3 D o} D o] D D AT B 57~63
SGT © Bt D B © D A B 57~63
ACD37 B A™ c B At A A B 55~60
:mgf C £ D B - - A A 55~60
:m;T D~ D D A — — A” A 40
YXMA A AT A A- B B B o} 58~64
YXM4 AT AT AT B B B B~ c 62~66
XVC5 AT AT ATT o] B B~ © D 63~67
YXR7 A AT A A A B B o} 61~65
YXR3 A~ A A AT B B Bt e 58~61
YXR33 B BT AT AT A B Bt ct 54~58
HAP5R A A A AT A A o} 58~62
HAP10 AT AT A A A A B~ c 62~65
HAP40 AT AT ATT A~ B A CHl c 64~67
HAP72 AT AT AT o] A~ A c” D 68~71

(AP ERBEN FIFESICREF)

(A is the uppermost level and + indicates higher performance)




O EFEM  Abrasion resistance
Eii I 8 & (HRC) HEEFEE  Specific abrasion volume (mm3mm? « mm) X107
YSS grade Hardness 0i5 1 io 1 i5 2i0
S-MAGIC 62.0 _
SLD 60.0 ﬁ
ARK1 59.0 E
SLDg 625  |I—
YCS3 60.0 _
SGT 600  |EE—
ACD37 60.0 —
YXM1 655 |mmmm
XVC5 67.0 -
YXR7 65.0 ﬁ
YXR3 59.0 ;
YXR33 58.0 —I
HAPSR 600 |mE—
HAP10 64.0 -I
HAP40 67.0 _I
HAP72 70.0 -
0% Toughness
(kgf/mm2) (N/mm2)
500 - YXR3 i H — 6,000
T Bending strength
! VI n HAP10 5 000
5 500 )X TR 1>
YXM1 =
2 — “HAPSR
—O~
(g: 400 |- /O e HAP40 — 4,000
-% /X—T\x\x
5 S-MAGIC Q. LSLD®,  XVC5
° B\ ; SoHAP72
R 300\ SGT oo~ oy, veg - 3.000
5 CRD X V50
2 N\ Vi .
200 | -=0 oT— 2E V% 5000
100 L1 | | | | | | | | 1,000
56 58 60 62 64 66 68 70 72
& Hardness (HRC)
(kgf-m/cm?2) (J/lcm?)
20 [C = 200
[ YXR33 vl E—ERE i
g l e Charpy impact value A
5 15| N —{ 150
© = \ 4
£ I \ ]
s 10F YXR3 \H1APSR - 100
S r ]
x L ARK{1 i
T el — 60

10RY v L& —E=1E
N
T

60 62 64
FE& Hardness (HRC)

AR EFERER
AEFEHSCM415,
FEEFEREER400M. THTE67N.
PEHRRE0.78m/sec

The Ogoshi type abrasion
tester was used to determine
abrasion resistance of matched
SCM415 samples, tested
under the following conditions:
abrasion length of 400 mm,
load of 67N, and friction speed
of 0.78 m/sec.
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Heat Treatment

@BinEL
1. FHERRIEBEEL S BEN TN BO T HREBEEELE
FETT,

2. BIREL (AT HER IRERIRILELELEE L

TLEELY,

3. [HBRERLEEUIGARIIT CAR5 3k ABIEL. Z0)
HHNITEIIN T OIS HERVBRE B bH L IL B D EhALIE
TR OEFD=DITITNET,

HI#EE  650~700C
DNZABERE  1h/25mm

OBt A NINEARIFRERE]

O=EETE

(1) F2hB5R B1EE  500~550C RIE25mmic D304
B2 850CXBEANIBRIFIERX |
E3EE  1050CXBEANINEMEIERSRIX2 |

AESOMMUT THRIREELDD . LUK L
HIRR D & 515 A 13900°C X 1 A N AN SRR 5 A%
X28T B, - /IIIFE1 R FEEEIELH S,

(2) BEANDNERARIFRE ]

@Annealing

1. All material is delivered as spheroidized annealed
condition.

2. When used after reforging, spheroidized annealing is to
be done before hardening.

3. Stress relief annealing is to be done in order to remove
stress occured by cold working such as cold drawing,
cold rolling or cutting and machining.

* Heating temperature : 650-700°C
¢ Holding time : 1h/25mm thickness

@Holding time at hardening temperature(Th)

@High speed tool steel

1) Preheating time 1st stage : 30 minutes for every
25 mm of the tool at 500-550°C

2nd stage : (Th x 2) at 850°C
3nd stage : (Th x 2) at 1,050°C

Preheating is (Th x 2) at 900°C for small thickness (50 mm max.)
and simple shape tools, and wherever facilities are limited.
The first stage can be omitted for small tools.

2) Holding time at hardening temperature (Th)

BB K REF A Thic%ieis;mm)
Furnace type T 5 10 20 30 40 50 60 70 80 90
REFRER (7))
I RIZ Holding time (sec) 60 90 160 240 280 350 390 420 440 495
Salt bath AE X &%
Thickness x multiple X12 X9 X8 X8 X7 X7 X6.5 X6 X5.5 X5.5

AR IVIWNAZOREFRE=2EIFEETS

O45&TEM KFEIEM
(1) F#LRERE E1E8  500~5501C XA N ANER AR X 2

750~800CX 5t A NN AR $5RFRE X1
(SK.SKSIZFRE)
EELERF OB ETIIAREN (50mmELT) .
RGBSR IEFHEEL

2B

(2) iR AN DNERARFFRFFE]

Note: Use the holding time in the salt bath as the immersion time.

@Cold die steels, alloy tool steels and carbon tool steels

1) Preheating time 1st stage : (Th x 2) at 500-550°C
2nd stage : (Th x 1) at 750-800°C
(Unnecessary for SK, SKS)
Except that preheating can be omitted wherever an electric
furnace is used or for small tools (50mm or less thickness) and
simple shape tools.

2) Holding time at hardening temperature (Th)

FOE R RsF Thicmze#\s(smm)
Furace type ik =15 | 25 50 75 | 100 | 125 | 150 | 200 300
JILRINZ - BRIF FREFEER (93)
Salt bath or electric furnace Holding time (min) 15 25 40 50 60 65 70 80 100
AR IVINARGDLT FRETICEERHREL RIFRE =2ERRE TS Note: Using salt bath needs preheating and the holding time used as
the immersion time.
Okt R LR IFEFHE ©Holding time at tempering temperature (Tt)
A E (mm) _
Thickness =25 26~35 36~64 65~84 85~124 | 125~174 | 175~249 | 250~349 | 350~499
JRER LRI (BER)
Holding time for tempering (h) 1 1.5 2 3 4 5 6 7 8

EBIARAEIIS00CLI EDBERLEL . 250~500CHERL DIBETX1.5,
250 CLATFRRLISTX2EF 3,

Note: Apply this standard to tempering at 500C or more, and increase
elongate tempering time to Tt x 1.5 for 250-500C and Th x 2 for
tempering temperature less than 250°C




OEA##MIBEH  Standard heat treatment conditions

65

60

a
o

Hardness
B& (HRC)

a1
o

45

m e 1% E L Annealing AN Hardening R L Tempering
YSS grade =E (C) FE (HB) BE (C) BE (C) & (HRC)
Temperature Hardness Temperature Temperature Hardness

swoe | TOUES PR | sams | 00D, FR e coamag. 190250 260
stp St | = | SRRSO | Mmoo 259
ARK e i I v s e 259
stos e Tl I o s e 260
oRD o oong | =20 | PR B itoe | coana = =
o3 oot | =2z | Gratos® e =
seT oot | =2 | BRoS0 2R Kot = 260
poo | CorEe | =2 | Rraergus” Rt = =
wosiir | FETES A | sams | Pndiadtang

v S || =2a [ izmntey @z e | grece, = 263
YXM4 %?é)vrg‘?é)“ng;”;% =277 (éi)l1q23é)r;r11§1590 (2)1210~1230 @45 5Aeisroc~og>ﬁ;r?g s =64
XVC5 glzg;ggé)“m;;% =085 ((1)i)|1q2u3é)r;r1ﬁ%o (2)1210~1230 @45 SA?rOé;gﬁr?g 2 >64
S e B e Rl I =
s ot | = | Buaaiye @vee-ve #R [ ooy, ws =
I I I e ey S ot 2 255
i I R T Tl =
HAP10 %Izgvrggé)“n;;% =269 %i)l1q1u7e0r;r11i1nggo (2)1120~1170 @45 SA?I‘OC’:\c;gﬁr?g s =61
HAP40 glzgw~é307c§)“m‘;“;% =077 %?ﬂJfé’;EﬁﬁgO (2)1120~1190 @5 SA?PC;gﬁr?g 2 >64
ez | REG R | soe | SR, ooy 269

(1) BELHIROTIE
(2) BHLTIRO T EHICHEZVLEETEZTE
*JISTRSHERDARTE (LW KA 135915mm A X H . KE20mm

(1) Simple shape tools
(2) The others, especially needs toughness

(Half temperature time : time requred to cool from
BEAEE+ T ENREFTARNTANICET3R  the austenitizing temperature to half that temperature)

@fi A Hardenability

FARFRREARED,S > { (austenitizing temperature + room temperature) / 2 }
70
o= C —
[l ) LA =0
—_ -~ —0
TN T N T /), B ES60HRCD BN B RAABOEE
60 A N\ Maximum diameter of bar for which the center |
\ N —~YXR7 (1,180C) \\ hardness of 60HRC can be achieved
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