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COLD WORK TOOL STEELS
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Types of YSS cold work tool steels
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ZZE Grade 3}3HME (%) Chemical composition
Ex FE Characteristics Main Application
JisttA . - c <
YSS 16 cactaent AISI | DIN WNr. © si Mn cr w Mo v Co 7|Et
APIA H7} = 1 amie o ) ) ) A : :
HuzE o Hated o 60HRCOIME 7tE7ts. THEAY, D S 16 Y8 ZlA & | Machinable even at 60HRC. Matrix cold die steel with | For cold dies such as high—tensile molding
SLD-f Original steel 2RNY- DAY N ST High toughness and high machinabilty New cold die sieel ree-auting TOIMO| IjE2IA W7t 272t 9 MAN MCHIS W73 ME | high machinability and high toughness. and punching dies.
= At2A F7 ool 5 o orala = et e o o | — i ) )
- VIEIZAES dC Lot T s A 2| St K|ZF 8olgS YRS | 1HHY & 125t gHE A 3T, | High—performance cold work tool steel attaining both | Cold work dies for high—tensile steels, SUS,
SLD-MAGIC Original steel DYS #2 STY  High-performance cold work ool steel elg::&g”;gi ’ IAS W7tz W7t 25 HMet extended die life and easy die fabrication. mass production, and general use.
_ _ o2 40| 245t ©g W7t S7L rdR=r=all) Cold work die steel with high abrision resistance Cold work dies for general use, forming roll,
SLD SKD11 D2 12379 15 0.3 0.4 120 0.9 0.3 AQIM0| A55t0f A2 S=2lo| HE 29 = Mot =8 E)Je%i?e;tarlegz_e' excellent harden—ability and minimal shear blade.
o) 8%Crzt _ _ STHLA 21| B 62~64HRC g - Extreamly high hardness with excellent toughness in " "
2 SLD10 8% Cr steel 10 10 04 75 28 04 olA 23| 1Ys WESY die steels, 62-64HRC. Rolling dies.
o »
2t O A} IAMMO| HR LH7F L17b (i3 Cold work die steel with superior machinability for
3 ﬁ SGT SKS3 o1 12510 1.0 0.3 1.0 0.7 0.7 - — — i ”‘“;' b O?";, H‘; = =2 2, Aol general use; Special care is required for quenching | Dies for deep drawing, gauges.
= HollAfel Ant etojo] UH 7159] 0| LR o di ; i i
; 5 oe = crrlomT = large—size dies or wire electric discharge machining.
2 SEH)AQIRO| AZF AHALR EA ZZb o Carbon tool steel for small production to be
3 YCS3 SKS93 W5 1.0 0.4 0.9 0.4 — — — — 70a) E'O_L, s SU8 B4 578 oA 2, XIB7, AOIX]| quenched in oil. Improved SK105 grade for its Press forming dies, jigs and tools, gauges.
SK105 AAME 7HM i
28ds 7 hardenabillty.
JHerzE T RIZ AQIZEO| SGT o AYUAM _ Vacuum quenched and air quenched steel. . )
ACD37 e A4 09 0.3 2.0 1.1 - 13 — - Slojof HrF F1EAS THM ° 38 2, Aolx| Improved SGT grade for its hardenability and wire Dies for deep drawing, gauges.
e EEE et /led= /il electric discharge machinability.
HEZRZE sl ACIRO0E Iy Pz} =7 _ Steel for flame hardening, resulting in high hardness
HMD5 O?H.E |°(° 1 0.7 1.0 1.0 12 — 0.2 — — i*g;,;‘;rf;;ﬂ'ﬂfg* = 38 38 and small strain even with air quenched; good Dies for deep drawing.
riginal steel TIE5T &5, SES o= weldability.
JHEEZEE P20 = Talsle P Press forming dies for small duction,
HPM-MAGIC Ori!i?a?s@el Mod., 40HRCE Z2[8HEZ  40HRC pre—hardened grade steel 40HRCE Z2|et=Z Ak MAE DA FY, XST 40HRC pre—hardened grade steel. jigrz angrgg\]sg_ 1€s for small production
YXM1 SKH51 M2 | 13343 09 03 04 42 65 50 20 - otz A, Q10| 245t HE stoja WIIEHE 23, 91X 27, 22|H ;‘;%htgggﬁﬁei‘g‘fgrwggngfaﬁ abrasion resistance Cold forging dies, cold heading dies, sliter.
g9 YXM4 SKHS5 13243 09 03 03 42 65 53 19 50 LIOR2A, LHARES, LIRINO| 925t 51014 | WiziEts 38, =29 39 Hion soed siecl 10 prevent om abrasion. SEIZUre | Gold forging dies, drawing dies.
z % Rolling dies, cold forging dies, roll, cold forging
e 62~65HRCOIA] 25t 214do] THEZA HMxFY, Y2tz 28, 8 Matrix high speed steel, extremely highest toughness ; >
EF YXRY 08 08 03 a7 13 55 13 - 0|4, K12 A9} 7Hs W7F SR HE| D0jA x| in 62-65HRC. Available for vacuum quenching. panches,
3 g IHEZIA g panches.
55 HEESA ~ o3t OIMO| R ix hi
2 g’ YXR3 M;tglhih 0.6 15 04 43 — 29 18 — gﬁE SER;%"I):\' PR Aol BE THE, XE Mg 28 mgtr:‘exsmgngsﬁf;sds ?;egg@éag%era\ use, extremely Dies to be used for cracking or chipping resistance.
speed steel
1.0 Sl0|A BoM 245 Qlge tHEZIA i _— = Matrix high speed steel highest toughness in high P »
A 05 02 05 42 16 20 12 olat 3012, AT 54-58HRC Utz 39 24Uz 39 speed steels. Standard hardness 54-58HRC. Cold forging dies. warm forging dies
= W7t 29 Extremely tough Powder Metallurgy process high ’ i :
— O|AM Hor A o o,
. § HAP5R it jo|A 0.9 0.8 0.3 43 2.0 30 3.0 0oy 2 stolA ool =z o speed steel, Cold forging dies, fine blanking dies.
= 2 P/M high
o2 Teel = ;
a *8 HAP10 spesdstee M3 -2 14 06 03 5.0 30 6.0 38 - aY = stolx EOLI ;:H; O:'Léa E;gsgiltyeé?ugh Powder Metallurgy process high Cold forging dies, fine blanking dies.
é 7 ol =S¥ 3¥ .
2z & HAP40 SKHAO 13044 13 03 04 40 60 50 31 80 b A - OIMS ZH|SH M2 Bot 50|A | i MARR mA 23 P/M high speed steel with high abrasion resistance P forming dies f duct I
5 . . . . . . X ) . QlHS A HE B 2 MAE DA B, 2 and toughness for general use. ress forming dies for mass production, roll.
o =
= 2at 510|A — = - o A o 5 ) ) ] ) ) )
= . DZEZ2 | 0o| LiolEME JIE 2Y ey W7t AN 7138 3 P/M high speed steel with high hardness and Cold plastic working dies of long life,
& HAP72 sSégdh;?:el 21 04 03 42 95 83 50 95 SHOJA n¥sICc 2= 28 highest abrasion resistance. high performanced IC molds.
L ra | ra | . . . .
W28 374 X Applications in cold work dies
= X7IE <X 7bE
BEAE FHZZE  Recommended YSS steel BEAE FHZBE  Recommended YSS steel
2= HRC I AL ) 8& HRC AHA] )
M2 F ME R
Application Standard olut2 2k &S For mass production use Application Standard urg CHZ¥ MAL2  For mass production use
ERIEES For general use LHOF2-2  For abrasion resistance LHSZE  For impact resistance hardness e I LHOF2E  For abrasion resistance LHSZE  For impact resistance
‘a"} o 7 SeAY T2 A|E) Blanking dies (small, progressive)|  58—62 SLD, SLD—f, SLD-MAGIC HAP10, HAP40 YXM1, YXR7, HAPSR A g Pl =] 2 HES For sheet use 55-60 SLD, SLD—f, SLD-MAGIC YXM1, HAP40 YXR3,YXR7
7t 5 E N - .
= ; Sa7| I(m) Aot HES For general sheet use 55-60 HMD5 SLD, SLD-MAGIC SLD-f ;:*} £ | Trimming dies FH2 MES For heavy plate use 50-55 DAC, DM
a| g Blanking dies it Xﬂ% DEAZ For general heavy plate use 58-62 SLD, SLD—f, SLD-MAGIC HAP10, HAP40 YXM1, YXR7, HAPSR =2 g Zc 34l oA Cold hobbing dies 55-60 SLD, SLD—MAGIC YXM1
= § CIEN==T= 28t HE For general sheet use 58-62 SLD SLD-MAGIC sLo—f S5 [omras Drawing dies 57-62 SLD, YXM1 HAP40
El Bending and Swaging dies| TH5} K| Z- g DAL For general heavy plate use 5862 SLD, SLD-MAGIC HAP40 YXMT Mo Zajo|=(=l01) e HES For sheet service 55-60 SLD, SLD—f, SLD-MAGIC YXM, YXR7 YXR3
2 =(Z1e!
;31 é aE= 449 Male die 58-63 SLD, SLD-MAGIC YXM1, HAP40, YXM4 YXR7, YXR3, HAP10 ; I g:j Shearing blade U HES For medium plate 53-58 SLD, SLD—f, SLD-MAGIC, ACD8 YXR33
7 — 5 .
&t 2 | Foging dies 5t 3 Female die 55-60 | SLD, SLD—f, SLD-MAGIC YXM, HAP10 YXR7, YXR3, HAPSR 29 (straight tooth) SHS MEE  For heavy plate 48-53 DM, ACD8
= g ofxas A8 Male die 58-62 SLD, SLD-MAGIC HAP40, YXM4 YXM1, YXR7, YXR3 2t % 2E2| Mo S2|H Rotary shear siiters 54-60 SLD, SLD-f, SLD-MAGIC YXM1, HAP40
& 8 | Heading dies ot g Female die 55-60 YSM SLD, SLDf, SLD-MAGIC YXM1, YXR7, YXR3 2= | wzy ol £3(50mm0|2h)  Thicknesses 50mm and under | 50-55 DM, ACD8
LIA} BEZS Thread forming dies 58-64 SLD YXR7, YXM1, SLD10 Billet shear CH2(50mmOl4)  Thicknesses over 50mm 48-53 DAC, DM, ACD8
= Cold working rolls =>80HS SLD, SLD-MAGIC YXM1, HAP40 HO|X| Gauges 60—64 SGT, ACD37, YCS3

=== gy =]

ﬁ 2 7IER230] 7IME S 2 AL EE, 291, B2t S2 A AR dlolEfof 2Bt tiEXRI Zio|H,
HZel 522 BEs U= Sk 2 129 J|K &2 U

ofmglo] HAE o AsUCh

{Attention) The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data,
it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice.

ﬁ =0 7|xE
HZo F2E BS

===

=| E
=

A
(=]
St U

2 AR EH,

&9, B} 52 P

MI%‘ HlolEfofl ofst CHEX
Xl= b&ELICt = 1239 71 WE o5

ojmglo] HE

.|
OI_
—o=E T ME

wolH,

I-I ch
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COLD WORK TOOL STEELS
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Characteristics of cold work tool steels

Zt =0l EM TX|MY  Characteristics of steels LHOI2A  Wear resistance

SKH40AME! SLD-MAGIC
2ot 510|A SLD _
AtCH
e P/M i spoe fo s sa1 I
302 vesa I
High speed tool steel SKH514
v ]
W7t 2372
Cold work tool steels YXM4 _
= HE2IA 5l0]A YXR7 _
IR S.D-MAGIC Matrix high speed steel YXR3 _ T
[ oLz,
YXR33 _ AfCHRH : SCM415
O=2742| : 400m
SKD61AIE S— HAP5R _ DFEAS : 0.76m/s
SKS3Aet st F:6/N
@ HPM-MAGIC HAP10 Ogoshi-type abrasion test
A7} =7k = = Work material : SCM415
SKS93AMEt =7 373 S2tAE Eg%%,* HAP40 - Friction distance : 400m
Hot work tool steels (40HRC Z2|3HEZ) Friction speed : 0.76m/s
Plastic mold tool steel HAP72 - Load : 67?\? o
(40HRC Pre—hardened steel) oad :
oIM  Toughness
SHE3  Bending strength

SLD-f A A A A A AT B 58~62
SLD-MAGIC A A A A" A" A B 58~62
SLD A A B A" A" B C 57~63
SLD10 A A A A" A B C 59~65
SGT C B* B C D A B 57~63
YCS3 D C C D D A" B 57~63
ACD37 B A B A" A A B 55~60
HMD5 C B B — — A A 55~60
HPM-MAGIC D AT — — A A" 40 SLDTMAGIC
YXM1 A A" A B B B C 58~64
YXM4 AT A" B B B B C 62~66
YXR7 A A" A A B B C 61~65
YXR3 A A A" B B * c* 58~61 Cemented'.. * .
YXR33 B B AT A B : c* 54~58 carbide
HAP5R A" A A C 58~62
HAP10 A" A" A A A B C 62~65
HAP40 ATF AT A B A c* C 64~67
HAP72 AT AT C A A Cc D 68~71
At 7K R4, +2 OS L& Als the uppermost level and + indicates higher performance
A 2 712230 7IXH%._| S4 A X, 29, g7t S2 A AR dlofEol| 2l cEAel 2o, A 2 7230 7I7(H._5_I SH AL =E, &9, 87t S2 AL AR HlofEfoll 2Bt cHEAQl 20|,
HZel S22 BEs U= Uk 2 1209 7IM &2 ofluglo] HAE 4~ AELICH HNZ2l FHE BBt UXl= $EUCHL 2 FIEEI9 7Ixj LHE2 ol 1glo] HEE -~ UELICH
{Attention) The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data, {Attention) The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data,

it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice. it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice.



COLD WORK TOOL STEELS COLD WORK TOOL STEELS

| Isotropy )

W77 22 217t0| EX| dIVSE S8 Exi2

Characteristics of cold work tool steels Heat treatment of cold work tool steels

1im

U= Compressive strength OIZZUE  Tensile strength Al Hardening
2 7tgRe ¥ H2idHo| hshis 2 289 #&E I RHS HAsH0] FAIZ HiZLCH
Please refer to the standard heat—treatment condition of each grade for hardening and quenching condition.

il AYL=
Compressive Tensile
strength strength

tgRE tERE
Quenching temperature Quenching temperature

SLD
o+

750~800C RXAIZ 800~850C |
Holding time Holding time

T T
500~600C (57120 500~600C (3171201l MEH(YXR : )

oIzt ofgt) 450~550°¢ Slow cooling

‘:el‘er b(lo 30min/ ‘Eetfr glo 30min/ (YXR: rapid R

" Tx2 i Tx1 e able R _ 25mm Tx2 | the able | 25mm cooling) %:Lering

1chollg 2chollg A7tE 1ol g 2chollg ES3b/ -]

0.02%LH=4
0.02%Proof stress

2180°C
ok

First Second Austenitization First Second Austenitization About 80°C
pre—heating pre—heating pre—heating pre—heating

A 71 SX|AIZE Holding time at austenitizing temperature A% 7FE K X|A|ZF  Holding time at austenitizing temperature

O|2ZE  Fatigue strength

RAAZH(F)

60 | 90 | 160 | 240 | 280 | 350 | 390 | 420 | 440 | 495

SX|AZH(E) ez Holding time (s)
MBEDZAY Modinatme | 15 | 25 | 40 | 50 | 60 | 65 | 70 | 80 | 100 a5
HAP5R(62HRC) sclnaﬂ:g be!\dungl fatigue test Hm?m)t e Salt bath LIS
Magnification x12 | X9 X8 x8 X7 X7 | X65| X6 | X55| X55

(Holding time/Thickness)

Fo|) HAE2= YIEA oES HAlsks 22 THIZ 510, RXIAIZE = FXIAZISR st FAIZ HRL|C

\YXR33(58HRC) HAP10(65HRC) Note: If you take preheating time, dipping time can be regarded as holding time.

A2 Tempering

YXR7(62HRC) Fol1 : & 7IES 500°C 0[Ate] AZ0ID, 250~500T8] AZ{2| AR T X 15, 250 OJ3te] A2fi T X 22 BLIC,
Ames Zol: D2ARE AAIE F2E AK 28], Co BR DAE BTUS 34 33 014 LR,
SLD(S8HRC) SLD-MAGIC Tempering temperaiure Fol3: D&E BTYS| AL, YLHOZ 600 01M2| A2{0iME QIN0| MatE=a A7tstol FAIZ HiRLIC

(61HRC)
Note1: This standard is applicable to tempering at 500°C or more. When tempering at 250—-500°C, holding time must be increased to 1.5 times

longer and at lower than 250°C, 2 times longer than the standard.

Note2: Tempering is required no less than two times for grades containing no cobalt and at least three times for grades containing cobalt to
improve toughness when high temperature tempering is done.

Note3: Because toughness deteriorates, tempering higher than 600°C must avoid for high—speed tool steels.

T
(517120 2l
Refer to the table

A SX|IAZH(h) Holding time for tempering 1 15 2 3 4 5 6 7 8

E2|™ EM Physical properties

AFE  Annealing

1. AN A AEXZ|7) E ez 1. All material is delivered as spheroidized annealed condition.
SLo-f ne 209 209 TAISE AES 2TQSH T} 2. After reforging, spheroidizing is to be done before harden—
SLD-MAGIC 122 165 2 2. RHTHERSHO] AFRSHs A TX & A5 AES AAE ing. Please refer to the standard heat treatment conditions.
SLD 2 206 Gl FA|7] HELICH O] A0 BX Axjz] 2742 Zx HiZLch 3. Stress relief annealing is to be done to remove stress
SGT 136 233 201 3. SEXH AES HZIIR(HZI0NE W7ot T Q) B2 caused by cold working such as drawing and roliing and to
YCS3 14.3 2.9 207 HATIRO| 23S M/, M3 F= G| BEo AUS soften or reduce distortion caused by subsequent hardening.
YXM1 112 21.0 216 A AAIRLICE
YXR3 1.3 187 212 + Heating temperature : 650-700C
HAP40 10.3 193 227 . 719_E 650~700C + Holding time : 1h/25mm thickness
ZFEAIZE 1h/25mm
A 2 72700 7|IME 4 o AR B8, &9, B3It S2 At AI%* ClojEfol 25t ChEXQ! Zto|H, A 2 71270l 7IME E4 o AL =8, &9, "7t S2 At AI°* Clo|E{ofl 25t chEZ{Q1 Zto|H,
HEe 2 2550 cwtl._ UELICE 2 F1E2709| 7|3 LIS of1lo| HAZE & QU&LICh HZe BAS BE5tn 'II_ ULLICE 2 F1E279| (X K2 ol m3lo] HAE 4 UBLICH
{Attention) The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data, (Attention) The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data,

it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice. it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice.
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Heat treatment of cold work tool steels

42| Exi2

BZE gX2| ZZ  Standard heat treatment conditions
T
1,010~1,030 ! 500 or 180 = 820~870 Mg FAY
sLo-f =255 Air_cool Air cool =60HRC Slow cooling O aench
SLD-MAGIC 055 1,010~1,040 Ergc . 480~530 or 150~250 fﬁ . 60 830~880 gogw oo
§ . o8 1,000~1,050 E—{glc . 480~530 or 150~200 iu'oc . 5p 830~880 éj;éw oo “gﬁg;cem

g é D10 Zosg 1,020~1,070 ?EQ:C . 520~550 §§ . -~ 830~880 Q%H%v oo \
g E SGT =2n 8007850 alc:quench 907200 AAOTrocooI =260 790780 ;\]itzovv oooling \

ACD37 o 830~870 E—:gc " 150~200 ;gﬁ . - 750~800 gogw oo

HDs <2 ey - P Sowcooing

= o - B ~
22 YXM1 =255 212))11?gg~:§gg gc)EILo:quench ssoero ‘Azrgcool =63 £00ee0 é‘iﬁv cooling
f—.il % X4 2 212))1122?8:338 S}nguench 9007580 ?Ab;rgcool 264 800880 glii cooling
S = oy - B -

E § YXR7 =24 212))11112?)»\»1111%{()) éﬁligquench S0 _A:ilrgcool 262 800880 Q;:‘Ev cooling
3 é YXR3 =24 212))1111%%211%% S}nguench 56075% ;ﬁ:ool =57 800880 Q;v cooling

YXR33 ot 1,080~1,140 g’ﬁ e 550~600 f’ﬁ . - 800~880 gﬁv oo
I‘:uj g HAPSR 069 1,120~1,160 gﬁ e 530~580 fﬁ . sp 820~870 ;Ejv oo
§§ HAP10 <2 Dm0 oo | o o oool =63 B0 Sow coolng
§;., HAP4O <o Do Grewenn | o sool =66 B0 Gow coolng
2z APT a5 1,180~1,210 gr"g; et 560~580 i—i " 68 820~870 g?ogw oo

(1) et 4ol 37

(2) S5 Mo B, 53] QNS QR sh= BT
15mm Zixj E= 2hE, 20| 20mm

*USEEAIS] #Eo| mat Al

SmS oF

= i |

(1) Simple shape tools
(2) Tools of complicated shape, requiring toughness in particular
* Specimen size is 15mm squire or round by 20 mm long in accordance with JIS standard hardness test.

| Isotropy )

AM  Hardenability

The maximum diameter of a round bar stock
that obtains 60 HRC hardness at its center by

08

quenching.

T
7(1,180°C
=
1,180
SLD-MAGIC 9170 9550
SLD 9170 95650
ACD37 9120 —
SGT 8 70
YXMI 920 180
YXR7 170 9550
HAP10 - 180

@ =2 IR0l 7IE £ 2 AL =E, 29, 7t S2 At AIE HlolEoll 2let tHEXQI ZtolH,

HEZEC| 222 BEstn UXl= YELIch 2 712270 7|7 LE2 of2gio] HY
{Attention) The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data,

2 4 gLtk

it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice.

@ 2 720l 7IHE S 2 AL =X, 29, g7t S2 AL AR dolEoll 2lgh cHEAel 2o,
MEe E2E BEstn JUXl= EEUCh 2 FIEH210] J|x LHE2 ofmglo] HEE 4 UsLIch
{Attention) The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data,
it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice.
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COLD WORK TOOL STEELS

7h7t2Le 2z}
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42t S8 EXE| x|Het

Dimensional change after heat treatment of cold dies steel

010 SLD Zo| &t
SLD longitudinal direction SLD-MAGIC Zi0] gt
2 005 SLD-MAGIC longitudinal
_ © . direction P
O ’
S 000 N
Qg S SLD-MAGIC = st F—=
i_] = SLD-MAGIC width direction
3 -~
S 005 T ==2 !
% g Te=~a - SLD £ gt 1
£ = ~ _ SLD width direction 1
5 -0.10 S~ 1
~
S~ .'l
-0.15
0 100 200 300 400 500 600

AMRE () 2h X 28] MA|
Tempering temperature ('C) 2h, twice.

A& Specimen : 50T X100W X 200L

QI Hrsk Aol Ao O p
" . A2l Quenching : 1,030
/gggfg direction A2 Tempering : 2hx23| 2h, twice

5 QAHILIO|E The retained austenite

° S0 YXM1 1,260°CAY quenching
—~5 5
k) g SLD-MAGIC 1,030°CA! quenching
%l E 20 SLD 1,030CA% quenching
= ©
5 8
? % 15
I°)
°'| s 10
"LLE g SGT 825CTHAY oil quenching
2 5
>
0
0 100 200 300 400

AHRLE (C) 28] AA| Volume ratio of retained austenite

42t S8l dH x|rHzetet oHgstx 2]

Secular change and stabilizing treatment on cold work tool steel

. 010 -
s QkHstae| : 400C x2h
R cC; Stabilizing
= E 0.08
0 o SLD Ag{Et Mg
o 65 T !
?E % E 0.06 r ‘empering only
o ®
wEEL SLD-MAGIC A2{at Mg
] g’ g 0.04 Tempering only
w052
of 6 g 0.02
Ilof g =
e 000 e e Ao
& E SLD-MAGIC £2{+QH3stx{2| SLD A2{+2rdstx{a|
o —-0.02 Tempering + stabilizing Tempering + stabilizing
" 460 480 500 520 540

A2 (C) Z 2 2h X 28| Hi=
Tempering temperature 2h, twice

c = 7230 7IdE B o MEL =8, &9, 87t S2 A )\Ig* dlo|Efoil 2fst

HZel 22 BEstn AUXl= Uk 2 71209 7IM &2 ofluglo

| Isotropy |

42| Exic

Heat treatment of cold work tool steels

Ex2| x|+Hst
Dimensional changes after heat treatment

0.25

@ 20| &g Longitudinal direction
o
o Q@
R ;‘j’ 0.20
% 5 015
1l g
e oo
=
S 005 J
SLD—MAGIC SLD SGT YCS3 YXM1 YXR3 HAP40
ES21=1
Quenching 1,030C 1,030TC 825C 800C 1,200TC 1,150C 1130
temperature
A2
Tempening 500C 510C 200C 200C 575°C 570C 570T
temperature

600

SLDe| A xX[tHslet MENZ S0t
Secular change and sub—zero treatment

. 010 s
—~ £ Qrgstx|2] : 400C x 2h
é é 008 Stabilizing
we_ sewmg
Tl % _qu 0.06 Tempering only
kof MERIZR2| (-75C)
K O £ |
i I 0.04 Sub—zero treatment (~75°C)
) § -E 000 —tempering
of ©s O
kg =
ol 2 000  EA—————————
5 e 75 M=~ Aa+otasral —!

a —0.02 Sub—zero treatment (~75 2 C) —tempering+stabilizing

460 480 500 520 540
ABRE (T) 2 2 2h X 23] Hh=
Tempering temperature 2h, twice
CHEEAQ! Zho|o,
B2E 4 UsUh

{Attention) The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data,
it does not guarantee the quality of the product. This catalog and its contents are subject to change without notice.

COLD WORK TOOL STEELS

| Isotropy )

A EE SHEL =,

0] mhE 7HM 28X

Improvement processes of cold work tool steels in terms of hardness
and dies for various applications

LHZF Z3Zo| £ J ME  Fowchart to improve die life of cold work tool steels

| O CHH SLD-f, SLD-MAGIC YXM1 HAP40 HAP72
Countermeasure for wear —> (61~62) — (62) ] (64) — (68)
YXR7
JUTR—— (62) HAP10
N et , SLD-f, SLD-MAGIC , (64) | HAP40 , HAP72
for plastic deformation (61~62) YXR7 (66) (68)
YXM1 (64)
(62)
Sl Uziofe, OhRECt LT E SA| EE R SRR
(60) In case sinking and wear (60) — (58) —> (58)
THE! Ch= resitance is not at issue in mold life
— Countermeasure
YXR7
for crack Ljziote. Oz ZAl (60) .
In case sinking and wear —> —> (60)
resistance is critical in mold life SLD-f
(60)
2 WA ALOIZ — SLD-f - YXR3 - YXR33 -> HAPSR
Low cycle (58) (60) (57) (60)
| 2ata| 2
— Countermeasure
for fatigue failure
=2 MALALO|E > SLD-f > YXR7 > HAP40
High cycle (61 (62~64) (64)

Z9|: (HRC A= 7|&) Remark : (HRC: rough standard hardness)

LHZL 2317240| 712H|2 HZMH  Flowchart to reduce machining costs of cold work tool steels

xa| ®o| 7k3H| Mz SLD—f
Reduction of machining costs =%

before heat treatment (60)
Fx2| 9| 73| Mz - _
Reduction of machining costs ~—— SLD(S":)?GIC — (G(S)II:IDRC;)
after heat treatment =]
EX2| x|Hst Mz =Za5E
Decrease of dimensional changes Pre—hardened

after heat treatment

o
| !sotropy| oINS StEsIAsLIC
® O] ==

To| NAORREE £ WIS YN U 0] 7|S2 2E MES| HHYstol, 7Yl S40
orsiztel M40l 7| 7/0istn ULICt

Isotropy tool steels are so named becase the difference in mechanical properties between
its longitudinal (forging or rolling direction) and transverse directions is reduced, thus over—
coming a weak point of ordinarily processed steels. This technological concept, which is
highly evaluated by users of tool steels, is applied for the production of all our steels and
contributes significantly to stabilizing their characteristics and enhance their service life.

e 2 7I=230l 7IxHE 4 2 AL =2, =9, g7t 52 At Alé‘ CllofE{oll oI5t CHEXQI 2o,
HEe FEE E551 UXl= USUICH 2 29| 7|x LHE2 0l 28i0] HAE 4 UAELICh
{Attention) The characteristics, photos, charts, ranking and evaluation of this catalog are representative value by our test data,
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COLD WORK TOOL STEELS

O

=a0o| £+H skatof] 3SISILICE  Contributes to longer life of molds

SLD-= B0HRC OlA0] ZES OFYHo= ©Ig 4 Slom, Y53 214S HRsH

RIS B2 JlchEt 4 2l M2 et BRZeL

I2AHME 52 BEE EE o U0|, PVD X2| AlQ] X3t M= F2I5tH, DIAEE YSSIL|TH xskon ygm o)

SLD—f is a new grade for cold die steel with both stable hardness of 60HRC or higher and good toughness, which is expected to improve
chipping resistance. High hardness can be obtained even after high—temperature tempering. SLD—f is also effective in reducing dimension
variation during PVD treatment and has good machinability as well. (* Compared with SKD11 equivalent material)

SLD-f2] E%& Features of SLD—f

QM XNate| 2l0| El= Z=ri EtstEg ISIK| ZAAZiT, 60HRC 0|42 =2 ATE A516l7| Yol H2ES =H5HH CtEUSLICE
Coarse carbides which cause deterioration of toughness have been reduced to the minimum,
and the composition has been adjusted to achieve high hardness of 60 HRC or more.

F=(84)
Hardness (Normal)
10

AR *ZE(PVDIA)

Wear resistance

\

Machinability ’ ncudng PVD coating)
PVD 5 Ljstaly &\ Lotz

Peeling resistance of PVD Corting

a4 x|t
Secular dimensional change

A|HSHEYY) *LHXIEY
Isotropic dimensional change Chipping resistance

— sLo-f

Ex2| £ X|pHEE = SLD(SKD11)
Heat treatment dimensional change ——— SLD-MAGIC

@ 2 FIZ2I0l 7IxHE 4 2 AL B, =9, g7t S2 EA AR dlolEol| 2fst cEHel Zon,
MEZEC| 22 BEstn UXl= YELCH 2 712270 7|7 LHE2 o 2eio] HAE 4 USFLICH
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' J_l—gé!')g A|_|Lc§|7_|' "g_‘_r"jol' High Toughness and High Machinability New Cold Work Tool Steel
®

| Isotropy )

LH T A(TX| EFZEAIR) Durability (Punching Test)

LHOP=2- St QIS 27 2510 U0 71E Ahet Bl wstAS X[t 0t=2 o] X7t 7hsELCt

With both wear resistance and toughness, chipping and wear are suppressed when compared with conventional material.

TIIXZ  Evaluation Conditions

780MPal &= ZE t: 1.4mm
780MPa high tensile strength, thickness : 1.4mm

80ton EZHAD] Zaj|A
80T transfer press

30,000 shots

70 shots/min

TkaEel MY

Key &5 O[=l8] H|
o 2E ol

Z ¢ 8.00mm

[Tl

Ejector punch with keyway

Grade: See below.
Cutting edge: ¢8.00mm

Specifications of the evaluated mold

30,000 Shot A|H2| & & e ¥ & Z2njty
Edge condition and shape profile at the point of 30,000 shots

g, i 25 45
Good condition with
few chips and wear

005 [[5%

2 wEk (mm)

Shot 4
—grt A
1 =10k
=20k

l! —30k

AUALAHAE  Quenched and Tempered Hardness Hx2| & X|H3}F Heat Treatment Dimensional changes

D2A0ME QFYXMo = 60HRC 0|42 F=

£ gs + UsHoh SKDM2t H|15t01 0|, & Wkl x|zt 0|AdE AME 4 AsLICH

Hardness of 60HRC or higher can be obtained stably even after high Dimensional distortion in the length and width directions is suppressed when

temperature tempering.

compared with SKD11.

<71

Hardening conditions
SLD—f :1,020°C, 5 102

half~cooled-for-10-mir

11,030C bl 102
half—¢ooled for 10 min

---- LD 20| WE --k-- SLO-T Z W3

2h

A

X 2 time

e
s for eac|

= 2h
h temper

2 <-w-- SKDI 20| W& --sk-- SKDI Z W&

ature)

2 720l 7IHE S 2 AL =X, 29, g7t S2 AL AR dolEoll 2lgh cHEAel 2o,

MEe E2E BEstn JUXl= EEUCh 2 FIEH210] J|x LHE2 ofmglo] HEE 4 UsLIch
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| Isotropy |

Ol -1 9f mAtd

Machinability of SL[)'-f

TIAM0| 2

rolI

I 0|8 Reasons for superior machinability

TAIN|Q BTE B 4E2(Belag™)0) X3} EtstZO| Kol 23,
T70| 1L} 0122 ZA A7l= 20| FHsEILIC,

SLD—f makes it possible to significantly reduce chipping and wear of the tool by the action of the componentcomponent(belag *1)
which protects the tool during cutting and the reduction of carbide.

S AT 3H, R 1,602 HAVS
Cutting speed can be increased by 3 times and depth of cut
can be increased by 1.6 times

& Radius End Mill 7+82| Al2l| 370tz o] AEf(FAZo| : 2H0.8m)

Example of high feed radius milling
Tool wear condition (cutting length: approximately 10.8 m)

SKD11 (SLD) SLD®-f
UHtE{ol = HALE 3] + U 1.6H]
Normal cutting conditions Cutting speed : 3 times+depth of cut : 1.6 times
T|7kZRH(Fe)o| B2t 7ol HENEo| X2
EtstEof o/t otz EtstEo| Xz
Wear due to welded carbide on Action of the protective component of the tool
work material (Fe) Reduction of carbide

Belag&ld

%1 Belag : A S0l 3712 Ao Q& AEk27

=1y 1]

ol 8
Belag S0l Ofsf 88 S €2 4 U1, ZT0kR| X0 7/ofEiLck Zanke

3 Belag*' formed
SLD—f= Belag&&2 Z|X3tot0], RAlof MEfst Y222 FHE|0] UALICE

Tool wear

%1 Belag : Oxide Weld deposits formed on the rake face of the tool during cutting.
The formation of belag provides a lubricating effect and contributes to the reduction of tool wear.
SLD—f aims to optimize the Belag component and has a component composition suitable
for cutting.

3HH2| Z=74*2 Of|Af &5 HALO| 7hs | B0HRC O M EAIsS |

High—speed cutting is possible under 3x speed** machining conditions! Can be cut even at 60HRC!
— b | b | = ra | ra |
AEX 7}12A| 27012 H|w EX2|xH(60HRC) 73 A| 3710t H|w
Comparison of tool wear in processing annealed material Comparison of tool wear in processing heat treated material (60HRC)
0.5 0.05
. x . x
s agE ~ .3 SLD-MAGIC
] HEEIA;ﬂ L7tz
E 04 2 HEHAZ ClojA $ 004
E H T E SKDTl
Hr 3 : £ 3
M= 03 r E = 2 003 z
=3 ; 3 H3 3
=2 i HNOiR(5|=32 w0 Mg ot Bl = ot
B8l ° 0 = Ll 2
oF % 0.2 K SLD@_f POPETr L - H g 0.02
3 = =
- N s - o 8
RO 01 e PO P SR—— - S 001 -
et i SLD®-f
xad 2 PP ET L L L L b I
0 Ofnrnnnnes- @--n------ -
0 50 100 150 200 250 300 0 10 20 30 40 50 60
ZAt742| (m) Cutting distance ZAt742| (m) Cutting distance
AERQ| A 14 Radius End Mill (Z4A1718) x2|ZH(BO0HRC)S| ZAH 114 Radius End Mill (A|&17+2)
Ve 1 300m/min, & 41 1,516min, & & 014 : 1mm/, HZF : 1mm Ve 1 75m/min, 2F™ £ 1 2,400min, & & 0|4 : 0.17mm/<, 2 1 0.24mm
Cutting of annealed material High feed radius mill (dry milling) Cutting of heat—treated material (BOHRC) High feed radius mill (dry milling)
Ve 1300 m/min  Rotation speed : 1516min™  One blade feed : Imm/edge Ve 1 75m/min - Rotation speed : 2,400min~"  Feed per blade : 0.17mm/edge
Z axis depth of cut:imm Z axis depth of cut : 0.24mm

%2 SKD11 9] E&HMOI MARZATO| H|w %2 Comparison with standard cutting conditions for SKD11
ﬁ 2 72700 7|IME 4 o AR B, &9, H7t S2 At AI°* HlolEfof 2Bt CHEZIRI 240,
HEel B2S BEst UXl= YEUCH 2 712H279| 7|1 LHE2 olnglo] HAE 4 U&LIcH
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727} Al

Processing evaluation examples

(1)™APIZe| &8} High—speed finishing machining

I|7}2xl : SLD—f SX{2|X{(59HRC) AR ZE 4% Finishing machining conditions (*1)
Workpiece: SLD—f heat treated (59HRC) X1 2 X2 Me HAZIEE ZI[EHLICE (%) Only finishing machining conditions are shown in this document.
(RE =7) (AYRE :1,020C ) JlzE 742 9 QIME 3 2 04 2 oIk | ZRZ0|(mm)| Z2k(mm)| H|T
(for all conditions) (Hardening temperature: 1,020°C) oco= oS =A== T S = =HS st aV(mm)| g imm =
= = Processing type Tools and Insert (min™) (mm/min) (mm) Protrusion length | Residual Remarks
I-_' I-BiAl( I-._'n_S)
YRS vei2a
Machining evaluation shape (after machining) Normal Finishing condition| 3300 1300
E ‘ (B/M) ABPF12S12W(R6) Fz0.1
TAXAD ZPFG120—SH TH303 60
igh speed condiion | ((FIMOLDINO) 4933 1942 0.05x0.2 (45) 0 \'/:C1(5)316
(Vc150%) | (Made by MOLDINO e
~ T DEXAD | Co., Lid)
H\gh_‘_speed condilon® 6578 2590 ()= Ftetza Vc248
(Vc200%) 27 20| Fz011
40x60.5x125 HAZTO| B7Z0lE R 47 it 2 MHE] UsLIC

The protrusion length of the cutting tool is set longer than the catalog value.

A A= = o o = —_ —
HASEO| &3510] ols (RM OIR Z2 IF T4, S37I5A1Z TS0l 7|¢
As the cutting speed increases, the flank wear width reduces significantly, contributing to shortening machining time of the mold

5™ Z|CH O 22| H| W Comparison of maximum flank wear width HAIEA|1ZE| H| . Comparison of finishing machining time
— JH=AIZE
é = 0.03 oo OO = = = = = = = = = QEE/J-::& ----------------
= ining tim

== 0,028 ~2 8 | I et oo

e oo ME - - 87% 2

EH_ i : o= = 60 741 W_437% reducton

B < THA% ZA <= 553

=3 Tool wear width ['19 2 40 '

"W E 0.01 7% eckucon 201 7ta D £

Bl ; 0,008 _ V&2 reducion 2 § 20

% = 7 0.005 = 0
B/M = TEXAD nE~¥ () B/M = TAXAD TEXHQ
Benchmark High speed condition® High speed condition@ Benchmark High speed condition® High speed condition@

Zaljxiete] H|mw Comparison with conventional material

AH| 2 T A Equipment and Workpiece HAFX 71 Cutting conditions
712717 _ FANUCH| POBODRILL (o~ T14iF) smzw | BMAE P03 ML | oS As | B0l EH= 2
Processing eauipment| Z|1 3|1™ 4 Max. speed : 1,000min”' oSS Cumr\»g/ speed Feed ;;er blade | Number of rolations Feed \;peed ap X ae Prolrusion Emissions
Processing type © 4 n t (mm) length
EC Holder BT30-6.5-30-97 (m/min) | (mm/<) | (min™) (mm/min) (mm) (cm?/min)
ST Tool RH2P1008M-1(2&2{ EF2) Modular type) BEXA
OIME nsert EPHWOA02TN — 2/JP4105 o 225 i o 2758 417 tige
SLD(SKD1) (SKD'1 standard condifion) 0.3x45 50
= Hardness : 585[HRC] 100x43x50[mm] H‘gﬁiﬁgm 125 02 4973 994 134
A SLD-MAGIC S O .
Work material | = Hardness : 59.4[HRC] 100X 43x50[mm] of 1.841  <F 1.3tH oF 2,444
Approx. 1.8 times Approx. 1.3 times Approx. 2.4 times
SLD—f P! \Ppr P!
Z& Hardness : 59.4[HRC] 100Xx43X50[mm] %2 ap: HAMZI0| @ HAE %2 ap: Cutting depth & : Cutting width
0.2 == 0= SLD—f Vc70 H
—o— SLD-f Vei25 : | 02 Z wear width  0.97mm @20m
025 -=¥=-SD :
=== SLD-MAGIC Vc70 ! SLD(SKD11) Vc70
020 - T SDMAGCVERS e, RS W T

0.15

0.10

O Z|ti 02 & [mm]

Maximum flank wear width [mm]

HAR0| [m]  Cutting length [m]
ﬁ 2 712701 7IXHE E4 2k AR EH, a9, Bt 52 At A|é‘ ClojE{ofl oISt CHEZIQ! 20|,
H2o 22 255t JUXl= &L 2 712202 7[xf Lh8E ol nglo] HAE 4 USLICH
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