


Characteristics of YSS Cold Work Tool Steels
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@ Comparison of charactistics

Abrasion | Pressure | of ciovated Toughness | Hardenability i Machinability | Weldability e

resistance | resistance | iemperature A (HRC)
S-MAGIC A A B A~ A* At A- B 58~62
SLD A A B B A* A* B c 57~63
ARK1 B+ A B A A* A* A B 58~60
SLD8 A~ A B* A~ At A B* C 58~63
SLD10 A- A* A™ A~ At A B~ c 59~65
CRD At A C C B~ B (0] D 57~63
YCS3 D C D C D D At B 57~63
SGT C B* D B (0] D A B 57~63
ACD37 B A~ c B A* A A B 55~60
:mgf c B D B _ _ A A 55~60
ﬂm;T D™ D D A~ — — A” A 40
YXMA1 A At A A~ B B C 58~64
YXM4 ATt At At B B B~ C 62~66
XVC5 ANaas JANas \\ais C B B~ (0] D 63~67
YXR7 A A* A A A B B c 61~65
YXR3 A~ A A AN B B B* cr 58~61
YXR33 B B A* At A B B* ct 54~58
HAPSR A A* A At A A B c 58~62
HAP10 At At A A A A B~ c 62~65
HAP40 At At At A~ B A ct c 64~67
HAP72 AT+ AT+ AT+ c A” A c- D 68~71

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




Applications and YSS grade Features

Main applications

Features

. . . High performance cold work tool steel attaining both extended mold
S-MAGIC Cold work dies for high-tensile steels, . . o .
suUs ducti d | lifespan and outstandingly easy mold fabrication. 60~62 HRC with
(NEW) » Mass production, and generat use. high temperature. tempering. Excellent wear & galling resistance.
Cold work dies for general use, forming Cold work die steel with high abrasion resistance for general use,
SLD roll, shear. excellent harden-ability and minimal quench stress.
ARK1 Dies for printed circuit board, Cold work die steel with high toughness and improved machinability.
die plates, stripper plates. The same heat treatment conditions as SKD11.
SLDs Rolling dies, cold forging dies 62HRC or more with high temperature tempering, superior
’ machinability and toughness.
SLD10 Rolling dies. Extremely highest hardness in die steels.
62-64HRC, with excellent toughness.
Drawing dies, blanking dies for mass . o . .
CRD production, brick liner. Cold work die steel with highest abrasion resistance.
. L Carbon tool steel for small production to be quenched in oil , easy to
YCS3 Press forming dies, jigs and tools.
heat-treat.
SGT Dies for d drawi Cold work die steel with superior machinability for generaluse; Be careful
es for deep drawing, gauges. with quenching large dies and wire electric discharge machining.
. . Vacuum quenched and air quenched steel, improved for SGT as to
Dies for d d , .
ACD37 es for deep drawing, gatges hardenability and wire electric discharge machinability.
HMD5 Dies for d drawi Steel for flame hardening, resulting in high hardness and small strain
HMD1 1es for deep drawing. even with air quenched; good weldability.
HPM1 ?ress forming dies for small production, Free cutting and fully hardened steel, good nitriding characteristics.
jigs and tools.
Cold forging dies, High speed steel with high abrasion resistance and toughness for
pedl cold heading dies, slitter. general use.
YXM4 ) . . ) High speed steel to prevent from abrasion, seizure and deformation
XVC5 Cold forging dies, drawing dies. under high pressure.
YXR7 Rolling dies, cold forging dies, roll, cold Matrix high speed steel, extremely highest toughness in 62-65HRC.
forging panches, blanking panches. available to vacuum quenching.
Dies to be used for cracking or chip Matrix high speed steel for general use, extremely highest toughness
YXR3 ) . .
breaking resistance. in 58-61HRC.
YXR33 Cold forging dies, Matrix high speed steel extremely highest toughness in high speed
warm forging dies. steels.
) o ) . Standard hardness 56-58HRC.
HAPSR Cold forging dies, fine blanking dies. Extremely tough Powder Metallurgy process high speed steel.
HAP10 Fine blanking dies. Extremely tough Powder Metallurgy process high speed steel.
Press forming dies for mass production, P/M high speed steel with high abrasion resistance and toughness
HAP40 roll. for general use.
Cold plastic working dies of long life, P/M high speed steel with high hardness and highest abrasion
HAP72 ; .
high performanced IC molds. resistance.




Type and Chemical Compositions

Chemical Composition (%)

JIS equivalent

S-MAGIC | Patent pending High performance cold work tool steel

SLD SKD11 1.50 | 0.25 | 0.45 | <0.025 | <0.010 | = | 12.00 | = | 1.00 | 0.35 | =
ARK1 Patented steel High toughness cold work tool steel

SLD8 Patented steel 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 2.10 [<0.025|<0.010 = 1.20 = 1.50 - -
HMDS Original steel Flame hardened tool steel

HMD1

HPM1 Patented steel 0.12 0.30 0.90 [<0.025|< 0.10 3.00 = = 0.30 Cu2.2 Al1.0
YXM1 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 = 4.15 6.50 5.30 2.05 5.00
XVC5 SKH57 1.25 0.25 0.35 |<0.025|<0.010 - 4.15 10.00 3.50 3.45 10.00
YXR7 Original steel Matrix high speed steel

YXR3

YXR33 Patented steel Extremely tough matrix high speed steel

HAP5R P/M high Extremely tough P/M high speed steel

HAP10 speed steels 1.3 - - - - - 5.0 3.0 6.0 4.0 -
HAP40 SKH40 1.3 - - - - - 4.0 6.0 5.0 3.0 8.0
HAP72 Patented steel 2.1 - - - - - 4.0 9.5 8.2 5.0 Oi5




Heat Treatment

(1)Annealing (2)Holding time at hardening temperature
1. All m.a.terlal is delivered as spheroidized annealed @ High speed tool steel
condition.
2. When used after reforging, spheroidized annealing is 1. Preheating time 1st stage: 30 minutes for every
to be done before hardening. 25 mm of the tool at 500-550°C
3. Stress relief annealing is to be done in order to 2nd stage: (holding time X 2) at 850°C
remove stress occured by cold working such as cold 3nd stage: (holding time X 2) at 1,050°C
drawing, cold rolling or cutting and machining. Preheating is (holding time X 2) at 900°C for smalll thickness (50
¢ Heating temperature: 650-700°C mm max.) and simple shape tools, and wherever facilities are limited.
* Holding time: 1h/25mm thickness The first stage can be omitted for small tools.

2. Holding time at hardening temperature (holding time)

Thickness (mm)
Furnace type Time 5 10

Holding time (sec) 60 920 160 240 280 350 390 420 440 495
Salt bath

Thickness X multiple X12 X9 X8 X8 X7 X7 X6.5 X6 X5.5 X5.5

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: (holding time X 2) at 500-550°C
2nd stage: (holding time 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 (holding time)

e AT Thickness (mm)
yp Time <15

Salt bath or

electric furnace Holding time (min) 15 25 40 50 60 65 70 80 100

Note: Using salt bath needs preheating and the holding time used as the immersion time.

(3)Holding time at tempering temperature

Holding time for
tempering (h)

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

(4)Dimensional changes after heat treatment

0.251

. Radial direction

0.20
. Longitudinal direction

0.151

0.10+

Dimensional change rate (%)

0.05

S-MAGIC SLD ARK1 SLD8 ACD37 SGT YCS3 YXM1  YXR7 YXR3 YXR33 HAP10 HAP40
1,025°C 1,025°C 1,025°C 1,025°C  850°C  825°C  800°C 1,200°C 1,160°C 1,150°C 1,140°C 1,130°C 1,130°C Hardening temperature
505°C 200°C 520°C  530°C 200°C 200°C 200°C 575°C 560°C 570°C 580°C 570°C  570°C Tempering temperature




Heat Treatment

(5) Standard heat treatment conditions

Annealing Hardening Tempering
YSS grade Temperature (°C) H?ITBIW)SS Temperature (°C) Temperature (°C) H?:'d;g)ss

S-MAGIC g%%fc?oooling < 255 L?ngfe?,i?-,ing 480~530 Air cooling > 60
SLD g%?n_lsc?oooling < 248 }f}?"gl‘;?cr(,?ﬁg'}‘g’ﬁ)quenching) 150~200 Air cooling >58
ARK1 S%\)&Bgoooling <248 L?ﬂg;,l,?,‘é?ﬂng 480~530 Air cooling >58
SLD8 S ling < 248 e L oaning 520~550 Air cooling >60
CRD Siow cooling < 248 %Si(l)ﬁgngmsigg (()R(i)r) quenching) 150~200 Air cooling > 61
YCS3 Sl ebling <212 g%a—,iggchmg 150~200 Air cooling > 63
SGT Sl cobling <217 O auanching 150~200 Air cooling > 60
ACD37 Siow oobling < 235 %?P&.?ngcmng 150~200 Air cooling > 58
HMD5/HMD1 g,zos\,;sgoso"ng < 235 Flame hardening

YXM1 080 ling < 255 o, e 550~570 Air cooling >63
YXM4 800-880 ing <277 ()1230-1200 | (212101230 560~580 Air cooling > 64
XVC5 . < 285 piifesslec MBS 550~580 Air cooling >64
YXR7 S eobling < 241 Q601180 @N120-1160 550~580 Air cooling > 61
YXR3 g%?n_lsc?oooling <241 (c1)).|1 ;ﬁgﬂg&ﬂg RS 560~590 Air cooling >58
YXR33 Sl(z)(\)&sc?ooonng <241 B?Fg;,l,},%ﬂmg 550~600 Air cooling >55
HAPSR Sﬁ,ﬁ&sé,oonng < 269 23‘"23;1,,1,2?“"9 530~580 Air cooling <58
HAP10 §20°870 ing < 269 Qo 1100, @1120-1170 530~580 Air cooling > 61
HAP40 & aabling <277 %}ﬂ;ﬁgﬂf,}iﬂg (2)1120-1190 560~580 Air cooling > 64
HAP72 gﬁ)%sc;ooling < 352 Qif‘é’;ﬁlﬂmg 560~580Air cooling > 68

(1) Simple shape tools

(2) The others, especially needs toughness

*Sample size is 15mm square or round and 20mm length based on the JIS Standard hardness test.

(6) Hardenability

(Half temperature time: time requred to cool from
the austenitizing temperature to half that temperature)

{(austenitizing temperature + room temperature) / 2}
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YSS Quenched and tempered hardness curve
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YSS Quenched and tempered hardness curve
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YSS Properties

®Abrasion resistance

Specific abrasion volume(mm®/mm? mm)X107

YSS grade | Hardness (HRC)
035 1i0 1i5
YCS3 60.0 —
SGT 60.0 —
ACD37 60.0 —
YXM1 65.5 _
XVC5 67.0 h
YXR7 65.0 —
YXR3 59.0 _
YXR33 58.0 —
HAP5R 60.0 _ The Ogoshi type abrasion
tester was used to
HAP10 64.0 determine abrasion
. resistance of matched
SCM415 samples, tested
HAP40 67.0 under the following
conditions: abrasion length
HAP72 70.0 h of 400 mm, load of 67N,
and friction speed of 0.78 m/sec.
®Toughness
(kgf/mm?2) (N/mmz2)
600 _v_éi(i\ Bending strength —| 6,000
RS R, HAP10
500 S TS 5%
F=
5 M&gﬁg.\ N
£ 400 |5\ adiC o ey, yxma AP0 e
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> “\\;\‘S'- N, XVC5
= =)
S0\, e \\:\—-—D_E‘Sq;lgﬂj\ MAPH —3,000
@ . CRD . V50
200 ""’L_._'\. Ve 12000
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- — 200
100 L1 1 1 1 1 1 1 1 1 1,000 20. Ch i tvalue |
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3 \
g -
S 10f YXFE\RAPSR 1100
g [
< RK1 .
g 6 | 60
gl ~x
T 4 S-MAGIC 40
- L o>
g Doy § -
2+ ~ YXM. ~ - 20
AP,
r XVCS ~
I Iy O U Y Y Y v SO
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Hardness (HRC)
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