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(mass%)

iE JISEELL | AISIFEL :
Grade JIS equivalent | AISI equivalent c Si Mn Cr w Mo v Co
YXM1 | SKH51 | M2 09 | 03 | 04 | 42 | 65 | 50 | 20 —
YXM4 | Sskus5 | Mss | 09 | 03 | 03 | 42 | 65 | 53 | 19 5.0
YXM27 — 12 | 05 | 03 | 42 | 53 | 63 | 27 —
YXM42 | SKH59 | w42 | L1 03 | 03 | 39 15 | 95 | 12 8.0
YXM60 — - 1.1 03 | 03 | 42 | 55 | 65 | 17 8.0
XVC5 | SKH57 | — 13 | 03 | 03 | 42 | 100 | 35 | 35 | 100
YHX2 SKH2 | TI 08 | 03 | 03 | 42 | 180 | — 1.0 —
YXR3 |Vt 06 | 15 | 04 | 43 — | 29 | 18 —
IN A
YXR33 |“M7A | 0.5 0.2 0.5 4.2 16 | 20 1.2 —
INA A
YXR7 |¥W7A | 08 | 08 | 03 | 47 13 | 55 | 13 =
INA A
) HAP10 — — 14 | 06 | 03 | 50 | 30 | 60 | 38 —
" E
*2 HAP40 | SKH40 | — 13 | 03 | 04 | 42 | 60 | 50 | 31 8.0
&
83
E o HAP50 — _ 16 | 04 | 03 | 40 | 80 | 60 | 40 79
I?
B o
=F HAP72 — _ 2.1 04 | 03 | 42 | 95 | 83 | 50 9.5
m =
&
HAP5R — - 09 | 08 | 03 | 43 | 20 | 30 | 30 —

% Mo% : Molybdenum High Speed Tool Steel . V % : Vanadium High Speed Tool Steel. W : Tungsten High Speed Tool Steel.
< b1 v o X% © Matrix High Speed Tool Steel

7AVhOEsr
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LRB/HETIH Yasugi (Kaigan) Works

YSS W THENT. YEDH CRESNC & il EEketE. Wtz pme
TE2RAOME. MIAXAMM A THEEICHOOhE S, £/,
BIARBSEICKD . HREZH-HILL . RIS AV Ea 8l T
Wi EEREYE. IR A3 3HAP Ny 7)) YY) —XHAH D T,

YSS High Speed Tool Steels are used not only for cutting tools but also various forming
tools which require higher wear resistance and toughness. Along with conventional
type steels, there are some grades made by powder metallurgy process (HAP series)
that has superb wear resistance and toughness because of higher alloy content and
uniform fine microstructure.

YSS High Speed Tool Steels are made of strictly chosen raw material, and made with
advanced refining and casting (powder metallurgy) technologies.

Chemical compositions and Features of YSS High Speed Tool Steels

i

il ¥ R Features
YXM1 | 500 B 7= Mo 5 R s i T LG Standard Molybdenum high speed steel with superior
SR - toughness
YXM4 | T2 o i 7 FHE TR Mo-Co % 58 T ELH Standard Cobalt alloyed Molybdenum high speed steel
- - - with superior heat resistance
YXM27 | Tt EERENE . BWRNIE: & FeAafs 2 7- ot T ELGR High Vanadium high speed steel with good wear
) - resistance and grindability
YXM42 | TR 00 UII 2 36 L 7 o e ks 1L Super-hard high speed steel suitable for cutting for hard
- - materials
YXM60 UIHI AE, Bk, BRrEIPE O E 7= High-performance high speed steel with superior
=R =B o M=K durability, toughness and grindability

XVC5 | - LD B 7= M REC- V-Co e 1" ELid High-performance Cobalt alloyed Vanadium high speed
- o 7 | steel with wear/heat resistance

YHX2 | WREEHENS St 1T EL 8 Standard Tungsten high speed steel
YXR3 EWEOSME (56~61HRC) Matrix high speed steel for forging tools with superior
toughness
YXR33 | &8P 4 (54~59HRC) Matrix high speed steel for forging tools with most
superior toughness
YXR7 R - SO SE (62~65HRC) Matrix high speed steel for forging tools with superior
strength/toughness
HAP10 | &#IMETINF v ¥ o MEIZEN S Superior toughness effective to avoid chipping
HAP40 | T X . $91E. Tl FEREME 4 36400t 2 7= L FH o SiAd Most standard grade with good balance of hardness,
’ ’ toughness and wear resistance
HAP50 | SN S, MEWE, EREEICEN S Higher hardness, good heat and wear resistance
HAP72 |70HRCO EE NG S, BN EE, Good heat wear resistance and highest obtainable
M EERENE %2 A3 hardness of 70HRC
HAPSR | I LA AR A 2 TEIPED SO Toughest P/M high speed steel
ZNHYSsS SEETEHIL Outstanding features;
LEMSFERICRONED, QEHEERDF v EL T 1 High toughness
A 2 High wear resistance
TEL bilized h
e . _ 3 Stabili t treat t
2 TEEFE NS  IMIAED 1 ICBA T L B, aotized heat reatment proberty .
o 4 Stable performance due to uniform and fine carbide
3.HLENEZTHD, distribution
4. RO TP - W—%& 7. BE - MBEFREL 5 Good mechanical properties coming from fine and
TW3, uniform grain size

5. R ELMM - —TCThY . Bhi-EmnMEgsad, 6 High purity with least inclusions and gases
6. 1 FiH. HAEEDP L EL. MEIFL,
LEDHRZBLTHWET,
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@ SEMBOFYERME(T(F Characteristics of steels

THEEFEM: - MAERE  Wear resistance, Strength

~
B Strength

ANG

S

S BERNA X
So P/M high speed steel

HAP10

HAP40
B Strength @i Toughness
e | x|
Wear resistance

SLD-MAGIC

R

Air hardened steel

7
@i IEIIN:

ACD37

-

~h)y T

ARK1

%

I RLF

Excellent machinability

HMD5

Toughne!

CD - Zi4878 (JISER)
stnadard steel (JIS equivalent)
[ - pAsdmsE
original steel
HAP5R
N X

N\ Matrix high speed steel

RN

Characteristics of YSS High Speed Tool Steels

& TR KR
Wear resistance (Ogoshi method)
sAtE B (HRC) |  LEEEFEE (mm% (mm2:mm) x107)
Grade | Hardness Specific wear o s
655 (I | |
66.0 _
67.0 -
ss0 |
s00 |
650 (I
HAPSR| 607 | |
HAP10 | 640 [ |
HAP40 | 672 [ |
HAP72 | 700 | ]
SKD11 605 | ]
SKD61 | 555 1185

(B2 %) Test condition

1BF4H : SCM415 EEHELEERE | 400m T E : 67N(6.8kgf) EEELEE © 0.78m/sec

Co-friction material ~ Friction length Load Friction speed

& MEFENE (PILYY TER)

Wear resistance (Abrasive Wear)

$H & | S (HRC) | EEREE (YXM1£1£93)
Grade | Hardness Wear(Volume loss; YXM1=1)
1i0 2.|0 3i0
65 _ Rotate Test picece( ¢ 6)
65 _ { [, Side
67 ' ;;Sandpaper
o1 |
s [
HAP10 65 | |
HAP72 70 [
SKD11 59 |

(5BR%f4) Test condition

FREEAR © A BEXI #500 [EIEREK © 980rpm
Revolution

M Bl o

Sandpaper Al203

Lubricant dry

BE B : 1000mm
Friction length

h ~~| HPM-MAGIC
MR - BNt Toughness >
& FEHEERE

i ' = m o BRALIERES i EEFE4 TR A L/ 3
Grade Strepegngr;)g: r:ﬁluer\éated Quencr;1 ;\rr(ljcri1 é%r:pered Wear resistance Machinability Toughness

A C C C B

A B C B

B C B C B

A B A B C

A B A B C

A C A D D

A C C B C

D D D A A

C D D A A

D C € C B
HAP10 D C A B B
HAP40 B B A C B
HAP50 B B A B B
HAP72 B A A D D
HAP5R D D C B A

BEA-RB—-IXC—AID—>%E
Excellent “A” — Ordinary “C” — Poor “E”

~ U/
¢ JvLE—FEE & HfAh
Charpy impact value Bending strength
L T I T I T I T I T = I T I T I T I T I T I T I T I T I
v 25 250 600 YXR3 [0
5 . 1 RN, HAP5R i
£ u 1 r YXR7
i"’ L 2oF 00 ¢ 500 ARK1 HAP10 —[5000
> o 1 S T 4
E] - ] £
@S - YXR33 \!S\M ] E2 HAP40 o
Eg 15 N —150 5 400 —4000 £
®e T \ HAPSR ] 2 Yxma 2
uv—  F ARK1 YXR3 1 5 HAPT72
Yol J100 S8 AGVCE ™ —3000
N g n m 4 0 O \f ° ‘\\\
NO gL 60 W6 @ s T
oo | HAP10 | N
gs SLDs YXINXN” uo 200 \Yf’ v04\\—2000
\\
i SLD <.~ HAP40 1 L g~/
o \ HAP72-{20 cemented carbide
[ ! ! Yf‘mwﬁ ] joor At L L
1 1 1 1 1 1 1
e e e e e e e 0 0 56 58 60 62 64 66 68 70 72
BZ HRC
s HRC Hardness
Hardness
[— 1 " - ~ Y : \ls N
@ TR/ 1 MMEKRBERUIHIGEER (ttkh) & TFHEIE
Continuous Cutting test by turning tool Grindability
1,800 ] ] ]
HAP10 |
1,500 =
O I HAP40
2 1.200 || Cutting condition SEEpylaR
5 # M T # :DM(SKT41H%) Surface grinder
e Work (357HB) HAP50 b B : pASOK74
= A=) Wheel
@ 900 Machine Automatic lathe BAEEE - 1.820m/mil
\ 0% * 8-15-6-6-20-15- = .1, m/min
& 435!?33&2’1* :8-15-6-6-20-15-056R  HAP72 Whoo! sposd
L-k 600 | ) Hl % & :25m/min ) 2 #:5um/Pass
AT Cutting speed Infeed
& W0 A & :1mm SKH51 #4322 : 0.5mm
Depth of cut i e
300 I V03 Total infeed
% : 0.3mm/rev P il
Feed SKH57 Wet grindin
g X ¥ Hl g 9
0 Dzr‘ycitting ‘
2 - ¢« 8 o & 2 8 o 50 100 150
s s =2 =2 =2 O X 2 % 2 WHHIME D LR (SKH51%100&F %)
B8O § & § § < £ £ £ =T Index of grindability (SKH51=100)
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& tJEITE cCutting tools

Pinion cutter

YXM1.YXM4 (63-65)

HAP40 (65-67)

A e
A g Recommended Grade
Application — i A 3 Ip YAl EREYEIA
For general use For hard material cutting For high speed heavy duty cutting
N1
ool bit XVC5 (65-68) \HAP72 (69-71)
|
EU YXM1 (63-66) YXM60. YXM42 (66-68) HAP40. HAP50 (66-68)
Drill HAP50 (66-68) . HAP72 (68-70)
A YXM27 (65-67) .HAP10
Tap YXM1 (63-66) HAP40 (65-67) . HAP72 (68-70) | YXM27 (65-67) - HAP40 (65-67)
L YXM1 (63-66) YXM4,YXM60 (65-67) YXM4 (64-67)
Reamer N
TSARAAYH— YXM1 (63-66) YXM42,YXM60 (65-67) YXM4.,XVC5 (65-67)
Milling cutter HAP40 (66-68) HAP40.HAP50 (66-68)
IVRI) YXM1.YXM4 (64-66) XVC5 (66-68) . HAP50 (66-69)
End il ey YXMB0 (67-69) \HAP72(69-71) | iAp72 (69-71)
JOo—F YXM60 (66-68) . HAP10 YXM27 (65-67) .HAP10
Broach YXM1 (63-66) . YXM4 (64-67) HAP40. HAP50 (66-68) HAP40. HAP50 (66-68)
ITOZ YXM4.YXM1 (64-66) YXM60 (67-69) . HAP50 (67-69) | HAP40.HAP50 (66-68)
EZFAVAvI—

HAP10.HAP40 (64-66)

VI-EVIhyH—
Shaving cutter

YXM1 (64-66)

YXM27 (65-67)
YXM42,YXM60 (66-68)

SvIhyy—
Rack cutter

YXR7.YXM1 (63-66)

YXM4 (65-67)

YXM4 (65-67)

Fr—tf
Chaser

YXM1 (62-65)

YXM27 (65-67) .HAP10 (65-67)

YXM4.YXM27 (65-67)

XF IV —

Metal saw

YXM1 (63-66)

Ny oy—
Hack saw

YXM1 (62-65)

YXM42 (66-68) . HAP40 (66-68)

YXM42 (66-68) . HAP40 (66-68)

AXF VI RY—
Metal band saw

YXM42 (66-68)

HAP50 (66-68)

AIRAYM

Wood cutter

YXR3 (58-61)
YXM1.YHX2 (62-65)

YXM42 (66-68)

YXM4 (65-67)

() RIREFRRSERT, (

—

shows standard employed hardness/HRC.

Recommended grade by application of YSS High Speed Tool Steels

¢ SEMITIEA Cold working tools

e i 3ATE
- Recommended Grade
B fERAE
R i %z & H
Application Required — For mafs pﬁduction use
hardness range 5
(HRC) For general use ; & = A
For abrasion resistance| For impact resistance
AR RER (I, IEXEY)
,;’I./ZEE Blanking die 58~62 SLD. SLD-MAGIC. ARK1 HAP10.HAP40 | YXM1.YXR7.HAP5R
Die for
cold press | IRER | —FEYHA 5560 (FL=LNn=F)
GRZ) Sheetllise HMD5 (fame hardening type) SLD.SLD-MAGIC ARK1
Blanking
die —
—HREMR, N7
Heavy plate, high-tensile steel 58~62 SLD. SLD-MAGIC. ARK1 HAP10-HAP40 | YXM1.YXR7.HAP5R
FR (- —hEEMA
BDEY e e 58~62 SLD SLD-MAGIC ARK1
Bender
swaging = —.
dies —ME%FH s l\'(TJ ~
' Heavy plate, high-tensile steel 58~62 SLD. SLD-MAGIC XVC5 YXM1
s PSRy (i B
ggﬂ Cold Male die 58~63 SLD. SLD-MAGIC YXM1.HAP40 YXR7.YXR3.HAP10
working
\?vg:'?(ing dies e By
dies Famale die 55~60 SLD. SLD-MAGIC. ARK1 YXM1.HAP10 YXR3.YXR7.HAP5R
yFaVJ | it BY
§42 Male die 58~62 SLD. SLD-MAGIC HAP40 YXM1.YXR7.YXR3
Cold
heading 1y
die ‘Eﬁmfg die 55~60 YSM SLD.SLD-MAGIC | YXM1.YXR7.YXR3
s
ﬁﬁﬁ’fﬂ%ﬁes 58~64 SLD, SLD-MAGIC | YXR7.YXM1.SLD10
o— AEO-L
Rolls} v Cold rolling mill rolls 80HSEI |- SLD. SLD-MAGIC | YXM1.HAP50, HAP40
BT | NUS VS | EHA (3mm Kif)
BIE 542 Thin material (under 3 mm) 55~60 SLD. SLD-MAGIC. ARK1 YXM1.HAP40 YXR3.YXR7
Other Triming
dies E#A (3mm ElE)
Thick material (3 mm or over) 50~55 DAC. DM
FIZHEA AR
Drawing dies 57~62 YXM1. CRD XVC5
d—JLREKE>TEHA
Cold hobbing dies 55~60 SLD.SLD-MAGIC YXM1
s | vv—7  |ERA (3mm KiE)
Machine U—R Thin material plate (under mm) 55~60 SLD.SLD-MAGIC.ARK1 YXM1.YXR7 YXR3
cutlery (EX)
Shearing | 4R (3~9mm )
blades ' . 53~58 SLD.SLD-MAGIC.ARK1 YXR33
(Straight Medium material plate (3mm to 9mm)
P99 mige (1omm BLE )
2 10mm £
Heavy material plate (10 mm or over) Lol Dbl
A—2YUsv— Xy A
Rotary shear, slitters 54~60 SLD.SLD-MAGIC.ARK1 YXM1,HAP40
() RIHMZHEFEREBESERT, () shows standard employed hardness/HRC.
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Standard heat treatment conditions of YSS High Speed Tool Steels

@ BEEL
OFMIERRILBE L FLAEI I TOBDO T BRI L B LI,

RETY,

QP EL TR 235413 o BERINM Ut XL 2 F2EL T

{7EEN,

QI NIk E B EUL A RN T (MRS [k v ZE 2 ofth)
HHNZUIHIIN Lo HEEOERE . RLE L <35 O BL T
I OREIRD 72D E T,

IMEGERE  650~750°C (KAtiZEDAEHS)
JMEWER 1h,/25mm

& BEANNZARIFESR

B n

F—E
B
EZE

Holding time of austenitizing

500~550C PAE25mm(ZD&E304%
850°C B A hNEMfRIFAER X2
1,050°C e A INELAR$EFRFRE X2

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 : 650~750°C
(to aim higher temperature when softening required)
* Holding time :1h/25mm thickness

AES0mmEL T THRRE R LS DR UERE LFIRDHB15E 13

850~900C X BE A MNEARFFRFRIX2ET B,
XHISE— R T REEIELHD,

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

2nd stage: (Ta x 2) at 850°C

l

3nd stage: (Ta x 2) at 1,050°C J

LEFLR T E Tools of ordinary shape

The first stage can be omitted for small tools.

1st stage preheating

e AR Austenitizing temperature

»
I

2nd stage preheating
BT
850°C

>

PN DNERARFFRERRI X 2

—BFH
500~550°C

<
< >

30min/25mm

T
Table

Holding time quenching x 2

450~550°C

30min/25mm

..

&

Tempering

Slow cooling &L
G

#80C
About 80°C

OBREANMBFIFIFE  Holding time at austenitizing temperature (Ta)

(Remarks)

Preheating is (Ta x 2) at 900°C for small thickness (50 mm max.)
and simple shape tools, and wherever facilities are limited.

E) 1. EhHTHEEEFIROITETIE FE—
FE#. HLUEBEAEBBEL GRAIC
LT&u,

2. MR TEICDWTIE BB T2
ERADREICE = TF#4 (1,050C) &
ANBZENLEENET,

As for simple figure tools, 1st

stage preheating can be
skipped and oil quenching can
be applied instead of hot salt

bath quenching.

For complex figure tools, 3rd
stage preheat (1,050°C)

applying is preferable.

BWIERE (C) s
@ @ Temperature Hardness
Grade BhE L A BRL WATES (HBW) | B AR L(HRC)
Annealing Quenching Tempering Annealed Quenched and tempered
YXM1 800~880 & 1,210 T 560  ZEd 255 DIF 63 LIk
Slow cooling Oil Air cooling Max Min
YXM4 800~880 & 1,220 i 560  Zm 277 UF 64 LIk
Slow cooling Oil Air cooling Max Min
YXM27 800~880 &M 1,190 T 560 2= 255 DIF 64 LIk
Slow cooling Oil Air cooling Max Min
YXM42 820~880 & 1,190 H 560 2= 285 LDIH 66 LIk
Slow cooling Oil Air cooling Max Min
YXM60 820~880 1w 1,200 H 550  ZE4 285 LDIF 66 LIk
Slow cooling Oil Air cooling Max Min
XVC5 820~880 faum 1,240 H 560 2= 285 LDIH 64 LIk
Slow cooling Oil Air cooling Max Min
YHX2 820~880 1w 1,270 Y 570  Z#& 248 LI 62 LIk
Slow cooling Oil Air cooling Max Min
YXR3 800~880 &y 1,150 H 560 2= 241 Db 57 LIk
Slow cooling Oil Air cooling Max Min
YXR33 800~880 4 | (1)1,140 H 560 7=y 241 DIF (1)56 LIk
Slow cooling | (2)1,080  0il Air cooling Max (2)54  Min
YXR7 800~880 & 1,150 H 560 2= 241 DIbH 62 LIk
Slow cooling Oil Air cooling Max Min
HAP10 820~880 &y 1,180 H 560  Z= 269 LI 63 LIk
" Slow cooling Oil Air cooling Max Min
©
M5 | Lapao | 820880 am | 1200 560 7tk 277 YT 66 LI
§ E Slow cooling Oil Air cooling Max Min
= -
©
g § HAP50 820~880 & 1,200 ] 560 2 293 LI 66 LIk
I° Slow cooling Oil Air cooling Max Min
8 o
M | apyp | 8207880 iRA | 1200 il 550  Zeih 352 LI 68 LLL
o Slow cooling Oil Air cooling Max Min
HAPSR 820~880 i 1,140 H 530 2= 269 LI 58 DLk
Slow cooling Oil Air cooling Max Min
(1) SREEERDGE Remarks (1) Tools required for high strength at elevated temperature
) HEBERDGHE (2) Tools required for higher toughness

PEtF AE (mm)
Heating furface | B%F8 Time Thickness 5 10 20 30 40 50 60 70 80 90
FRF b
| REER @) 60 90 160 | 240 | 280 | 350 | 390 | 420 | 440 | 495
VILNINZX Holding time (sec)
Salt bath 1=
o o ) X12 X9 X8 X8 X7 X7 X6.5 X6 X5.5 X5.5
Magnification(Holding time/Thickness)
) VIVNOR =R EREET 5,
(Remarks) Holding time in salt bath = dipping time
OERUIRIFIFE  Holding time at tempering temperature (Tt)
AE (mm) Thickness <25 26 - 35 36 - 64 65 - 84 85-124 | 125-174 | 175-249 | 250-349| 350 - 499
IR LRI (h)
Tempering holding time (hour) 1 15 2 3 4 5 6 7 8

IERUEECEME EOD HRELEEISRE2E, CoAERE TEMREDa<EH3RAMUEVETT,
(Remarks) Tempering is needed more than 2 times for grades contain no cobalt and needed more
than 3 times for grades cobalt alloyed in order to make it tough enough.
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