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Name of parts for end mills and shapes of end cutting edges

IRV EBORHET Y KHEIOUT

(N #B) (B &) &v2oH)
Cutting part Neck part Shank part
f - - ?
432 4 5 ~ 432 — ~ ~
542 (0C) Bl Hyevozeows) [EENESIESIY
Y v Straight shank

L\
- wEeewo_LEEl ve YIELS) .

Flute length Neck length'

2R (LF)

Overall length

;} BlRLHET—/\Y v

Drawing thread with Taper shank

) ~ SV RIE
Rad?—al él&e §g|e'X Land width
EE@?—) L —‘ ﬂ%%ljﬁﬂg Radial primary relief width

:adnus of fillet %E;ﬂg[j—% Radial relief angle 9“%]79 Peripheral flute

HBDRSE | ! — IVRY
Flute depth N\ yliEaTsﬁEray (E}Q) \
[? clearance angle End cutting Edge
() IR
&y End ga';h}J % \7 _ , — .
12 bﬂ% Helix angle
\ BIZE Heel
I;}J\Rggjj \ 3‘]/% Flute
~) K3k
%U'E g < UVE Axial p:rli:mjrybrejﬁg-ﬁe
Relief Cutting face K v "Eﬁ%
I h?’b‘ b% Axial secondary clearance angle

4 *ﬂﬂtygﬂ{j:&g,{ j Concarity angle

4Flutes center eyed type

(2) Irr I‘ij ﬁgo)*i;ﬁ Kinds of shapes of end cutting edges

2 A 3 A 41H 6 ¥

2 Flutes 3 Flutes 4 Flutes 6 Flutes
(HFE) (BFR)

ik e AR i
®

Center cut

e\

I
b
E
b

B AN n
Center eyed

12



O (3) TUFINFEBOMIK

Shape of end mills flute

AT7P7IV R SIPAIVER R=JLIV R
Square end Radius end Ball end
K>
T—NHRTT7IVR T—IHASIF7AIVR T—I\HAKR—=)LITV R BRIV R
Tapered cutting part with square end Tapered cutting part with radius end Tapered cutting part with ball end Formed end

O (4) :/ v >7 @E%ﬁ Kind of end mill shank

v U DIERE RAE - FHE Vv VO DIERE 25 - FHE
ARL—=byvro JVER=—Y3VIvID
Fr—rvvvo) F1Fvv20)

Straight shank Combination shank
}» (Plain shank) H (Dyna shank)

KRV VIR,

- EATIE ¢ 50.8 h'i&EM,
BEO6~p42TERATNS, + For shanks with a large diameter
- Shanks of @6 to 42 are usually used. + A'shank of ¢50.8 is popular in Japan.
IS5y MIEANU—hYPYD SlERUMET—NV vV
(U1 FI:! v vID) Taper shank with drawing screw
(DIWRYYvYD)
Straight shank with flat (side lock shank)
(Weldon shank)

. B - REE M. - e — e
- ¢ 20LLERITIVTS M "E-MAT—/IBEST /W
+ Popular in U.S.A. 5%

+ Products of @ 20 or larger have double + Available with Morse taper and B&S
flats. taper
BRI S v MIE BTYv>o
ARL—by v M BT shank
Straight shank with sloped flat
Straight shank
1 _—
RYZVIEVIH
- B EIEEEE AR E | -ATCH
+ With axial adjusting function N + For a machining center
+ ForATC
St E — kv
RUNEZML—bY YD 7/24 57—\ v
Straight shank with screw (FraFIbs—I\T v o)
7124 taper shank
(National taper shank)
. BRI =2
PRINE LA - EHE A
- Popular in Europe - Directly attached to a machine.

- TS5y b AQUOTERTEEDEVEEE. SHRECIDETT, S5IERUIFIY. A VFZTEELLE L,

Dimension of flat and outside screw, if not specified, should be in accordance with the stipulations. Please specify dimension of drawing screw

in mm or inch.
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Flute shape and cutting ability of end mills

I REIDAR: EVNHEIE

O (1)54#EDC LR ¢

Mill diameter (DC) and flute length ( £)

PHITEDLIHEIMEIE. ¥+ —TEINA ENZBORIEEH 55
SNEITH. IV RIS TRELICAIMDEBRRFEEDETD,
AIEDMEVEETEIRIC T Y REIVHDTEDATIREDELUE T, 7
DERINTREZEL U, TV RIIVOEZEZEDHEFIDT. 1
HIREEBARRICEDBEE o

IV RIILOEIEIE. 512 DC EXR APMX TREDEEZT
&L, TEh#HTDOWVTIFHEEE

Cutting ability of cutting tools depends on sharpness of cutting edges and
stiffness of cutting part. Particularly, stiffness is a significant factor in using
an end mill. Low stiffness may cause vibration during cutting work due to a
deflected end mill, resulting in poor machining precision and early wear of
end mills. Therefore, low stiffness will not allow cutting conditions to be
exploited to the full stiffness of an end mill is determined by the mill
diameter, DC, and the flute length, £. Deflection is practically given by the
following formula :

— APMX?8
0=C—pc=
FI2U. & : leb#
C:EH

where T is deflection and C is constant.

DEEFENGHDFT, DEDHELFIIRN 25%RED LD
HI2MBICKELED HEN20% ALK 18D EF P ITHRALE T,
Fle. TEFMNDOREED THKIDBHESHT. IMMIEHRIOFIRIC
KOFITH, BERYIBIDIHICEF. TEDHLEITAIEDOREVNTE
MEINFT, OVIVvVIIVRINEG. OVIIRDT
VRIWELDBARZB TR, BIEOREVY vV IBZRL L
THD, REMITISELET

In brief, deflection increases twice if the flute length increases by 25%, or
itdecreases one-half if the mill diameter increases by 20%. The following
shows the effect of flute length on cutting life of tools,indicating that it is
recommended to use a tool with as high stiffness as possible to obtain high
efficiency cutting. The long shank type end mill has short flute length and

long shank with high stiffness compared with the long flute length type, and
is suited to deep contouring.

(mm)
4,000
2,500
o 4NKS10 $10x182¢
1,6001 4NKR10 $10x25¢
+ 4NKLE10 $10x45¢
1,000 ANKX10%X60 ¢10%60 ¢
T r ANKX10%x80 ¢10x80¢
8 630 m % # n=655min’
§ [ HEE  v=20.6m/min
o® 400- F—T Ik vi=62mm/min
T ) 0: 1% £=0.047mm
= B PAEEXE  ap X a:=4.5 X 9mm
»
1601 T # Wl # DM(31HRC)Dry
L4
100 L
T A’LDCL*
0 L L L L L L L L
0 10 20 30 40 50 60 70 80 90 100 110 120
DE (0) (mm)
AREIBE®

Flute length and Tool life

O 2)hLhAICONT

Helix angle

BE. IVRILORUNAIF. ARUN 30° AR TRIFS
NCTVET . RUNAFRDKXSFHEENSGDET,
OUIHBERORTRIN S ZE ZEN L. REZ PO ST I RSz

ERELETS
OBHIND L W EDKLIED . YIRIADEA LE T,

Ot < FZ=#ARICHEH L. SIHIEANDE)D < FDh\dAd 7%

BLULET,

LA L. RUNADKREVGEF. #AERICTIEIZINSD2DT
TEORFZEEICUKEIINREEDE B, Ffe. TEMIMENE
#OUT7 S ADBERTHEID TR T EITERDBE
TY,

LTl TR ZAXELTEDHGC45°~60° Nz
BRELTVWET, Ffe. MTHEOBELWLWF—BRTY RV
(&, 12°RUNZRALTHEDET,

End mills usually adopt right-hand helix angle of approximately 30°. Helix

angle has the following effects :

@ Helix angle relieves intermittent fluctuation of cutting resistance, lightens

vibration, and prolongs cutting life of tools.

(2 Helix angle enables smooth bite into work material, and reduces
necessary cutting force.

(3 Helix angle allows chips to be discharged in axial direction, and
becomes free from jamming of chips.

In the case of high helix angle, however, a tool must be held securely since

cutting force is applied in the axial direction. Besides, care must be taken

on the surface to be cut which is slightly inclined due to the relation

between tool stiffness and clearance of main spindle. Manufactures end

mills with high helix angle of 45° to 60° at which high stiffness of tool is

secured. As for key-way end mills for which strict machining precision is

required, 12 ° of helix angle is adopted.

3
Rs TN\ T
&2 ‘
B3 ‘ b
B E
Time
a: RXLHEIN
Max. cutting force
g b : YDEIH DZEE)
5 L Fluctuate of cutting force
T 2
5z
(&)
B E
Time



How to determine cutting conditions of end mills

I R IVDYIHISFEEFDKRST

(o) (1) IHEE (VC) & BER ¥ (n) (o] (3) )37 & (ap X ae) Depth of cut (ap x ae)

Cutting speed (vc) and revolution number (n)
CIERE (n) 1X. VIENREEFEATS2TEDHRENSKRIICKDE
BUFT, L. R—=ILIY RZJIVTHR—ILAEBZ DHTHIHEI
T HEAF. RENGTTEANREIHIEBZORARELEDET,

IDIAHEBIF MO RDKRESTREODT I MIENICEDET.
HREZHDYDAHEZSECLTLTZE L,

Depth of cut (ap x ae) is basically determined by the size of machining allowance.
Please refer each item recommend cutting condition to match cutting purpose.

SHEODE(E DC ZHHIKRICEDE., INELEELTLIEEL,
The revolution number (n) is calculated by the following formula using cutting
speed and flute length of the tool to be used. When cutting work is performed by
using only a ball end cutting part of a ball end mill, however, select a tool with the
substantial flute length equal to the maximum diameter of the portion to be cut.
In calculation, set DC to a smaller value according to the cutting condition.

o (4) t)] ” <?§Hﬂ§ (Q) Chip removal volume (Q)

ap X de X Vi
_ 1000 X ve (min) Q=-"=2 1080 (cm3/min)
X DC
Q : tIb < FHEHE cme/min  ae: YIHEIE mm
n : EIEGEL min” DC: 4% 2 mm Chip removal volume Cutting width

vi I 19EEDOT—TILEDRE m/min

Feed rate per minute of table

ap . YIHAFHRE  mm
Cutting depth

Tool diameter, mm

m:AEER (3.14)
Ratio of circumference of a
circle to its diameter (3.14)

Revolution, min-

ve . VIERE m/min

Cutting speed, m/min.

s
P
|
|

-—DC” REBHAIMZE Substantial tool dia.

O (2)XV)FEE (v) E1FTH7=0)3%V) (f2)

Feed speed (vf) and feed per tooth (fz)

TESERER(E, T—TJILDEDIRE (vi) TRED FTIH., LIHISRME
1 HHDED (R)ZSEICEDR T, FNDRMEFETEDKREE (5
REIR). M. HHMOWHIE. NTHE. EREELEEE
BULTCRELE T,

Working efficiency is determined by the table speed (v1), but the feed per tooth should
be fixed first of all in setting cutting conditions. Other conditions should be determined
considering dimension of a tool (mill diameter and flute length), number of flutes, work
ability of work material to be used, machining precision, and capacity of a machine to
be used.

EDEEF. 1HHEDEDHISRATHELFT .

Vi = fz X zx n(mm/min)

vi 1 IEDIEEmm /min z:H ¥
Feed speed, mm/min. Number of flutes
fz 1 1 AHDEDmM /t n : [EERE min?

Revolution, min. -

Feed/tooth, mm/tooth

-
o (5) d’\—)bI‘/bE)D(’) t°‘77 7'f_ I\t iiéﬁﬁ;(j/\'f I*i ([Jm) Ball end mill pick feed and theoretical cusp height table (um) §
o
Ewo J4—RE&E : ae(mm) Pick Feed v TI4—REAZTINAR &
0.05 0.075 0.1 0.15 0.2 0.3 04 0.5 Pick Feed and Cusp Height -
0.5 0.63 1.41 2.51 5.66 10.10 23.03 41.74 66.99 | H=RE—+vRE?ac%/4 =a¢’/8RE 2
1.0 0.31 0.70 1.25 2.82 5.01 11.31 20.20 31.75 =
2.0 0.16 0.35 0.63 1.41 2.50 5.63 10.03 15.69 =
R, 3.0 0.10 0.23 0.42 0.94 1.67 3.75 6.67 10.43 o
— ZRE RE
o ',’iéfus 40 | 008 048 031 | 070 | 125 [ 281 | 500 7.82
(mm) 5.0 0.06 0.14 0.25 0.56 1.00 2.25 4.00 6.25
6.0 0.05 0.12 0.21 0.47 0.83 1.88 3.33 5.21 H
8.0 0.04 0.09 0.16 0.35 0.63 1.41 2.50 3.91
10.0 0.03 0.07 0.13 0.28 0.50 1.13 2.00 3.13 8e

I5
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Precautions in handling an end mill

IVFREVERLEDSER

o (1)%% Machine O (4) ﬁ% Work

- IPOREESICRE > EMZERATLEEV, MIHEEE
NTRERZFDDICHELHHEMEAIEZRT LTSI LN
EETY,

-ERATAIYRINICET DOEHPEDRENENDEZ

BULTLEEEL,

- Select a machine consistent with the size of work piece to be
used. It is important that the machine has enough power and
mechanical stiffness to achieve necessary machining
precision and machining efficiency.

- Check whether you can set the machine to the revolution number and feed
speed suitable for the end mill to be used.

o (2) - U >7 Tooling

- TV RINILY F. BEEBEADTDEEDZEERALTL
EEW. ELITINETIY RIIVTIRHEND, KEWS T4 VT
A TIFERHIDKEI T,

- ITYOEEZEEICLTLEEV, MR UNIZERDES
PEVHIDIBESE, T—J0OhcDEPIEDRIFHUICTE
BLIEEL,

- Use an end mill holder with sufficient precision and grasping force. In using an
end mill with a small mill diameter, select an end mill holder mainly considering
deflection. When using an end mill with a large mill diameter or a roughing type
end mill, it is important for an end mill holder to have sufficient grasping force.

- Fix the work piece securely. When using an end mill with high helix angle or
when performing heavy duty cutting, be careful about shaking of the work piece
and slipping of the tool.

o (3) I > I*E )lzd)i%?R Selection of an end mill

- EEBNICE IV RINWESERLIEE L, FREDSG 215
Bld, BHATHEIRLEEL,

- UHIEEARGICEKETY 3 — b ABIRE L, TEREOXER
BHOMERINTITH. T—TILDEDREF 1 AHDDED
EDRFETHE15~25mMHANRBHAELTEFXT. BIbR
EHBTTREI IEE LY,

- Be sure to use an end mill matching the working purpose. If you have any
question, please make contact with us.

- Itis recommended to use a short flute length type end mill with a large mill
diameter and tool stiffness, when you consider cutting ability first. To obtain the
maximum feed speed of the table, use an end mill with approximately 15 to 25
mm of mill diameter, because the feed speed is dependent on the feed per

tooth. Carry out a detailed study in selecting an end mill in addition to
allowance.

- VIHISREF SN T AEERE THU S BIE LT IH. RERM

RZESEICLT, BEERULTIEEL,

SRV RIY REIWDF—INN\Y JFEREFBRD ENK LTS

FERALIEEWN. FoTUYY (BLEAUBEE) Sk EEREZ
BHIITDTHEDIRNLBRTTEEL

- TEDRIFIEIMZE CERLEEL,

YIEIERR N EBZ#HE L T<IEE L,
e, VHAHFDKREVSEEIFEID < FHHRO B CTRETLIH|
M SARKR IV ZHIGT L Z2BHDULET,

- IV RIVOBMEIFTRZSEICLT. BPEICTOTLE

TV, ERERDIREZEA S ERRICERENETL. BETE
W EDHDFRT,

-BEIY RIILOZERF. INA ALY FZILD 50%~ 60%

ZERICLTLEEV, —RICKERRICLNEREICREZ
EZULEYT, BRAERELRFFYEVIDFERICEEDFIDTTE

BLrEEL,

+ Cutting conditions vary with the kind of work piece and change of working

conditions. Refer to the table of standard conditions to select proper conditions.

+ The overhang of the holder or the end mill should be as short as possible.
+ Avoid dwelling because it may hasten wear of flanks.

+ It is better to use cutting fluid, if possible.

- Apply a sufficient amount of cutting fluid to the place to be cut.

In the case of large depth of cut, it is recommended to supply cutting fluid, mist,
or air to the place at high pressure during cutting in order to discharge chips.

+ Perform re-grinding of a worn-out end mill as early as possible after referring to

the following table. There may be cases where, if depth of wear exceeds the
limit, wear may proceed so rapidly that re-grinding may become impossible for
re-utilization.

+ As for carbide end mills, re-grind them when the depth of wear reaches 50% to

60% of the limit value of high speed steel end mills. Generally, it takes more
time to re-grind the worn end mill than an unused one.

Be careful of excessive abrasion because it may cause chipping.

R 3 ESEEFEEIC K2 EHEIFHEOHE

Judgment of re-grinding time based on depth of wear on a flank B3{vImm

T EIFH Tl TH ST4VIH
Finishing Roughing Roughing flute
2108 . —
?I'i‘gljé)ia.unde:go: O 1 O 1 5 O 1 5 02 —
JMA 151810~30|  g15~02 0.2~0.3 0.3~0.5
High speed steel T/°°' Riail0580
AEIOBLE | go-~03 0.3~05 0.5~0.7

O *g '—Etﬂ ‘ﬁ“ %ﬁ: 0) %E Selection of standard cutting conditions
FULMERDI FIFOERE UL TCTHRAL LTV, REYHIREIE LROTEREDIFD . BLOERHNGHDFT,

Use them as a guide in starting a new work. To select the optimum cutting conditions, take various factors into consideration in addition to the cautions described above :
- WHIM HTEE DBECUHAHFDAEVGEE POV IIRZFEADGSE. BEHZERDICEREL TS,
- ERE P LTEESHEELBSPEREADNSVESF. EDEEZEL LTLIEEL,
- BESHOMEEICKE. —RICSITY RIIVHEHTT,
+ When using hard work material, in the case of large depth of cut, or when using an end mill with long flute length, set the revolution number to the lower value.
« If high dimensional precision or excellent roughness of finished surface is significantly required, or when output of a machine to be used is low, set the feed

speed to the lower value.
* Multi-flute end mills are generally suitable for cutting works requiring high precision.



Trouble shooting for end milling

IVRZVMID STV ERRANR

KSILER = A w =
AR, TLEDAEL, PN | - kTR, TOAREECT 5.
HEDINEL,
YEROTUb D ORI DL < D EBEICEDDT B,
. F oy I OBIERE. . Ty & ORI,
JEIRE. 0 REHNEL. MR EEET B,
TV RS LOENE, . BRSO TR T B,
XDREHNEL, EDREEEL T B
. _ TABHAEL, TABENEL T B,
|
W) Bl R O 3 4R CREHUBNEL. REHUEAEE TS,
NI LTS, . SEY(C AT B
 BELLECIEREL, EVIEDBDICEDDE D

- I—U DEENTEL.

- D=0 %ZEICEEY D,

- . Ty I OEIERE,

D EEANEL. EDEEET .
)  RSEREHUNE L,  EEEEEICHET B,

VRO 3  F vy S OFHIEE, TEOF v vk IERECT B,
TABHAE. TABESEL T Be
. HOBIERR. ASREEB(CT B,

. TR, MR AR T B,

B, HHELL  SERIFEDNE L, BT EICIEES 5.
BB D,  TECREMEETS.
 JNADBEREDAEL, . EEIES.

PN 5 E W - I & TEORE.  SETEAERT 5.

CF L VNBHNEL, EET < VECEES 5.
HIBHAZTE S, EDEE. YABEEEET S,
» F TRy MHUNEL  THOIENT Y RS JLEES.

LS = 2Es RO, HEESBICDN Be
F TRy FOFRDE, EEFRCEET 5.

. SERFEEED AE L, . SHCEEIT B.

HEIEODMZD HREOEES R, IR ESET.
 NEETRE. T <OEDREL  BEBEECEET 5.

D EEHEL,  EDEEETF B,
. DR AN, B LB,
HEEIEE DB  INNOBEEDAE, . BT 5.
ID < FOD IR, ATABENEL T B
- T RADEEFED IS,  ChERREAE T Be
D EEHEL, EDEEETF B,
.  AUNEDAE.  AUNADBNEDEERT 5.
1] ; = H . e _

R @R AN IBEN.  eEHUBSEEL T B
ABHAEL, RABENEL T B
. Ty S OBERE, . Ty o EEET B,

TEEENEN  HEHEL.  BENEQSOEERT 5.

. TYvIORET D,

-
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Trouble shooting for end milling

IVRIIWMID ST IV ERRXHR

Symptoms of troubles

Probable causes

Remedies

Chatter during cutting

- Low-angled cutting edge due to too high

peripheral flank angle and rake angle

- The work piece is not attached securely.
- Insufficient stiffness of machine and

chuck.

- Too high cutting speed and feed speed.

- Mend the flank angle and rake angle

properly.

- Fix the work piece firmly.
- Replace the machine and chuck with

properones.

- Change cutting conditions.

Breakage during cutting

- The end mill lacks firmness.

- Too high feed speed.

- Too large depth of cut.

- Excessively long protrusion.

- Worn-out cutting edge.

- The flute is longer than it need to be.

- Use a tool designed to have high

stiffness.

- Decrease the feed rate.

- Make small depth of cut.

- Shorten the protrusion length.

- Perform re-grinding in early stage of wear.
- Replace the end mill with a new one

having shorter flute length.

Broken cutting edge during cutting

+ The work piece is not fixed firmly.
- Too high feed speed.

- Low-angled cutting edge.

- Lack in tightening of chuck.

- Too large depth of cut.

- Insufficient stiffness of machine.

- Fix a work piece firmly.

- Decrease the feed rate.

- Grind the angle properly.

- Perform chucking of a tool reliably.

- Make small depth of cut.

- Replace the machine with a proper one.

Serious wear and burning

- Too high cutting speed.
- Excessively small peripheral flank angle.
- Hardness of the work material is too

high.

- Slow down the revolution number.
- Modify the flank angle properly.
- Apply surface treatment to a tool to be used.

Poor cutting quality

- Excessively worn-out cutting edge.
- Atool to be used is not suited to the work

material.

- Too small rake angle.

- Perform re-grinding.
- Use a tool specially designed for the work.

- Modify the rake angle properly.

Chip clogging

- Too large amount of chips are produced.
- Small chip pocket.
- Insufficient application of cutting fluid.

- Improper shape of chip pocket.

- Adjust the feed speed and depth of cut.
- Use an end mill having less number of flutes.
- Apply a large amount of cutting fluid to

work mateial.

- Modify the chip pocket to have a proper shape.

Burr on the finished surface

- Seriously worn-out peripheral flank.
- Mistake in selection of cutting conditions.
- Improper peripheral flank angle and

rake angle.

- Perform re-grinding in early stage of wear.
- Re-examine cutting conditions.
- Modify the angle properly.

Insufficient roughness of
finished surface

- Too high feed speed.

- Too slow cutting speed.

- Excessively worn-out cutting edge.

- Chips bite the work material.

- Too small medium to low gradient of end

cutting edges.

- Decrease the feed rate.

- Increase the revolution number.

- Perform re-grinding.

- Make small depth of cut.

- Make the medium to low gradient greater.

Inclination of slot

- Too high feed speed.

- Too large helix angle.
- Too long overhang.

- Too large depth of cut.

- Decrease the feed rate.

- Use and end mill with smaller helix angle.
- Shorten the protrusion length.

- Make small depth of cut.

Poor dimensional precision

- Insufficient precision of machine and chuck.
- Too long flute length.
- Insufficient stiffness of machine and chuck.

- Repair the machine and chuck.
- Use an end mill with proper flute length.
- Change the machine and chuck.




Names of parts and roles for milling tools

751 A IR OBEDRIFENEREOEE

O 7514 AITEEBNDLMH

Name of parts of milling tool body

TR
Bore dia.

Bl L

— | =

"4

J
AN

HvFEGNE)

Cutter dia.

BOI<KLAE(T)
Orthognal rake

?\ angle(T) SUPIL—F
EFRAEI<LAE
(RR)

Radial rake angle
(Rake in radius direction

\
\
) \

I—7A

Corner angle T

‘ TFvILL—F
_ (A <L)
YA, =Ta3 AR.
Heightjf cult:ejr%ody 1 =

Axial rake angle
! (Rake in axial direction)

/ /‘ (AR.)

L

FUNAITE

Orthogonal cleanance angle

I
BIEINIKI T f

Relief angle of axially cutting edge

PINUEEE (1)

Angle of inclination of cutting edge (1)

O End<uALiIHIEEE

Relation between Orthognal Rake and Performance

HOT<LE | gk | tMEn | IEEE s 10 < T R
True rake Sharpness Cutting power c?ﬁ'gng stsgg Heating Chips ejectability Welding resistance
oo N B &L 50) HRO | BL, HYERICESAGEASS| 8L
os! Ivei( arge) Good Small Weark Low Bad. May be caught by cutter. Good
& (v B KEW = 20 Bl HyAOMIICES E
Negétive (small) Bad Large Strong High Good. Ejected outside the cutter. Bad

ALRBBILDICHRESNTLE T,

BOIT<KOVAEAYVERICEY FTBA YT —DORITAEICE>TFTREY, A VH—FOXKFANEROE BEOI N

Effective rake angle is generally designed according to clerance of inserts used. The larger the clerance of an inserts is,the largr effective rake angle may be designed.

-
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[x]
=
=
[
o
=]
o
2
o
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Names of parts and roles for milling tools

751 A IR O&EDRIFE N TR ORE

O 77 J 9 f% <‘: I > /7 - :/ﬁ Cutter dia. and engage angle

IV —IANKEVNEBHIMBMARICA Y-
DHAFKLDHEDcHFRHELEDTT,

Lower engage angle shows short tool life, because engagment starts
from cutting edge of inserts in milling operation.

IV5—JH(E)
Engage angle (E)

VAN L= T

Center of cutter

VIBRMAES

Starting point of cuttig

TV7 I8 (K) D5E

Higher engage angle

HFENSHED

Start at cutting edge of an insert.

HWRIAT

Work

IV5=URA () O&BS

Low engage angle

BOAHhSHED

Start at inside of an insert.

A

Work \

IV5—I/AK)

Higher engage angle
1HDED
Feed rate

IV5—=I/Auly

Low engage a{ile/

1HDED

Feed rate

Y e IVT-IEE) e (R ¥
Small Engage angle (E) Large
* Ny SRGHHIMOESD 30 ~ 2 < B > B
50%MIATHDOREFERLIAD oo e
RBULERNFONEKT, HyIEKR 1w HERIN

Large cutter dia. Small cutter dia.

(S

Cutter bodies are reccomend with diameter
30-50% biger than width of work pieces.

BV —IUHMRN e o
Cutter diamter and engage angle

A —JVHNTER
Cutter position and engage angle.
\

Ny IEDNKRETED LN Y IDRHMICERM

7 B R g, WTIRIF2E TOIERNE HOEERNMETR L
2 BT wore 9o
m - - Cutter with too large diamter shows lower machining
?E. efficiency, bacause talking cutter path longer.
P STEENTEREIN
=] Shért dTit?cE%% rJnoving of cutter [ FvIN
I T SRR | Small cutter dia.
vy

Long distance of moving of cutter

I10




O UA%4fE & UIHITERE

Relation ship between cutting edge angle and Performance.

YA 90"

Cutting edge angle:90°

YA+ 30°

Cutting edge angle:30°

ap

—
ap

%<
L L

YID K FEH= 1 HHDDED E (f2)

Chip thickness = Feed rate per Tooth (fz)

Y10 < FiE=t1DAHE (ap)

Chip width = Depth of cut (ap)

YD < FEH = 1 PUDDEDBO*S (5 =1)

Chip thickness = Feed rate per Tooth (f2/2 = f2" )

Y10 < FIE=tNDAHED 2 & (2ap)

Chip width = 2 times the Depth of cut (2ap)

CEE] U7V vI)LU—F%0° ELKBE

[Note] Based on 0° axial rake

O UA%4 & UIHITtERE

1t

Relation ship between cutting edge angle and performance.

L tDUAH

PR 2 < | cutting adge angle | >l
Cutting performance factor 900 ‘ ,750 ‘ 650 ‘ 450 ‘ 300

0 <FHAR E<TUBHHD <qeeeeesessssssssssssssml) 5 < CEHLL
Chips shape Thick and narrow Thin and broad

* 1D K FEHLE

Comparison of chips thickness

1 0.97 0.91 0.71 0.5

v H B B

Cutting power

Depends on the cutting edge length that contacts. Large

D) (—

Small

19— hERE

Inserts abrasion Hight Depends on chips thickness per unit length of cutting edge. Low
Vibration Not likely Depends on bite per unit length of cutting edge. Likely
BIEN0IAHRE XE e (1> FOENDE) a— ']\ & ()
Effective depth of cut Large Inserts falling difference Small

i ) T (REYRIVCHLUTENBAD BBHOE) WIZ< L
Vibration Likely Differrence in the load that is applied transversely against the spindle. Not likely

-
(5]
[x]
=
=
[
o
=]
o
2
o

D—0% MR U7

Work pressurizing force

Small For thin plate, small cut-in angle causes work to chatter. Large

t1b < FDFEN
Chips flow

E<@U_ (BIZBAD) I (EICEB) -EU

No good Caught horizontally Ejected upward. good

$]00] 9jqexapuj

*{HAHFEIO DRDYID K FEHZ 1 L UBEE. AUED TODYID K FEHLHE.
*k Comparison of chip thickness in various angles at a fixed feed rate (if 90° = 1 thick)

In



Names of parts and roles for milling inserts

754 ARL VY- rEElDBTEEE

«o—h)

(Inserts)

! 1) \—1E ™
- arau (#RHlI2)
—FEx Wiper width
‘ gong'r?efam Work
Fﬁ?ﬁﬁ?ﬁ_ﬁl , SNEYINF (FVINH)
nscribed circle dia. Peripheral cutting edge
(Main cutting edge)
l HS54H (T1)8—)
FIT7—

Flat drag(wiper)
\ Chamfer
AN

O "j' 5 ‘f 3] o)fﬁ%“ Role of flat drag
U‘ﬁ’f }'J lgﬁ:igﬁﬁﬂ -66-0 The flat drag is a dedicated finishing cutter.

I—F ROAH— R TlE RUT—58/ IFRICNEETH
re\‘

‘_‘ w DAN—NEA VY —FTRIESBEDNERLTEET,
NN &

If cut with a corner R insert, cut surface is marked in wave form. But with a
insert with a wiper, finish surface is flat.

PSAHADE (W) (FHhvAE 1 B&EScUDEYEMUEDIBICLE T,
BRI

RNEOHK, —NIBICUDEVZRETHE

w=fzX6 EQUET,

CNEA Y= b PRV EOBEICLYtY henfcr VY —hIC
SDFSONSYVFHELTORLBERICA VY — DS A
DHT, DESICYDEBZLEEDLDICTBHIDHTT,
BET S HNDBEE1.2~2.0mCL&E T,

Set the width of flat drag (w) to the same or more size of feeding amount per
rotation of the cutter.

fo |t
T

e.g.

- fZ;IAfZ;IJZ;IAfZ; If a feed per cutter of 6 flutes is fz, the proper width can be calculated as :
W= fz X6

Even if the height of several inserts, each of which was reset according to the

- - insert or cutter accuracy, differ from each other, a flat drag of the highest

insert can produce a flat finish surface.

Generally set the width of a flat drag to 1.2 to 2.0 mm.

-

O 9: T y 7 Vi 0)?5%“ Role of chamfer
FrI7—F. 42— ORIFPIEE L EIFEB EDMEGDFT T,

Chamfering is made to protect the surface from chipping and also to finish the surface well.

HEEINAEY S A HADPBICF v+ 7 7
—EHEINBBIN N Z A HF T
NN\ § ARU— k21 TTEOE~1.0mTH & To
\ R&17ER0.8~RI2ICLET.
\ Set an auxiliary cutting edge called chamfer
between peripherallcutting edgg and flat drag.
N N A\ Ml

B3| FvIT7—8L
7t (EVAR) ZANU—hFrYT7— RFvYI7—
< Without chamfer Straight chamfer R Chamfer
?_% (Pin corner)
I
= ¥ (e VTHEE m—) 58
= Low Nose strength High
NG Finish surface OK

I12



o

F=Z T NDEE

M——2JENEDREZE T

Role of honing

wIEHEERT,

By honing , strenght of cutting edge is increased.

K== 21

——|

R—=Jig
Honing width

Honing width

Honing angle

FvII7—ik—T

Chamfer honing

I—Z58

h—=4

Round honing

HNER—ZVIC@GF v ITP—h—ZVTERNR—ZVTHDY
FIN. ISARBA VY —FTCREF YT P7—R—ZVITHER
TY,
R—Z2OAF156~25° . KR—Z2IM@lE 1 RxEY D455 7T0.1mn
~0.2mTYTH, T ENERDY S RNIF0.03~0.0TmmICLF s
BH. PIITOLPHHEBEL LT OVHEEIMQF ICERER—
ZV DT E T A

Nose honing can be divided into chamfer honing and round honing.

For milling insert, chamfer honing is mainly used.

A proper honing angle is 15 to 25° honing width is 0.1 to 0.2mm that is almost
one half of feed per 1 cutting. In case of flat drag, which is for finish cutting, set
its honing angle to 0.03 to 0.1mm.

No honing angle is required for cutter that is used for cutting any material that is
easily welding, like aluminium or cast iron.

O 1—Fmdeitt

(FmE

The corner height

(B) from the inscribed circle is the height of nose when the insert is set to the cutter body.

|

g 0013

AV —rEHYRRTAICEY L
RO EESDSEE (EBD T L)
([F@%0.02mm~0.03m& 8 Y £,

The difference of nose height (front run-

~0.03

0.02

out) likely to occur when setting the
insert to the cutter body is 0.02 to
0.03mm.

7 !

N

ERBEDY 51 ADERE

Abrasion in flat drag in normal cutting.

U1

N

1YY —htY FREDBE
DY > A AREER

Abnormal abrasion in flat drag
when insert setting is not proper.

AT

O #HEMTEBICELTL
1V —FD BOTOS
CHEBREBLRYET,
AV —rtyv B I7—
FETIHEABBVLDICE
YV TERENBYET,

If the insert contacting the finish
surface of a work is inclined, the
finishing is not done well.
Carefully set the insert allowing no
dust to enter by the air blow or
other.

-
(5]
[x]
=
=
[
o
=]
o
2
o

$]00] 9jqexapuj
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How to select cutting conditions for milling

7 54 AN IYHIREDED S

QtﬂﬁUE (VC) Cutting Speed
xDC xn ve  UIHLEERE m/min Cutting speed
ve 1000 (m/mln) DC: 54%F mm Cutter diameter
_ n :[EEEE min' Revolution
@Eﬁ%& (n) Revolution 7 EEE 3.14 Cide rato
— 1000 x ve -
n=———— min
T xDC ( )
EDIERE (Vf) Feed rate
vi=1fR X zXn (mm /m|n) vii XDIRE  mm/min  Feed rate
z - FEL Number of flutes
1 }Jéb@ D fz) Feed rat tooth n : EEEE min' Revolution
( Z) eec rate perfoo fz: 1 AHEDODZED mm/t Feed pertooth
fz =W (mm /t)
OISR (To) Tc D MBS min  cuting time
vi @1 SEZEDDT—TILXDRE mm /min
TC = L (mln) Feed rate per minute of table
vi L T—TJIEEDRE MRS+ 754 XBER) mn
Overall table feed length (workpiece length + grinder dia.)
Ot <THHE (Q) QIO FHHE om/min  ap: YEARRES m
X 8e X Vi . Chip removal volume Cutting depth
=_@Xa&XVE (cms/min) ae : HIYIE  mm vi 1 1 HEROOT—T)LEDRE m/min
1000 Cutting width Feed rate per minute of table
OtIHIEN] (P) cutting power Pc: IBIENS kW ap | THAFHFEE  mn
Cutting power (horsepower) Cutting depth
_ ap X ae X vi X ki ae : YIHITE mm vi 1IXDSEE  mm /min
Pc = go Xe1 0° X1 2 (kW) ° Cuttinlgwidth J_Feed rai
n W= (0.6 ~0.8) ko HEETHIEEHT N/mme (F@ﬁ%ﬁ’é )
Mechanical efficiency Relative cutting resistance \ Refer to the table below

O kc (tttﬂ ‘é"] *Rﬁ) Specific cutting resistance

WEIAAAAEE 2N (N/me) BEUES | 1 IO DED [THT BLELTHRESTT (N/mn®) ke ke Shecie uting resistance (Nimm)
Work Materials Tensile strength (N/m?) or hardness O.1mm/t O.2mm/t 0.3mm/t 0.4mm/t 0.6mm/t
w 520 2200 1950 1820 1700 1580
x5 I 620 1980 1800 1730 1600 1570
22 . 720 2520 2200 2040 1850 1740
e 670 1980 1800 1730 1700 1600
Tool Stees 770 2030 1800 1750 1700 1580
oLz 770 2300 2000 1880 1750 1660
cme mengansse e 630 2750 2300 2060 1800 1780
soLEYTE 730 2540 2250 2140 2000 1800
cme meybdenam Sieet 600 2180 2000 1860 1800 1670
=L onsE TR 940 2000 1800 1680 1600 1500
g 352H8B 2100 1900 1760 1700 1530
2 520 2800 2500 2320 2200 2040
53’95 R 46HRC 3000 2700 2500 2400 2200
% =N A TR 360 2180 2000 1750 1600 1470
iIt FASHHB 200HB 1750 1400 1240 1050 970
5 | 500 1150 950 800 200 630
Ba®(AMe) 160 580 480 400 350 320
Bo®ALS) 200 700 600 490 450 390

I14



Cutting condition formula (milling) and trouble shooting

7534 ZAMIICHISD ST IV ERRME

(CanTETeReT) Insert Grade Tool Shape Cutting Condition
O: 3pEX SIS YT IS|/RE|T LD A8 0C 1L T8 YN ELPENZ TS
Very Effective 'I‘E@ @(‘5 I%l@ I §<°¢U'§ yg | "E"Jg §51§79 ﬁU%QEﬁEﬁU;‘JE
®: HEHD DelFEz| X2\ T8 —I N\ 8RS V750, 22 1 SF o BF 4 < HE Y s
e, B3R VE A5V AEs Ze| ] $Rg | 3RS H|Bs ZLEZ 23| ] 5
ective Wo|Dg b5 8T8 %S T hE\ES FOXE|ZS &S|BE ZES DS VG
v PSR MIBELICSI TG BB A5|EEKREZESDFNHIIEG R gEGITE AL
Not Effective *% }IZ“% %3% —,%;:’-'_E% 25 J?§ f(_\'—‘ ?_{Eg gg %.&C“%)% %é %)(%7]3__’;
11807, AE<TD c Mg £5 #a|l O S| 6|85 |3
Ir?(l:rease, MzEe it Large g *%g ) Ag g |9 @ﬁ 3 3&
1EST. he<dgs (P |IE 50 s 1% k7 % 5
Reduce, Make it Small 2 2 é %
NS JIVIEE >
Troubles
%lf@ﬁéﬁ? 1
7252
@ Abraded Relief @) Ol e [ ) o )
Surface
(Flank) 3 ]
(@“g(b\ﬁgﬁ%;ﬁ 1
l/_
@ Abraded Rake . . . . . . .
Surface
(Crater) l l
& = o '
FyEvs | O Ole e e e o o
Shock Chipping l ‘ l
1
B M '
FybED o ® O 0 e O O
Welding Chipping
!
28 %=
@ Thermal Crack ‘ ‘ . v
S
Y ecaaririzg 't !
(A o| |e|e|e o| |ole|e|e|o
| (] .
(777777 U U b Tt :
— °loo ° |00 :
Vibration
! ] ! | | SR T s
&
3
JARIF - KU it ! =
)\ .
@ Edge Chipping, [ ) ® o o o [ BN | o ;'
Burr S
3 1§ 1 ] »n

I15



Comparison of inserts for milling SD,SE,TE typ

754 A SD,SE,TE B4 Y4 - NOBHT/BHER

SR ERERBRLEICEBHEVESHBSEBEOMBRZRULE T,

The table indicates various model numbers of other comparison to the model numbers of standard stock items.

i—“ﬁiﬁ?ﬁ‘ wE | | g #t M8 =2 B &
@RI—K) ol T=moFz UL | VA0 | GREIN-FML] R € 5 | £3V—IL
Iltem code Mitsubishi Material Tungaloy Sumitomo Electric Hard metal Kyocera Seco Tool
SDE42TN-C9 SDEN1203AEN|SDEN42ZTN
SDE42TN-COA6 | _ SDEN42ZTN20 |SDEX42MT
SDE42TN-G9Y
SDE42TN-G9C3 7 (SDEN42ZTNCR)
SDK42TN-C9 SDKN1203AEN|SDKN42ZTN  |SDKN42MT  [SDKN1203AUTN
SDK42TN-COA2 |
SDK42TN-B9
SDK42FN-C9 i SDKN42ZFN  |SDKN42M SDKN1203AUFN
SDC53TN-C9 c
SDC53TN-B9
SDE53TN-C9 E | 84 SDEN53ZTN  |SDEX53MT
SDK53TN-C9 SDKN1504AEN|SDKN53ZTN  [SDKN53MT — [SDKN1504AUTN
SDK53TN-B9 K
SDK53FN-C9 % SDKN53ZFN  |SDKN53M
SEE42TN-C9 SEEN42AFTN
SEE42TN-C9Y
SEE42TN-G9 s
SEE42TN-G9Y E | Stee
SEE42TN-G9A2 (SEEN42AFTN24)
SEE42TN-G9C3
SEE42FN-C9 % | SEE42AFEN]
SEK42TN-C9 o | B |SEKNA2FTNT |SEKN42FTN [SEKN42MT |SEKN1203AFTN |SEKNT203AFTN
SEK42FN-C9 % |SEKNA2AFENT |SEKN42AFFN |SEKN42M SEKN1203AFFN |SEKN1203AFN
SEE53TN-C9 SEEN53AFTN
SEEs3TN-coy | | TJE
SEE53TN-GOY
SEE53FN-C9 % |SEENS3AFENT
SEK53TN-C9 o | BB |SEKNS3AFTN SEKN53MT SEKN1504AFTN
SEK53FN-C9 % | SEKNS3AFENT SEKN53M SEKN1504AFN
SEE42TR-G3 o | 9B |SEEN42EFTRT |SEENA2EFTRCR
SEE42FR-G3 % | SEENA2EFER]
SEK42TR-G3 K | 8B |SEKN42EFTR1 |(SEKN42EFTR) (SEK42EF3R)
TEE32TR-GO E | #A |TEEN32PETR1 |TEEN32ZTR
TEK32TR-GO K TEK32PT3R
TEK32FR-GO 7 (TEK32PT3R)
TEE43TR-GOE s/ |TEEN4SPETR1 [TEEN43ZTR |TEEN43TR  |TEE43PT4R
TEE43TR-GOEY | E | See
TEE43FR-GOE #% | TEEN43PEERT |(TEEN43ZFR) |(TEEN43R)
TEK43TR-GOE o | B | TEKNA3PETR! TEKN43TR | TEK43PT4R
TEK43FR-GOE #% | TEKN43PEER] (TEKN43R)  |(TEK43PT4R)

b2)
7
7
i
=
I
E

« EFRR () TRUEEEE—RTIEO D TEAN. BEUERRDIHEEE LR U
c ARG BHOERZRCBDTIIDDFEA.

- The numbers in bracket () are not exactly the same model, but similar to the respective model and shown as reference.
+ This table is not an official comparison table approved by each maker.
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Table of corresponding materials from various companies for milling

7 54 AN I OSHMENT R

O 734X A—FT 1 TME Coated materials for milling

ERNE | 5p—p == ~ FRET " — = s B
2 GU-K| w o | wooy, |FvA00 | BERRL I sukevs| RES | S1YIub | FFXSIL| IV-I
il B 2FU7I N=RX%)L 4
Application [\ cification| ©Grade Mitsubishi Materials| ~ TUNgaloy | symiomo Elctic Hard metl Sandvik Kyocera Dijet Kennametal Seco Tools
ATH80D
ATHOSM
PO1 | TH308 MPS8010 | AH710 ACP100 | GC1010 | PR1525 |JC8003 |KC715M | MP1500
PN208 MPB120 | AH725 ACP200 | GC1130 | PR1225 |JC730U |KGC725M | MP2500
JP4105 | yp15TF | AH730 ACP300 | GC1030 | PR1230 |JC8015 |KC792M | MP3000
Bﬁqﬂsfﬂ'\" MPB130 | AH3035 GC2030 | PR830 JCB015 | KC994M | T250M
P10 | pnats UP20M AH3135 GC2040 Jcs118 T15M
JP4115 | VP2ORT | AH110 GC3040 JC6235 T20M
CY150 VP30RT | AH120 GC4220 JC5040 T25M
P | P20 | cyeo20 |F7o10 AH130 GC4230 JC8050 F20M
JP4120 | py7020 | AH140 GC4240 F2s5M
gggg‘t F7030 AH9030 F40M
P30 | cyaso0 GH130
CY250V AH330
JS4045 GH330
PTH30E T3130
PTH40H T313W
P40 | jsao0s0
GX2140
MO1 | PNosm
PN20S VP1STF | AH120 ACM100 | GC1130 | PR1525 |JC730U |KC730M | MP2500
STER MP9130 | AH130 ACM200 | GC1030 | PR1535 |JC835S |KC725M | T250M
M10| pnaTs MP9030 | AH140 ACM300 | GC2030 | PR1225 |JC8015 | KC994M | T20M
UP20M AH725 T250A GC2040 | PR830 JC5015 T25M
M20 | yP4120 | yppoRT | AH730 TA500A | GC1040 | CAB535 |JC5118 F30M
MP7140 | GH110 A30N GC4230 JC8050 F40M
M HC844
) M30 | cvaso VP30RT | GH130 GC4240
JsS4045 | F7010 AH330
5 PTH30E F7030 GH330
PTH40H GH340
4 M40 él;/l(g}gg AH3135
AX2040 T3130
A ATH80D

KOT | ATHOSM | \ipgg10 | GH110 | ACK200 | GG1010 | PRIST0 | JCB003 | KC915M | MK1500

o VP15TF | AH110 ACK300 | GC1020 | PR1210 |JCBO5W |KC920M | MK2000
= K10 @Lg} gE VP20RT | AH725 GC3330 | CA420M | JCB00 KC925M | MK3000
= GY100HM | MCB020 | AH120 GC3040 JCB0O8X | KC992M | T150M
GH130 GC3220 JcB610 KC930M | T250M
K CY9020 AH330 GC4220 JC8015 F15M
K20 AN T1115 GC4230 JC5015 MP 1500
JP4120 GC4240 JC6235
GX2120 K15W JC5080
CcY250 K20D
K30 | ys4045 K20w
GX2040
NO'I PNO8M
PN208
&v100H | LC15TF DS1100 | DL1000 | GC1130 | PDLO25 | JDA30
PTH13S DS1200 | DA1000 | GC1030 | KPDOO1 JDA735
N N10 | spsoi1o cD10 KPDO10 | JDA10
HD7010 KPD230 | JDA715
N20 KPD250
N30
PN208 MP9120 ACM100 | GC1130 | PR1535 |JC8003
VP15TF ACM200 | GC1030 | PR1210 |JC8015
g10 | JP4120
S Js1025 | MP9130 ACM300 | GC2030 | CAB535 |JC5015 =
MP9030 GC2040 | KPDOO1 Jcs5118 S
S20 | PTH30H KPDO10 | JC835S g
S30 | uma180 JC8050 )
=
HO1
ATH80D | MP8010 GC1010 DH102 -
ATHO8M S
ATHOSM | vP15TF GC1130 DH103 3
H10 | TH308 GC1030 JCB6102 ;2
H %E‘éb?; GC3040 JC8003 =
BLS50 GC4220 JC8008 %
TH315 JC8015 —
HEO JP4115 Jcs118 g
H30 | urp4a120 =

i) ARG, BHOEREBLDDTIESDEFAL. Note: This table has not been approved by the individual companies.
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Table of corresponding materials from various companies for milling

7 54 AN LOBME LR

O Eiﬁéﬁ*jg Carbide alloy materials

BAME | V=K | w u | ooymy, | 7A04 | BERT I yvkeys | meS | S4Yzoh | o450 | €2V-L
Application Grade Mitsubishi Materials Tungaloy Sumitomo Elechic Hardmelal Sandvik Kyocera Dijet Kennameral Seco Tools
WS10 STi10T TX10S ST10P S1P SR10 K5H S10M
P10 SRT K45
EX35 STi10 TX20 ST20E SMA SRT K29 S25M
P20 TX25 SR20 K45
Ux25 DX30 K2885
P EX35 TX30 A30 SM30 PW30 SR30 K420 S25M
P30 UX30 A30N DX30 KM
DX25 K21
EX35 TX40 ST40E S6 SR30 K420 S60M
P40 DX35 KM
GX
WAT10B TU10 U10E H10A UMN S10M
M10 UM10
EX35 UTi20T TU20 u2 H13A uM20 K313 HX
M M20 DX25 K40
DTU PVA
M30 EX35 UTi20T UX30 A30 H10F PW30 DTU K2885 HX
A30N umMs Kas
WHO1 HTiO5T THO3 H2 H1P KGO3
KO1 WHO5 H1
WH10 HTi10 TH10 EH10 H10 KW10 KG10 K6 HX
EH510 HM KT9 K313
K K10 CR1 K68
KM 1
WH20 HTi20T G2 G10E H13A KG20 K1 883
K20 KS20 EH20 KT9 K8735
EH520 CR1
NMO8 F FO FB10
Z01 AFO
F1
- NM15 MF10 M Al FB10
BB Z10 EM10 AF1 FB15
BEaE
Ué‘;f;gg'gﬁg';" 750 EF20N TF15 EM20 FB15
UF20 um FB20
730 UF30 uMm FB20
o 'Ij'—)( V) F*ZE Cermet materials
RS | JU—F | w g | ooio, | VA0« | BERRT | vUkEvs | mES | S4Yzub | sFxs0 | £IV-I
Application Grade Mitsubishi Material Tungaloy Sumitomo Electic Hard Meta Sandvik Kyocera Dijet Kennameral Seco Tools
CH350 AP25N NS520 T110A TN30 LN10 KT125
NX2525 | AT520 T2000Z PV30 CX50 HTX
P10 AT530 | T1200A NIT
CX75
izl CH550 AP25N NS530 | T2000Z CT515 TNBO CX50 KT315 CM
- P20 NX2525 | AT530 T1200A CT520 | TNB020 NAT KT175
UP35N GT530 T130A CT5015 PV60 CX75 HT2
NX335 T3000Z CT525 PV7020
P30 CH570 VP45N NS530 | T3000Z | GC1525 PV90 CX90 CR
NS540 CT525 CX99
% P10 CH550 | NX2525 | NS530 T12A TNGO NIT KT530M CM15
5 MZ 1000 CX75 KT195M
g CH7030 | NX2525 | NS530 T250A CT520 TNGO NAT KT530 CM15
?i% 75428 | pop TNIOOM | CX75 HT7
T for Milling CXe0 KT605
= suz
- NX4545 | NS540 T250A CT530 CX90 CM15
P30 CH7035 CX99

E) ARKIE. BSUHOEBEBIEBDTIEHDFEBA. Note: This table has not been approved by the individual companies.
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Nomenclature of turning tools parts and role of nose angle

bEHI TR&S DB E AR E OS]

O HBEDAH

Name of parts of Turning Tools

HIKLAE

® R

Overall Length ‘

End cutting edge angle ‘

74 Orthogonal rake angle
ﬁ HIJUJTU»J =]
IR

A2
Orthogonal clearance angle l Shank width
ﬁ‘;‘f BN
Side cutting edge angle
. AIg<LA
NS (DN A)
Nose height Cutting edge Inelintion

vvoas
Shank height

Eﬁi&(j’% Normal clearance angle

N bRV IEPNTADOZE

Effect of side Edge cutting Angle

N NE 0

Side cutting edge angle : 0°

% f(mm/rev)

—

WHIM SR EDIE < E DD EL TRERORWLID < FHiH
ESED

Thick and narrow chips are produced,because the contact length of an Insert and
work material is short.

EUINHAE - 30°

f(mm/rev)
- Fﬂl —

Side cutting edge angle : 30"

WHIM S DERREDRLEDIHELS TROLWLID
<THHT. WEHMZRITDAPYDHRELE T,

Thin and wide chips are produced, because the contact length of an Insert
and work material, Force Py,which pushes work piece, are produced.

© tIHIMEEICRIFTRE

Effect on cutting performance

RE </J\ Small BUNTA side cutting edge angle X Large>
Elements

XFCDEFEER X I\
Wear Large Small
iRl Al PT O EE—— ) AIDIC <O
Work material Ezgeto _machine materials Difficult-to-machine materials
IR ' caeeeee——) 7
Cutting force Small Large
0Uh Blo<h BP0
Vibration g;#itl:ltﬁlro be produced Easy to be procli-ilteelg
IRIZSE ftk ﬁ I
Application Finishing Roughing
tRRIA R B TROY ) AL
Rigidity of work piece Small/Long Big
AL BITENHS ) RIS LIRS
Mechanical rigidity Low rigidity High rigidity
Chips rejectability Good Bad

-
(5]
[x]
=
=
[
o
=]
o
2
o

sjoo] Buiuing
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Shapes of inserts and application of turning

WERIA A 29— Mz EERAE

R ST CH W 2 T D V2
A Y — IR y]—/
shape @\%

o 360° 90° 80° 80° 60° 55° 35°

ose angle
RNFcEE
Rigidity oﬁ:utting edge 0 Strong 550) Weak
ERAI—% (Fm) 3~4 4 2 3 3 2 2
Number of using corner(one face)

O 7JI]I1§'J Applications

(b
- (Finishing)
ol ‘
SH
W type Stype ;IZ:E
Ll | A 2
[543 - imESIEl] (54 EEIHl]
Periphered and face turning Periphered turning
£ I - Rﬁ/
(Rgdgl;l:i?\g) () RFZ ruyee

\4

|

i\

Rtype
l Cﬁ/

e D (P~ b))
EJ Dtype (Semi-finishing ~ Finishing)
H
g
[fiL S]] (BR#EEEDH]
Contouring turning Interruptted turning




Chips removal of turning

IEHIDE]b L FiLE

EATAHITEDYID K FUBMZEATICULT, AL, BENMEIFHDZFT A,
REmBEDORE. TEHFMOIUHMERERO LOIEDICHBREFLEYID K FEHITHEDSHD T,

No unmanned operation or automation is available unless chips disposal matter is settled.
Cutting chips ought to be regularly and smoothly ejected and disposed of in order to stabilize product quality, improve tool's life and machine operating efficiency.

O (1) tJJ ” < ?ﬁﬂﬁ@ﬁi‘ﬁ Classification of chips

X5 1D < FHAR U< FRE R& i &
Style Shape Chips Length Evaluation Notes
I\ AR O E Rt - TEPYPD—HICHBHADEER
0 g Consecutive irregular shape B - Dangerous because it entangles the work or tool.
‘ ﬁ . NG
ﬁ %)
3
2 E S A o &N=)) - DS EBD O THREIERERE
¢ §| |EEOER no) | ERAINAOF vEY S ORBER
“L . gular shape 2 =100 mn 5:&&3 y
(2] “% = AT EEE. BEn5IEnY
'-7 A - Becomes bulky. Ejecting time is long.
-t - Can cause chipping of edges other than cutting edge.
- This type may be favorable if an operator attends the job.
v, 2~10E812E - RECSFEBEHDLT, BN
® ﬂa,;'::u (¢ =50m) e
About 2-10 rolls ( £ < 50mm) n ideal chips, causing less load to the nose.
b Y R
. (=] X
- “'ﬁ ﬁ 1 %*I}g (@)
e N About a roll
i~ } g 53
n o £
0
b7 Y BITERICDB A S ItV L TIEDY
3/2\%_%[&\ - . HPBHEEE [EETE] ORET
b e BRICEN DB Y, %g&?%%%igfigﬁgﬁ .
- Smaller than a half roll il BDIEN TEHEGET
6 'ﬂ"a ¥ Sometimes in a long waved link nNERE
s e, \/ - A Ion/g chain of irregular shape can cause

(KE) (D chattering or bad finish surface and
(2 increased resistance or heating can shorten the
(NG) tool's life.

X73®, ®ZULTRDOTIF &S 100 mUATOgEEZ EH] SHEL. TU—HOREHZEDHTNS,

Chip-removal range is decided according to the standards of efective range, that is area under chip lengrh of 100 mm in area ®, @ and @ .

10 < 9ULIERE

Chip-ramoval range

-
(1]
[x]
—a
=
T g
o
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45' Y
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Cutting condition formula for turning

hEHIICEI 9 HEEI

il : 314X -7 XEEH
t)JE'JEfEF . Ve(m/min)  ve= nXDmXn
Cutting SpZd ’ 1000 1000

= . 1000Xve

1 (min __1000Xvc

Eiﬁuﬁn (i) n nXDm
EDIRE [ fm/rev) (1E&ESEDDEDE) = N
Feed rate n
YIBIBSR © Te i To=

Cutting Time

YID<KTHEHE  Q cm/min) Q=

Chip removal volume

it LEMESE Chum h=

Theoretical finished surface roughness

YIHERS : Fow

Cutting force

Xap X (Dm—ap)XnXf

f2
8Xre

X1000

F=ap><f><kc><9.8

veXapXfXke

YIEIE7] : Pcww

Surface roughness

Pc=

I REOHE - A m)
‘YY)
Deffection(Tool holder in square)

N1 BfehHE D O FL )
HRvvro)

Deffection(Tool holder in round)

(%5%) Refference

oA=

o A=

60,000%n

1000

4XfXapXkeXL?

EXbXh®

64X fXapXkcXL?

3XnXEXDs*

<ve>
<n> I i
<@>

- AEZ(3.14) Circular Constant
Dm : J—2#&(mm) Work Dia.
n : [EEEEL (Min') Revolution

<f,Tc> S
L

A
L

£ 1BOEDIRE (m/min) Feed Speed
L:INTERE (mm) Cutting Length

<Q>
L]

ap : t3Ad+ (mm) Depth of Cut
Dm : D—2%&(mm) Work Dia.

<h(um)>

g
T
h(um)

re
re @ J—X¥4Z (mm) Nose radius

<5>
6%&3:1

b FL"—

T

h E : fitsHit ey

+ Modulus of longitudinal elasticity
AYvUME L)\ ~ZRHE (i)

Square shank profile  Protrusion of the cutting tool
b ¥ UiE (mm)

Ds |
T‘—j Shank width
h: v U5 (m)
Shank height

5 Sl
AP UIWE Ds: 2+ J?f:t (mm)
Round shank profile Shank dia.

LEEDHEEST ke FEmNREGEH n HEE M (RE E
Feed rate & specific | Coefficient machine tool M°d“'“3|°f longitudinal
cutting resistant. efficiency eaSthlty2
(N/mm3) I ~ R (N/mm?=)
G LR | it | 8
U o | 1=0.1~04 | fo0ies resn | JIE | S
‘ﬁlﬁ ﬁ?ﬂﬂ Carbon Steels 3000 ~ 2500 560000
% B Aloy Steels 4500 ~ 3000 0.8~0.7 210000 !
2| #8% castiron 2000 ~ 1500 620000

<F>
XD Feed force

Cutting force
SFPHY

7

Cutting resistance




Counter-measures against brakage of tools

hERIICH T D TRIGEXR

BEDIRRE

R H

5(\1 % Trouble Shooting

Failure Conditions Cause TEME crade | TEFR Toolgeomery |  EIHIZAE Conditon
i 7 8 EEERE OHIEENET XD | OMERIMEDELWIEICTS, | @ 1—FRZEREL T |SIHEEZTIFS
Seriously worn relief surface | @ TEDTFNEEEEMTRE | rosstanes 0 oner abrasion o H—NIL—HDE | SERVHEIETD

+ Cutting Speed too high.

- Abrasion resistance of
tool not sufficient.

GM803§JP3000
HGBOE%JPEOOO
HG8010

O IEEERDIZSIF.
Y—XwhZEERT 2.

For normal abrasion, use a cermet

BEU
(TL—F2IHRDES
WIL—hN%ZERTD)

+Use material of higher crater
abrasion

+Reduce cutting speed.
+Adopt wet cutting method.

tiiRiE g < LNEEEFE

Seriously worn rake

[

OUJHIEENET ED
OXOHEITED
- Cutting Speed too high.

« Abrasion resistance of
tool not sufficient.

ofit I L —F 4 DE L
EICTD

Use ?/Iaterial of higher abrasion
GMBOB?,IPBOOO
HG8025,I1P2000

!
HG8010

o Y—RJL—HDER
BU
TU—FVITHRDTE
WIL—hN%ERTS)

*Review chip breaker quality.
(Use a breaker of less breaking
effect.)

otHIEEZ TS
XD ZETIFD
OEIHIET D
+Reduce cutting speed.

*Reduce feed rate.
+Adopt wet cutting method.

BRER (D)

Deformation

OSSR, =EDICEKD
PNIDEIL

- Cutting edge was softened
by high speed cutting at
high feed rate.

o K O MEAMEDF L TE
g 7
Use material of higher heat resistance
GM8035,IP3000
HG8025,IP2000

!
HG8010

01— RZXRELTD

o Y- JTL—HDER
BU
(FL—FVIHRDES
WIL—hN%ZERTS)

+Change the shape to a larger coner
radius.

*Review chip breaker quality.
(Use a breaker of less breaking
effect.)

otJHIEEZ TS
XD ZETIFD
OEIHIET D
+Reduce cutting speed.

*Reduce feed rate.
+Adopt wet cutting method.

Y—IWISvD

Thermal crack

OFLT]. BIRH

+ Thermal stress, thermal
fatigue.

OMHEE R DF LM TE
IC9%
Use material of higher heat resistance
IP3000
GM8035 - GX30

o Y- JL—HDER
BU
(FL—F2IHRDES
WIL—hN%ZERTS)

*Review chip breaker quality.
(Use a breaker of less breaking
effect.)

otJHIEE = T2
XD ZETIFD

o= tHIET D
+Reduce cutting speed.

*Reduce feed rate.
+Adopt dry cutting method.

FyEH OiREH. EE O LDEIMEDBLMEIC | 01V H—~IL—HDR | XD ZETFD
. e BU(KDYINTEEDS | of]iA I\
Ch'DF?LnQ ) - Vibration, shock US?:O;%Qhermaterial Mjl/-jj’&ﬁﬁﬁﬁ'é)ﬁ .R);]L?}ZEtJ AR I}
= ° L4 DRIEZEUPT 2 .euceee rate.
’ HGBlO '| O .:‘Ejbg@@"]&% Hj bé& Cut at smaller cutting amount.
o _» -~
HG8025P2000 | CEREFINE<TS
! Une o atar o roer cltin
IPSOOO (edge strength) ¢ o
+Use tougher holder.
Reduce holder protrusion.
JERIE © TEDIEIBHIEET | 0K DHIEDBELMEEIC |01V Y —~ILU—HDR | &XDZETFD
Initial chipping 2 = EE) BU(KDTNTREDS | ofliddZ/I\E<TD
Use tougher material L\j U—t§1§ﬁzj§-é) -Red feed rat
=1 NET oKLY DREIEZEUPTS | . E:C(:mzeerrac:in amoun
© TR ORI HG8010 ORI DREH A |
: i t t = -
tl-tjagl(;ngtngjaffi(s:i;irt].g ° HGBOE%JPEOOO R?i?f':lj'kll\_d‘:?’é
B '(Use a breaker of higher cuttin
condition |P3000 (gdsgeeaszengkth) fhigh ting

+Use tougher holder.
+Reduce holder protrusion.
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Relashionship between cutting elements and cutting performance in turning

bERlICHIT S EREDIHIERENDRE

E e ESi® RSEE
R KR | eowe | oy P |72
Sl F Ay
wonwe | N | S| S N NN\
cdgoangis | T | N\ N N vl Vol N N
L RPN N 09NN
= R - A A N 2 N S S
88 som BB SN S s s s -
I AN i I T R A N B R
2 E} Rake angle Sqn\all(%/l%uz) \ / \ \ \ \
s N Tl U S T O U W N O T
NHonngatey. | KW N | S v
S | S | | S I R R D I T
Breaker effect ?&g& ol AW yd
pamE | A ] d SN S
cumgspess | LN A | N( NN
V| srmm | B | N | N} X NN N
ﬁu% Fodrate | BLY | A | A | A A 2N S
S E NN NN N
1¢O oot | ALY | oA PR N
T - i A A
sirmet | ﬁ% VVVVVVVVVVVVV \ 777777777777777777777777777777777777777777777777777777777777777777777777777777777777 \ \ 777777

CEE] () fHLIDBET DHEHD,
[Note] ( ) : Maybe reversed by condition.

e
]
i
I
[ ]
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Comparison against competitor's insert breakers of turning

NEHIDELA Y — D

'L —h3 iR

FF F MF |Mswa = Rzos
— 0 . 0 Medium Cutting ; Roughing
R LS T | B e R
‘ o ‘ ‘ BT : HfriE ‘ E ‘ AE
High Precision Finishing ! Finishing ! Semi-Finishing ! Continious : Interrupted ! Double Sided ! One Sided
St FE BH ABCT AH EAY(AYAE: RE ;TE UE
=% FH ! FS_ . SA MV . MH . GH ! HZ
! *x ! | 1 x2 | |
<ZUP) st L Swee A MWELLRRT W
Mitsubishi Materials ; ; sSY ! ! ! !
01%1 | TSF  Z™ . T™M . DM . TH | TU
<~ g TF : TS : 27 37 : 33 : 51 ! 57
epaluig . zF . NM . 38 | | | 65
Tungaloy i I1\IZ‘> i QSWXE‘ i i i i
1 AFW*2 cB 1 ) 1 1
FREL FA 1 suU 18X 1 GU PUX } MU } HG
JI\—RX% L FL ! LU ! ! Guw*2 UG ! MX ! MP
Sumitomo Electric | LUW*2 | | | | | HP
Hard Metal ; ST i i : | |
QF PF MF PM WM*2 PR o QR
S R ! 23 ! ! QM ! SM ! WR* ! PR
-U.Jl\t J7 ! WE*2 ! ! ! ! ! HR
Sandvik : WL *2 ! ! ! ! ! 71
, LC : : : : : MR
Dp#1 r GP o } 58 L PS rPT } GT } HX
=S5 XP ! WP* ! ! HS ! GS ! HT !
f_{tj XP-T | . wase | % =
yocera CF : : ol : : XS : :
A7YVAH 0 AEA (o ARSroe—
Stainless steels Cast iron Internal inserts Large inserts Round inserts
F M/RIF MRy mom|smm| 2m -
ﬁJ:NWJE'J EFIN“'-'JG)JE” 1it~§xtUHu EFI’VJW’G)JHIJ Finishing ! Semi- Heavy Conventional : With breaker
Finishing to ‘ Medium cutting Finishing to ‘ Medium cutting ' finishing cutting !
Semi-finishing \ to Roughing Semi-| ﬂn|sh|ng \ to Roughing \ !
it MP, AB; PVDE| VA VA,V JQ  JE |HHXHE|2R, RG; AN,WE
A swie | 2@ FV . swER HZ =@ | PR
5'3 FS 1 SH MA o ; I\G/IH g\é ; g\% HX . RBS
<2FU7I S MS | MW GH 1 HY 1
Mitsubishi Materials | | | M2 HBS '
! ! ! MQ HCS ;
R Ss | SA 2 | CM 01 . PM TU 61 | RS
plnk 11 | SM CF | CH PF . 23 57 RS |
Tungaloy S 33 PS . 24 65
FRET sU | EX Uz | ux LU . su MP RP | RX
/\_|\“>(9)|/ UP : ; FC e MU HG ;
Sumitomo Electric 3 3 LUW=2 3 SF HP 3
Hard Metal ! ! : SC :
o ME | MM KE | KM PF CPM HR sM | mEs
HUREYS ! MR ! KR UF I UM QR :
Sandvik | | WF*2 | WM*2 MR :
o 1 1 1 PR 1
GU suU 2HF C GP HQ HX e
=S MS ST - ZS XP XQ BB ‘
Rt MU | HU . &C DP . GK |
Kyocera : ! CF ! 23E !
: : 1 G :

SN ETREERR Perlmeter ground product
/E) 2&%[3\ Bt DEER=E

/IcBDTlEFHDERA

%2 JA)\—+1 P — I Wiper insert
Note: This table has not been approved by the individual companies.
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Table of corresponding materials from various companies for turning

IEHI DEFALAFEM DR

e
]
i
I
[ ]

126

O iEdl a—F57 175 Coating materials for turning

" LK 2
See AFILAEH ik
P10 ‘ P20 ‘ P30 Stainless Steels Cast Iron
F/MF M "R F MR F M R
e : : ‘
ﬁéggﬂmi SRelHE il {iJ:b‘"t)JEJ =205 o) = (il o = == ) | = | S ) =1
Finishing/Semi-ﬂnishingi Medium Cutting i Roughing Finishing :Medlum/Roughing Finishing | Medlum Cutting | : Roughing
ﬂﬁi’ﬁ?ﬁ‘riﬁ w7 ‘ it RIS 7
wlncreased chipping resistance w Increased chipping resistance Increaged chipping resistance
HG3010 HG8025 IP2000 : IP3000| IP050S : [P100S 1 1
it ; 153900 1P0s0s PHO0S 13505 3615 Hedot
% Increased wear resistance M
e UEB105 | UCBO10 | UEBO20 | UEBO35 | UCBO10 ' UEBO20 | UC5005 ! UC5015 | UEBODS
ot UEBO10 ' UCBI0 | UB25 ' US735 US7020 : UEBD35 | UC5105 : UC5115 @ UCBOT0
77-U7)|/ UE6110 : UEB110 : UCB025 UEB020 : US735 ; + UP20M
Mitsubishi - MC6025 ! VP15TF  MCB025 |
Materials ‘ : : MC6025 ;| MC7025 ! :
| | | MC7015 | MC7035 | |
T9105 . T9115 . T9125 . T9135 T716X 76020 T5105 75010 : T5020
. T9115 | 79125 | T725X | 1 T6030 ' T5115 1 T5125
YA0A | 17005 [ TE22 ! | | GH330 | AH110 | AH120
Tungaloy T715X  T7020 ] ' AH120 ] ' GH110
‘ - T6120 !
: : ' T6130 1
(35T | Ac7006 AC2000 AC25 AC3000 | AC610M AC630M | EH10Z AC410K AC7006
J\— '\ AC1000 : AC720 : AB20P ' AC304 EH10Z  EH520Z | AC410K ' AC700G : AC2000
)(9“/ AC810P : ACB20P + ACB30P | EH510Z : AC304 AC300G : AC110G : EH20Z
S AC2000 3ACBOOO AC405K AC415K AC420K
Eleciric | | AC510U AC520U
Hard Metal ! ! ! ! ! !
GC4005 ' GC4020 : GC4225 : GC4030 | GC2015  GC2025 | GC3005 : GC3015 : GC1020
-|j-~/|\ GC4015 GC4125 GC4025 GC4035 | GC1025 GC2030 | 6C3205 GC3215 GC1120
. GC3005 | | LC25 | BC4040 | GC215 | gg}?gg 6C3210 | ' 6C3020
: GCh015 1 GC425 ' GC235 | 602035 ! + GC3040
Sandvik GC4115 + GC435 ' GC2040 + GC4015
GC4215 | | | GC4235 | GC235 | |
CA110 : CR7015 | CA225 ' CA5535 | CAB515 ' CAB525 | CA4010 ' CA4115 | CA4120
o CAB505 : CAB025 : CAB525 : CA530 CAB015 : CR7015 | CA4505 : CR300 : CR7015
/?\tj CAS515 | CA515 1 CR7025 . - CR9025 . CA4515 | PR610
Kyocera CA510 CR9025 PR630 : :
! ' CAB25 ' PR660 ! !
‘ ‘ ‘ }CA6535 ‘ ‘

A1) AFKlE, SHOERZS T;%@’CI&*ED%'@/\JO Note 1: This table has not been approved by the individual companies.
A2) FRFEFPVDI—F 1V J%RULFET . Note 2: The red characters show the PVD coating.




Name and function of each part of a drill

FUILSEERDRIFEEE

O NUIBEBNDLT

Name of each part of a drill.

FEIVI W chisel edge

FEIIyvII—F

Chisel edge corner

“EWNDORE

! Relieving depth

—BEWDER
Relieving dia.

FEILIYvIRE
Chisel edge length

HEIF A Clearance angle
~—

N—IUIg
Margin width

FEILA

Chisel angle

SIINEAN—bI9 T

Straight shank with tenon drive

{f

€

SEifiFA Tip angle
7B Flute length

Peripheral corner

/)i’ 7T — Body
TS J—R Lead
K L - | B Neck
Clearancelﬁjlrfjég R_UNA
o Helix ang]

OSSN

TNV PO\ FIVT
"\ Taper Shank / Tenon drive

z R

=[]

RE | ovoDRS
[

Ire\‘r?g(;:tm Shank length

Overall length

O KYIKRIBDENZ

OIE ?% Diameter
BEff%Z JIS Tl30.2m~100mFE THRHEL CVLFITHZEN
DSHIEATETEESHRE (TAS) PEUMOREICL>TH
EENTVE T, ZNENOERDFEZE(F JISBO401 (F
EREBXUFHHBL) D h8ICK>TVET,
fer2 Uy TmsRilE _Som T,
RUIVFEZEF SRS DOMETH O IREICIE RUILDERF
vV JICASICRES T RE 100mICDLT0.04~0. 1mm
ML<IEOTVET, INZENYIFTF—INERLET,
The diameter of a tool is stipulated in the size range, from 0.2 up
to 100mm in the JIS standard. Other than that, most tools are
fabricated to meet various standard such as TAS (Tool
Association Standard) and others. The tolerance values of
diameter in each of these standards are based on h8 of JIS B
0401 (Dimensional tolerance and fitting). The drill tolerance is a
figure measured at its tip. Actually, the drill diameter becomes

narrower by 0.04 to 0.1mm per 100mm length. This is called
back taper.

Performance of each part of a drill

. 1ML |3%C% |6%CR |10%CK
_Is'ffi.'a’_—:? 3T | BT | 1O | 18T
(1~3)|(3~6)|6~10)|(10~18)

FBE =0 0 0 0
Tolerance —0.014 —0.018 —0.022 —0.027
. 18%C|30%C% |50%C A |8B0%C R
7;'56035?\ 30LIF | 50T | 8OMTF | 250
(18~30) | (30~50) | (50~80) | (80~)

F BE |0 0 0 0
Tolerance —0.033 —0.039 —0.046 —0.054

ORUNBEDET

OLE

Function of spiral grooves

RUNBFEmBTUIHILIcEEICHRET SHEID
LFZAL—XICNDHNICEH T DEBEZHOT
HH, BOMEBEHAREVNEEYDLTOHHBIEK
<, RUNNZEDITBDEEICRERDBMLE T,

Spiral grooves have the function of smoothly removing chips
produced by cutting to the outside. Larger groove cross sections

provide better chip removal, increases efficiency during cutting of
deep holes.

Web

DEERF. RUILDDERICHcDHETET, CDE
EERVUILDBE[CKEFREZSZI XTI,

The spiral grooves enable chips to be discharged smoothly
outside the hole when the tip cuts the work. Larger the cross-
sectional area of a groove, the more chips are discharged,
enhancing the drilling efficiency in case of producing a deep
hole.

@:%HY D E Relieving surface

RUITOWSZENDEER. SV REBICY—Y
ViEZEERUCREZDII iR TT. ¥N—I VIR
PIEWDOFRSIE. RUILDERICKDT,. $B
W ERBENICL > TROESNE T, —BEWOE
(& RUJLTRZSDIFTTVLK EE, HEIMONEE
RULDOHNE EDERZERS ITENDEDTY .

The relieving surface means a clearance on a land secured by
leaving a required margin width. The margin width or the
relieving surface is determined by the drill diameter or the
purpose of use. The relieving surface is provided to reduce

abrasion between the drill peripheral and the hole surface of a
work.
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Drill dia. equivalent to a hole size before tapping

Iy ITTRICHIETS FUILE

I\)/I(etertéggeathﬁéé B2 (mm) UT;?rgéJ :;?ti?
@. U’ l:"‘y? (mm) Diameter %
Designation Pitch
M1 0.25 0.75 92
M2 0.4 1.6 92
M3 0.5 2.5 92
M4 0.7 3.3 92
M5 0.8 4.2 92
M6 1.0 5.0 92
M8 1.25 6.8 89
M10 1.5 8.6 92
M12 1.75 10.3 90
M14 2 12.0 92
M16 2 14.0 92
M18 2.5 15.5 92
M20 2.5 17.5 92
M30 3.5 26.5 92
M42 4.5 375 92
M56 55 50.5 92

Drilling work equations

FUILNMIHER

W tDELEE (ve) Cutting Speed

It X DC Xn i Ve (m/mln) D tERE Cutting speed DC (mm) : FUJVIERR orill dia.
Ve= 1000 (m mln) n (3.14) : HEEE circle ratio n (min") : EEGEY Revolution

[ IEH:ED (Vf) Main axis feed

vi (mm/min) : ZE&H (Z&H) 13X D RE Main axis (Z axis) feed rate
vi=fXn (mm/mln) f (mm/rev) : 1EEEHEDDIEDE Feed amount per rotation
n (min™") : [BIE5EY Revolution

M B IFEFR (Te) Drilling time

HXj Tc (min) : ANTAFR Machining time n (Min') : E#GEL Revolution
K Tc= —< 7 (min) H (mm) : JX&BIFIRE Driling depth f (mm/rev) : 1EEGEH=DDED
U an i /"Tﬁf( No. of hole Feed amount per rotation
L

B )b <FHEHE (Q) chip removal volume

Q (cm3/min) : 1b < FHEHE Chip removal volume n (min) : BIEEEY Revolution

2
Q=&XHX]‘ =1000 m (3.14) : FHAZR circle ratio f (nm/rev) @ 1 [EERXHZDDiED
4 Feed amount per rotation

(cm3/min) DC (mm) : RU)LERE oril dia.
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Trouble shooting of drilling work

FUILITID STV EREMR

O RUJLDIE
£ Sl xit xr

- PIBIRGORES (a.b.c) a. XD ZEINEL T B,

- BifEIORES (d) b. THLREZ/NEL T B,

- EERIMEDARE (e.f) C.ATYIT4—RZETS,

-HIb L FI3FED (a.b.c) d. Y= d%Uy I\« NEBEEICEHREIT .

- J—U DB HIFRES (8) e. BAlEDRAE Y RIVZERTY .

-TEDEY MFRER (h.i.j) f. WO A I ZRET D,
8. J—0MDUSUTE LMD ETS,
h. ##IC RULZEEY NUTEEEOHNBEIDIRNZFE YT %,
i. RUILORFED Y hETRICT D,
. HA RTwy a1 %ERT 3.

OUINADFvEVT. FEILERDXRIF

- YIEISEDFES (a.b) a.xXDZENELT D,

- BifEIORES (© b. BRIERDEDZNELT D,

- DAY (d) C.YVZUVIDREDYY vTI\A MEBIEICEIRAEIT %,
- D= DBMNFRES (e) d. EHOIRNCEMD 5 ZR/ET Do

-TEOtv hMES (feh) e.J—UDIS5VTZELO>IDETS,

- RUILDOERTES ® f.EmIC RUILZEEY bUIcEEDHBEDERNZRET D,

g RUILDOREED Y hEFTEICT D,
h. A4 RI v 1% FERT %,
i. FUILDERZEL LA ZSD .

O RUILDEEE
- YHIR G OTES (ab) a. tIHEEZEL 3%,
- PIELHR DR ERE (c) b. AFv T T 14— RZET3
- YJHHEI OFNES (de) C. UIHEM DIt HEZZ < T D,
- Y10 < FOHHAES (a.b.f) d. EENIAZERY 5.
- WHIM DI S R g— (&) e. fmARZEEICT Do
- RUILOFES (h) f.BMEIICCEERY Y=V J, MIFAICT D,

8. WMHIM DEE Z19—(CT Do
h. RUILWMBZZEZ D, (& SICMHEFENE. MEEDHDHD)

O7MEE (\NDILK. HHD. FHNF)

- BRODYBEVREY RLORN (a) a. WHOWEE, BILHEET 5.
- D DBA (b) b. D ZEEICT 2.
- B EROTES (f.8) C.BNTICRS—5 1 ¥ KUV EERT 3,
- RULORN (de) d. A1 KTy Y2 %ERT S,
- ASEREOTEE (f.8) e. RUILBRIIZEET 3.
- RULOBIETR (h) f.UyTIA b FRIVROVEEECHTHET 3.
g YV VI DEE,
h. @<BEDBS KUV ERERT 2. =
O vV IBOWIE S
T PYIDTF—)EOE () a. 7 —/\EBOBEDRD. o
- AU—TOER. 1§ (b) b. 2U— T EEHIFCI3HiREZIRT Do S
. >
OMIINDE-REHEL
3D HYEX @) a. EDEEEICT 3.
 GHBERIOFR. FE (b) b. S, FEF ISR ELER 2.
- D~ ORI FES © C.I—0DI5YTELOND ET .
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Trouble shooting of drilling work

FUILIID STV EREMHR

Broken drill

Cause (Remedy)

Remedy

. Select work material of even hardness.

+ Cutting condition not suitable (a,b,c) a. Reduce feed rate.
* Regrinding failure (d) b. Reduce cutting speed.
* Machine rigidity short (e,f) c. Perform step feed.
+ Chips clogging (a,b,c) d. Perform thinning or regrind the lip height properly.
* Work setting failure (9) e. Use a highly rigid spindle.
* Tool setting failure (h,i,j) f. Adjust backlash in the machine.
g. Firmly clamp the work.
h. Adjust the peripheral run-out of a drill after setting it to the machine.
i. Steady the drill retainer.
j- Use a guide bush.
Cracked cutting edge or chisel
+ Cutting condition not suitable (a,b) a. Reduce feed rate.
* Regrinding failure (c) b. Reduce feed at the time of biting.
* Backlashing in the machine (d) c. Properly regrind biased thinning or lip height.
* Work setting failure (e) d. Adjust run-out of spindle or backlash in the machine.
* Tool setting failure (f,g,h) e. Firmly clamp the work.
+ Use of a drill not suitable. (i) f. Adjust the peripheral run-out of a drill after setting it to the machine.
g. Steady the drill retainer.
h. Use a guide bush.
i. Reduce a groove length of the drill to increase rigidity.
Drill abrasion
+ Cutting condition not suitable (a,b) a. Lower the cutting speed.
+ Cutting fluid level low (c) b. Perform step feed.
+ Cutting fluid not suitable (d,e) c. Increase cutting fluid discharge rate.
+ Chips discharge failure (a,b,f) d. Use extreme-pressure additives.
* Work material hardness uneven (9) e. Correct the oiling direction.
* Drill not suitable (h) f. Regrind and obtain a proper thinning and relieving angle.
9
h

. Change the drill material (to the one with higher abrasion resistance and heat resistance.)

Hole accuracy (hole enlargement, bend or falling)

+ Backlash in the machine or spindle run-out (a) a. Adjust the machine and increase rigidity of the machine.

* Excessive feed (b) b. Adjust the feed.

* Biting failure (f,9) c. Preprocess with a starting drill.

* Drill run-out (d,e) d. Use a guide bush.

+ Tooth edge accuracy failure (f,9) e. Correct drill setting.

* Insufficient drill rigidity (h) f. Regrind to get proper lip height and chisel centering.
g. Perform thinning properly.
h. Use a short and rigid drill.

Breakage in the shank
+ A flaw on the taper of a taper shank (a) a. Eliminate the flaw on the taper.
+ Abrasion or flaw in the sleeve (b) b. Regrind the sleeve or replace it.

IV Insufficient surface roughness of drilled hole

* Excessive feed
+ Cutting fluid level low or improper
* Work loading failure

(a)
(b)
(c)

[V

. Adjust the feed.
b. Change oil feeding direction, method or type of cutting fluid.
c. Retighten the work clamp.
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?_t:llndard tolerance grades ang limit deyiati_ons for holes
INDRESFBATICTEFEIE

JIS B 0401-2:1998 [C&L D

o T'Q FG & UH ‘: jﬁj_ 5 7]'5%5?'1'?}% Limit deviations for FG holes and H holes
LOTEHFEE=ES TOIEHSE=EI

A~G
H
+ | ES JS N
E’i ES ek S K e
IE[ EI ESI
EI
M~ZC
R (PIRIRE)
1 ERUTONETFSE
B H
(mm) 1 \ 2 \ 3 \ 4 \ 5 \ 6 7 \ 8 \ 9 \ 10 \ 11 \ 12 \ 13
- AR E
w8z | LT
MLm mm

_ 3 +0.8 + 1.2 + 2 + 3 + 4 + 6 +10 +14 + 25 + 40 + 60 +0.1 +0.14

0 0 0 0 0 0 0 0 0 0 0 0 0
3 6 +1 + 1.5 + 25 + 4 + 5 + 8 +12 +18 + 30 + 48 + 75 +0.12 +0.18

0 0 0 0 0 0 0 0 0 0 0 0 0
6 10 +1 + 15 + 25 + 4 + 6 + 9 +15 +22 + 36 + 58 + 90 +0.15 +0.22

0 0 0 0 0 0 0 0 0 0 0 0 0
10 18 +1.2 + 2 + 3 + 5 + 8 +11 +18 +27 + 43 + 70 +110 +0.18 +0.27

0 0 0 0 0 0 0 0 0 0 0 0 0
18 30 +1.5 + 25 + 4 + 6 + 9 +13 +21 +33 + 52 + 84 +130 +0.21 +0.33

0 0 0 0 0 0 0 0 0 0 0 0 0
30 50 +1.5 + 25 + 4 + 7 + 11 +16 +25 +39 + 62 +100 +160 +0.25 +0.39

0 0 0 0 0 0 0 0 0 0 0 0 0
50 80 +2 + 3 + 5 + 8 +13 +19 + 30 + 46 + 74 +120 +190 +0.3 +0.46

0 0 0 0 0 0 0 0 0 0 0 0 0
80 120 +25 + 4 + 6 +10 +15 +22 +35 +54 + 87 +140 +220 +0.35 +0.54

0 0 0 0 0 0 0 0 0 0 0 0 0

Limit deviations for JS holes

EDOEHFEE=ES TOWEFEE= El

BAET% 22
() 1 | 2| 3] 4| s8] 6] 7| 8] 9 [10] 11 ]12]13
_ EsreE
ZBX | FT ==
Mm mm
— 3 +0.4 +0.6 *1 + 1.5 * 2 + 3 5 7 +125 + 20 + 30 +0.05 +0.07
3 6 +05 +0.75 £125 | £ 2 + 25 + 4 + 6 +9 +15 + 24 + 375 +0.06 +0.09
6 10 +05 +0.75 £1.25 *+ 2 + 3 + 45 + 75 +11 +18 + 29 + 45 +0.075 +0.11
g
10 18 +0.6 *1 1.5 + 25 + 4 + 55 +9 +13.5 +21.5 + 36 + 55 +0.09 +0.135 =
=]
=
18 30 +0.75 +1.25 +2 + 3 + 45 + 6.5 +10.5 +16.5 +26 + 42 + 65 +0.105 +0.165 §
3
30 50 +0.75 *+1.25 *2 + 35 + 55 + 8 *+125 +19.5 +31 + 50 + 80 +0.125 +0.195
=
2
50 80 *1 *+1.5 *+25 + 4 + 6.5 + 95 *+15 +23 +37 + 60 + 95 +0.15 +0.23 o
3
=
80 120 *+1.25 *2 *3 +* 5 + 75 *+11 *+175 +27 +43.5 + 70 +110 +0.175 +0.27 8
g
31 AUTEHEEOMEORELERIBIBIC, K 1" OLSICHEEEALTHS. &

TN ES=+x RUOE=—x. FIZIE. T 383 umD &S ICHRIRT 2.
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Dimension standard for screw threads
. ¥,
12 U DT ERE

JISB0O123:1999 [C&LD

O 13 l/ 0) §§ l/ 7:7 Designation system for screw threads
@ RUDEFHZERIESNURUDOHUT DR LA DHE

X5 RUDESE RUDEEZERIT LS RUDFUDRLADE

EwFEmMMT A—RILAEERU M M8

*x=9hU XA—RUHERU M8X 1
=ZFa7RU S S0.5
A—=NLERRU Tr Triox2

EwFE T ERT—/RU EaACLelY R R %

KINL F—J 1l Rc Rc %

F1HR0 Rp Rp %

BRTITRL G G %
A=TJ74MBRU UNC %—1B6UNC
d=J7/fiIBRU UNF No.8—36UNF

=
=
&
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Dimension standard for screw threads

RU DT ERE

O 1= 7 7 ’fjﬁ E 73. l/ 0) g&#iﬁ Basic dimensions for unified coarse screw threads

JIS B 0206:1973 [c& D

A=TJ714 R UDOE#E R

=
el
SN B
30°7/30°
e % 60° N ;
S SIS
7, Brs £ S
P <
BEAT C mm
UL EvF UohHbd Hial
ST (2[:5_;@) P B BORD BWE D W& D
< (%) Hi BRL
n
NZd BHWE d> BOR
No. 1-64 UNC 64 0.3969 0.215 1.854 1.598 1.425
No. 2-56 UNC 56 0.4536 0.246 2.184 1.890 1.694
No. 3-48 UNC 48 0.5292 0.286 2515 2172 1.941
No. 4-40 UNC 40 0.6350 0.344 2.845 2.433 2.156
No. 5-40 UNC 40 0.6350 0.344 3.175 2.764 2.487
No. 6-32 UNC 32 0.7938 0.430 3.505 2.990 2647
No. 8-32 UNC 32 0.7938 0.430 4.166 3.650 3.307
No. 10-24 UNC 24 1.0583 0.573 4.826 4138 3.680
No. 12-24 UNC 24 1.0583 0.573 5.486 4.798 4.341
1%4-20 UNC 20 1.2700 0.687 6.350 5.524 4.976
%e-18 UNC 18 1.4111 0.764 7.938 7.021 6.411
%-16 UNC 16 1.5875 0.859 9.525 8.494 7.805
76-14 UNC 14 1.8143 0.982 11.112 9.934 9.149
%-13 UNC 13 1.9538 1.058 12.700 11.430 10.584
%6-12 UNC 12 21167 1.146 14.288 12.913 11.996
%-11 UNC 11 2.3091 1.250 15.875 14.376 13.376
%-10 UNC 10 2.5400 1.375 19.050 17.399 16.229
%- 9 UNC 9 2.8222 1.528 22225 20.391 19.169
1 - 8UNC 8 3.1750 1.719 25.400 23.338 21.963
1%- 7 UNC 7 3.6286 1.964 28.575 26.218 24.648
1%- 7 UNC 7 3.6286 1.964 31.750 29.393 27.823
1%- 6 UNC 6 42333 2.291 34.925 32.174 30.343
1%- 6 UNC 6 42333 2.291 38.100 35.349 33.518
1%- 5 UNC 5 5.0800 2.750 44.450 41.151 38.951 .
2 -4% UNC 4% 5.6444 3.055 50.800 47.135 44689 §
2Y-4%, UNC 4% 5.6444 3.055 57.150 53.485 51.039 =
2V- 4 UNC 4 6.3500 3.437 63.500 59.375 56.627 &
2%- 4 UNC 4 6.3500 3.437 69.850 65.725 62.977 >
3 - 4UNC 4 6.3500 3.437 76.200 72.075 69.327 =
3%- 4 UNC 4 6.3500 3.437 82.550 78.425 75.677 a
[x]
3%- 4 UNC 4 6.3500 3.437 88.900 84.775 82.027 =
[\
3% 4 UNC 4 6.3500 3.437 95.250 91.125 88.377 =
4 - 4UNC 4 6.3500 3.437 101.600 97.475 94.727
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Dimension standard for screw threads

RUDTERE

O 1= 7 4 ’f ﬁ'tﬂi E 13 l/ 0) E '—E Tl'if Basic dimensions for unified fine screw threads

JIS B 0206:1973 [C& D

AZT7A R UCOEEILR
oo
e
T
T

Q

e of 1

S Q X

juic] IS

>
<
BT D mm
RULLE EvF U>hhbd HRU
= DR (R =
2 LY (2(?341_[“) P (=13 a0%ED BE D2 A1E D1
< (B%) Hi BhL
n

NEd BWRE a2 BORE
No. 0-80 UNF 80 0.3175 0.172 1.524 1.318 1.181
No. 1-72 UNF 72 0.3528 0.191 1.854 1.626 1.473
No. 2-64 UNF 64 0.3969 0.215 2.184 1.928 1.755
No. 3-56 UNF 56 0.4536 0.246 2.515 2.220 2.024
No. 4-48 UNF 48 0.5292 0.286 2.845 2.502 2.271
No. 5-44 UNF 44 0.5773 0.312 3.175 2.799 2.550
No. 6-40 UNF 40 0.6350 0.344 3.505 3.094 2.817
No. 8-36 UNF 36 0.7056 0.382 4.166 3.708 3.401
No. 10-32 UNF 32 0.7938 0.430 4.826 4.310 3.967
No. 12-18 UNF 28 0.9071 0.491 5.486 4.897 4.503
14-28 UNF 28 0.9071 0.491 6.350 5.761 5.367
%6-24 UNF 24 1.0583 0.573 7.938 7.249 6.792
3%-24 UNF 24 1.0583 0.573 9.525 8.837 8.379
76-20 UNF 20 1.2700 0.687 11.112 10.287 9.738
-20 UNF 20 1.2700 0.687 12.700 11.874 11.326
%6-18 UNF 18 1.4111 0.764 14.288 13.371 12.761
%-18 UNF 18 1.4111 0.764 15.875 14.958 14.348
%- 16 UNF 16 1.5875 0.859 19.050 18.019 17.330
7-14 UNF 14 1.8143 0.982 22.225 21.046 20.262
1-12 UNF 12 2.1167 1.146 25.400 24.026 23.109
1%-12 UNF 12 21167 1.146 28.575 27.201 26.284
1%-12 UNF 12 2.1167 1.146 31.750 30.376 29.459
13-12 UNF 12 21167 1.146 34.925 33.551 32.634
1%-12 UNF 12 21167 1.146 38.100 36.726 35.809

&
=z
=
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B

JIS B 0203:1999 [C& D

O %m 7_' - /\°13 l/ Taper Pipe Threads

3 A = & 3
OEHE LN UEETE
F— ) BRURUT—/ RLICHU CER T 2R F—)\BRLET—/ BHRLEDIFHIHBL
F—)tht
n
H=0960237P TS
I Ry
h =0.640327P S ]?
y =0.137278P ¢ |
S
RUOKER 3
. 1T rens
N Yy — BSESIaS
AVERISEEFERT .
BAQTT unit ©: mm
Al AR HERDOMNS BHRUEDERS (&Y
RUWLE| EvF (lLoEs| AH Bl BRU Rl $H1al
(=) L, | " | e | e | sor | mmrs | ems | e [ Tw
w | n | BB | g & i : RUEH | RUHH
RGO y’ BED BiRTT HBEE | BLES
e R 510} P P
IFO srov F—IU 7= HRU
S . bl HRL | FFHRL
a0k | AR | KE HERD | BEENG
D D2 D1 UEHS | &-BilF
INZRIC | BH5
[@h>T
R % | 28 |09071| 0581 | 012 | 7723| 7.142| 6561 397 113 6.2 44
R % | 28 |09071| 0581 | 012 | 9728| 9147 | 8566 397 113 6.2 44
R % | 19 |1.3368| 0.856 | 0.18 | 13.157 | 12.301 | 11.445 6.01 167 9.4 6.7
R % | 19 |1.3368| 0.856 | 0.18 | 16.662 | 15.806 | 14.950 6.35 167 9.7 7.0
R % | 14 |18143| 1162 | 025 | 20955 | 19.793 | 18.631 8.16 227 12.7 9.1
R % | 14 |18143| 1162 | 025 | 26441 | 25279 | 24.117 9.53 227 14.1 10.2
R 1 | 11 |23091| 1479 | 032 | 33249 | 31.770 | 30.201 10.39 2.89 16.2 11.6
R 1% | 11 |23091 | 1479 | 032 | 41910 | 40431 | 38952 | 1270 2.89 185 13.4
R 1% | 11 |23091 | 1479 | 032 | 47.803 | 46324 | 44845 | 1270 2.89 185 13.4
R 2 | 11 |23091 | 1479 | 032 | 59614 | 58135 | 56656 | 1588 2.89 228 16.9
R 2% | 11 |23091 | 1479 | 032 | 75184 | 73705 | 72226 | 17.46 3.46 267 18.6
R 3 | 11 |23091| 1479 | 032 | 87.884 | 86.405| 84926 | 20.64 3.46 298 211 5
R 4 | 11 |23091 | 1.479 | 032 | 113030 | 111,551 | 110072 |  25.40 3.46 3538 259 =
R 5 | 11 |23091 | 1.479 | 032 |138.430 | 136951 | 135472 | 2858 3.46 40.1 293 5
R 6 | 11 |23091 | 1479 | 032 |163.830 | 162.351 | 160.872 | 28.58 3.46 40.1 29.3

AXT ZOFVE. T—/\BRUICHTHEDT. T—/\HRUNRUTFTHRUDEBEIF. R D5ES% Rc XI&Rp &£93.
BZ 1. RQUILIFROERICEREL. EvFERDEHRICZ TS,
2. BWRUBDRE L(F. T2FRUILNISNRUEDRET. REOHILLETE. ZOREICEREEHRFICHIZOTLTEHRL.
Fle. EXFERFORKICEABRONULCH>TH. TOMHZEFMRUBOREICZDHD.

=
[1-]
=
[1-]
=
[1-]
-
[x]
@
o
O
—
0
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Dimension standard for screw threads

R U DTiERE
ANSI/ASME B1-20-1-1983 [C& D

O —ﬂQFﬁ X U 77 %m 13 l/ American Pipe Threads, general purpose(Inch)

7 AUHERRULORLEDH

3/8—18 NPT
EHT— /N LDES
114 > FD L
EOFUVH1 X

7 XU NDEARUNPTOEEE

@ LDT—/\=1/16
(1 T—=KCDEO0.751VF) 8

O UILDEE =60° (#ER) \

@ ENDILDFE H=0.866025p

@7 UILDEE h=0.800000p

B4R unit © mm

W | nun | FEUSDCEBESABES | SRUORMES | LZ7IED | ElO

TR e = . BUHHRE PO
U BEDSE o5 am\| EvF
- . flo
RPN D ( oo ) P L1 592 L2 L3 A
RE |null| B BT |nULM | Bz |[nuwg| Ke

I REE 3 4 6 7 8 9 10 14 15 24
Ve 0.3125 : 7.938 27 0.94082 | 4.064 4.32 7142 | 6.632 7.05 2.822 3 6.137
Ve 0.405 : 10.287 27 0.94082 | 4.102 4.36 9489 | 6.703 712 2.822 3 8.481
Va 0.540 l 13.716 18 1.41122| 5.786 410 12.487 | 10.206 7.23 4.234 3 10.996
Y% 0.675 ' 17.145 18 1.41122| 6.096 4.32 15.926 | 10.358 7.34 4.234 3 14.417
Vo 0.840 : 21.336 14 1.81432| 8.128 4.48 19.772 | 13.556 7.47 5.443 3 17.813
Y4 1.050 3 26.670 14 1.81432| 8.611 4.75 25117 | 13.861 7.64 5.443 3 23.127
1 1.315 l 33.401 11.5 |2.20878| 10.160 4.60 31.461 | 17.343 7.85 6.627 3 29.060
1% 1.660 ' 42.164 11.5 |2.20878| 10.668 4.83 40.218 | 17.953 8.13 6.627 3 37.785
1% 1.900 : 48.260 11.5 |2.20878| 10.668 4.83 46.278 | 18.377 8.32 6.627 3 43.853
2 2375 ' 60.325 11.5 |2.20878| 11.074 5.01 58.325 | 19.215 8.70 6.627 3 55.867
25 2.875 1 73.025 8 3.17500 | 17.323 5.46 70.159 | 28.893 9.10 | 6.350 2 66.535
3 3.500 l 88.900 8 3.17500 | 19.456 6.13 86.068 | 30.480 9.60 6.350 2 82.311
3% 4.000 :101.600 8 3.17500 | 20.853 6.57 98.776 | 31.750 | 10.00 | 6.350 2 94.933
4 4.500 : 114.300 8 3.17500 | 21.438 6.75 | 111.433 | 33.020 | 10.40 6.350 2 107.554
5 5.563 i 141.300 8 3.17500 | 23.800 750 | 138.412 [ 35.720 | 11.25 6.350 2 134.384
6 6.625 1168.275 8 3.17500 | 24.333 7.66 | 165.252 [ 38.418 | 12.10 6.530 2 161.191
8 8.625 l 219.075 8 3.17500 | 27.000 8.50 | 215.901 [ 43.498 | 13.70 6.530 2 211.673
10 10.750 1273.050 8 3.17500 | 30.734 0.68 | 269.772 [ 48.895 | 15.40 | 6.350 2 265.311
12 12.750 : 323.850 8 3.17500 | 34.544 | 10.88 | 320.492 | 53.975 | 17.00 6.350 2 315.793
14 OD 14.000 i 355.600 8 3.17500 | 39.675 | 12,50 | 352.365 | 57.150 | 18.00 | 6.350 2 347.345
16 OD 16.000 '406.400 8 3.17500 | 46.025 | 14.50 | 403.244 [ 62.230 | 19.60 | 6.350 2 397.828
18 OD 18.000 l 457.200 8 3.17500 [ 50.800 | 16.00 | 454.025 | 67.310 | 21.20 6.350 2 448.310
= 20 OD 20.000 :508.000 8 3.17500 | 53.975 | 17.00 | 504.706 | 72.390 | 22.80 | 6.350 2 498.793
g 24 OD 24.000 1 609.600 8 3.17500 [ 60.325 | 19.00 | 606.068 | 82.550 | 26.00 | 6.350 2 599.758

1 FEUAIFRICED.
3/8NPT&%2WLE0.675NPT
T SARBOTURIVTE
GE)EXIS5DA—NVIRE(E, EvTF PIFINEIS (i1, Z DAthld/ E AU TEIE A A
EXICIIEDESH 1~245HD. LROEFH(CHEEMNR. L2— L1, L4 Ls,
RUWEE he IUBTEDbDBEREMHRENTWNS,
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Table of corresponding Tool Steels brands

TRHADT S FiiER

O SEERRAH

Steels for cold molding

[—REAtEAA $oRsEREE WEB U b 2017 &FETR] &0

-
(5]
[x]
=
=
[
o
=]
o
2
o

Pk JISHEY | AISIHEH Z Al US4s5% | K [ [BxsAKE| B iI WA= | U v F | R—5—
G Gty || CorEEeiE SR M B | EHEe W X B EE® RILLEG
Aichi Steel Sanyo Daido Steel Nippon Hitachi Metals Nachi Fujikoshi Udde Holm Bohler
Special Steel Koshuha Steel
RERTEM |sk105  |wi-10 QK3 YK3 K990
Carbon Tool Steels
SKS93 SK301 QK3M YK30 K3M YCS3
SKS3 SKS3 QKS3 GOA KS3 SGT ARNE K460
SKD1 D3 DC1 KD1 CRD SVERKERS |K100, K107
SLD K105
SKD11 D2 SKD11 QC11 DC11 KD11 SLD-i CDS11 SVERKER21|\:170
KD11MAX
SKD11 @) KD11S
AUD15 QCM7 SLD8
8% Cr % AUD11 QCM8 DC53 KD21 alD10 MDS9 SLEIPNER |K340
Py
= VFUWQZ% CALDIE
S48 SXACE DCMX NOGA ARK1 UNIMAX | W360
ﬁ % Matrix type die steel
2
T % sKD12 A2 DC12 KD12 RIGOR K305
o
g2 |Tun—rv
== 40HRC GO40F KAPB5 HPM-MAGIC IMPAX HH
Pre-hardened steel
. W b
é&%ﬁpﬂd SX105V |QF3 GO5 KRCX HMD5 FERMO
steels
N=DgelPaN
1%&11?2?3& GO4 KSM ACD37
air-cooled steels
mﬁpf;igtf%ﬁ?tant QF 1 GSS KTV5 YSM
steels
CALMAX
ELMAX K390
;Z?j‘ﬁ SLD-MAGIC|ICS22 VANCRONA40 |K490
VANADIS4E |K890
VANADIS10
SKH51 M2 QH51 MH51 H51 YXM1 SKH9 S600
SKH51% SKHSD
= ¢ |skHE5®% HM35 YXM4 :'\sﬂggm S705
E o
©
B SKH57% MV10 XVC5 HS3I3R S700
I 3 B DURO-SP
1=
i 2 DURO-FZ
DRM1 DURO-F1
MSLZZES QHz pRv2  [KMXL (KBS buRoF3
Matrix type DRM3 KMX3 YXR33 DURO-F7
MH85 DURO-V2
DURO-V5
w3 4 [SKHAO SPM30 DEX40 HAP40 FAX38 VANADIS30 |S590
(5}
*x o
= 8 |¥hUvsRFR DEX-M1
l% § Matrix type DEX_M3 HAPSR
Jfg v SPM23
T8 SPMB0 HAP1O  |FAX31 S290
s |zoft SPMRS DEX20 HAP50 FAX40 VANADIS23 |S390
Bt otes SPMVG DEX60 HAP72 FAX55 VANADIS60 |S690
£ FAXG2 S790
i 5 SPMX4N

ejeq aIualayay
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Table of corresponding Tool Steels brands

TRHDT S FiiasR

[—HRtEEEN 4STRSEEREE WEB Y+ ~ 2017 F£XEThR] &b
O HMEERAEM steels forhot molding ( ) (IEAEHRE

WaE:] JISTEY |AISIFESE | 2 %1 | LU | K B BAsRK H iI BF—#&| = & |Y v F | K—>—
o | conesponang | coressenans | US| B 98 () | WSTRENR W ¥ 05| SEM BEE | TLLE
Aichi Steel Sanyo Daido Steel Nippon Hitachi Metals Nachi Fujikoshi Mitsubishi Udde Holm Bohler
Special Steel Koshuha Steel Steel
SKD4 DH4 KD4
SKkD5  [H21 DH5 KD5
W300
SKD6  [H11 DHB KD6 VDAR |30
skD61  [H13 SKD61 |QD61 i KDA DAC ORVAR-2M |W302
apAs1  |DHA2 DAC-S
SKD61 AuDs1  |9DN DHA- KDA1. |BAC3 ORVAR-S |\303
D ADBSoA |QDX- WoRLD |KDA1S IDACIO DIEVAR |30
HARMOTEX| JORD. - TkbAMAX  [DACES FORMVAR
QDNT-R | Dot Ex DAC-MAGIC
SKD61
2 DH2F KAP9OF |FDAC
o 0
f'%g skpe2 [H12 QDe2  |pHe2  |KDB
(2]
%E skp7  |H10 DH72  |KDH1 w320
=3
i =< DH32
S AUD72  |QDH DH71 DACA0  |hro.N
&) e YEM-K
skpg  |H19 DH41 KDF
SKD8
) DH42  |KDF4 MDC-K
skT4  |Le SKT4A SXQ‘%TEX GFA KTV DM ALVAR14 |W500
SKT4
o QDT GF78 TD3
AUD91
LA AUDO DH76 HD22B
Z0ft aFs DHA- BURE
Others Thermo BALDER
RRE IRUYHR DRM1 DURO-FZ
=9 W )
n%.l:{_‘ 315 QHZ DAvia  |KkMxa YXR33  |DUROES W360
gh-spee!
Tool Steels

=
Z
=
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[—REAtEAA $oRsEREE WEB U b 2017 &FETR] &0

T3AFy &AM steels for plastic molds ( ) I3HEHKS

%8 | BB | JISHES [AISIESE | 2 A JFE W% | K B BEAERR B I | BF=#8 |9 v T | h—>5—
coun | (HRC) [Cotesponans | coressorans | myg) | RF—J | W 4 ) | FKEN |9 E 6 K UL
Group Aichi Steel JFE Steel Sanyo Daido Steel Nippon Hitachi Metals Nachi Fujikoshi Udde Holm Bohler
Special Steel Koshuha Steel
KPM1
13 |scx  [1085 JFE-MD1 |PC55 KoM AX
JFE-MD3
28 |scmz  [4140 DS PDS3
M200
SCM  [pog pcM30  |PXO KPM30  |HPM7 M201
&) PXA30 M238
33 lsusx [s420% D oTAR  |BHX HPM3g  [FROV90 |sTavax |M393
7. f’lggﬁ G-STAR HPM77 RoyAlloy |M315
3
2
N2 | 35 |susg |s17400 QSH6  |NAK101 |UB30  |PSL CORRAX |N700
g SCM
5| % @ P20 JHX IMPAXHH
' SUS% EDRO400 |M303HH
%E'foDe] H13 DH2F  |KAPQOF |FDAC
P21 PCM40S |NAK8O |KAP88 |HPM-PRO M461
40
P21 (teHl) PCM40 |NAKS5 |KAPB5  |HPM1 M261
L CENAT
P21 (fils5) CENA-V
HPM-MAGIC NIMAX
RIGOR
acms K105
60 %EE)DH D2 AUD11 SPMR8 |PD613  |NOGA ;'EI'S"?A] E'A'EB:\'EER K110
) #x) : K340
5 ¢ CALMAX
Ao
nE M340
i & U QPD5 440C M390
B S| 57 oo [s44004 SPC5  |SUS440C |SUS440C |SUS440C |PROVA500 [ELMAX  |NES5
Rk (=) (#FR) N690
L e NB95
ek S-STAR HPM38 STAVAX
52 |So5®  |sazoxm D-STAR  |GHX HPM3gs |FROVA00 [PoLMAX [M310
G-STAR HPM77 MIRRAX
o TILI— V720
BE| o |Soom QM300 |MASIC |KMS YAG EXEQO-M21 vaee
g | Ut
ML 5 | ermoe | 2oy CORRAX g
iE 5 Others <
I 3.
ML 40 [semres NMS1  |HPM75 g
Q
&

=
@
=
[}
=
@
=
(=
@
o
Q0
—
Y
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Table of corresponding Tool Steels brands

TRHDT S FiiasR

[—REAEEGEA FFERSIERER WEB U1 b 2017 &iEThR] &b

O %EE‘EIE&H High-speed Tool Steels
o4 JISHEXY AlS| 8 LLIBR 4% AX @B | BAEREK H i (3 14 Yy 5 R—S—
Corresponding Corresponding 9 e | ¥ ® EE® VNG
Sanyo Daido Steel Nippon Hitachi Metals Nachi Fujikoshi Udde Holm Bohler
Special Steel Koshuha Steel
5 SKH2 T1 He YHX2 SKH2 $200
Y/
>
% S [skH3 T4 H3 SKH3 $305
y§:
7_'§’ SKH4 TS Ha SKH4
>
* SKH10 T15 HV5
S600
SKH51 M2 QH51 MH51 H51 YXM1 SKH9 S614
S401
SKH52 M3-1 H52 HM31
SKH53 M3-2 HV1 S607
£ SKH54 M4 HV2 HM4
J] SKH55 HM35 YXM4 HM35 S705
(0]
P § |SKHS6 M36 HM36 HM36
>
S |[skH57 HV10 XVC5 HS93R S$700
b
% SKH58 M7 HM3 HM7ZNN S400
SKH59 M42 HM42 YXM42 HM42 S500
HS53M
HS97R
HM T
ZDits YXM27
Others S70 YXM60 :mg.lse
SKHOD
DURO-SP
i DURO-FZ
DRM1 DURO-F1
P} KMX 1 YXR3
wE |[RhUYORR QHZ DRM2 KMX2 YXR33 DURQ-F3 W360
&5 [P DRM3 KMIX3 VXR> DURO-F7
2= MH85 DURO-V2
N DURO-V5
SKH40 SPM30 DEX40 HAP40 FAX38 VANADIS30 [S590
g
% =
* 8 ggmgg DEX20 HAP10 FAX31 $290
% ¢ |zof oPMRS DEXB0 HAP50 FAX40 VANADIS23 |S390
9 [others DEX-M1 HAP72 FAX55 VANADIS60 |S690
SPMV6
aPMXAN DEX-M3 HAP5R FAXG2 $790
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Surface roughness

REHESE

O iﬁ*ﬂ é Surface roughness

=
<
°
@

i
Symbol

K7

Method of determination

Kb DAY ()

Example (diagram) of method of determination

CHEEG S
Calculated average roughness

Ra

HEHIRD SZDFIROSMICEBERES LI ZREIWD . COREEWOE
B OFIGROTFEIC X% fHEROITE(CY#HZRD . S HRZy =f(x)
TRUEZICRDRICKOTROSNBEZ YA IOX—K)L (Um) TX
LlcbDZW S,

From the direction of the average line of the roughness curve of a sampled standard length, plot the direction of
the average line of the sampled section on the X axis and the direction of the vertical magnification on the Y

axis, and express the roughness curve using the equation y=f(x). The roughness value is then expressed in
micrometers ( x m) as the value determined from the following expression.

Ra=£iﬁ|f(x)| dx

Ral]

IR
Maximum height

Rz

HEHRD S Z DTHROBOICEERS T ZHREMD . CDIREWMOER

S OIEREBERE OERZESHROMEROITEISAEL. ZDfE

ZXA0X—kL (um) TRLUIEBDZEWLS,

{HE RzZRDHDBEICE EFEHEENDRSFAF TN TR
BLUEVEDEVE DS BERSEIFRERS

From the direction of the average line of the roughness curve of a sampled standard length, measure the

interval between the peak and valley lines of the sampled section in the direction of the vertical magnification of

the roughness curve, and express the roughness as this value in micrometers (xm).

Note: When determining Rz, sample only the standard length where there are no parallel peaks or valleys
which could be considered scratches.

Rz=Rp+Rv

s+

B

LSS

10-point average roughness

Rzuis

HEHHRN S Z DFHROA[ICEBERSIE(IZIREMD ., COHREDE
DOFHRDSHHERDOHEICAEL. RBEWVILIENS5EBEFTOIL
IROIES (Yp) DIEMEDFHEL . RHEVSENSEEEZTTORED
Fm (YY) DIETHED FIBE DFZRED . CDEZEY A IO0X—~)L (um)
TRUIEBDZEWLD,

From the direction of the average line of the roughness curve of a sampled standard length, determine the sum
of the average of the absolute values of the 5 highest peak points (Yp) and the average of the absolute values
of the 5 lowest valley points (Yv) in the sampled section, and express this value in micrometers (xm).

_ (Ypi+Yp2+Yps+Yps+Yps)+(Yvi+ Yvz+ Yvs+ Yva+ Yos)
n 5

Rzjis

vp_|
Yp2|

Yp1,Yp2, Yp3,Yp4,Yps - %I;;ﬁé £ [CXT DIRIMOBHD. FHF/L

LTED 55&B F TOILTEDIRES
The peak points from the highest to the 5th highest in
the sampled section of the standard length (£)

Yvi, Yvz, Yv3, Yva, Yvs - BERT £ [CHT BIREXDEBHD. RBHEL

AENS5HEBF TOREDIRS
The valley points from the lowest to the 5th lowest in
the sampled section of the standard length (£)

O EWMFEHYHEE (Ra) EHXRNDRENDER (8257—4%)

Relationship between calculated average roughness (Ra) and conventional labels (Reference data)

-
(5]
[x]
=
=
[
o
=]
o
2
o

Hifi 9T Ra RAS<E Rz TRY¥HEE Rzus .
Calculated average roughness Maximum height 10-point average roughness Rz - RZJIS@EZEE_L\— @-Eg;o){ii(j-ga,‘:'?
] HykATHE Ac (m) AT Standard lengh fr 2. and RZIS | Conventional finish label
Examples of standard values Cutoff value Examples of standard values
0.012a 0.08 0.05s 0.05z
0.08
0.025a 0.05 0.10s 0.10z
0.050a ' 0.20s 0.20z 08 VVVV
0.100a 0.40s 0.40z '
0.200a 0.80s 0.80z
0.400a 08 1.60s 1.60z
0.800a ' 3.20s 3.20z 0.8 \VAVAVA
1.600a 6.30s 6.30z
3.200a 12.50s 12.50z
25 VvV
6.300a 25,00s 25,00z 25
12.500a 50,00s 50,00z 7
25.000a 8 100,00s 100,00z 8
50.000a 200,00s 200,00z
100.000a - 400,00s 400,00z -

RS SE?‘@E@*EEEEJ%I& 1§EJ:(DE§{¥¢7@:’E LJTCEOJZE&%'I&';@ DEHE Ao Since the correlation between the 3 types are expressed as relations to the symbols, they are not precise.
%Ra ! Rz.RzusDFHfiR S [FHY b A TE. BERSEZNENSEBLIETT,

The evaluation lengths for Ra:Rz, RZJIS are 5 times the cutoff values and the standard lengths for each method.

ejeq aIualayay
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Machinability indices

HRHITE R EY

I - JSES |WHIMEEN I - JS&ES  |AIHEN
Type of steel JIS grade Machinability Type of steel JIS grade Machinability
indices indices
SUM21 100 SUsS403 45
P 8 SUM1B 113 SUS410 45
Free-cutting sulfur Steels SUM32 82 RILTFUYA bR SuUsS416 81
ATV DR
SUM5 73 Martensite Stainless Steels SUS420J1 45
SNCM431 58 SUS420F 70
SNCMB25 55 SUS431 55
—walboaol SNCMB630 50 _ SUs405 55
EUITVHE TIS5A bR
Nickel-chrome-molybdenum Steels SNCM439 65 ATV LR SUS430 48
SNCM220 67 Ferrite Stainless Steels SUS430F 90
SNCM815 55 sSUs302 35
S10C 73 SUS303 60
S16C 73 SUS304 45
FT—RATF4 bFk
T— S20C 73 AT VLA SUS316 45
S o S30C 70 | Austente Stainiess Steels SUS317 45
structures
S35C 70 SUS321 45
S45C 73 sSusi347 45
S60C 70 FC100 55
SCrl 73 FC150 85
AulN i
i SCr430 58 RFIHEE FC200 86
SCr435 73 Gray Cast Iron FC250 65
N . SMn433 61 FC300 65
BEe<Y VM
Manganese Steels for machine SMn438 B1 FC350 65
structures
SMn443 58 | FyUER (Ti-6AI-4V) 50
sSCM432 73 Titanium Alloy
SOLEYTF S SCM430 70 | A>3%IL X (7ONi-7Fe-15Cr) -
Chrome-molybdenum Steels SCM440 687 Inconel
SCMA42 T 49 AT 54 b 21 steliite 21 5
(Co—-3Ni-27Cr-5.5Mo)
SK1 42
AT 51 b 31 steliite 31 5
KETEW S8 42 | (Co-10Ni-25Cr-5.5Mo)
Carbon Tool Steels SK6 49 . — - — —
(EE] wWEIERISHEIEDBER TS DD T,
SK7 51 BOFRHICEDEIELET,
P SKD1 1 B0 | e o,
Alloy Tool Steels SKDB 1 48




Hardness conversion table

EE AR

té‘y 77 —X EE é ‘:-).(T.I' '3' 5 ﬁﬂ»‘l E"J ?ﬁ %1@ Approximate conversion value for Vickers hardness

e | FURUES £ | JURUES

T | Jomy. Ov oY T)UES 4 [ |_Jomg- Ov o9 T UiES v

# | HE3000kef 3| sBEE#E| | J3 |HE3000 kef 3| spREE
3 Ui [529] Azr=n [ Bo— | c2r- [ D27l | g | GEBUE) | | I o (595 Azg— [ B2 [ G2l [ D27 | 5 | CEIAE)
& | o |7 |FE60Ket \HE100Kef E150kef E100kef| v | MPa & | o |37 |BESOkef \HEI00Kef | BE150kef BEIOOKef| v | MPa
M| % | A-iC YR B16wm | S(VEVKRE| SVEANR| < |(kefime)| | BB e\ h—it|SYEANE| B1Sm | SOVEVKER | S4YEANE| © | (kef/me)
S | g |18 EF|(/l6h® EF | EF HS <l 1B EF |((0160% EF | EF |HS

HV HB| HRA | HRB | HRC | HRD HV HB| HRA | HRB | HRC | HRD

1900 -]9e81] - |805 - 420397397 71.8 427 | 57.5 [57[1370(140)
1800 - | - | 926 | - | 792 | - |-| - 410 (388|388 | 71.4 418 | 56.6 | - |1330(136)
1700 - | - | 919 | - | 779 | - |-| - 400(379(379| 708 | - | 40.8 | 56.0 |55|1290(131)
1600 - | - | 913 | - | 768 - 390|369(369| 70.3 | - | 398 | 55.2 | - |1240(127)
1500 -|e05| - | 73| - |-| - 380|360 | 360 | 69.8 |(110.0)| 38.8 | 54.4 |52|1205(129)
1450 - |01 | - | 748 - 370|350(350 | 69.2 | - | 37.7 | 53.6 | - |1170(120)
1400 - | - | 896 | - | 740 | - |-| - 360 | 341|341 | 68.7 |(119.0)| 366 | 52.8 |50|1130(115)
1350 - | - | 891 | - | 784 | - |-| - 350|331(331| 68.1 | - | 355 | 51.9 | - |1085(112)
1300 -|87| - | 727 - 340|322 | 322 | 67.6 |(108.0)| 344 | 51.1 |47/1070(109)
1250, - | - | 883 | - | 721 | - |-| - 330 /313|313 670 | - | 33.3 | 50.2 | - |1035(105)
1200 -| 879 | - | 715 - 320|303 | 303 | 66.4 |(107.0)| 322 | 49.4 |45|1005(103)
150, - | - | 875 | - | 709 | - |-| - 310|294(294 | 65.8 | - | 31.0 | 484 | - | 980(100)
1100 - | - | 8721 | - | 703 | - |-| - 300|284 | 284 | 65.2 |(1055)| 29.8 | 47.5 |42| 950( 97)
1050 -| 866 | - | 696 - 295 /280|280 | 64.8 | - | 29.2 | 47.1 | - | 935( %)
1000 - | - |862| - |689| - |-| - 290|275 | 275 | 64.5 |(1045)| 285 | 465 |41| 915( 94)
940 -| 856 | - |680| 769 |97 - 285|270(270| 642 | - | 278 | 46.0 | - | 905( %)
90 - | - | 83| - |675| 765 |9 - 280 | 265 | 265 | 63.8 |(1035)| 27.1 | 45.3 |40 80( 91)
90 - | - | 80| - |670| 761 |95 - 275|261 |261| 635 | - | 264 | 44.9 | - | 875( 89)
880| - |(767)| 84.7 | - | 664 | 757 (93| - 270 | 256 | 256 | 63.1 |(102.0)| 25.6 | 44.3 |38| 855( 87)
860| - |(757)| 844 | - | 659 | 7563 (92| - 265|262 | 252 | 62.7 | - | 24.8 | 437 | - | 840( 86)
840| - |(145)| 84.1 | - | 653 | 748 |91| - 260 | 247 | 247 | 62.4 |(101.0)| 24.0 | 43.1 |37| 825( 84)
820| - (73| 838 | - | 64.7 | 743 (90| - 255|243 |243| 620 | - | 23.1 | 422 | - | 805( 82)
800| - |(729)| 834 | - | 640 | 738 |88 - 250|238 | 238 | 61.6 | 995 | 22.2 | 41.7 |36 795( 81)
780/ - |(710| 830 | - | 633 | 733 87| - 245|233|233| 61.2 | - | 21.3 | 41.1 | - | 780( 79)
760| - |(6%)| 826 | - | 625 | 726 86| - 240|228 | 228 | 60.7 | 98.1 | 20.3 | 40.3 |34/ 765( 78)
740/ - |(684)| 822 | - | 61.8 | 721 (84| - 230|219 |219| - | 96.7 |(18.0) 33| 730( 75)
7200 - |(670| 81.8 | - | 610 | 715 |83 - 220|209(209| - | 950 |(157)| - |32]695(71)
700/ - |(656)| 81.3 | - | 60.1 | 70.8 |81 - 210/200({200| - | 934 |(134)| - |30 670( 68)
60| - |®47| 811 | - | 597 | 705 |-| - 200/190(190| - | 915 [(11.0) 29| 635( 65)
B80| - |(638)| 80.8 | - | 59.2 | 70.1 [80| - 190(181|181| - | 895 |( 85)| - |28|605(62)
670 30| 806 | - | 588|698 |-| - 18011711171 - | 87.1 |( 6.0) 26| 580( 59)
660/ - |620| 80.3 | - | 583 | 694 |79| - 170(162|162| - | 850 |( 3.0)| - |25| 545( 56)
B50| - |611| 800 | - |578 |690 | -| - 160(152|152| - | 81.7 |( 0.0)| - |24|515(593)
640 601| 798 | - | 573|687 (77| - 150143 143| - | 787 | - 22| 490( 50)
B30| - |591| 795 | - | 568 | 683 |-| - 140(133|183| - | 750 | - - |a1] 4s5( 49)
620 582| 792 | - | 563 | 67.9 |75| - 130 | 124 | 124 712 - |20|425 (49
610| - |573| 786 | - | 557 | 675 |-| - 120 (114|114 66.7 390 ( 40)
B00| - |564| 789 | - | 552 | 67.0 |74| - 110 | 105 | 105 62.3

590 54| 784 | - | 547 | 66.7 |- |2055(210)( |100| 95| 95 56.2

B80| - |545| 780 | - | 54.1 | 66.2 |72|2020(208)| [95 | 90| 90 52.0

570/ - |535| 77.8 | - | 53.6 | 658 | - |1985(209)| [90 | 86| 86 48.0

B60| - |525| 77.4 | - | 530 | 654 |71|19%0(199) [85 | 81| 81 41.0

550|(505)| 517 | 77.0 | - | 52.3 | 64.8 | - |1905(194)

540|(496)| 507 | 76.7 | - | 51.7 | 64.4 |69|1860(190)

530|(488)| 497 | 76.4 | - | 51.1 | 639 | - |1825(189)

520|(480)| 498 | 76.1 | - | 50.5 | B35 |67|1795(183)

610(473)|479| 76.7 | - | 49.8 | 629 | - |1750(179)

B00|(465)| 471 | 76.3 | - | 49.1 | 622 |66|1750(174)

490|(456)| 460 | 74.9 | - | 484 | 61.6 | - |1660(169)

480|448 | 452 | 745 | - | 47.7 | 61.3 |64(1620(165)

470441442 | 741 | - | 46.9 | 60.7 | - |1570(160)

460/ 433 |433| 736 | - | 46.1 | 60.1 |62(1530(156)

450425425 | 733 | - | 453 | 594 | - |1495(153)

440/415|415| 728 | - | 445 | 588 |59|1460(149)

4301405405 723 | - | 43.6 | 582 | - |1410(144)

-
(5]
[x]
=
=
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o
=]
o
2
o

ejeq aIualayay

CCIORIESHERI., Oy H—ABS(CHT DELEREEZRULIEED TS,

The hardness conversion table shown here shows approximate conversion values for the Vickers hardness of steel.

143



12





