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e ERTE MHR430R ¢2XR0.3%8|MHR430R $2XR0.3x8|MHR430R ¢2XR0.3X8
E#ERE  [(min) 8,000
RIEEs TE U Ee FEEs
3EVEEE  [mm/min] 1,440
1,440 720 720 500
F)HiAF  apxae(mm] 0.07x0.7 0.03%0.015 | 0.02x1 0.02x0.015 | 0.01x1
Lt Batare g DR 12643 465 1514
fIESEE & Rz : 0.62um =
FESBEE S Rz 1 0.64um MITHE i
FETE MHR430R ¢ 1XR0.05%8
B3 (min'] 8,000
— EIERE  [mm/min] 200
; TIWiAL  aplmm] ap 0.01 (279
TR 394
' OubEOHAEE
HHE O —m
——
8mm
g fFHh 0.001—
- o MITHE AbL—hE
£z = MHR430R ¢2XR0.3X8
] [E$EE  (min'] 8,000
ERE  [mm/min) 720
fi HEAF  apxaemm] 0.02x0.5
) I hL— hELEEAEE (Fa8mm) AT 1034
—— [O—=¢02mm ~A—=—i00231mm [1—0.2mm#]
et (@) IBETHEEVUENRBREHTEO TV IS, S - BN 6ICRREEENIOTETY.
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Calculation for Cutting Speed, Spindle Speed and Feed

EI4lEE (Vo) — _mxXDXn
Cutting Speed 1 ,OOD
BIEEH (n) = Vec+m+Dx 1,000

Spindle Speed

EDEE (V) = nx fzx2Z
Feed
- Vi
—AEb (fz) = —2
Feed per Tooth nxZ
BES—K
; Ve = tIRLERE (m/min) N = EEHmnY Z =FY
: Cutting Speed Spindle Speed Number of Flutes
sauare J T = 3.14 [BEE VE = EbEEmm/min)  @p = WAAOY DAL Emm)
The Circular Constant Feed Axial Depth of Cut
D = AL Mmm) fz = —3FED (mm/tooth) He = FEA[OLTDAHE(Mmm)
Diameter Feed per Tooth Radial Depth of Cut

AT Y. VHIRHESEROEGERICSH - EVHEEE-
TEOHEN 5. EEEY - F—FIED EACHETFFTERLT TS,

When maximum speed of the machine spindle less than value of recornmended milling conditions, adjust conditions by calculation as follows.

® FRIDIEEHNETEIRGROBEENIINSES[a]lZBHUET,

Rate( a) is calculated by chosen Spindle Speed(n) and Recommended Spindle Speed(n1)

; . n(min'Y -~ nl(mn") = a
st i 7y
Rate

® FEEE[alh SPEEREFROZEDRENVITIZREL, ERNTHOEDERE(VIZKDTT.
i Obtain Feed(Vf) for actual machining by dividing Recommended Feed(Vi1) from Rale(a)
VE 1T (mm/min) X a = Vf (mm/min)

LB LEEO 7 — 7V ikD

Feed for actual machining

MSE430P ¢ 1%ZERLEHHSS0CZITIT 35S

Machining S50C with MSE430F @1

Bl Exanple

tIHISER TR OFRM [E|%z%4 1 0,000min B M DiRE
Recommended milling condition Feed for Spindle Speed 10,000min’
EE% n; 25500 mint  SRSHOEESIEA 10,000 + 25,500 = 0.392(##)

; (Rate)
Sendl saeea In case Maximum Spindle Speed

; YEOEEE V440 mm/min  of the machine is 10,000min’... 440 x 0.392 = 172 mm/min
i Feed Vf

— #EDEE VFf; 172 mm/min

Feed Vi




'hJJ ﬁ'] E}?Z (VC) ;: 2Ly —( Cutting Speed (Vc)
YIHhEE G T RSILOHE - AE - Ak - BHR. #BEE. ER#H. V—U2 0. T
AR - BE. THEMEFICL>TREEDFEITH, BSBENCEFIY RIILOMELHEIM OBE TR
T1DEIICHDET .
Appropriate Cutting Speed should be decided by parameters such as tool material, diameter, length of cul, work malerial, cutting

machine, rigidity of tool holder, machining configuration, accuracy, cutting fluid, and etc.
Generally tool material and work material are main factors to determine the Cutting Speed.

&1 GIHLERRE o ; ,
Table 1. Cutting Speed A4 ENEEE (m/min] Cutting Speed(m/min)
ol HBEE Carbide BEI-7 1 2 J 8 Coated Cartide
%FE$M (S50C F) - -~
Carbon Steels 20~40 A0=80
54238 (SCM, SKD &) 20~35 35~60
Alloy Steels
SAEE(NAK, HPM %) " ~
Prehardened Steels 15~30 30~50
A7 LA (SUS304 %) 5~20 10~30
Stainless Steels
B AN
(SKD61, STAVAX & 45~60HRC) - 20~40
Hardened Steels

E _E%” (fZ) IC2WT Feed per Tooth (fz)
EDEEFINTHAEREER HETCHELZEROUEDTHD ., TOEDEERATED ED—H
EDEFIY RIILONE - R, WHE, EREE. V—UYJ0RIE. INTERK - BE. DA
HFBICKODTEEDFTITN, Ya3a— ALY RSN TRAREIAFN SR2DLOIEBEREFDET,

Feed per Tooth is an important element for efficient machining which should be determined by parameters such as tool diameter,
type, work material, cutting machine, rigidity of tool holder, machining configuration, accuracy and cutting depth.
Table 2 is a guideline of Feed per Tooth for short flute end mills.

ﬁbale 2_F£d ’%;JT - O (mm) —F]#% ¥ [mm/tooth] Feed per Tooth(mm/{ooth) G
RiamietEmin) 2807 2-Flutes T 4-Flutes 1 -
1 0.001~0.005
6 0.02~0.04 0.01~0.03
10 0.04~0.08 0.03~0.06 i
20 0.08~0.12 0.06~0.1 | b

LIFIET20EFHUET

i
| 1/7=1
EH I PAIRINLUADICRFIALTHARPHYDRICLT—FENER2080% J inner R
Note: Feed per Tooth for standard flute size end mills should be adjusted 1o 80% or less from lable 2, i

LEETHERYHEREY—REOZSE(C. NIEK - AEE, SR, V—U > JORES. 1)
HICED D INTOEREZER L TR, EOREERELF T,

Referring above parameters of Cutting Speed and Feed per Tooth, both Spindle Speed and Feed are calculated considering all other
related factors as well.
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Calculation for Cutting Speed, Spindle Speed and Feed

. ﬂﬁ%ﬁ E ﬁ Selection of Number of Flute

2RA 2Fiutes | 3MCF] 3Fiutes | 4R 4-Fiutes | 64T 6-Flutes
NI Siotting © O X
{BIFEDN L side Milling QO ©

—REICUID [EEEEY &F v T v MOREVKAB RUSKAEINLICEHNTWET,
BIEINTOBEF0 B IE O DDEMMEVD TARDZ VAN A B LUK ADEHN T,

Generally 2-flutes and 3-flutes are selected for slotting because of the larger chip pocket.
4-flutes and 6-flutes are recommended for side milling as no problem of chip disposal.

. -:].}w :/; [/ﬁ EEO) E % Selection of Helix Angle

25° YL 30° %¥L | 35° %YL | 40° %x¥L | 45° %PL
25 degrees 30 degrees 35 degrees 40 degrees 45 degrees
ek
Shearing ability O O © ©
EEDICL &
Chatter resistance o O (@) © @)
o[ TR 2 e
Surface roughness o O © ©
T
Inclination © © O @)
NI > 48 &
Wave (©) © © O O
T
élolling (@) O O AN
o | fEANT
B | g milling O © © © ®
Applicatior|
B & Aht
Hardened steels - A o ©
HEE Remarks

@ 25° R/ 25 degrees
EINTIC, MIEOEN- >R FLENSS 2T LHIER,

Suitable for slotting.

@® 30° RIL 30 degrees
7 - AIEhN T O (23 SR HE THRLAY.

Recommendable for both slotting and side milling.

® 35° RIL.40° RYL. 45° RT L 35degrees, 40 degrees, 45 degrees

DEANIEOENE - I B RICESHE THRE.

FULANRLEBICHY, PhMPRELEEU YL H LY, ARER T2EN A4
Selectable within the required tolerance.

As larger angle gives higher shearing ability and reduce chattering, it is possible 1o relalively prolong the length of cut.

@ 45° R 45 deprees
wANE, #EHMOMIICERD.

Suitable for machining for hardened steels and tough materials.



[El ‘tJ] ‘%ﬁuﬁrﬁl (-}7 w 7°jj wr E‘ t ’)"f '-7 > jJ w }‘ ) Cutting Direction (Up-cut and Down-cut)

FPwFThy bSO Ay FOYIEIEEE Cutting structure of Up-cut and Down-cut

— Xkl &

Feed per Tooth ‘h ~—
— (il “\‘0
T \

#RHEIFF Work material
El ————
Feed

oy b

Down-cut

—FEHNE
Feed per Tooth

#HIA Work material

®EY ————
Feed

Py II9 b
Up-cut

Wﬁ"]ﬁfﬂ@ﬁb\ [:J:%IE@*%E&EEE Difference of edge wear by cutting directions

Fovhy b

Down-cut

EEFE/)N Small wear

(S50C & 50mMANEIANT L 7=4RHE  After cutting of 50m, S50C)

FEFEAR Large wear

FPwIhwy b

Up-cut

FO2NY MIYDRABDBEVNAD SHL(SBLED. PvIhy MIZOWOMETYIEIMI %
TVET. —RNICTESFHIEFFEDSDANDEEDI IV H Y FOAHERDIDMELEHDE

WESRET,

Down-cut tooth first cuts thicker then progressively thinner, while Up-cut goes the opposite. As shown by above photos, Down-cut is
recommended since the wear of cutting edge is comparatively small and tool life is eventually longer.




Spindle Speed Table

L E (Vc) YIBIEE [m/min)
i Dia. Culting Speed

—— F D 20 | 30 40 50 60 70 80 | 90 [100 (120|140 (150 | 180 | 200 | 250 | 300
o ) (0.2 | 31,850 | 47,770 | 63,690 | 79,620 | 95,540 |111,460 | 127,390 | 143,310 | 159,240 | 191,080 | 222,930 | 238,850 | 286,620 | 318,470 | 398,090 | 477,710
i 0.3 | 21,230 | 31,850 | 42,460 | 53,080 | 63,690 | 74,310 | 84,930 | 95,540 | 106,160 | 127,390 | 148,620 | 159,240 | 191,080 | 212,310 265,390 | 318,470
0.4 | 15,920 | 23,890 | 31,850 | 39,810 | 47,770 | 55,730 | 63,690 | 71,660 | 79,620 | 95,540 | 111,460 | 119,430 | 143,310 | 159,240 | 199,040 | 238,850
S A 05 12,740 | 19,110 | 25,480 | 31,850 | 38,220 | 44,590| 50,960 | 57,320 | 63,690 | 76,430 89,170| 95,540|114,650 | 127,390 | 159,240 | 191,080
o § 0.6 | 10620 | 15920 | 21,230 | 26,540 | 31,850 | 37,150 | 42,460 | 47,770 | 53,080 | 63,690| 74,310| 79,620| 95,540 | 106,160 132,700 | 159,240
, 07 9,100 | 13,650 | 18,200 | 22,750 | 27,300 | 31,850 | 36,400 | 40,950 | 45,500 | 54,590 | 63,690 | 68,240 81,880 | 90,990 (113,740 | 136,490
; 08 7.960 | 11,940 | 15,920 | 19,900 | 23,890 | 27,870 | 31,850 35,830 | 38,810| 47,770| 55,730| 59,710| 71,660| 79,620 | 99,520 119,430
"ﬂﬂmv'w”-‘# 0.9 7,080 | 10,620 | 14,150 | 17,680 | 21,230 | 24,770 | 28,310| 31,850 | 35,390 | 42,640 49,540 53,080 | 63,690 | 70,770 | 88,460 | 106,160
= - 1 6,370 9,550 | 12,740 | 15,920 | 19,110 | 22,280| 25,480 28,660 | 31,850 | 38,220 | 44,590 47,770 | 57,320 | 63,390 | 79,620 | 95,540
: 1.4 4,550 6,820 9,100 | 11,370 | 13,650 | 15920 | 18,200| 20,470 | 22,750 | 27,300 31,850| 34,120| 40,950 45,500| 56,870 | 68,240
‘F 1.6 3,980 5970 7.960 9,950 | 11,940 | 13,390| 15,820 | 17,910 | 19,900 | 23,800 | 27,870| 29,860 | 35,830| 39,810 49,760 | 59,710
j’ 1.8 3,540 5310 7,080 8,850 | 10,620 | 12,380 | 14,150 | 15920 | 17,690 | 21,230| 24,770| 26,540| 31,850| 35,380 44,230| 53,080
=1 2 3,180 4,780 6,370 7,960 9,550 | 11,150 | 12,740 | 14,330 | 15920| 19,110 | 22,290 | 23,890| 28,660 | 31,850| 39,810| 47,770
l 22 2,900 4,340 5,790 7,240 8,690 | 10,130| 11,580 | 13,030 | 14,480| 17,370| 20,270 | 21,710| 26,060 | 28,950 | 36,190 | 43,430
f’ 2.4 2,650 3,980 5,310 6,630 7,960 9,290 | 10,620 11,840 | 13,270| 15920| 18,580| 19,900 | 23,890 | 26,540| 33,170| 39,810
26 2,450 3,670 4,900 6,120 7,350 8,570 9,800| 11,020| 12,250 | 14,700 17,150| 18,370| 22,050 | 24,500 | 30,620 | 36,750
28 2,270 3410 4,550 5,690 6,820 7,960 9,100 | 10,240| 11,370 | 13,650| 15920| 17,060 | 20,470| 22,750 | 28,430 | 34,120
: 3 2,120 3,180 4,250 5,310 6,370 7,430 8,490 9,550 | 10,620| 12,740| 14,860 | 15920| 19,110| 21,230| 26,540 | 31,850
, 4 1,590 2,390 3,180 3,980 4,780 5,570 6,370 7170 7,960 9,550 11,150| 11,840 14,330| 15920| 19,900| 23,890
i 5 1,270 1,910 2,550 3,180 3,820 4,460 5,100 5,730 6,370 7,640 8,920 9,550 | 11,460| 12,740 15,920| 19,110
% 6 1,060 1,590 2,120 2,650 3,180 3,720 4,250 4,780 5310 6,370 7,430 7,960 9,560 | 10,620 13,270| 15,8920
e ‘F 7 910 1,360 1,820 2,270 2,730 3.180 3,640 4,090 4,550 5,460 6,370 6,820 8,190 9,100 11,370 | 13,650
""‘”“*"""T’"’""""‘"“ 8 800 1,190 1,590 1,990 2,390 2,790 3,180 3,580 3,980 4,780 5,570 5,970 7170 7,960 9,950 | 11,840
9 710 1,060 1,420 1,770 2,120 2,480 2,830 3,180 3,540 4,250 4,950 5,310 6,370 7,080 8,850 | 10,620
10 640 960 1,270 1,590 1,910 2,230 2,550 2,870 3,180 3,820 4,460 4,780 5,730 6.370 7.960 9,550
. 11 580 870 1,160 1,450 1,740 2,030 2,320 2,610 2,900 3,470 4,050 4,340 5,210 5,790 7,240 8,690
12 530 800 1,060 1,330 1,590 1,860 2,120 2,390 2,650 3,180 3,720 3,980 4,780 5,310 6,630 7,960
‘ 13 490 730 980 1,220 1,470 1,710 1,960 2,200 2,450 2,940 3,430 3,670 4,410 4,900 6,120 7,350
I 14 450 680 910 1,140 1,360 1,590 1,820 2,050 2,270 2,730 3,180 3,410 4,090 4,550 5,690 6,820
S . 2 15 420 640 850 1,060 1,270 1,490 1,700 1,910 2,120 2,550 2970 3,180 3,820 4,250 5,310 6,370
16 400 600 800 1,000 1,190 1,390 1,590 1,790 1,990 2,390 2,790 2,990 3,580 3,980 4,980 5,870
17 370 560 750 940 1,120 1,310 1,500 1,690 1,870 2,250 2,620 2,810 3,370 3,750 4,680 5,620
;i 18 350 530 710 880 1,060 1,240 1,420 1,590 1,770 2,120 2,480 2,650 3,180 3,540 4,420 5,310
i 1 9 340 500 670 840 1,010 1,170 1,340 1,510 1,680 2,020 2,350 2,510 3,020 3,350 4,180 5,030
20 320 480 640 800 960 1,110 1,270 1,430 1,590 1,910 2,230 2,390 2,870 3,180 3,980 4,780
21 300 450 610 760 910 1,060 1,210 1,360 1,520 1,820 2,120 2,270 2,730 3,030 3,790 4,550
22 290 430 580 720 870 1,010 1,160 1,300 1,450 1,740 2,030 2,170 2,610 2,900 3,620 4,340
23 280 420 550 690 830 970 1,100 1,250 1,380 1,660 1,940 2,080 2,490 2,770 3,460 4,150
24 270 400 530 660 800 930 1,060 1,180 1,330 1,590 1,860 1,890 2,390 2,650 3,320 3,980
£ 25 250 380 510 640 760 890 1,020 1,150 1,270 1,530 1,780 1,910 2,290 2,550 3,180 3,820
26 240 370 480 610 730 860 980 1,100 1,220 1.470 1,710 1,840 2,200 2,450 3.060 3,670
j 27 240 350 470 590 710 830 940 1,060 1,180 1.420 1,650 1,770 2,120 2,360 2,850 3,540
28 230 340 450 570 680 800 910 1,020 1,140 1,360 1,590 1,710 2,050 2,270 2,840 3,410
29 220 330 440 550 660 770 880 990 1,100 1,320 1,540 1,650 1,980 2,200 2,750 3,290
— 4 |30 210| a20| 420| 530 60| 40| 8s0| ee0| 1080| 1270] 1490 1590| 1910| 2120| 2650| 3,180




Ball End Milling Actual Diameter

!

EMIE:d

A

vy YVAHEZ ap

Rebi#| F % BEEE AHZRE [mm]
R D Depth of Cut (ap)
Radius | Dia. | 0.01 | 0.02 | 0.03 [ 0.04 |0.05|0.08| 0.1 [0.15]| 02 [ 0.3 | 0.5 | 0.8 1 2 3
0.1 0.2/0.087|0.12 |0.143|0.16 (0.173|0.196| 0.2
0.2| 0.4]/0.125(0.174|0.211|0.24 |0.265|0.32 | 0.35 | 0.39 | 0.4
0.3| 0.6]/0.154(0.215|0.262|0.299|0.332|0.41 | 0.45 | 0.52 | 0.57 | 0.6
0.4| 0.8(/0.178|0.25 |0.304|0.349|0.387|0.48 | 0.53 | 0.62 | 0.69 | 0.77
05| 1 0.199|0.28 [0.341]0.392|0.436|0.54 | 0.6 071 ] 0.8 092 |1
1 2 10.282|0.398|0.486(0.56 [0.624|0.78 | 0.87 | 1.05 | 1.2 | 1.43 | 1.73 | 196 | 2
1.5 3 |0.346|0.488 |0.597 |0.688|0.768|097 | 1.08 | 1.31 | 1.5 | 1.8 | 224 | 265 | 2.83
2 4 10.399|0.564 |0.69 [0.796(0.889(1.12 | 1.25 [ 1.52 | 1.74 | 211 | 265 | 3.2 | 3.46 | 4
25 5 |0.447|0.631|0.722|0.891|0.995|1.25 | 1.4 1.71 | 196 | 237 | 3 367 | 4 4.9
3 6 /0.489|0.692|0.846|0.977|1.091|1.38 | 1.54 | 1.87 | 215 | 262 | 3.32 | 4.08 | 447 | 566| 6
4 8 10.565|0.799|0.978|1.129|1.261|1.59 | 1.78 | 217 | 25 3.04 | 3.87 | 48 529 | 893| 7.75
5 [10 ]0.632|0.894(1.094(1.262|1.411(1.78 | 1.99 | 243 | 2.8 341 | 436 | 543 | 6 8 9.17
6 [12 |0.693|0.979(1.198(1.383|1.546(1.95 | 2.18 | 267 | 3.07 | 3.75 | 48 | 599 | 6.63 | 8.94|10.39
7 |14 10.748(1.058|1.295|1.495(|1.67 |211 | 236 | 2.88 | 3.32 | 4.05 | 5.2 6.5 7.21 | 98 |11.49
8 (16 |08 1.1311.384|1.598 1.786 (2.26 | 252 | 3.08 | 3.56 | 4.34 | 557 | 6.97 | 7.75 [10.58 | 12.49
9 |18 |0.848|1.199|1.468 |1.695|1.895|2.39 | 2.68 | 3.27 | 3.77 | 461 | 592 | 7.42 | 8.25 |11.31 |13.42
10 |20 |0.894|1.264|1.548(1.787|1.997 |2.52 | 2.82 | 3.45 | 3.98 | 4.86 | 6.24 | 7.84 | 8.72 |12 14.28
MR=ILIY FEIRINTROFTEIU cacuation of Actal Dia
d=2+ap (D—ap) A0 — |

B

e ——
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M —

RIF\BEMmIBXNEHNEV=HE1=2VME
EBRMBSDKROAE=AE DR (s B 0601-2001 &£1)
Measurement and Symbol of Surface Roughness (Extract from JIS B 0601-2001)

1R i KA AR
Type Symbol Description Reference chart
MR, S TOFHROFMICEEL S/
TEEWY . CORETYFFOILTERE S
ER & ORER %18 & thig 0RO A Ml
EBL. COEEYAIAX—=FI (um) T L
BASE RLEHDEVWVWET, ¥ XEAREhD L = [ m
Masimum Height | Rz | 5%, B0 ABILPESBOENES 5. Lo S8 A A\ d 74
of the Profile BERSEHHERYET, VARSI ACAT Y
The maximum height of the profile is the distance “Rz=Rp+Rv
between the maximum peak height and the maximum
valley depth from the mean line in each sampling
length. Rz(ISO/JIS) is the mean value of the maximum
peak-to-valley heights in the evaluation length.
Y.
HEHRY S TOTEHROTEICEERE XL
FHREWY, COREWYEBFIOEEBEOR .':!{{{i.h’omfff:sii"
N BICx#i %, BEEOQHECyMERY , & \
Wil aa4E & H#REy=f (x) THRLALZL, HRORICE
et on | B8 | 2 TROSNBEETAIAL— P (um) 1
THRLEZHDEVWET, =1 rL
Ll The arithmetic mean deviation of the profile is the Ha |_ -rU |f(X)|dX
arithmetic mean of the absolute values of distances
from the mean line to the profile. L — RAEEX
Evaluation Length
BASERzORXHME | HiiTI9H S RaD X 5 ERD=AiE FEMERDOER
Vall f Val f Arithmeri o
Maxin?nfrﬁ &eighi ?\A:Zr? Der\.l'la;?;:'c Finishing Symbol ég?gjﬂ gf)grfl:ée tixzr)e
of the Profile of the Profile in technical product documentation
0.05S 0.012a
0.18 0.025a
025 e /Ra0.012 ~ _/ Ra0.2
0.3S 0.1a
0.88 0.2a
1.6S 0.4a
328 0.8 vV v/Fia 0.4~V/ Ra 1.6
6.35 1.6a
12.58 3.2a
. e v/ Ra 3.2 ~ v/ Ra 6.3
508 12.5a
(008 o5 /Ra 125~ _/ Ra25
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E¥ RaRzE =ML EOBERFRE, EERLOMFRERLADOTHERESHY TEA,

Note: Triangle Finishing Symbol Mark presents approximate surface roughness specified by Ra and Rz
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Comparison Table of Hardness

Oy oy )R
CRo—Jb

Rockwell Hardness

Eyh—FEX

Diamond Pyramid

FURILEE
1ZHETR 1 Omn/ 2k
#1829.42kN
Brinell Hardness

Oy 979V
AR =V HE588.4N
4144 EL FAEET

Rockwell Hardness

a7

Shore Scleroscope

5 |5R5& & {blfE
N/mm?2

Approx Tensile Strength
N/mm?

C Scale150kg Brale | Hardness Number, Vickers |Standard1Omm Ball 20.42kN| A Scale 60kg Brale Hardness Number
(HRC) (HV) (HB) (HRA) (HS)
68 940 - 85.6 97 =
67 900 = 85.5 95 =
66 865 = 84.5 92 -
65 832 < 83.9 91 -
64 800 i 834 88 ™
63 772 = 828 87 =
62 746 = 823 B85 -
61 720 = 81.8 83 =
60 697 . 81.2 81 =
59 674 = 80.7 80 -
58 653 - 80.1 78 -
57 633 - 79.6 76 =
56 613 = 79.0 75 e
55 595 = 78.5 74 2079
54 577 — 78.0 72 2010
53 560 — 77.4 71 1952
52 544 500 76.8 69 1883
51 528 487 76.3 68 1824
50 513 475 759 67 1755
49 498 464 7.2 66 1687
48 484 451 747 64 1639
47 471 442 741 63 1578
48 458 432 7386 62 1530
45 446 421 734 60 1481
44 434 409 725 58 1432
43 423 400 72.0 57 1383
42 412 390 715 56 1334
4 402 381 70.9 55 1294
40 392 371 70.4 54 1245
39 382 362 69.9 52 1216
38 372 353 69.4 51 1177
37 363 344 68.9 50 1157
36 354 336 68.4 49 1118
35 345 327 67.9 48 1079
34 336 319 67.4 47 1059
33 327 311 66.8 46 1030
3z 318 301 66.3 44 1000
31 310 294 65.8 43 981
30 302 286 65.3 42 952
29 294 279 64.7 41 932
28 285 271 64.3 41 912
27 279 264 63.8 40 883
26 272 258 63.3 38 863
25 266 253 62.8 38 843
24 260 247 62.4 37 824
23 254 243 62.0 36 804
22 248 237 615 35 785
21 243 231 61.0 35 775
20 238 226 60.5 34 755
(18) 230 219 = 33 736
(16) 222 212 = 32 706
(14) 213 203 = 3 677
(12) 204 194 - 29 647
(10) 196 187 = 28 618
(8) 188 179 e 27 598
(6) 180 171 — 26 579
(4) 173 165 = 25 549
(2 166 158 = 24 530
(0 160 152 = 24 520




IVRINVINITIZT2LETORAD

Factors for End Mill Operation

y
FA2 b EESEBREV
] Factor Instruction and Advice
, s .
S ) O TEALEITREDS DR TN LT LT REL,
HER I HEA D E 4 Use a rigid machine.
e | Ty of Machine ® BIEFEOBEEE. Y10AHELTHIREEREL T T,
,,._.,.__..W_.J Adjust cutting conditions according to the rigidity of machine.
il Fev kg O ElEDSED. BEOBVE—UYIFrvoEERALTTFEL,
T F 3\ )l/(f)'}}f;:ﬂ Use a rigid and precise collet chuck.
> Collet Chuck and @ IVRIENEFvvFIILERED. AEDRNEEANE L LTFEL,
7 Run out of End Mil Minimize the run out of end mill.
L D=0 ELoMb EBELTTREL,
i) D—-4S45.7F Work piece must be firmly clamped.
£| Lo e ek SRow @ ISUTREDNYETERVEERE. YIDAFBELYYIEREERIALTFEL,
ibiall In case work piece cannot be firmly clamped, relieve cutling condition.
O FIHGAEFFED (ST TTELY,
Give a sufficient cutting fluid.
ARVEYY] @ EHICIE, KBEEMESROLET .
| -Ji @EUE & Recommend water-base cutting fluid for heavy cutling.
) gt TR D4R @ BRICE2TIE. EXFBOBLONBHETDT., FELTTFEL,.
"""“—-"“"!M""‘ Culling Fluid and Chips Some end mills apply dry cutting only.
@ HZRNHITEF. T7—J0—%FEBALTTF=0L,
Use air blow for dry cutting.
6 PMIEERCINIOHFICHESEVNRSICLTTFEL,
Remove chips from working area.
i O MIT—2 - IIHRICE ST, BPETY KILEEHLTFEL,
—— - I KIJ)LOEIR Select most suitable end mills according to work material and dimension,
y Selectionof EndMIl 1 @ BEHDA VT v I AEBELCLTTFE .
| Refer to the index table on front page.
| 5577 O RS ERECET S,
Long Neck tﬂéﬂ%ﬁ: Refer to recommended milling condition table.
mew— | Cuting Conditions @ EWHANE - D—oDI5Y TRIEC KT, SIMIEHEBEL TFEL,
It is necessary to adjust conditions according to the machine rigidity
and clamping condition of work piece.
IRFILD O NI EEBICIESHEVERT. TEARFELFryvF /I ULTREL,
% % H:ll L E Overhang of end mill must be as short as possible from tool holder.
Overhang of End Ml | @) et UBAYRUVEA(E, SIDABEOT—J )LD EIHIREERB L TTEL,

438

In case overhang cannot be shorten, relieve cutting condition .
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Troubleshooting for End Mill Operation

= = Symptoms
b7 FIVBRR o vowles

E Cause

)JFJ'% Solution

TIEIFROEEY

Chattering

- EEEH A EC.

© KV EREAEL

cEBELLEICEMR, REHUENREWV.
WM O 7S TR,

- P h A OREIETL TV,

: IE;H« ;ﬂwaﬁhmﬁ#:ﬂrum\

ong of effective length or overhang of end mill
15 not firmly clamped

ting edge progressed

+ Excessive chucking runout

cEEHETT 5,

CRYUEEET S,

CBEBNEOFHE, REWUBRICHET 5,
CHHIBE LoD UEET B
CHREERT AL, BHET S,

CIEFv R TIRNKELEET S,

+ Reduce spindle speed

+ Reduce leed

« Adjust affective length and overhang as short as possible
+ Clamp work piece firmly

+ Use new end mill or regrind

+ Adjust chucking runout

IHIF D8

Breakage of end mill

CEAA SRS E
CHIEEEY.
C—FDIKY A B

- TN F ORFEAEIT LTV 3,

+ Excessive depth of cut
+ Chips clogged
= Excessive feed per tooth

CEAGZERET S,

CY=Z DY THEWEL, NUEOHEERT S,
C—AOERYRETF 5,

CMREERT 5. BIET 5,

+ Reduce depth of cut
- Adjust coolant nozzle to right direction to dispose chips
+ Reduce feed per tooth

TR D H »
(Fyb2d)
Chipping of cutling edge

c B ECHSE, REHLBFRV,
YA ORFEASEITL TV B,

- WL T S R

- SIHIER O 2R 12 & B 1B,

- Excessive depth of cut

« Excessive feed

« Work plece is not firmly clamped

- Excessive spindle speed

+ Excessive long of effeclive length or overhang of end mill
« Wear of culling edge progressed

+ Built up edge

- Excessive cooling

= Wear of culling edge progressed + Use new end mill or regrind
- AL RA L, CHALRE T B
ERYHEEATELY, Y EEETY A,
c WHIHO T Z 2 THEE, CHHIEE LoD UEET 3.
- EEHAEL, cEEHETE S,

- BERIAOEHE, B EURCERT 5.
HEAEERT 5. BIET 5.
READ—7 4 I TAEERTS.

KRN S TP I O—. A 1NI FEEAT S,

 Reduce depth of cut

- Reduce feed

- Clamp work piece firmly

- Reduce spindle speed

+ Adjust effective length and overhang as short as possible
= Use new end mill or regrind

« Choose appropriate coating

+ Use air blow or oil mist

TITh IO REEFE

Abnormal wear

- EERE A E,
- V) AR

- Excessive spindle speed
-+ Too low feed

-EERET 5,
CEYUEEE L5,

* Reduce spindle speed
+ Increase feed

TEBEEY - BE

Clogging and Depositing

W BOPRE R C L,

+ R TR AR,

< AR F

F AN H,

QT ORFESFEITL TV B,

+ Chips are not well disposed

+ Excesslve feed

- Excessive depth of cut

+ Inappropriate number of flute

+ Wear of cutting edge progressed

FI=FrOYMTHEMWEL. DWBEORLER T3,
CEVEEETI D,

WAL E T 5,

CABMEDPELT B,

CHREERT L. BT 5.

+ Adjust coolant nozzle to right direction to dispose chips
+ Reduce feed

+ Reduce depth of cut

+ Usa fewer flutes end mill

+ Use new end mill or regrind

TIEIF O EH

Deflection of end mill

YR AL,
CHGAGRA B,

CHHE, REELRSE,
3 LOTAEHALTVS.

+ Excessive feed

- Excessive depth of cut

- Excessive long of eflective length or overnang of end mill
+ Large helix angle of flutes

CERUREETH S,

AL ET S,

CBERMEOHHE, REHURICHET S,
CHFVLTAEHRAYT .

* Reduce feed

- Reduce depth of cut

- Adjust effective length and overhang as short as possible
* Use smaller helix angle

T EdED/ANY

Burr on finished surface

SN T ORHEEITL TV 3.
CHRYLIAEFERALTVAS,
PN AHRP .

- Wear of culling edge progressed
+ Small helix angle of flutes
- Excessive depth of cut

CHREERT AL, BIET S,
I VLITREGEHETS.
CHAHZRETI S,

+ Use new end mill or regrind
+ Use larger helix angle
+ Reduce depth of cut

TEEEEOTR

Poor surface roughness

- HIN I ORESEITL TV S,

- GO AAH,

- RV M AEL,

cLBELECHMER. REHLEFIRVD,

- EERE AR,

A EFMTORY KK —E TR,
FITEFy X o JIRAMENETOAL,

+ Wear of cutting edge progressed

+ Chips bite

+ Excessive feed

+ Excessiva long of effective length or overhang of end mill
- Too low spindle speed

+ Stock ramovals vary for finishing

+ Excessive chucking runout

R EFERT S, BT S

s g—=Z - hEHAL, fﬂ*liﬂ’&ﬂ]#]ﬁtﬂﬁ‘b&?fﬁ'éo
CRWEEET S,

- BEBNROFHE, REELBICHET S,

- Bl E LIS,

A EFINTIROMR Y K5 —EICT B,

. IE-.THV v F TR ST 5.

» Use new end mill or regrind
+ Use oocranl to remove chips
- Reduce
- Adjust eﬂs-( L\u( \pnglhdsnd overhang as shorl as possible

DEE
Ing process
- Adjust chucking runout

MIBEDOTR

Poor machining accuracy

EMOMUH —ETEL.

s EEMIORY A —ETEL.
- 2R EEATE
CLRF vy TIRAMEAE TV,

+ Inconsistent thermal extension of spindle
+ Stock removals vary for finishing

- Excessive feed

+ Excessive chucking runout

- E@EEAOEY TEBS Y, FUERESE 5.
- EFMIATORY KE—FEICT 2.

S RWEEE T 3.

FTREFy v URNAMELSWES 5.

- Warm up spindle by idling before starting operation
- Improve semi-finishing process

* Reduce feed

+ Adjust chucking nunout
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Comparison Table of Die and Mold Materials

i @ 751?“37352%?&@]*3 Plastic Mold Steels
71 S dste | REREE) pmsim | vo7rus | s | UBEREE | Jpupg | BARER | BTSR
Classification JSandothers | paeiness || AICHISTEEL | UDDEHOLM | KOBE STEEL | sneri'srery | DAIDO STEEL WS | e rals
KTSM21-KTSM2A KPM1
Ed 1 AUK1
) ) S ° Y KTSM22 - U2000 i KPMAX
i ; KTSM31
oomgil SCME 28 AUK11 KTSM3A PDS3 KPH25K
| U3000
————— “ SCM (@) AISI P20 PLAMAX * IMPAX X5+ PX7 .
. T A= K 4B &) KTSM3M PX5 + PX KPM30  [HPM2 - HPM7
Prehardened steels SUSH: 33 STAVAX S-STAR 420M HPM38
SUSE (&A1) RAMAX-S G-STAR HPM77
SUSH 35 CORRAX QSHB NAK101 U630 PSL
SKDE1% AUDB1 ORVAR-S QD&F DH2F KDASS FDAC
40 HPM1
KTSMA0EF NAKSS KAPBS5
Alslpey KTsmace | FOMA0 NAK80 KAPSS HEWD
SLEIPNER | yanias
SKD113 55~60 AUD11 RIGOR Qacus PD613 KD11 HPM31
. CALMAX (8%
J
BEA :f:ff%}imb W SUSH Py Evax | Kass4o aroz S zoP282
Hardened & Tempered steals 440C (BrE) (#%) (8R)
SUSH: 420 48~53 STAVAX SSTAR-GSTAR|  KSP1  |HPM38-HPM77
BESILAIBEN Ageracenco steels | AT~ damgresis|  50BLLE Qm300 MAS1C KMS18-20 YAG
O BEEEVBEMWEIR  Hot Die Seels
A aste |EERBL| enm | o rrs | WERER | xEung |FEERE) BTSE | Fod
Classification JIS and others Hardnass AICHI STEEL | UDDEHOLM | epeeip s7egt [ DAIDO STEEL MWO;:E(E)?:\M METALS FUJIKOSHI
SKD61 42~53 SKDB1 ORVAR QDé1 DHA - DHA1 KDA DAC HDS61
DHAZ2 KDA1 DAC3
SKD61 (%) 42~53 ORVAR-S QDAB1 DHA21 KDA1S DAC10
‘ L4 TE4 DH31-S KDAS5 DAC55
Alloy steels SKT4 35~50 SKT4A ALVAR14 aT#H GF78 KTV DM
. SKT4 (%) 36~45 AUDBO QoT GFA KTv2 YHD28
20 40~50 QDEF DH2F FDAC HDN1
SIRET R HenSoeed sees| ThUI2E Mana Tye|  55~60 QHZ MH85 KMX1 YXR33 MDS1
@ I%lﬁﬁ?éﬁﬁ?ﬁﬂﬂ*a‘ Cold Die Steels
P aste | BB | emem |9 7rus | aEs (WBERSE | cung \RERER | BUSE | Ao
3 Classification JIS and others Dlviness AICHI STEEL | UDDEHOLM | KOBE STEEL SPECIAL STEEL DAIDO STEEL WP\');JT%{}{.-VLM METALS FUJIKOSHI
x| 7 3 T B4 Cavonsiees| SK105(IESK3) | 53~61 SK3 QK3 YK3 K3 Yc3
3) SKS93 SK301 QK3M YK30 K3M YCs3 SK3M
SKS3 SKS3 ARNE QKS3 GOA KS3 SGT SKS3
SKD1 SKD1 SVERKER3 act DCt KD1 CRD cDSt
SKD11 55~62 | SKD11 | SVERKER21 Qcti DC11 KD11 SLD coSs11
24 THIE SKD11 () AUD15 SLEIPNER acms DC53 | KD11-KD21|  SLD8 MDS9
(hCISKD) SXACE acm7? DCX ARK1
\ Alloy steels
| SKD12 SKD12 RIGOR pci2 KD12 sco cDs12
2| .. |38~42 IMPAX | KTSMA40EF GO40F KAPES  |HPM1-HPM2T
O TUN—K=
— / Prehardensed | 48~52 cxi
1 i 55 |[EX105V - SXa| _FERNO oF3 605 FH5  |HMDS - HMD1
A i AKS3 G04 KSM AGD37
QH51 MH51 H51 YXM1 SKH51
SKH55 5568 MHS55 HM35 YXM4 HM31
SKH57% MHS7 - MH8 MV10 XVC5 HS93R
e B
EEETRE BFEBEE ASP23 | KHA-KHA32|  oppioe | DEX2D - DEX40 HAPSR - HAP1Q | FAX18 * FAX31
High-Speed Ia# 58~72 ASP30 KHAS0 « KHAB0 SPM30 DEX60 - DEXBO HAP40 + HAPS0 FAX38 - FAX40
steels Pourser Netal High Soesd ASPE0 | KHATTKHABN| Spygg | DEXEI-DEX-MI HAPT2 FAXSS - FAXG1
T KHASNH DEX-M3 FAXG2
DRM1 YXR3 MDS1
ThUTRR | 5666 aHz DRM2 i YXR33 MDS3
- DRM3 YXR7 MDS?7




ZEICHBFENLEIELZ8IC
Read Following Precautions for Safe Use

CAUTION

i B2 EOGER . Attention on Safety..
OTEET—ANSHOEHTEE. TEORTHLY, TEhis
FICEEMAEORC. FHOERLT R,

When removing tools from cases. be careful of
getting-out of tools and don't touch directly the
cutting edges.

OUNAZEERTF CEITELEICLT TS,

Never touch the cutting edges directly with bare
hand.

QI EZFEHTDRIE. BETIEMASOFETDT, bTH/(—
RBEAARFZFERALTTEL,
Use safety covers and eye protection, as tools may
be broken.

QRLYEIL, TEPINIASICREEYEERLT TSI,
TERRILFICLOMDEETEL. ENENZDLIICLTTE
(AR
Use holders, etc. that match the tools and nature of
the processing operations.

The tool should be firmly attached to the holder to
prevent shaking.

@HIFIE. LobEELT FEL.
The work materials clamp firmly.

O LERUMHIMOAR, SO UHHEBLTBVTREL.

Make sure of dimensions of tools and work pieces
before starting operation.

OUIEISAE, TP EREHEICEET, BET24E80ED
It is necessary to adjust conditions according to the
dimensions of work materials and the machine.

OERICHUTYEIAZEETELT TV FAGEEEIEEER

THEEE. MIBICRETHNIEPHEIA TS A, NEDERE
D&HDFET . FRAHEESAPITOTTEL,
Select a cutting fluid appropriate to the particular
usage. Using a non-water cutting fluid could lead to
fires due to sparks generated during processing or
heat caused by breakage. Ensure that you take
proper fire-prevention measures.

OFEMAPICEE (PHIE @) MRELUESE, BEICEELE
HTFEL.
If abnormal sound, etc. occurs during processing,
stop the machine immediataly.

O L EDLEIFULENT RELY,
Don't madify tools.

. ERERQER Atension.on Regrinding,

OTEEEMBELEFT L. MENRELEY. NEFEEEST
DEENG0FEDT. FIFERIEEREAN R EOREEEERL
TTFELY,

When the tool is reground, grinding dust is generated
which is dangerous to your health. Be sure to wear
protective glasses and a dust proof mask.

@EEFIIIC. BRI TR,
Regrind tools at proper period,

RANYOI(IBEHOBRMARIE. 4  YBOHFEHEEIIIEANCENFET.
#Specifications may change without notice for improvement.
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