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Abstract

In the field of die and mold machining, determining appropriate cutting conditions is crucial. Factors such as tool geometry,
machining path, work material characteristics, machining efficiency, and finishing accuracy must be taken into consideration.
However, the current method of determining cutting conditions relies heavily on the intuition and experience of skilled
engineers, and there is a need for a system to replace such knowledge. One of the critical factors affecting machining accuracy
and efficiency is the tool overhang length, which is directly related to tool geometry. Unfortunately, there is no clear guideline
for its determination. In a previous study, researchers developed a system to quickly derive cutting conditions using a data
mining method and Random Forest Regression (RFR) applied to a tool catalog database. In this study, we constructed a new
cutting condition compensation system based on the existing model, which accounts for the tool overhang length. The results
of cutting experiments under high aspect ratio overhang lengths confirm that the correction coefficients proposed by the system
are significant.
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1. #

G 7 LloER S D TEERLLIE, CAD (Computer aided design) (& &2 > CHEIRDNEEF &4, CAM (Computer
aided manufacturing) (2 > CATZOHERIRZAIAET 5 ETOTH /XA NC  (Numerical control) ~7'12 777 A &
LTHAIEND. ZNHDTIEDARINT, CAD/CAM ¥ AT NI HGHHEE THWMA D L HOBRENFEE L TR
D, —EOMENOIUIHARDIZFEITEND. L Land, IS Bz, iy myhAz& ap [mm],
B MYNAZ 5 ae [mm], BIHIEE Ve [m/min], —HN& 720 O & fz[mm/tooth] 72 & OIEBY A EH) DORE
VT ERE S D EFORER & U o TERFERA I FUICIRTE L T 5. &FINTICB W T TREZEH 2 ZE LT-5E, Yl
HISERREOMERIIARBI LT DAL BXO Mt BT 2 Tiies, fI N T TEEMEE
PRB O DML Z e U, A RIINCCIIIN R & 0 SINCHERSEE « I ik S8 A 5 L 7 SRR E 3
—fETH D, TIEND HINE KRBT LI OIEI S ORE TR I s THbREETH S, =6
ICHEBRAIR AL ERIE STV D Z & enTe®, BBROBWIERBREREE 123 LT, ZhRMICE T 5 F
Beo7 g AN BN o TRV (BRFEMh, 2020).
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B0 < OFREEY, YHITED # a 7 1CGE#E SN QO A HERUINISG R 2 6 IO TR EEZITH 2 &
DL, O a 7T TEA—D O THIZHT DR mik A2 O 7N THEATIZ B3 5 KR 7e 7 — & X
—ATHDHEEZLND. TOLI T —HRXR—REHIIBMT—Z L L THWHOTIE L, MRS Of
T2 WG BB 72 BIHI SR Z BT 2 HREAER ST IF IR & LT D 2 & T, YIS E A B m A i
LTWS ZENAMRETH D LB R D.

OIS OB Iz DWW T < B THO TR Y (ANRAM, 1971), BEOWE TITARERIEICL D
UIEIY R 2 L= 2 HWi=Ei 7 7 a—F (BHt, 2021) <, FUROHITC=2—TF L%y NU—7, 77
A Hlig7e &2 AW HE AT 7 o —F (Indrajit, et al., 2013) (X Dimmns SN TS, L LA LRTED
YIS 3 2 L—& & AT USSR 72 3R (JIJEEih, 2023) & HPC (High Performance Computing)
NVFE (Mana, et al., 2013) TH Y, GHEIINTZITO THITLIZFO L I BREREZ REIE L Z L IXREETH Y,
U OB TR 2 B L35, FHHEMORZEIC L > Ty RIUMTHRI LICEAEL L TRY, Th
5T RTUTHIET DUHNY R 2 L—F OBIFRIIRS T\, BEFEOFHFHFANT 7 o —F Clat B MIIRTE 1
EWEETRNA, IR D EUSG L= REERSC THER X VKT 567 —# N— 2% L ICUHI S 08 %
797280, FERRFRIZ L > TT—F_X—RA & ERNT DRENRH Y, ZEEER2T L RIS T 5 2 &3
HThHDH., TOXIRYFND, FEOITIEMEREE I XD UHIRTEOREESHET 5 FEE LT, TE DX
07T =2 =2 & O 2 T 587 V%, BRI KRBT — 2 0 bR RITIED & 58 L
Fso/ B —r, BURMEEZ I CE 2T — 4~ A = VT FEIC K DL, INTHEBRICE V=T L08R
AELT X7 (AR, 2019). EBICAR—L=y RINVTEZ 757 —221EA L, 060 OERERIC
LTI TZARZY T apLE LT — 4~ =0 T REEWEE PR ER T TAEV Ay~ =0 Tk
RL (Bocfth, 2023), U4 o ZHERSM: L Hoi U CRmeeh D mEikE EE 2R UIHI S 0 B ORRE B SR 2 7 —
HR—ANIMES T2 T 4 — RNy 7 REMER L CE . —FH T, Z ¥ a7l SN 02 HERGIHIGX
RO THZEXH UE X Z248E LR N TERIC L - TER SN B ANEL, TR HRL A A X
R EORFNC LY, THEZHLESZRELS LATIUER B RWERBICB W TE O E THERUIHISGMMEH C
XL LEFRBA. ZOTDHRENEENT 2 THEEIH LE S Z2BE LICUHIS 0B MM T2 TN s
EnD, BIBOBREICE L2y AT MEEITIZE > T, THZEE H LE SITUHIS @ s B L - B
REHTHY, THEESHUE I OISO RIS 35 (i, 1999) Z & CTHIED = DA HEIN
L (ZHfh, 2020), I0TRSE OB LI KOUIHIBERORED, QOO IREIOFRAE L WS ERNELTLED. &
IZAR—=L= v R I UEHERRRIED NS W R vdize, TEZbABNENTEMERIC 5 2 5820 L
TR TE W ERFESINTWD (HFM, 2008). FEFHZOMIT b4 L [FERC G, 2014) 22X H
LR SEINED 3 FIHAFI L THEDTZDOHNEMT 5720, @7 A7 MNEBRE FCIX LREEEHLESZSE
&L CUIEIGM 2 /01 L2 ud, UIHERPC X TEAEE L, T -HEREESIN TESEOK T, TEANE
DORMIRB L W RN S E i &SnDd G, 2019). LasL7eas s, TEZEX H LE ST U= uIIgit:
FHIEIZOW TR B 2R HTIT & A PR EN TN, FHREE N FEBRAICIHGE LZ2 T UE T EZ2H L
£ &G oY 2 fiib i3 mkar Levy. Wiz, AgEcid, THEZEEH UE TG U YIRS O fiE 25
HT 5 AT AOBREIT, ZTOY AT AOA R E FBRINCHEET 5.
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2 T=ERA=VTET oYU INEEEHALETEIGEEH S X T L

2-1 IRHAQTTF—RIZT—EARA VT %ERTHEMN

T RINAEZa T F =TI TEOEARREL LT, TAME, THOREWE, NEa—T v 7 OfE
RENDTHEN TS, BT, TR_RTOT RI LT, KBILTHINTAH (EREREIEISME) ot L hn
TH (EREETHIZME) L\oife, ITRECHAII OFEE - IS U HEREIHIS N il S Tn g, &
ebb, TURINTEAZa 7L, TEHA—DINEL DT ANy MRUHIVI 2 b—yar&2i7H 2 EiIck
S THRIE SITHHIFE (2 2 CIEEITHAIB O & FE) 1208 L7 HESEEIHIGH°, TR —V0 o 0E A
% SO ST HERUINI S N BRE SN R e T — =R L LA D, — 5T, HERUIEISAE A BRI
T H—FOMTIRBEICH L ClEA L TWRWEEbLH 5. ToRA, HERUIEISMEZ2IEIC LT, TR
LC &V OIS E IS T 20BN H 0, UIHISREOFTHEITRNR Lo HmeF o R, (KEE) 2324
HTHAHRETTIERL, BTN T O ME LD 2 E0vh, MTaX MU — RZ A AOBNEAET
S5, FRZ, HEREEOMA W) %26 o T L THUEISMHREZREHC T2 B RO 1 223, THEXHL
FE&ThHD. THZESHLESHHEINT D & FARICTbANEL, NEOMAESCIM TR OB &) - 7
BERIETZENHONTNDT®D, TOELIZELE TYUHIGMEZ2THET 5 kb Tnd. = KR
ANTEHIZarZoRiziE, TEEXHLEIOKRXIIZL-T, YN KIS 2158 MER STV 5
ALHDEN, TRTOTERREEH LE SRE/ ST — Tk L CIHMERRHMRER SN TV, 1ZEALE
DBEIZBWT, TEa—PAITEEH LE SITE CTUIHISRMREOTEENLE L 72 . AR CIET—4~
A= TRBIOT VY TNV FERTFEEERTAZ LT, “ FINDF a5 —XRELETEEIHLE
S U= O # 2 EEMICH BN L, BUFT 597X ToOxy FI LV TEHOKHIM, THEXHLE
SDORE =G CToUIHIG O 2 BT 2V AT A2 BET H 2 L2 A E LTWD

POV AT AEEST AT, T TR~ THhHT A LT+ LA MNEURFREEEA L.
TUH LT H LA NME, BEOKR RER) ZHOTHEROBINEZIATT HHMFE T LT XL THY, i
FCLEDZ a7 T =20 OUHIRMRESE Y AT AOREE (Fe/ARMh, 2019) CHFHIA G EE >
AT AOEF (Kodama, etal,,2023) (WAL TE . 20720, T X A7 VA MR TREOFMAR T VI
R INCEIT 2T ERROSATIFFEIC TR EN TV D728, AR CTIIEKT 5. BERIC T HD ¥ o ZIZ5i# s
NTWDENT — & & U TOHESEGIHIS L, SO M O FEFN Tl b 2 FEELEGIIIZ 54 LT\ 5.
DD, TUHA LT F VA RNRET AV EANWS Z LT, METEOWEAZEE T2 L, &RMohT
Y —ThIUXTEHOFEN LR > T LT, bOBREFEHNRUHISEEOEHNAREL 12D, T U4 A
T VA NERTECLY, SAEKE A7y bTDHZ LR, BIEEE TIT 5 Z ERATRE L 72 D08,
THNCx U CHBZRFAES 2RI U T UXEBE R T EITO 2 BREETH L Z &N THH. A
T, FU X L7 4 VA MNARTFEAEHT RIS, BT 257 —F X=X L TETIL, T—F~v A=
JFEE UCEMGEYR 2B Lz, RS EIFRZITICEZ Y, SAEROURITHITER, mEFFREIHE-S<
AR L HEROBMOFREZITO 2 & T, THKEOE WA OTEEERO 72D OFE #b 21T 7.
PLED XS 72O 2R LATH> 2 LT, TEAXurT—4ty bEVMAEZMHL, THEEHLE
S DG — T U= BIHISE O 2 5T 5 O AT LAAEEE LT,

2-2 EHSERIMT

TRk EF 54T (Principal Component Regressor : PCR) 1%, FEp%45353#7 (Principal Component Analysis : PCA) T
i U7z B s & Bz Zii A5 & U 7= EEYF04T (Multiple liner regression) Todh v, i L7-fRENwERE
(2 &> THWEBOZITEE O@mOSIERSS, TOEEMOBRE R Z &N TE 5.

PCA I3k % 7253 B2 7 o TR DL TV D HililiZe LEAHETH Y, FHlET =TV 7L LT
EOH & UOTHBIZ IV B, FHEE S S LOMBBURIZE SN TT =2 b3 F — o i3 5 O1ITf&ar
. PCA DHBIE, SRILT —ZICBWTHEDRRNE 2D M EROTHL, bEDOWILERLNENRLD b
RWDRIEOHT LW ZE A~ E T 5 2 Th D, M 1ITRT LIS, FifEx, x,® 2 L 57— D,
B LWER 2 OEATED (ERkSY) 2 BsioR & 722 571N 5y PCL, PC2 ZXETE 5.
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PC1

PC?\/’
X2

X1

Fig.1 PCA aims to find the direction of maximum variance in high-dimensional data and project it to a new subspace of the
same or lower dimension as the original. For example, from data with two axes of features x; and x», the principal components
PC1 and PC2 can be set in the direction that maximizes the variance of the orthogonal axis of the new subspace, which is the
principal component.

PCA OFJEIL, 2)- R TERINDREEFEHANTUT (O~O@) OFIETHAES N (Filfl, 2022) ,m %
BOTF—% x1, X35 ooty XS AMBEDOTERSY 21, 22, ooy za d = m) 2155,
©) Zy = WXy F Wiy + o F Wi X %, (Wil = 1E WD S & TV [ | B3 RRIZ/R D KD ITIEIRT 5.
) Zy = Wo1Xg + WopXy + o+ WX &, Wyl = 1700w, Lw, E WSRO L & TV [z RKIZRD XD
(ZBERT %
®) VIREIRIRRIT, 25 = winxy + WjaXas + -+ WimXm &, ||| = 1520w Lwy,wy, o wjg, EWVD &IFD L & T,
W[z mKRIT2 D X OITERT 5. Zhz, j=d ETHRYIET.
ZIT, ATANW % i) OIS wi THDATHNE T DL, T—H x B EMSY z ~OEHUT(6) A TRIND. 2D
L&, Ko BEEMD, wy & EROANE, WEERSANEITH, 2 2 RN, 4 28§ FROEAE 0
7.

wj = (Wj1 Wy W) (2)

Il = /Z(»v,-i)z ©)
Z1

z=|"7 “4)
Zq
X1

x=|("7 (5)
Xm

z=Wx (6)

Viz]
2iV[xi] ™
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DT, 21 ODHBRKRITIED X9 IR w 2D TS, DET— 2 OfFHEs LTHZ 52 & T, i
DEIALZBEL TT—ZBROERE 2D LSBT HZ L2 H-TEY, kbLEHRE (O OKRERE
1 Tl aeti 5. @TiE, RULSBOEKINZ, wy, Lw, E W RERBINESH, w EEITTS w %
FANWTE 2 FOEFHETHZ EICED, 7% x ZRRDEANOIRT 5 Z ENRFREL 72D, QLD 3
TR ARG RS, EMENRKIC/ D L 2 ICHIOBED BT — 2 DR E I LTV 5.

F— B e XS ER L%, T—RICEENDHIT L A EDIERE G TR DR E RIS S 2 & TRIT
HISFIBE S 72 5. T — X ICE EN A ERFENEWVER D ZIEET 572012, (D) TRINDHFHRE ERY
TEWZEIL, 1008 BRSO 5RO T D REET N 50~70%LL L& 7e D K IC TRy A UEET
D.

PCA I & o TRITHIEDM T T — Z ZHT CERN AT 5 Z LIk Y, EROBANEETES. 2o
FRIFRAEDIAZLE L LT PCR 2179 2 & THH SN EOREIRRE L, ERSOEAGRT MLvofgEn
2 & o TRENREREL C, 23R 5. RIEIFREREL L1, EEIF TRV T, EEVE ECEFEZAvwTRshbd
EMOMMEDZ L THY, FMALE x & BIVER Yy OFHRBRE — KAy =ax + b TR LI & T DFE a 1T
MU T D REHEREL C TR D EE S W E R TERETH D, LLFOX(®) - (9) % AV TRAEIZR(10) TR SN 5.
ZOLE, vEEWRSOERRY MV, b E TS RERRERE 5.

€1
¢, =7 )
G

b= b, by, b 9

—v-b (10)
3. IBEHAOTT—E8IA=VITVRTLDESE

31 ITUFIILDEXRER

X 2 I RI MBI IRy 7 « XU LRy 7y RINVDLESENRT A —Z 5 8RR
%, TEHAZa ZICTHER SN CO S UHIGME, @FIT TAEREHLES [ 2&EE LSBT 56
FREZHELTCD., TEHRIHLES [BREERDDF, K2@RShbd Xy vy 7 ilzEst
LEX DN L=0 &= THATHo.

2N RT e TRy « N Ry 72 RIJUWIIIIME DATFE LWV, B TRS b3R5 ¥
A TFAET D, Al FUAMROTZ Y RINAVOFT, bW LERDT RINLEZOMDOT KL
WHTDLOESOEY, BFRSOEMEAL ET5. KEOE TESIITOEMEZHANT Lh—ah &7
Z. BI3ICETREAZ v ZICi@#liS N T D De=20 GMTAEEIEME) OR—Lxr FIUTET 2 HEE)
HIGEE L OBAIXZ R, S RE VAR E ), FRITAIEIY AL a., YIHIEEE V., 1 WbV ED &L, 7
ANTOHBIEEL L OB K> TREMERIZSH D Z E03bnd . BAITRIER2 b O TiEe<, TOMEIT
Bamd v EOHERGINIZRM S L 2% 0~20mm (ZKE A LTEY 20mm LIBETIXZFEA S —EETHSH. F
72, BEHIESAY JIS SUS420J mod 7> JIS SKH40 & @ffEE 1272 2 12 DAL CHESEEIHI SR < BRE S TR
0, TOEL L OV VNS 2o TWDR, #HEIM Z L ORDEIAICONTITZE A EERN -
7o BREIBF OREEEZ 233 53 L OHEINC K - TR CEIE TUHISHEMER L T\ D 2 Edbnnd. Dk
RO Z MO RINLTHHERLTEBY, B—nxy RITE—0 D AZBWT L 23k E )T P HERY)
HIZHDMELS 725 K OBRESNTNWD Z EbhoTz
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Catalog recommended

overhung length (I, /D, =0)

Shank
diameter D,

Shank length I

Tool overhang length [,

(a) End-mill dimensional values for general purpose end-mill

Minimum

neck length
Il')il’fcmncc in neck length Al [ -4l g

Tool
diameter D,

" Neck length Z; L

(b)End-mill dimensional values for long neck and pencil neck end-mill

Fig. 2 Indicates the dimensional value of the end mill. The length at which the tool protrudes from the holder is called tool

overhang length /,, which is divided into neck length /, and shank overhang length /. The cutting conditions shown in the

catalog are the minimum J,, with /;/ Ds = 0. The minimum /, is determined for each tool and is mainly equal to the size of /.

(b) shows a long-neck end-mill and a pencil-neck end-mill. The shortest /> of these tools of the same diameter is the minimum

neck length 5-41, and the extended length of / relative to this is expressed as the neck length difference AL.

0.35 .,
El J1S SUS42012 mod R JIS SUS420J2 mod
g 03 I AJIS SKD61 2 gjg ggf:

(-9 o«
o0.25 DJISSKD11 e
E ©JIS SKH40 *E- [ﬁl ©JIS SKH40
s % % 4t 0.6
- 506 [
S 01s s
3 % = 04
o' 01 2
E 005 %@ = 0.2
L~ e ool g 0 XBEE
0 20 40 60 0 20 40 60

Neck Length [, [mm]

(a) Relationship between a, and

180 003
.5 160 ] 0.07
= .°,_, -
a1 ﬁ EF 006
=120 S 2

o z & 005
S 100 t 3 0.04
2 6o TR 0.03
b S 002
8 40 = /
.g. 20 0.01
r- 0 " L 0

0 20 40 60
Neck Length [, [mm]

(c) Relationship between V; and /,

Neck Length I, [mm]

(b) Relationship between a. and 1,

s

%%E’Smg

JIS SUS420J2 mod
AJIS SKD61
oJISSKD 11
©JIS SKH40

. i 1

0

20 40 60

Neck Length [, [mm]

(d) Relationship between f, and 1,

Fig. 3 This scatter plot matrix from the tool catalog shows the relationship between cutting conditions and the length [, for

D,=2.0 roughing end-mills. All cutting conditions, such as a,,a,,V;. and f, decrease monotonically with an increase in [,.

This indicates that regardless of material hardness, cutting conditions decrease at the same rate with an increase in [,.
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3:2 BEHLRIICKELET 212V VRTLOBE

THEA T =A< =V TV AT AL, TEIZa 7 X0ER LT —2 2y MNZT—4~A =T F
WA SE5 2 L CRIR LSRRI LR — Loy RIAEEISRE SRS AT ATH Y, s
X 41RT. ZOVATAZEY, BEHLESZEELZUHISENEHTE 5. VAT 20KIL, OUHI
ST AT A L@ THEZEEH LE SIO6 U Tk ST BHISEAHIE S AT AD 2 DIZKBISh, £0 2
DDV AT LEMMABEDED Z LIZ KV UIEIGRMAENT 5. DgOUAIGRAEN Y AT 22OV AT A, QL
HZEXH LU E SIS U TR SNIZUBISGSEMIE S AT A2 QT AT A EFERT 5. £ AT LG Uiyl
TRERARZ S, BB BINL, 707 L7 4 LA MNEllgE AW CTET VOBEZTTH . flxI1EO> AT AT,
BRI X ap, ae, Ve, f & WO IO 2 30E L, i AENIC I3 e » 7 0 = )LE S HRC, SRR S0 [kg/mm?],
02%Ii 10y, [NMm?], BVREHEA [W/m « K], Y2 7% E[GPa] &\ o T-4HIM e, D., L7 E DT H AT
A—BERA L. B LIZET UKL, = RO TREE, S Es A5 28T, &
AT ABNEEIGE E T D, Tbh, OVAT At ay, a, Ve fi EWOSTZEIEIRGEEZERL, @V AT AL
il 5 (A A B B B Cap, 7 EUHAI AR IEAE Cae, YIHIREERHIEAL CV,, —HNb7- 0 280 BFEME L &
S T-UIHISEEE C 2853 5. 2O UIEISM: L UIEISEEfE C OFIc L - T, TEZEEHLESIIEL
OIS B SN 5.

@ Cutting condition derivation system @ Cutting condition compensation system
optimized according to overhang length
Training set input Training set input
Cutting condition Material properties Correction value Material properties
[ap ae. Ve, f2.] [HRC, g, 092, 4, E] [Cay, Cae, CV,, Cf;.] [HRC, &, gg 3. A, E]
Types of finishing Tool parameters Types of finishing Tool parameters
[De. bz, lym.---. 0] [De, Aly, 1y = Al,,..., 6]
Model Building § . Model Building .
@) C - Test set input {5)%_) L ~  Test set input
Random forest Random forest
Predict 1 Predict 1
Cutting condition Correction value for cutting condition
I Product I

Cutting condition optimized according to overhang length

Fig. 4 The system consists of two main components: (1) a cutting condition derivation system and (2) a cutting condition
compensation system optimized according to the tool overhang length. The cutting conditions are determined according to

the tool projection length by multiplying the values derived from the two systems.

4 TRRZHLESICECTRELINDRFHRIES AT LA

@V AT LIRS ITTRT LI, Bl Ryl « XUV NRy 72 RIAD D, L ETHISEOBRE, o+
Y7 D, THETHLUES [ CUHISOBRIC B A S, 5 ORI L > THRE OUIHIGE ORI EE
PEHTHL AT LATHS.

3.1 FEICTART EDIE, LOEINCHE: D TERIMEDOIR TR0l ' — A > MERIZ K D UIHI~ORE L S &
B720, LR T HIE EHER S D UHIGE IR L COSEENCH D, ED7=0, LOBINZE>TEL S 5
INTSHER I TEMROBALIZOW T B RBROFH THRAETH 2 BB X LD, D, L EUHIEAORR
%, Ds, I, LOUHIEHORBRRE LI L., 2o Z2all3T25 281280, RTH L 125 U UIHISHHE D
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Train set ( Long - pencil neck)

Neck length I}
Correction

Test set (All) °
Tool overhang length [,

Correction

Shank diameter D,

Fig. 5 The cutting condition correction system is designed to improve the performance of the tool based on its overhang
length. This is achieved by approximating the relationship between the cutting conditions, the diameter D,, and the length />
of long neck and pencil neck end mills. The shank diameter D; and tool overhang length /, are also considered. Correction
values for the cutting conditions are derived through analysis of the aforementioned factors, enabling the adjustment of

cutting conditions to enhance performance.

IH—EHCEDBRERTHIENTESD. SBIT I, OIS & 2 UIEISEOMIERIZIARHTH 523, L OB
WL DUHISH O ERII T E D # o i STV AEmEfH 5 Z S I W IRERETH H. £ 2T,
L & OIHISRADOBIRZ AT L, L OIS CIoOIRISRE O EZ G T 5 AT ML 5T, b=, D = D;
LIEEIT 52 L2k, [, oINS U BRIt OMEMA SN & 5. U EOERIEY, T X a7+ LR
Bl A IO COIRISREIE RS C 2 5T 287 V2 Ep L, THZEEH LR SIT6 U ok Sz B g
HIES 2T LAk LT,

K 6I1Z@QV AT LEWET HFET—4 2y NBIOT A NT—H &R 7. H”T~&ﬁ/bim/7z/7
:l'oJ:U/\///I/Z v RINDT—HZN—ATHREINTEY, FJUVX L7+ VA MNaRIZEEsE52 L

LV VAT IMEEELT D . ALEOBAEEE LCOT A NT—2EATT5H 2 L THIEK ( BrexfiLE
é (I U 7= GG DM IEAE Caypy Caey CVe, sz> T - EHHT D2 ENFREE D, FET Xy MR
R DRSO EMIE, ETEEOIMEZ LI T AZTEATo Tk, &7 T ACBIT 25D L HHEL
L, o L OGBSI T DR EEEL T 2 LIC XV ESND. HIZIFME 0.lmm DT> RI L TiE b
DD, T2 AL=0 O & & OUHIZMED 0,=0.006, a.=0.018, V=15, £,=0.0023 L725. ZZnHHE FRES
23 0.lmm (45=0.1) D[E—FEDOT L R I /U DNV THERE STV D BIRISAFIE 6,=0.005, a.=0.015, V=15, f,=
0.0023 TH D72, TNENDOHEEZFHTLHZ LICLY, Cay=0.83, Ca.=0.83, CV.=1.00, Cf,=1.007315F0
o, ThaeToar 7R3yl « Ry Fry 7oy RIUCK L THEHATAZ LIk Y, Kelrnd Lok
FET =2y NEFTAER LT, T A T2 ISR (CEREM, INTIERE, #HIM OmrEdE) %%
i, FEEHDOVATLIANNTHZET, ANERE TRIE LS. Z2ChL =, D.=Ds LiflL
Tz lnn, %“357—5'12/ M 4L , DoERGDR, TA MTF—2 TRl EBE L T4, DEHEHLT
Wh. ZHUCEY, FET—FEy hoxtGitlolca Ly IRy 7 e XU R Yy 7 2 RIVLESAOTRTO
‘ZfLﬁﬁI,E\a:ﬂLT M@Eﬁ“z‘»%;ﬂT BE&725.
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Train data set
-“‘q Explanatory Variables
Objective Variables Tool dimension parameter Machining mode Workpiece material properties

Ca, Ca, Cr. cf, D, 41, rough / finish HRC (4]
1 1 1 1 0.1 0 rough 32 1100
0.833 0.833 1 1 0.1 0.1 rough 32 1100
0.5 0.5 1 1 0.1 03 rough 32 1100
1 1 1 1 0.15 0 rough 32 1100

0.889 0.889 1 1 0.15 0.2 vee rough 32 1100 el
0.778 0.779 1 1 0.15 0.45 rough 32 1100
0.556 0.556 0.92 0.893 0.15 0.7 rough 32 1100
1 1 1 1 0.2 0 rough 32 1100
v Model building with random forests
Test data
Eﬁ! |E Explanatory Variables
Objective Variables Tool dimension parameter Machining mode  Workpiece material properties

Ca, Ca, CV, af: D, 4l rough/ finish HRC (¢]

9 0 rough 64 2700
Predicting Objective Variables " e . 5 s

from Explanatory Variables 9 ) rough 64 2700
9 10 rough 64 2700

Fig. 6 The training dataset and test data are presented. The training dataset includes information on long-neck and pencil-
neck end mills and is developed using random forest regression. By inputting arbitrary test data, predicting and deriving the
target variable from the explanatory variables is possible. The data is divided into objective and explanatory variables, with
the objective variables being the cutting condition correction values: Cap, Cae, CVc, and Cfz. These correction values
represent the ratio of other /, cutting conditions to the minimum / cutting condition within each class. The objective variable
is left blank in the test data, while the desired tool size, machining mode, and work material properties are used as explanatory

variables.

4-1 IBHAATT—E2tEy FOEBR

T =B A = T EATOEOT =2 _X—A L LT, ERNRKFALOTEIZar7hG, nrrxry 7 R
NBLONV VIR I RIND OO X v 7T —2 @R LT, T—%2y hOT—% ASORE, EH
L2V BEIERR, RN T A —2 L L TOMAEENMETHS. BIERE, Cap Ca, CV., Cf &5
T-UIHISMHAHIERE C O 4 BHCTHD. ZIUIRIED D, 227 7 2 %550, K7 7 ACBT D/ L & 5%
L, o L OUEISEOEIE ER-T-ETH 5. 22T, H PN L ClIRE&m 2t B b WfiE STl
AL BN HEINCIRE SN, a,, a,DEHDRD HADRIUTEARPNAIN LD TH S0, Cap CaclrHit:
IS A BRI LT

FREAZSE T, B TR TRE 14 B8 (TESHE ST A—%2, Wb, TR IR L7, I
IFHUN LS BT TR S 5. ZHUTENER TH D790, mwmtz/:~74/7 koL, T
H LT VA NEFICKHSATRE R B A~ LT, TR RT A—2 L L C, TEA D [mm], & F
FSZb&E AL [mm], FHEE FRS b—d4b [mm], Z{L&T A7 N AL/De [mm], A&l [mm], &K L [mm],
F¥z, RUNFAO [degree] & IR LT-. T Z TEILET AT R EiL, RVATAZBWCEHEBELRDIE TE
SOBbE AL ZHAWTEES EROLTH D, INOOMALZEICEEND D, LIZBT 2T TR
Fric kv ke Lz,
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explanatory variable

Tool dimension parameters Minimum '
neck length 8 variables

Difference in neck length 4, ¢ 1,-41,

Aspect ratio AL,/De R G e

Twist angle &

/ Flute length /
Tool

diameter D,

Neck length £,

Workpiece material properties Machining mode
Rockwell hardness HRC Roughing, Finishing
Tensile strength ¢

0.2 % bearing capacity Gg,

Thermal conductivity A

Young’s modulus £ Total 14 variables

1 variable

5 variables

Fig. 7 We have identified the values to be used as explanatory variables. We adopted the dimensions Dc, AL, AlL/Dc, L-Ab,
and /, for the tool dimensions and represented them visually. Additionally, we took into account the properties of the workpiece

material and the machining conditions. Using this information, we will construct the system.

4-2 EFSEIRSHTEBAV-HRBAZEHOER S ERBE
AMFIENT TEH U@ S (De, Ab, AL/D., b—A4b, 1, L, z, 8) OERNFIER L OMEIES BN 54l
H U7 R R E DA 2 525 5. BIAEROERM E LT, MERE C13% 7 7 2B 58/N0 LA HEEL L
7o & ZOUHIRFCR T 286 27T 720, LIZBOWTHRERCER/ND L2 FEHEL LT L& AL, HAEL 12D
BHETESTHD bdb BNEZ BN, THEHLESORIELE LTHWOND T A7 ML (/Dy), bE 1, &,
D% Do & WAL Tle7 A7 M (WD), BLOE TRIOELEEZ HWZ AL/D, bEfii s L. iy, M
ﬁ?ﬁé%ﬂ@?ﬂokaMD% ﬁ?ﬁé&%ﬁﬁ?ﬁé@mf%éwmm,mﬂmm,@fmﬁ%%ﬁm
TWE—AV NLYDABFERME L TEZILND. L.:E@%’@%% 2, TV H LT+ LA MR THEESES
7%&«~x%%m¢ét@®ﬁ%£ﬁ%£mﬂ ﬁﬁk;v7/&A7wvxb%gg%mwt7~&v4
=RV BRI S, SAEEOERNC LY, T F AT+ LA NMallGo PR ) X OGHE R O 8
MNHAREL 72D,
A ET, RAIBCOR LA OB LY, Do, b, 4b, b-Ab, b/De, Ab/De, b-Ab/De, bib-Ab, Ab/b
mbbva,z L, oz, 0, @77 x)/UiES, a,%%ﬂ,E INTIERE CHANT - A BT oFt21 %
X L CERSEIFEEAT 5. FPIEERDENR T AR T 5 BRSO L - TRTEHIEE TS . 7 —4
t/%%fﬁ PC1~PC4 7> HAERR S 728 W ®L, Eﬁ\ﬁﬁ“kwﬁbk FEWNT, RS RZ R
Eﬁ,%m%ﬁcéaﬁzﬁ&LtE@J\ﬁ%ﬁb_ RV, ERORENRRE A LR R A X 8 1R
7. ﬁxmnilﬁﬁﬁm,MQMIE?X«&%%%IE#&@%,HBiWMM%&ﬁ,Hmiz/b\w
FEEED AN X DB ZF LTV, REIFREDS 0.01 LFO b DT HICERTE 5 L&, KhicidFRi
|PRQAYAIAN
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Fig. 8 This analysis is a type of partial regression known as principal component regression (PCR). It utilizes Principal
Component scores as the independent variables, with C as the dependent variable. In this analysis, for all the correction values

of C corresponding to different cutting conditions, the coefficient associated with PC2 is the most negatively significant.

Roughing

Finishing I

E nCfz mCVe uCae mCap =

LD
Ab/-Al
LAl
L-Aly/D,
1/ D.
Ab/ D,
LAl
Al _somll

' i i i i i

0.5 04 -03 -02 -0l 0.1 02 03
Partial Regression Coeflicients

=]

Fig. 9 The partial regression coefficients were calculated by taking the dot product of the principal component partial regression
coefficients and the eigenvectors of the principal components. It is observed that A1, has the largest magnitude, indicating that

it more sensitively reflects the changes in C compared to l,, which does not account for variations.
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FRMREIFEREULFERR N T 5 BIVEBOEBES W2 IR Th Y, ZOMRHENRKZWIEE BIE
BOMBICHGT 5. £, EOTERMRREIRFAEILH LKL EOMBEEZ R L, ADTHOREREEI K
xR e AOMBAEZRT. K8 LV, T XTOUHIGMHHER C (Cap, Cae, CVe, Cf) I1ZOWT PC2 DS
FEFFREUIIRROADEE R LTI Z Eovh, C OISR LA H5THDIXTEOT AT R THDH Z &b
M%. Cap, CaclZdBVT, PC4 DEZBITPC2 D 50%LL N T %73 PCl, PC3 & HE L2 Al SV TREEE AW
IIREWED, =2 FINVOBEIZ K DENT AT NEDRIZKEWEEBZ LN, CV, CLIZBWTHFE
RO BT, CV. TIEPCL & PC3 MFIERMETH Y, PC2 D 50%LL FTiddh D28, IMTIRE L T.H~E
2 X D UG EEA EEA~ORE L KRE W, £z, ENAHOTED X v 77 =280 T, alfa, D 3%
DIEICRET D Z & & LTERSN TS0, YL L2 ERD RO T _TOEERDIICBNTa & a
DN 5T 5.

F72, ERORERRE E B EA 7 FVORNTEIC L > CRIEIFREEAEH LR E2X 9 12RT. fFE
JARE TR & BHEROBRE RI1RECTh D, Tz, K9 IR TIRENHREI I ZEE & B4R
B C ORI E ST AFRE L R/ TH S 2 &0, IEOREAREE B S EOBIZ R L, ADFEHE
JRREN T B A L AR Z R LT A, PCL 248k L CW 2 TESHEE Do, b, Ab, L-Ab, I, L, z, §DOH
TIE Ab PR BIREREIIRE W X005, L OHEINC X > TEIMISEE AT AR 3 & FETH
5. F77, PC2QZRERR L CW=T AT "NeZET b /D, Al IDey b1 b-Ab, Ab/h—Ab, L3 D& 3N ~<T-0.2
UTFTHDHZEND, TN I EICHBE LIEGAICBWTRERADOHBEEZ R, TET A7 Mo k-
T, CHEMNBAT DM Z RS Z Enb0D. £72PClL EREEIC, L D, AL/D. T Al % FWTEEHDIE H )N
AOHBENRRKEN. Lo TV AT AOBEIBE L THWAIEKIE, LEY b ALDNE L TWDAREMERH D.

TUH LT F LA MRIRIZOWT, TRIOTZDICHEE & 72 5 BB O EEEE %X 10 (7T, 2 TOUHIS
TRICIGE U C, AL/De 73T A — 2 DHHERBIE TRICK L THE TH D Z Lo s, 2 2T Rk L7Z@Z K

(De, Ab, AL/De, b—Ab, 1, L, z, ) OD/NTA—F DI T X LT+ VA RNET VIFEESH, 3 D08
LNREAT DRI EEZT A T —4 L LTHWERICHE T SN D THZEE H LE &S & S REAMIEME ORI Z X
1SR T. TREESH LEIDENT 51206V, BIHISEMIEMEIIEIERICH 5. 2L, K3 ITrdTE MR
S LUIHISREOFB & & —ET A TH 5. SRS OMD /T A —Z OFAEDEITONT H ] ThlR
FIZIX 11 & FEROBIREZATU R L7e23, 28X H LE S OB, #iEES T 28 m 72 SRR D5
ZENbolo. FERMIC, K11 ORRTH I SN AEMIEBA L2 D, Ab, Ab/De, b—A4b, 1, L, z, 0 %AW
FNZBT DT H LT A VA NETIVZTERAT 2L E L.

bk, THZEHLUE SIS UTEMERECEN S AT MMERD O DR T — 2 _R—=2AM 5505, R
—HR—AOWEER 1ITRT. WHIEIE (a), ae Vi, f;) T eIk DEESGERGEZAT, A R—3T 2 —
BDF a—=2 T 2T VORI ZI T 7. 728, T /MTapy ae Ve, fLOTNFIUTOWTHEE LT, =
DL xE, HEE k= 10), KEEE 10 [B), RERKODEIEITH T v F LB EOETER TH DA /35—
NT A—4 (max_features = [3 ~ 14]) ZRIE L7ZBRO PRIFERZ K 2 ITHEREZRT. ENENDNA /X—/3F A
—ZITBUVT, BMIEARER D TR 2 K7 B HEE EE R ERE R X, Cay Cae, CVo,i309LLE, Cf,130.7
BRETH-oT-.

[DOI: 10.1299/transjsme.24-00128] © 2025 The Japan Society of Mechanical Engineers



Kodama, Moriya, Morimoto and Ohashi, Transactions of the JSME (in Japanese), Vol.91, No0.946 (2025)

E E
A A
ag.2 ag.2
o o
HRC HRC
7 7]
Z Z
L L
I /

17/D7 [7/DS )
A/ -Al Aly-Al
LA Al 1y/1-Al;
1>-Al/D, 1>-A1/D,
!_?/ D(- !3/ Dc
Al/ D, Al D,
1>-Al> 1>-Al>
Al Al
12 15
D, D.

0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
feature importances feature importances
(a) Feature importances in Ca, (b) Feature importances in Cac
E E
1 A
Go.2 0.2
= o
HRC HRC
0 o
7 z
L} L
] )
_‘.'23 /DEJ ™ I _JJ/D‘-"
AlA-AL Al -Al>
fz/fg—db d f_?/[_v-A]_?
I-Aly/D. b [-AL/De
12/ D, 1/ D
A !;/ D. ; Al D,
1-A1 -4l
Al B Aal;
> &
D. D,
0 025 05 0.75 1 0 0.05 0.1 0.15 0.2

feature importances feature_importances
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Fig. 10 The feature importance of A4/,/D; is the highest among all cutting condition correction values, indicating its significant

impact.
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Fig. 11 The model was constructed using D., 4l and 45/D., and the relationship between tool projection length and various
compensation values were plotted for similar tools with radii of 0.5, 1.0, and 1.5. As the tool projection length increases, the
cutting condition correction values tend to decrease, which is consistent with the relationship between the length of the lower

neck and the cutting conditions.
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Table 1 Dataset for the cutting condition correction system optimized according to the tool overhang length.

Data volume 6027
Tool diameter D, [mm] 0.1~12

Neck length variation [, [mm] 0~90

Minimum neck length variation [, — Al, [mm] 0.15~60
Aspect ratio variation 4l,/D, 0~30

Flute length / [mm] 0.08 ~18

Overall length L [mm] 45~200
Number of flutes z 2, 3

0, 25, 30, 40

Twist angle 6 [degree]

Tool specification

Long neck, Pencil neck end-mill

Machining mode

Roughing, Finishing

Rockwell hardness HRC 32~69
Tensile strength o [kg/mm?] 980 ~ 1910
0.2% bearing capacity oo, [N/mm?] 850 ~ 1620
Thermal conductivity A [W/m * K] 21.0 ~40.6
Young’s modulus £ [GPa] 190 ~ 242
Correction value for axial cutting depth Ca, 0.004 ~ 1
Correction value for radial cutting depth Cac 0.004 ~1
Correction value for cutting speed CVs 0.267~1
0418 ~1

Correction value for feed rate per flute Cf,

‘Work material

Alloy Tool Steels, High speed Tool Steels,

Sintered High-speed Tool Steels, Pre-hardened steel,

Quenching steel

Table 2 Results of K-Fold Cross-Validation

ap de Vc ﬁ(
Max_features 10 10 14 14
Adjusted coefficient of determination R? 0.97 0.97 0.93 0.67
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5  UIAIRERIC K AXES R T LDEHRMREE

5-1 ERFEBIUEREH

ZEX M L ORI & U T A LA HERER ) O A E COR S [, & THAME D, OFEERTT AT
b (/D) BRANVHILTND. AR TIEEE N LEZ R L LIS E CTOMMAEZE L TS0 & o 7R
GO E DN T LT 570, M2 ICORSNDLT YV IV EEHLES [ Ly vy 7 H9ME Ds & AV
77 AR M (/D) Z22E M LOEEE LTEMNT 5. 3~ =704 (TTI400A, VT 1> 7
) ZHNTU AT LAOFAMEZRGRET 2720 DOFEREITH. = RIUE, A—/FE8 RLO [mm] DL
FEROR—zr RV (ENAMR) %2, N FeFy oy sy —1 7R 4 (HSK-E25-HDC4S-40, KH7
FREHEEY) ICTHMRF L2, X I IC TR Z 7 B L OGS RIRGEERICERIT 6 THIEEH UK 2R3, £3 12
FERICHAW AR — L R VOSHEEZ T, ERTIE, ¥ a2 ICRES N W AUHISMt 220 F £
THIENRETHD, mEE - SEIEZ ARG AR (IS SKHS7) Z#HIM & L. &0k 4 1ZEHN
AFRIT B 2 v 7250 & % JIS SKHS7 (A T 2 A I O (7 > 7 7 = VS HRC) 36 K OVFEBRIC
FEH L7 gHIA D v o — MIFEHO & o T BV 2773, £z, LR OUHERETOFHIL 3 By 7 +—
AV v (9437C, Kistler B ZfEMA L, UIHHERIOY > 7 ) o 785 %E 200 usec & L7z, BEEC WA —1
T RIUI2HHTH Y, KHAOEMRM: S BIEIBES Z & COHINIEENT 572, 55mm & CHIEIHHTE
PHE U CRURICAW 2, TEHMITEICUIHIRGUED S Bl 5. SIHIREUEO £ 0 I3 0IEIEOR 2 fi5 & 72 -
ToHS A FRHEL U3 D, TR O T ENEOBERERESCHEH SN 500 < TRIRE LOROEHR LR AIICE
BLTCLEHFMIIE RS e LT,

Manufacturer's

recommended value Experimental value
1,=6.3 1, =28 I,=34
(I,/D=0) (l,/D=5.4) (/D =6.9)

3
Fig. 12 As illustrated in the figure, increasing /, results in a greater force applied to the cutting edge, which in turn increases

the amount of deflection. Under the recommended catalog conditions, /s/Ds = 0, as the protrusion length is minimized.

Table 3 Information of ball end-mill used in experiments

Tool diameter D, mm 2.0
Ball radius R mm 1.0
Overall length L mm 50
Flute length / mm 1.7
Neck length , mm 2.5
Shank diameter D; mm 4.0
Number of flutes z 2
Coating TiSi-based
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Table 4 Work material characteristics of each data base

Catalog recommended . .
. Experimental work material
material
. High speed steels JIS SKH57
Work material Hardened steels
(DURO-SP)
Rockwell hardness HRC 55-65 64
Tensile strength o [kg/mm?] - 2700
0.2% bearing capacity oo, [N/mm?] - 2100
Thermal conductivity A [W/m * K] - 23.8
Young’s modulus £ [GPa] - 228
Work material size [mm] 55X29X20
Inclination angle of machined surface s
[degree]

FRAFOINIEBR 21T D AS, —RIREEHLES (/DS0) (2T, HRFAFEINI SR & RO YISt TOHI &
792 LI X VRTNTEZAE LZ. FEBRIIXK 13 X2 3 7 +—2A ) 70 BICTEMERTIED L,
YV VI RAE CHEESINI-R—ILT RI ML THE Ty OSSN T 21T -7, S 5I0E R
EB OWNEBICHRE Loy = 20T Y < $ AL, BEf%8% (EPIPHOT, Nikon ) Z TV < $9EkEB &
OEERE L. £7-7 DX LVEESEE GR-WM60IWIFL, AU — « 77—/ 25 L) & T T BRSO
WhEA A~ TR Uiz, A RPN LA TRE L7-UIEIS M L 2 B Cix, 15 ofuEgoFRm s &l
VHIHLE Ra, BKES Rz) OWELIT-o72. REHSIE, THEY A 3 DETC OV TERZEN 3 [ SH1E
L, HEME SN B ORISR T DRI S ORFHE L LTz,

HUIN T A48E L7 USRI, 2 HOREHLES (,=28, 34), {LEFMIEBRCIX 1 FEEOEEHL
FE& (,=28) ZF%E Lz, SR 2£ 5, 6, TIRT. B & u ZHEEEMETIE, &KED LK DM
BHESNTWDED, /D=0 7%, A=Y RLO [mm]DOAR—/Ly RIVEFHLTEY, apy de Ve
fin F, S, MRRIFBSMCHRARD. IR L OME I T 2488 L7 UIHIEBRIC DWW, fiEfREkz A Lz
BYHISECH L, ThEN T EEMICED £ THEBR UM REZFMET 5. EBIISUHIGMIICH L TEREN
3EFOEM L. £S5, 6, 7ITREH5 original condition (DY AT MM L -» CTEHHENTFKETHS. ZOH
CaplX ap 2, CV X VT, CHLILL ZRGEE LT, original condition {Z%f L TART AT AZ K- T S L7l E
EAEARE Lo~ A = TR ERT. SRITENEN, ERL~A =V &M, Cay~A =2 T, CVe~A
=V UM, Ch~A =V TR LR D, AL ETFIITIZOWT, ap, aolE TEASADIEKEE TR S A1t
FFREMAWD ZEN—EHITH L Z 0D, MIERBEOBELRRE LTV, 2072, (L EFILiZkT
LFEBRICBNT, ap ae OffilE, THEHAZ 0 78R L TS ERESECH LT, fiEEz2EAEdiczox
FHEHLTWA.
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Fig.13 This is an overview of the experimental setup. The workpiece is clamped onto a three-component force

sensor, and cutting is performed using a ball end mill secured in a tool holder.

Table 5 Rough cutting conditions of /;/Ds= 5.4

Mining conditions
Catalog —
o Original Ca, Cr. Ct,
condition . ) ) )
condition correction correction correction
Correction factor - - 0.34 0.73 0.71
Machining method Contour machining (down cut milling)
Tool overhang length /, [mm] 6.3 (Is/Ds=0) 28 (L/Ds=54)

Axial depth of cut g, [mm] 0.256 0.221 0.074 0.221 0.221
Radial depth of cut @, [mm] 0.768 0.656 0.656 0.656 0.656
Cutting speed V. [m/min] 139 130 130 95 130

Feed rate f, [mm/tooth] 0.060 0.059 0.059 0.059 0.041
Table feed F'[mm/min] 2650 2421 2421 1766 1730
Spindle speed S [rpm] 22050 20665 20665 15075 20665
Material Removal Rate MRR
) 521 350 118 255 250
[mm?>/min)]
Coolant Air blow
Table 6 Rough cutting conditions of /s /Ds =6.9
Mining conditions
Catalog —
. Original Cay, CV; Ct,
condition . ) ) )
condition correction correction correction
Correction factor - - 0.26 0.73 0.70
Machining method Contour machining (down cut milling)
Tool overhang length /, [mm] 6.3 (Is/Ds=0) 34 (L/Ds=6.9)

Axial depth of cut a, [mm] 0.256 0.221 0.058 0.221 0.221
Radial depth of cut . [mm] 0.768 0.656 0.656 0.656 0.656
Cutting speed V. [m/min] 139 130 130 95 130

Feed rate f, [mm/tooth] 0.060 0.059 0.059 0.059 0.041
Table feed F' [mm/min] 2650 2421 2421 1770 1700
Spindle speed S [rpm] 22050 20665 20665 15115 20665
Material Removal Rate MRR
. 521 350 92 263 246
[mm?/min]
Coolant Air blow
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Table 7 Finishing cutting conditions of /s/D.= 5.4

Mining conditions
Catalog —
.. original CV. ct;
condition . . .
condition correction correction
Correction factor - - 0.90 0.90
Machining method Contour machining (down cut milling)
Tool overhang length /,[mm] 6.3 (Is/Ds=0) | 28 (L/Ds=54)
Axial depth of cut a, [mm] 0.160
Radial depth of cut a. [mm] 0.480
Cutting speed V. [m/min] 92 85 76 85
Feed rate f, [mm/tooth] 0.040 0.036 0.036 0.032
Table feed F' [mm/min] 1180 975.6 879.4 786.6
Spindle speed S [rpm] 14700 13482 12153 12153
Material Removal Rate MRR
. 91 75 68 67
[mm?/min)]
Coolant Air blow

5.2 HINIZHEEL-RIIERROBREER

,=28 (Is/Ds=5.4) BIO [,=34 (/Ds=6.9) \ZBNTC, TNENMIER L~A = 7%, Cay~A =
VIEMEL CVe~ A = TS, Ch~A =2 TR D 4 SR X D TR B A i LT

X 14 12 [,=28 (Is/Ds = 5.4 )DYIHHEHE ORI ERE Feds L O HEEFEIRAER L O Y < AR OB miG %
Y. @IORTHIIER L~ A =2 75 TiE, 605mm Hif TR ILIEN A E V, Z OB Lotk
P> CTHEHAEO KRR LT, (0)D Cay~A =2 75 TIE, 605mm His o F) e BEFE R A 15 72
L~A = PRI T 5 LN E o Tz, fitT CVe~A =2 ZERMEITHEWTIE, Redi & v boEE
MEEFELTWND Z WD D, VATHHIEE DT 5 2 & T, UIHHEHL O EAMED MOS0 & bl U TR S
TW5. (D ChL~A =2 7R TIE T EEMICE ST THEDORKEBR A LN, FIMEE NI 725
O T, F bk HEREENARE VR L o7, BRI 2 TEFMIERE MRR, MEBREMH
ERSITT. fERL~A = IR T 5 L, T RTOYEIRMEICBW T, TREIEZ AT
52 E TTERNBIIOND AR S, THHEMEZHASE S Z ENTE -, FEEERL Y <, U4
PHUEOBLRNS, RFEFMIZHR BRIROH DHIEREIL Ca, THDZENEABND. MRR X Cap <A
= TR R BIRLS 72503, ERRORFMEICE D BREFREITR B RS WVRR E o7z,

Table 8 Comparison of machining volume ( /s/Ds = 5.4)

Mining conditions

Original condition

Cay, correction

CV. correction

Cf, correction

Tool life distance [mm] 1870 15180 3575 4125
Material Removal Rate MRR [mm?>/min] 350 92 263 246
Machining volume [mm?] 271 736 518 598
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= Cutting distance mm
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(d) Cfz correction condition

Fig.14 The results indicate that the original condition caused chipping on the cutting edge. Although chipping was also

observed at Cfz, it was not as severe as in the original condition. However, applying a correction factor helped to

reduce tool wear and cutting heat generation, ultimately increasing the tool's lifespan.
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FERIC, [,=34 (L/Ds=6.9) \ZBITHIEREREENENES, RIITRT. MiERL~A =075
V3 b A IERENEL S, LR D TEO RSEITHEHIM S L EIZEE L, LoV I LR NS
DRIENRH ST, 10 < FIIWHBRNE L= X o koo E G ThH D 2 Lond, ITRAEOUIHE]
TEIE 600 CRREDEIR TH o722 EBNHEREND. Cay~A =2 THRIFZHONWTL, &0 FORRB X
OENBIN TR OBDIRAN D 720357 Z L BHEEE S h, BT HEEFERI IO S0k & i LT/ Ev.
~A =V TR, Cf, A =V TR T O MIE RS AR 95 2 L THilER L~ A =2 7 5F & ik
LCRFHmEsD. TEAEG, BRERBEITTSTOMESMETH ELTEY, L,=34(L/Di=69)IHB\TH
FIEAREC L » CTEOEHML, BREFREOEKZ T Z EONMERTE - N Tics Wi, ,=28
IDs=54) BEXW =34 (/Ds=6.9) DWTHDOFRIFIZIBNTE, AT ATE VBN S - MiErRE s H
W5 Z L TTHIEDZERA e KB U WEF R UIHIZNATRE L 72 0, THOFmERES L OMEIREE
AR T 5. $7ebbh, Higicbh BRI DAOBICER T 2 TEEMOK T %, #iEfRkoiE

MR- TR SED Z LR T&E T,

Table 9 Comparison of machining volume ( /s/Ds = 6.9)

Mining conditions

Original condition

Cay, correction

CV. correction

Cf, correction

Tool life distance [mm] 1210 15455 5665 4070
Material Removal Rate MRR [mm®/min)] 350 118 255 250
Machining volume [mm?] 175 588 821 590
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Fig.15 The results indicate resistance values, tool edge conditions, and chip formation under incorrect mining conditions.

Conversely, when a correction factor was applied, the force on the cutting edge was reduced, leading to decreased tool
wear and an extended tool life.
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5:3 HETFMIFEEELRIIRBOFRLER

[,=28 (Is/Ds=54) 2B\ T, MIER L~ A = T&ME, CVe~A =0 T&IE, ChL~A =2 7510 3 5
IZ XD FEBRERZ I L. X 16 ([Z&SRMEOHIREUEORIE R R4 L O T EERRIES LU0 < K
OB 2. TXTORMITONT, 15 NI O FIITHIM OBEE M o35S LT
AVl

IER L~ A =2 ZRToWTIE, 15 SUIEIRICIIIEEE 2 BRI L 0 NSenidkebi, ITHoEO
MAIZ L VY < FOMANDTINTRAEZHY, ML & i LT 0 < Fn i shi-k 572
FERAE TR LTV, 202 &5 15 UHKRETIEEI 0 < FORIRDBELT H1Z E DLV ABRBEDEALH
EL, ERREIEII T CWehol= B2 D, CVe~A =TT, iR L~A =0 75t
(AR THIEIHHL O IIEN NS 22D Z E DR TE 7o, B L~ A =0 7R L i LT, T.HFm
PREEITA 2 FRREHIN L2, 810 < T oaCIIROZL b I TO N DI NT TR LR T2 2
DD, YIHBEE R SE 25 X O ITHIEZ 20T 5 Z & T, INLHICA U 58 AW X 2 0EIBS A L
EEZDLIND. Cf~A = 7T, UHIRHLOFEER L OHNEDOERRITMER L~ A =2 75
PRIZ X DRER L LT L A LENE Uo7z, G910 < FORIRIE, IToOKEIZ O WL, #ER L
~A =V TR L LT BT S TR T, IMTFEOREZ R > Tz, £ 10 ICHE S =%
& 279, ERL~A =2 75D Rz 13 7.05um TH o7, WHIEZENT T2 2 DO HONT, Hli
ERL~A =0 TR EHEET D & Ra, Rz & BT L TWD Z ERbnorz. FRZ, BEHLOEDOK
TV EIPINTICOWTIE, SIHHEHUE ORI L 2 EFHMEOBLEN L H CV AKX D2HMIENRAZITH D
ZENREBZLNS.

PbXy THREHLESIOELT, TEROESEML, MTmtkon ke v 2000z aTaeic+ 5 BI04
WIEEZ ST 5 AT LAPMER SN2 L 2R LT

Table 10 Comparison of surface roughness

Mining conditions
Original condition CV: correction Cf, correction
Tool life distance [mm] 5390 10560 6325
Ra [pm] 1.80 0.64 0.77
Rz [um] 7.05 2.95 3.85
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Fig.16 After 15 minutes of cutting, the tool demonstrated that it had reached the end of its life and had lost its cutting
edge under all conditions. The application of the V¢ correction helped to reduce cutting resistance. The mining condition

labeled CVc resulted in the longest tool life, highlighting the positive impact of this correction.
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6. # =]

AWGENL, T—H ~A =2 T FIEI L > TR TR 2 8 REE ORFER I S A 722 m a5
LT R Y, USRI EICEE TR OBIER X O E R UHISIRE R AT LOBEE B E T 5.
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ENTE LW LEZEE H LR SIS U7 VIR AR A B ATRE e O A 7 LA T 5. S HIZEHI N
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Do,
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