i4,. Bulletin of the JSME . =A Vol.81, No.826, 2015
w 5N =4 A2
HA#EBFESHXE
8y
Ly

Transactions of the JSME (in Japanese)

HBEARILT R T LZRAWVEI Y FIIUNIBOIERSEEDER

B BT, ARE SET, R RWS, BRE S5, Hil R

Investigation of tool internal temperature in end-milling process with a wireless holder system

Masatoshi SHINDOU !, Ryo MATSUDA "2, Tatsuya FURUKI 3,
Toshiki HIROGAKI ™ and Eiichi AOYAMA ™

*1"2 Research and Development Group, Yamamoto Metal Technos Co., Ltd.
2-4-7 Setoguchi, Hirano-ku, Osaka 547-0034, Japan
*3 Department of Mechanical Engineering, Doshisha University
1-3 Tatara Miyakodani, Kyotanabe-shi, Kyoto 610-0321, Japan

Received 22 January 2015
Abstract

Nowadays, infrared thermographic technology has been attracting attention in various industrial fields. We therefore focus on
it as a novel method for monitoring surface tool temperature to improve end-milling conditions for difficult-to-cut materials.
However, a problem has emerged; it is difficult to measure the tool surface temperature when there is a coolant because the
coolant prevents monitoring of the surface of the end-mill tool. Thus, we developed a wireless tool holder system equipped
with a thermocouple in the end mill to monitor the tool internal temperature under coolant conditions. In the present report,
we compared the temperature measured by infrared thermographic imagery with that measured by a wireless tool holder
system when end milling the stainless steel under dry coolant conditions. The thermocouple, which has a diameter of 1.0 mm,
was used to ensure stable measurement in the proposed wireless tool holder. We obtained the tool temperatures by infrared
thermographic imagery and by wireless tool holder equipped with a thermocouple at a sampling time of 1/30 of a second. We
confirmed that the tool internal temperature measured by the wireless tool holder agrees with one calculated by FEM model
based on infrared thermographic imagery. As a result, we demonstrated that the developed method with a wireless system is
effective to estimate the tool temperature in end-milling processes and makes it feasible to measure it under coolant
conditions.
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i, Sl (BVARD) B De & V7= (Kodama, et al., 2012). ZAESHEAFLOERIL, TEFELY /NS WVSE
N5, THROLARTIE, AEMHEAILOELE d 2 Imm T, A 27 A TEHHIFRE: T EEE D Of/IMEIX
2nm AR L 72D, L LR S, K0/ S 7 AFLICHRHS L2 BvE s 2 g, & SICFHIIATRE e T H BRI
INEL T D ENARETH D,

2.2 EEBAE
R U7e TR, it~ =227tk 2T, ZOEMCATY v Taby NATDOHRLZIZTTY R
NWERFF LT, = FIV TR (0SG tH# WXL-EMS) 1%, 4 KA, 2aUivf 30°, TIAIN =— hZ2Hn/-. T
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Fig. 1 Schematic diagram of wireless measurement Fig. 2 Wireless measurement tool holder system
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Fig. 3 Discharge machining electrode and end-mill tool Fig. 4 Cross-sectional schematic view of temperature
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Workpiece: JIS SUS310S

Cutting tool: OSG WXL-EMS D = 10 mm, 4 flute
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V. =45 m/min, f, = 0.05 mm/tooth,

Ad =12 mm, Rd = 0.6 mm, dry air
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Fig. 5 Setup for monitoring end-mill process Fig. 6 Infrared imagery of end-mill process
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v R VORI IR 2 SIS Th B FTREMEANE . I, M LEICE BT N VOB 0N Ll A 1,
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LIS 2 2 & LR L TWD. ZORORERE 77 7h b lid &, v 7 h1381s, = R
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Wiel (FEFEML, 2006) , S BICZFOFEREEMTROERE 2L L7-flidenL o THh D, [Fl—DE#EET
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T (fH) bR L CEMEROERICE HDMARE N EmED. LInLRNRG, ZOZRIE 05 RIRETH
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LIZELLOTEFEOT Y FINTY, [FHEE BRI 5 &mfilifoitd & LA L CHREMEIOZIRNB B
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X 91%, RN AT LAOFBRMZHRT D20, REETT Y R IVRIEEIEIINT % 2 [BHT- 7255
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FTo, TORERNOFHIER & SRR ORFERE A D &, TNEN 2T, 49s ThoT-. ZOHGIIAE)ICH
S LEMAOATE 2, DO~ 7 /R EICxT 5 —RENROET /L EIHERORFTHIZR AR &~ 7 1 72
EDOEITERTZAB) OB E DBREE o THOLDOINHIADEDO I RT IOBNNILHIEETHL EEX
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AOWTHIIL7EfRTH S, HREREROTGEIL, / AVEHEZOB/NETIIER D MEE AL, &
BElI—ETHDD, FORITBICHNIIENDETIMIRY, 57025 &R E U CHREEN T35 Z & 23
BHL TV A (9, MEESE, 2011). X110 o> 2 X5 o Ok 0.2m L FOXMICE R T5 &, /7 AL
OO L - TRUEITIR E < Z b L 15~100m/s FREEIZ 72 D Z L b s, Z 2 T 8 o T A [Rl#st & KEE
BOBURICHESER TS5 L, D=6mm, T E[al#z$k 9,000rpm, T HJEHIZ LT 3m/s FEE T H 0B EHIRN R e
BTEDHDIZXKL, RIA 7 ORMITEDOEEDEAAE TH D T2DZF OWAGHRITIEFICIRZ N LAVRE
ni-.

3:3 H—S5UrEHDEBWNMEIZITERFEEADEE

1012, = RIAEGIEIIN TR O 7 —F o D RIEO B % 2L ST 7RO BHRFR NV F AT A2 L H T A
REFHARE R AT, EN T THROMBAREZ 0 ChEefR LT, &R 2N LRAAREO T H IR X —
FBILLTEGEThD. £, £7—7 0 MEFIZ Lo TREIREN R Y, FNTETEZOMENMRES 72
HIEBRbNS. I T2, FRENOFRIEL X OMARTRRICEIT 2R EHE R

RZAMT (K11 H0A) OERELETLE, FIA4=7E (M1LFoB) THEMF TSRV LL
OFBIMHNRLSND Z EBD0D. IHIZK 12 FOREHTINASL (AL B) ZTHE, FIA =TT
FHRINH7Z T TR, INTHOBHBNE L IEFICRE N ERNb0ns. E6I12, KEtEmA (K11 o E) Tl
SR AR LOGHBIREN L < bnd. bbb, =2 RILOWNE « AT DR A1
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D TNSNI EIREINTNS, M1LR2HFORFEHRTING (AL E) Zigd s L, FAEMEHITHIMTH%ZOMEA!
MRTHIEFITNSRETHLZ bbb, 2, KILIZBWTRIAMTE MQL  (R/KIEMEITAI 2 #1HIA4
BT 5) AHE ((ULFDOAEC T5. KI2128WT, WE AT 5 & BT T THOGEIERRIC
BOWTITREEEITIZ E A EEN 2. L LR S, RIAMTEE UkEIRE T 1000CLL EEWZ &b,
THA < Wik KOS T oo M E2g 81 X 2 RBEOIRRIC L HIRE R oMl RiEkE w2 bbb
M5, EEIZ, K1LIZBWT RIA1TE MQL (AKIEMEIFI A 9HIAM I B+ 5) & RIA =7 EEDFH L
etk (Ko A & D) 5. MQL IZ X 23BN &Rt L 2 mMARROmMEIZL Y, K740
T & bl U ClRemiiE 1 120CLL HRW 2 23D, 72K 12 £, BEIIINTE THOBHEBRRICBIT 8
ER /NS ERHERTE 5.

FREANFIITEEERO~ 7 a S bDOELETH LN, TOMBICESZZ2001E, M1 BIUOK 1212
ODWT LR oI 7 e (F< Wl FEDORFTNZRBIE) efli TOBREZ TS, = RIVINLO X
D TG I DA, T EMN—[Allsd 5 M AR T2 E T 5702 OIREAITRNT 58S TR
BEET I — 7 T v 7 BRBMEE R D r—ARD 5. bbb, TRIREOKHAGENERICHTLED
r—=AThHDH. OMITAICBITDREAE, QLEAL~OANE, Q@LHFLOBHTEE D 3 SO S LI
T5HE, K12 L0 E OKEEZ —Z > MER) OE, RFEBMPMUOSM: L R LRIBI/ NS W ENBETHE
HTEOBHBEE RN IENZ ERDND. LovL, AKEMEAE s 5 LKEEZ —F > N OFEHIEZ g S
FFCE2ne®, LEFWHE, KiFm CTORBREMS, Y10 < S AWM COBEBMTFRORBICIZTZIEFE
LW OMTAICBITARBAEIIREIVWEEZOND. ZNLOEND AEOIREEE X O OBE T
RELE— M T PEIDVLTWVIRIEEZBND. —J7, C+D (RABRMERAIER) OHAITEEIRIC
X 2O TR D REEOIHNIN Z WEHIM B L0 0 < §° & TEFLOBEREITHBENANET D Z Lick
Q@ TERNfe~D NBAEDJGI R SR T X 2 (Frift, 2012). 260 Z S1FX 11 I2BIF5 A (K74 H01T)
& C (RAKRIBMEMABA A =T 7 u—72 L) OREIREOZEL 72> TRALTWD. @ TLEANEOHHBEEIZOWT
1%, M120B (RT7A4=7) £ D (RAKEMEMER+ KT ATT) OEBIFORFERZ T 5 &, %EORE
BOFNRRKENZ ERXDND. ZHUTTEEEICAE LIS TR L ZZROMICETHZ L2k, b
BV DB IR 5720 & & 2 D ERMM, 1988). LLEDFE NS, FABRPMEMAIZEH L5 E, N
FEDIRSE EF- 240 L o208 bIfl4 2729, SUSRIREZLE T 2R 08 & Y BriseUIHIC B CTIEENL
WZIE7 B S GHANENZ NS RIOFHAFER D DND.

WRIT KT A =T IEORFER & FH ORIRIZOWTBE R T 5. NE)DRFEEL Tn 1FEMRER o [ITKIHIT 2 2 &
Einb,

T a
o= (5)

m2 O

Fz, @)LV

V n
& - (_ZJ (6)
o, \A
JoT
T, (V)
=-(7) »
m2 1

ZZ T8 LY D=6mm = Kb, T E[alfizkr $=9,000rpm, T 7 7 1 —72 LOKEOREE Tm=8.8s, iK%
Vi=3mis & L, K10 8L 12 LY D=6mm > K3/, TH[Al#s S=1,450rpm, =7 71— O ORFOREE
B Tmo=4.4s, Vod % Vo=16m/s & L, K@ITCAT D E n=043 & 720, —fRIHREIRFRIC IO CHIIRIE FE O
O 05 FE CARELR o N ETHEINTNDLZELIFFHLTNDZ ERbhoTn
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& 200 el A ! S 6 perio
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Ad = 12mm, Rd = 0.6mm E : Water-soluble coolant
Fig. 11 Effect of cooling and lubricating method Fig. 12 Relations of the time constant and
for the tool temperature method for cooling and lubricating

3:-4 REBOIENDEELABEEDE

AT E TOBLETIE= Yy RIVINTEE (TR & TEMOEET D85 mE) OREIT—FkE L GEELL T
LU 5K 6 OFffg %A L0 3HBICRE T2 &, Bl7 2N L & O8I e~ uU IR E AR I e 0 /b S
WHOD, BEEIZITS S OBRG NS B ENCREAR AT 5 2 E3bnd. T TARELUKZIL, 515
LHTRD D T O T O LRF M OEE AU OV T OB 5. T7bb, TEORRFMOHF.LNREEZN
ESOIREE, THOPRITMOEINE OFEREE (N TRFONEAHLOT < Wi EEO /PR FIRE T l, +
WM TEGREUANORST H OY—F 7T 7 ¢ - CHIELATRE/ 2 TR OFENEE) #RERE L ERT S, K
1312, YIHIEEE 45m/min (T HER 6mm, 48K, THZEHLE X UD=3) , %V & 0.05mmitooth, #ifiJ7dliA
A 12mm, BT EYLAZ 0.6mm & LMD E =X R (KR OEBRT T, =2 K I VAT 5B E R
FOBESC L D FINAWNEOEEHIGER) 289, —T7 7 7 0 ORI, Bk FEM AT R G
Eefl, 2014) & HEE L C, TORUMEORGEEZF TETHDH. =2 K IV HEEER L OWEROIEE N TBIARE
Bb ERL, HEEEILD S —EHEICIURT A2F03bN5. £y RIVNERERR & L, WNERORE
TIINTEE D S0 LIBN TEDMab 2 720207 EFITR G720, INEFIEEIXZZREEE CEA T2 L
DGR TE, YR ThoTz.

400
T g5 | ourfacetemperature o cmme Workpiece: JIS SUS310S
— s Cutting tool: OSG WXL-EMS D = 6 mm, 4 flute
o 300 e o
= Machining conditions:
s 250 V, =45 m/min, f, = 0.05 mm/tooth,
g 200 Ad =12 mm, Rd = 0.6 mm, dry air
& 150
'S 100 Metering equipment
F 50 Surface temperature : infrared thermographic imagery
0 Internal temperature : Wireless holder system

Time [s]

Fig. 13 Comparison between surface temperature and internal temperature

[DOI: 10.1299/transjsme.15-00046] © 2015 The Japan Society of Mechanical Engineers n



Shindou, Matsuda, Furuki, Hirogaki and Aoyama, Transactions of the JSME (in Japanese), Vol.81, No.826 (2015)

4. ABREREBTICLIBER

4-1 HBEEFRE FN) @BHFETIL

T R IV OSEEEOWRERE DOfESE X OFHRRFOEEE T L OZ S PEIZ DT FEM f#HT 2 AV CRg
5. K9 OFFERZR END L RINTNDE LI, KL TIELEOKENTAEL DI 7 nRiREEE 255 L
THDOTRL, EZ~7 a2EBMERIC X D UMO—FK2FEIZERB LTnD. 512 3.4 Hi Tl LA AR
DOFYJRE A RERE L ERLOT, =2 FILOHEFEICEW T EDEEHRRTH D LUE L, flixf
LETFNLE LTHEIR TR T 5. Lo T, =2 R I A 0fliF o se)s S5 muhAR O & £ T
HCEE R Z 52 5. SHTEBMED Y b — & LTIk U7z B O -4 2 EH BT R (=22.6W, —iE) &
LTHXD70, TOMITIHESER 35, K60b 6005 K ) ICUIHIINTARTAEUIEENL, 1T, U
— 7 BXO= U FINVTERIEDS., LIV RIUVIERTDE, MILANLOABUZLY, v 75
BIRNVAEIZANT CRIBEDHESBNBERIND. LR o T, SAFO—EETEET VLT 5. AW=EWiiE
1%, =2 FIVTBEA4A L LT, BE 14,800kg/md, EEL0.21kJ/(kg: K), EMRESR 80W/(m-K) , &AZ¥EE
kT & LT, B 7,860kg/me, LEEN 0.50kI/(kg-K), BMAESR 42W/(m-K)E Lz, M3nbbbhnd ko, =
¥ RIVFHEICEBWCF v 7R v EFTDIDITEEN NS L, NS 2 v 7 BT TR ZE D
HhE AW IR (L LTS, —F, ERBIRICB W TAEEOE(L, FEABIRIZB W CIMnmk 0%
EPNEELRBERICR DD EZZ NS, KT OERPD B EZOENPHERTEH., £ TU Y 7 iE
DR (KFE) OEWEZET L1012, A (HORKRIMEELD) Z%hEE (De) TET /UL LI-(#HE
fith, 2014).

4-2 BERRELIUBER

FROET AR IO 13128 29 —F 77 7 112 &k 2 TERmIRE OFHIE R Y 92 AZ&
% 22.6W & UFEAT L7 —H1 %2 X 14 38 KON 15 (2R, 151285 TERmBEICEHETS &, 13
BT DR —F 7T 7 012K A TEREEEN B L TV AERFRDN5S. OO g7 1l
FOBERHFEAMLEST (T2 RUVEmR XY Imm 1J57) OEBEZEL LT 2 X 15 IS CAbEORY. 2
DFERIZL, BIREND IR N L VAT DX DWNERE ORISR E —8T 25 2 L3 b.

P bEX, MR 2y 25 M L HWNERRE T — % OBS AL, RO —E 27T 7 1 OEEE{§ TH
P UTZIRETEH E RRRE OV 7Y o T ENOEENEZ A L TWD Z RSNz, S5, MY —E 7
7 7 A EROYE, MQL TR Z: SIX TEREICAET AWM L0 BEENE{ L, FHUIOEEESMET L
720, ZFORIEIZH N BT H0, KFETIEZOL ) REFTHREE L TESITMTIREOE =4 BNA[RETH
LHZEbmRane, ¥, TRIZZ =70 MAKREICHBINTRE T B2, M11 O ESEM) <, St
73 ETEPHBM OHFIZA Y INLEBY—E 7T 7 4 HfE CHER TE RV L ) REGAITIE, RV AT L3 T
Ao THREDT =2 FRICRD 2 bbhoTe
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Fig. 14 FEM model with equivalent diameter Fig. 15 FEM analysis result of temperature by

axial symmetry model
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