Drilling of Difficult-to-Cut Materials by Using
Indexable Insert Drill with Non-Axisymmetrical

Geometry
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Drilling of Difficult-to-Cut Materials by Using Indexable Insert Drill with
Non-Axisymmetrical Geometry

Masato OKADA", Takashi UEDA, Akira HOSOKAWA and Ryutaro TANAKA

*! Kanazawa University, Institute of Science and Engineering
Kakuma-machi, Kanazawa, Ishikawa, 920-1192, Japan

The cutting performance of indexable insert drill that has non-axisymmetrical geometry for drilling of
difficult-to-cut materials is investigated. A twisted drill is also used to compare the cutting performance. The cutting
characteristics are evaluated by tool flank temperature at peripheral comer edge 0,, thrust force F,, chip geometry and
surface roughness R,. The temperature of cutting tool is measured using a two-color pyrometer with an optical fiber. As
work materials, the carbon steel, stainless steel, titanium alloy and nickel-base alloy are used. The 0, -and F, of
indexable insert drill are lower than that of solid drill in cutting of titanium alloy and nickel-base alloy. In the case of
titanium alloy, the F, of indexable insert drill is only 40% in the case of solid drill. On the other hand, this tendency
reversed for stainless steel, and. 6, and F, of indexable insert drill become higher than that of solid drill. The chip
geometry by indexable insert drill is divided into parts in fragments so that there is chip breaker on the rake face of
insert while the chip geometry by solid drill is continuous and long. The difference of surface roughness by the
indexable insert drill and solid drill is negligible in the cutting of difficult-to-cut materials.

Key Words : Drilling, Difficult-to-Cut Material, Cutting Tool, Cutting Temperature, Cutting Force, Chip Geometry,
Surface Roughness
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Fig.1 Schematic illustrations of indexable insert drill
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Fig.2 Details of outer insert
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Fig.3 Schematic illustration of two-color pyrometer with optical fiber
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Table 1 Experimental conditions

Drilll] Indexable | (Ti,AN+TiN coated carbide with two oil holes
Rake angle y=0° ( Except for the chip breaker)
Back taper angle £ =2.5°
Diameter D=16mm
Effective length L =48mm, 2flutes
Solid | (Ti,Al)N+TiN coated carbide with two oil holes
Helix angle £=30°, Point angle 20~140°
Back taper angle £ =0.15°
Diameter D=16mm
Effective length L &=39mm, 2flutes
Workpiece | S45C, SUS304, Ti-6Al-4V, Inconel718
Cutting speed | v=25m/min
Feed rate | £=0.05, 0.10mm/rev
Prepared hole | Diameter: D =5.0mm
Lubrication | MQL (Vegetable oil, Water-insoluble)
Flow rate | g=44ml/h )

2 -4 IFDBESE

TEMOBEIMZRET 2MEHEE L LT, EICE S, 3RRS, HUx, syzEsisfshs® 220,
E2ICTEYE LTRVWE A BEOTEHOMEREE, TN EhOFEIERE L TRT. T b ORME
HEHOEES CRANERBEOTHERLTEY, BEIIFERTCHVEIEDOZAMBE LT TRT. #
KRR, R—REICITASEMIETI-DOUEIEEEZEZ L TEY, 0.12%C OFFRRERZ N5
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Table2 Properties of S45C and difficult-to-cut materials®" 9

Work Hardness Hardness Tensile Elongation Thermal | Machinability
material | Material |(Actual value)| (Mean value) | strength [5] conductivity rating
No. [Hv) [Hv] [MPa] ° [W/mk] [%])
1 S45C 180 198 623 21 49 60
2 SUS304 161 157 606 47 17 34
3 Ti-6Al4V | 304 318 1026 12 8 22
4 Inconel718 418 399 1252 22 11 13
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Fig.5 Influence of work material on tool flank temperature at corner edge
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Fig.6 Influence of work material on thrust force and torque
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Fig.7 Influence of work material on chip compression ratio

3-3 UHISHICKk HEE

[ 8 izl KU /U Kk B Ti-6A14V OUIENIZIBWT, GIELERE » 2% 9 &% 2k S 87258 0N EF = —F—ik
FHEREE 2T A MO R ZFRT. 20T 1ALV OXVRETLTEY, Yy FOBE, ZOHI1E
Edh- D OED RO 12 275, JEY, @ FY LD v=25m/min, f=0.05mm/tooth DO, % H#4 5 &, FHER
P 70°C FREE(EV = L 3 d . ZOHE, 1 A0 OUBARNE CTHhDH Z b, Z00,0ZE I LK
RicksboThn, @ik m:ﬁ: 0 RO F LTI Ti-6AI4V OEIEHS@E L TWB LW i D

F) 2 O YIRS & F~OBEH5 L2, £0.05~0.10mm/tooth 1)i% Y EUJJ:E?JHL_*TLTF‘ HTD
#hnAEe bhiz, Zhuicx LtJJﬁ!Jiﬂs‘JiEwE-é*ﬁét-iaat: xt L, TH &S B, v=25-50m/min T 120°C DIREE L
@bz, 2T, WAEAHRAIZE VT v=25m/min, £0.10mm/tooth & v=50m/min, /=0.05mm/tooth {Z & %
ML T, MLICET AR EDLLV. ZhbD I Ehnh REZHKIC X5 Ti-6AI4V OUIENITIE, KR -
Bk OUEIEAGFTOZ KA D Z LAAEETH S Z LHbrD.

—F7, EHEDITS45C IHIHC BT, S - K T OB S0, 2B ML LT LR TELZ LEHALN
IZLTWAY. chnboZ &b, DERBAZ AV SEE, TIEDOMERET & V)@Uitt’c)}ﬁﬂ%{fmaitt 9,
Ti-6Al-4V O & 3 ICH TR LD R < 2\ VESMEERO BN T HIUEL, KE - Bk Y MIA0.%ES M2 28R
PHEAMTHDE N ZD.

O 700

B 6,
B :F
< 600 2 .
_ _| Work : Ti-6A1-4V
5 500 =1 p,=50mm
o ==
E | g [Lg=44mih
£ 400 £
& Z
< 300 L
g i
£ 200 e ~ 200
- Solid | Indexable
< > | >
v=25m/min ¢ 50

q—rlq—b:q—n—
F0.05mm/tooth | 0.10 | 0.05

Cutting condition ( cutting speed v and feed rate /)

Fig.8  Influence of cutting conditions on comer edge temperature and thrust force



3-4 1Y PR

X 9a), (IZi RUMZ LY ERENYY) < TONREEZRT. AERBENIZL 5810 < T, SMilF
TEYERSNIY K FTETFT. VY v FIZL 580 < FBRIZ TSN L LT REROFIB TH - 12729,
Z 2 TIX SUS304, Inconel718 DIV £ PIREEO A% 7T,

WO TP EHC BT L AERBRO Y K TIRAKRTH S, LRABRBERXBE CHNEANT
WA, ZRITL, YUy ROy < FIRERN 2 LREARK THD. TITHEBSSUNIENEES L ViR
RENTGY L PRRODBITBNT, FERHRIUZ L B8 < FRHEMN 3~5 BUTHYT 30IcxL, YUy R
2L B8 < FRHKIL T RUCHEEN, ALY K TOAERFELZ L NCHENFBA R D Z L 271,

ZOLEIRBOPEONEER L L TRAERBROALETF v 73 VHIRT bWETF v 77 L—h OB
MREWVWEEZBND., Fu 77—, 910 < Fh—LOiiRpELEHICELD &4, 10 < T2 40T
HZEMNTED., T LY Y vy FidEE, 3 <VEIRF v 77 L—hZ2RTAZ LEBEELY. 810 {5
SMFENRVWE, TMA~OBREIMEBELBDARAT v 77 4 — FEOMNRBVLELRD. i FUILVNTIOE
&, MTHORNETEY < FHEHENAZMIZZA— FMUICROGNATEY, ity < FHHE LTl
HAERDND L ERNRITREOEARNIFAR 2B Y. AERCIMVEH 2 —F—8HBRES 3mm (23#
THREOHBHEV IO, KR T LD IC  FRRICHEEZT~T AR b izho7z. L
Ladih, TREHBEOGE, 10 < FHRHEOB AN L ARZBRADEIIENRBHFTED LWV AD.

S45C SUS304 Ti-6Al-4V Inconel718

wyyl¥ | 1g 6\

(a) Indexable insert drill

(b) Solid drill
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Fig.10 Influence of work material on inner surface roughness
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