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Studies on High-Speed Milling with Small Ball End Mill
—Temperature Distribution on Flank Face of Cutting Tool—

Akira HOSOKAWA, Zhipeng ZHOU, Keiji YAMADA and Takashi UEDA

A new three-color infrared radiation pyrometer using an optical fiber is developed for measuring cutting temperature in high

speed machining by small ball end mill. The high speed air spindle unit is adopted to the ordinary milling machine so that the

maximum spindle revolution of 40000 rpm is attainable. The ball radius of the carbide cutter is 3 mm and the side cutting of

carbon steel with ballnose is executed without cutting fluid. Cutting temperature distribution along the ball-nosed cutting-

edge is measured. The influences of spindle rotational speed, radial depth of cut and feed per tooth on the temperature distri-

bution at the flank face are examined. The maximum temperature of peripheral cutting edge about 700°C is obtained even at

the rotation angle of 180° after cutting, and it drops along the ballnose toward the ball tip. Relatively large temperature

gradient arises along the ball cutting-edge at higher spindle revolution because cutting speed depends on the local tool radius.

Depth of cut and feed per tooth, at the same time, affect the overall temperature at the ball cutting edges. The cooling charac-

teristics in air cutting reveals that the temperature difference during one cycle of intermittent cutting increases as spindle speed

decreases. The relationship between the peripheral cutting speed and the tool temperature varies from tool shank to ball tip

because the interactions between cutting edge and workpiece change along the ballnose.

Key words: ball end mill, high speed milling, cutting temperature, three-color pyrometer, flank face
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Fig.1 Structure of three-color pyrometer with optical fiber
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Fig.4 Experimental setup

Table 1 Experimantal conditions

Tool / \ Solid carbide ball end mill (2-Flute)
’ : Ball radius R =3 mm
Helix angle B =25°

Workpiece Carbon steel (JIS S45C)
Spindle speed N 25000 — 40000 rpm
Feed per tooth f 0.01 — 0.02 mm/tooth

Radial depth of cut  Rg4| 0.1 -0.3 mm
Axial depth of cut ~ Ag| 3.5mm

Cutting style Up-cut without coolant
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Table2 Conditions of tmperature measurement

Characteristics of optical fiber
Core material Chalcogenide glass
Core diameter d.=300 pm
Numerical aperture  NA = 0.4
Acceptance angle ~ 2&,=47.2°
Setting location of fiber (q.v. Fig.4)
¢ =0°30°, 60°, 75° (v = 180°)
vy =0°,90°, 180°,270° (¢ = 0°)
t =0.5 mm
h =0,0.25 mm
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Fig.5 Typical output profiles of three-color pyrometer
and temperature histories of two cutting edges
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Fig.6 Variations of cutting temperature distribu-
tion with spindle rotational speed

Cutting temperature

Fig.7 Variations of cutting temperature distribu-
tion with radial depth of cut
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Fig.11 Change of tool flank temperature during one cycle of intermit-
tent cutting process as a parameter of feed per tooth

3.4 YBIRICETA2R—ILADERERHE

A=y RINVINT TR EERS 2 OIEAR—L HoY)
HILRIZRB T DIEERETH L. L LR s, X4(a) :fﬁ*
Loz, BIHIRIZER T DIRE ZRET 2 72D TIEYIC
m%%%fé%%#&@,¢=mu%®mimzﬁ~fiﬁb
W CERFT Y0 AR R &5 272 1 R 2B ISl ETI NN
AELPND). £27T, X6 LK miEEDHEIEIENSY)
HILROREEZHET 22 LI L.

B 12 131X 9 OFERZ AR« OB TRLIEBDOTH
5. BicAHABEOIT, TRIEFFEE L THH~ORREIZL -
THHISND -6, THhEEEE (8 E) 12 K o THEEEIC
BEREIHA LNV ENbND. 22T, Zhs 3o
OWHEIEN (©, @, 0)Izxt L, 0,(1)-0,= (8,-6,) -exp (—at) D
AR E HTITH TN D, 22U, 0, 1XEIR, 0, IXHHiE
B, a0 IIMRETH L. BHBEMRE TS ALTHIE
B alz—ET 23T THD2, K12 0FERTITE TR -



1000

o Tool: P30
O 900 y=90° ] _
% 00 W=180° 9700 Work: S45C
< @ ) $=0°
o 100 ¥ a=0.300 1 Um0-270°
5 @ D ] v
2 600 ) 0325 1| ©:N=25000 rpm
5 500 1| @:N=35000 rpm
g ® : N=40000 rpm
§ 400 \ 1l (v. Fig9)
'é 300 Arbitrarily—defined curve: a=0.370
=200 [-0,(t) = (6;-0,)exp(—at) + 6, 1
100 TN TN TN TN AT T Y TN [N T T TN Y SO S N N
0.5 1 L5 2

Air cutting time T ms

Fig.12 Cooling characteristics of tool flank temperature
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Fig.13 Estimation of tool flank temperature at cutting point
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