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Fundamental Study on Cutting Mechanism
of Different Helix Angles End Mills
(Investigation of Cutting Process based on Cutting Tests by 2-Tooth End Mills)

?%N

Hiroyasu IWABE

This paper deals with the cutting mechanism based on cutting tests by 2-tooth end mills with
different helix angles. The results are as follows. (1) There was a chip area decrease by a low
helix angle edge and increase by a high helix angle edge, in the cutting process with no transition
period in the end milling. (2) Behavior of the cutting force is coincident to that of chip area.
However, in the cutting process except the transition period, the change in the cutting force is larger
than that in the chip area. (3) Under the cutting conditions, the machined surface from the bottom
to 5 or 7mm is generated by a 41 ° helix edge due to smaller normal force, and the other part is
generated by a 38 ° helix edge in the same manner. (4) Light and heavy chips are obtained by the
2-tooth end mill, but the chip weight is lighter for the former and heavier for the latter than each ideal

#WX No.91-1192A

value. (5)

On the assumption that a high helix angle edge cuts a workpiece overmuch in the feed

direction based on the results of cutting tests, calculated values of chip weight and cutting force agree

with experimental values, respectively.
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End mill n A a Le
A:Different 38° 1 0° 1 19.5° | 48 ma
helix angles | 41°
B :Standard 38° | 0°| 19.5° | 45 mm
C :Standard 40° | 0° | 12.0° [ 45 mm
D :Standard 41° | 0° | 19.5° | 44 mn
E :Standard 45° | 0°( 19.5° | 47 mm

Lc:edge length

Do=20mm, Yw=3mm, Zw=25mm, down milling
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Do =20 mm, YW = 3mm, Zw = 25 mm, down milling

helix angle 38° feed
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1.5 A
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Do = 20mm, Yw = 3mm, Zw = 25 mm, down milling

2.0

helix angle 45°
feed mm/tooth

kN

Cutting force

Cutting time s
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Do = 20 mm, Yw = 3 mm, Zw = 25 mm, down milling
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2.0 5
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Do = 20 mm, Yw = 3 mm, Zw = 25 mm, down milling
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Cutting force Fy kN
0.0 0.5 1.0

25
helix angle ® 38
o I
20
15 Do = 20 mm
own milling
15
.
[ =
« 10
=
T s
0
8 MImDERCEET2E>H
Chip
welght Freaquency

mg 0 10 20 30 40

gg:g; Do = 20 mm, Yw = 3 mm, Zw = 25 mm
70 ~ 71 % Sz = 0,15 mm/tooth
72 ~ 73 |s3333 | |

T4 ~ 75 |$23833L22EXS2IELLLTLILSLXELASLIRILSS
78 ~ ;7 33 | |

78 -~ 19 o,

80 ~ 81 | helix 387« mean 1 (gg'z ﬂg)
82 - 83 | angle ! H
84 - 85 41° : mean2 92.1mg
8- (91.6 mg)
88 ~ 89 I 0 mg
00 ~ 91 |3sss3x32532382288302

92 ~ 93 [ssEE3X2ETR22

94 ~ 95 |sxsxssxsxssss I '

96 ~ 97

98 ~ 99 L ( ) calculated value
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RBYID S FERICEL TR, HEMEEREOE
TabbY]) K FOREINFOE S 5 2 EEOYIY <
FTHELLHDELTWVS, ZORBREROKMETIE,
%D 0.05, 0.10 8 X UF0.15mm/H it L T
1R THKOESRENRFN0.009, 0.016 5 L U
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25,

Do =20 mm, Yw = 3 mm, 2w = 25 mm, down milling

100 T
helix angle 0.161 ‘
38, u- (0.180) 9@
2 . Sz = 0.15
mm/tooth ,
80
o feed at upper surface 0.139
£ USz mm/tooth ® O
¢ calculated value 0.107
a (compensated value) (0.123)
S 60
= . Sz = 0.10
§ ol 0.08 mm/tooth
E (0.077)
@ .
S 40 © experimental value _|
0.054 @ compensated value
(0.063) Sz = 0.05
o 0.046 mm/tooth
(0.036) |
20 e
20 40 60 80 100
Calculated chip weight mg

10 410 < SEBOFHHEME L EREDOHE

2.0 Do =20 mm, Yw = 3 mm, Zw = 25 mm, down milling
' I

z helix angle 38° feed 4l
BE g~ ~ 1 0.15 ’,_--—-"'i
3 1.5 f—r ¢ 7 mn/tooth |~ l \
& calculated
o 1.0
2 value \
s J USz mm/tooth
3 0.5 — 1 T ----0.139,0.161 \ —
e experimental —0.120,0.180
value | ) '
0.0 L
-0.02 0.0 0.02 0.04 0.06 0.08
Cutting time S
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Predicted [#Predicted |Cutting
error (N) error (N) | force (K)
E, o] Ee. T e F
A 0.05 38° | -69.4 | 88.0 | -2.2 |65.5 552.2
41° [-21.6 [75.4 { -76.9 | 53.6 623.6
A 0.10 38° [-68.1185.5 | 37.1|53.3 1130.4
41° [ 55.0 [53.9 | -43.7 | 30.4 | 1232.3
A 0.15 38° [-58.5({55.7 | 59.9|26.2 | 1575.9
41° [118.0 | 32.8 9.9 ]28.5( 1716.2
B 0.15 38° | -39.5 |40.5 | —— | — | 1663.6
D 0.15 41° | 41.6 |36.8| —— | —- | 1580.6
% compensated value

End Feed
nill {(mm/tooth)| n
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