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Shear and Friction Characteristics in Down-End Milling with Different Helix Angles

Y. M. Lee*, S. L Chang+, M. K. Seo™, J. W. Son™

L

Abstract l

cutting energy regardless the helix angles.

In end milling process, undeformed chip thickness and cutting forces vary periodically with phase change of the tool.
Recently, a model has been proposed to simulate the shear and friction characteristics of an up-end milling process in
terms of the equivalent oblique cutting to this. In the current study, a down-end milling process has been replaced with
the equivalent oblique cutting process. And shear and tool~chip friction characteristics variation of SM45C steel has been
studied using the end-mills of different helix angles. The specific shear and friction energy consumed with helix angle
of 50° is somewhat larger than those of 30°and 40°. The specific shear energy consumed is about 76-77% of the specific

Key Words : Down-End Milling(3+3F A= 2)), Equivalent Oblique Cutting(5-7}4 A4}, Shear( AT, Chip-Tool Friction( -5
1H2h), Undeformed Chip Section Area(u]H¥ 3] vhH =) Specific Cutting Energy(H]) 4}l %))

71 ARG A ZEA
77t AALEE ok

zyape] 225 ol45wA o

*
=¥
3

N
-~
o

4
=
ﬁ
Rl
N
2,
ol

o}
Blid

[y
g
(]
e}
®
e
=
5
o
.0
-
a5

1 702-701 titA] EE APAE 1370
71 Al st

dierel 714 3ot

++

FojAe A2 uHy ALA(undeformed chip thick-
ness)7} W3}l ofo] met WatEE 2710 wWath
&t Aol BE, B FRES] A eF o
A oFgF AAbtAl e 2 Uk 4 9lh Martellotti
Fe BAA 9 7lestd 2 eEstA el BAo] gt
&g goto} A o st WY TANNY FRAR
2 g AT Wt gt 0|22 BAS HYs}

2R e
e




t&‘?-‘é%l ‘&f&&H é‘ﬁi UrEHH% "ééﬁ °4| 245 AA
PR, AR AAY 2AAYe Fotel AXE 2d9 g
AL AES G AL 2 AAAHAo|d, I YA
ot £ 3] THE FHolA wfe F2
F3 Qgol dofitl FFH AeayHel o3
T A4E A AT AR oEg 9o
WA Rz BaEg®.

AF YAAEEALS YA, BENBR) o
3 s4ol Aoz oo o, olg A
337 04 g 97E Aol itk 42 o
=GN0 gzl dugzg Ao Adsle dLr
A3 SN EARD 44E Bolol SMASC ¥
A=A7189) 7HEA AFA=LTHANY A 2 -
37 uHEEA Y A4S AlEd uk gick 2 Aol At
FA=LY Pl ARk SR AAEL
SWSCS| 4 WA Eofe] e AT L AT
upzk 4wt disf AgA=dH I Bl - DA

ol

E_ il
‘“‘

=3}
x_
=4y
[+
ﬁ

oq‘

3 Al

2, (=1

2.1 O/ =

Fig. 1) 33 A= U 244 379 9472 3
2 Ueld Aoz duge 2usto b WbAEEF0E a
9| Aol 7HAN, ddol el fate] gurael d
HAZE o|ETh

Fig. 1(b)= 49 A=Zo| 3t A=ty dAA 32
9 o]%-& tAlste 77 Hahdg stihF olstHA g
A gof Fr&o +A3 S Yl Aol ke A
AA] B iBARA he daE AHAst S48 S71st
o A haaoll 018 F, AA13] bt 0] o] 2t

ojuf Hapd ZEAY Hof| v[HE AFA heaee A (DE,
3 we) YAz 4,2 4 D, T 2ol JH4 0227 H
Aztste] mlatAol A Hofd wi7t]e) 2A7} gyp= A (32
2 uehd 3 ok 714 1 B, ak AN A
A3lol, Sz 7 olFFoIn

=g

b =7—V (r— @+ VP =(r— "=, (1)

18

(a) cutting model

(b) cross section view

Fig. 1 Schematic of down end-milling process
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Fig. 2 Coordinate system for cutting force components
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Fig. 3 Spread underformed chip crosssections
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Fig. 4 Relative position of cutting edge in down-end milling
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(b) equivalent cutting model to down-end milling
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(c) down end-milling, helix angle 50°

Fig. 7 Measured cutting forces
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(c) down end-milling, helix angle 50°

Fig. 8 Undeformed chip section area vs. cutting time
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Fig. 9 Tangential and radial cutting forces



Table 2 Shear, friction and cutting characteristics

DOWN
40° 50°
Friction Characteristics
Friction force, F. (N) 315.7 335.8 4373
Normal force to the rake face, F, (N) 4303 444.0 485.4
Coefficient of friction, R 0.73 0.76 0.90
Specific friction energy, ur (MPa) 648.8 649.3 772.0
Shear Characteristics
Shear force, F; (N) 385.1 428.0 526.7
Normal force to the shear plane, Fs, (N) 369.4 3559 386.7
Shear strain, y 3.15 3.59 443
Shear stress, 7 (MPa) 667.2 618.7 584.5
Normal stress, ¢ (MPa) 640.6 514.5 429.2
Specific shear energy, us (Mpa) 2104.8 2218.8 25874
Cutting Characteristics
Specific cutting energy, u (MPa) 27536 2868.1 33594
ufu 0.24 023 023
u/u 0.76 0.77 0.77
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