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Estimation of Radial Immersion Ratio and Instantaneous Ratio between
Cutting Force Components using Cutting Force in Face Milling

W. T. Kwon™

M. K. Kim”

Abstract

Radial immersion ratio is an important factor to
determine the threshold in face milling and should
be
regulation. In this paper, presented is a method of

estimated in process for automatic force

on-line estimation of the radial immersion ratio

using cutting force. When a tooth finishes
sweeping, sudden drop of cutting forces occurs.
These force drops are equal to the cutting forces
that act on a single tooth at the swept angle of cut
and can be acquired from cutting force signals in
feed and cross-feed directions. The ratio of cutting
forces in feed and cross-feed directions acting on
the single tooth at the swept angle of cut is a
function of the swept angle of cut and the ratio of
radial to tangential cutting force. In the research, it
is found that the ratio of radial to tangential cutting
force is not affected by cutting conditions and axial
rake

tangential

angle. Therefore, the ratio of radial to
cutting force determined by just one
preliminary experiment can be used regardless of
the cutting conditions. Using the measured cutting
forces and predetermined ratio, the radial immersion
ratio is estimated. Various experiments show that
the radial immersion ratio can be estimated by the

proposed method very well.
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Fr(¢) = Krah(¢) (1)
= Kra$,sing¢

Fr(¢) = r(h(¢))Fy 2)
= y{h(¢))KrS,sin ¢

Fy(¢) = Frcos ¢ + Frsin ¢ (3)
= KraS;singcos¢+r(h(4)) KraS,sindsing

Fy(¢) = Frcos ¢ — Fpsin ¢ (4)
= r(h(¢)KraS;singcosé— KraS,sinsin
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Fy(é)

r(h()) — tan ($)
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1+ »(h(4))tan ($)

22 A9ZAN Y A BHAL o)
el A4y v

M

B o jx ol

Fig. lIM4Y A9y 24 w4 a4
Aolmz ANY Y =¥ w5H Jys
Atk WA FTAES WA A Aate
"ol BA&MoMY AL Hapy
A7) =gsevel AarE HEE et

=

o]

=50
g 100. I
3 p\\ ~
2 -1so1 \
> df
_m_\ ¥
250
] 2’0 4'0 ) 6’0 j 8'0 100 i 12'0 ) “‘O 18‘0 i 1180
mo-L/..\
df
s 10 /E 2 \/
= L -
2 1004
£
7 so0d
0"72'0 4'0 i s'o 8'0 100 j 12'0 1"0 j |$'O |é0
Cuttor Ro tation angle (Deg)
Fig. 1 Cutting force pattern when more than

two teeth are involved in cutting.



AU (g AMe A ArEe o)
2o Ao vejola,
GFi($) = B Feld—(i~Dgr)  ©
~ 2 Fy (4.~ (= D)
= FX(‘]SS)
GFr($) = BFy(d-G-Dép) @

~ 3 Fy (4.~ (i~ D)
= FY(¢;)

714 N = A2t 4, $r=2n/N

weka A (5), (6), (Mg ol &3 BA&HH
Mo XuhaF Aoty vk Aol nay A
Azte] A ZFo] slF3tA drh o] AoR e
e o5 2L Ae de gl

dFy r(h(gs)) — tan (4s)

(8

afuz 4 @ AT ¢sol e F
AYY APNE A5 S Qe e ve 4

d& < ik

L r(h(gs))— dF yldFy
bs=tan SN T aF JaEe T 9

o|2M 2 o sl Astdo) FA Axel 3
A AR duds $ALHE AR @
Aol ge) g

B P I

3.4% 2 37
3149 #A

Axd &8 959 Kistleribe] 9257B &+
FHAZE AFREHR, 54" A44E HS-DAS

241

12 EEE E& A/DWIIE T 586PC A Astd

=3
z Encoder
b
X
warkplece Taol
# Dynamomettar
Y-axis [2~axis
pacs signal
A/D Board Iharg
{ amp l"—
X, ¥, Z Force
586 PC
Fig. 2 Experimental set up
Table 1 List of cutting conditions
. Axial
Cutter |Spindle Feed per { No.
) Depth
Diameter| Speed Tooth of
of Cut
(9mm) |(RPM) (mm/tooth) |Teeth
(mm)
Depth 125 600 1.5 0.20 1
of Cut 125 600 2.0 0.20 1
Variation 125 600 3.0 0.20 1
Spindle 125 540 2.0 0.20 | 1
Speed 125 600 2.0 0.20 1
C
pee 125 | 720 | 20 020 1
Vadation |77y 5 5020 | 020 I
125 600 | 2.0 0.10 1
125 600 2 0 0.12 1
Feed per [ —t——
Toott 125 600 2() 0.14 1
0
v? Y2 [0 | 20 | 016 1
anation 5 ,{ 600 | 20 | 018 1
125 [ 600 [ 20 | 020 1
varymg | I
unmersion 100 | 600 2.0 0.04 5
\ ratio t |
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Table 2 Variation of radial rake angle

Axial
Rake angle
Radial
Rake Angle

20°

Table 3 Variation of axial rake angle

Radial
Rake angle
Axial
Rake Angle

-6°

10° |12° [14° |16° |18 |20°
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Fig. 3 Instantancous r value under the swept angle
of cut (1 tooth, feed per tooth 0.2mm/tooth,
spindle speed 600mpm, axial depth of cut 2.0mm)
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Fig. 4 Instantaneous r value under
various feed per tooth
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Fig. 5 Instantancous r value under

various axial depth of cut
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Fig. 6 Instantaneous r value under

various spindle speed
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Fig. 7 Instantancous r value under
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Fig. 9 Estimation of Immersion angle

under various cutting condition
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