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On-line Simultaneous Identification of Immersion Ratio
and Cutting Force Ratio using Cutting Forces in Face Milling

M. K. Kim*, W. T. Kwon**

I_ Abstract I

In this paper, presenied is a method of on-line estimation of the radial immersion ratio and cutting force ratio using cut-
ting force. When a tooth Fnishes sweeping, sudden drop of cutling forces occurs. These force draps are equal to the cutting
[orees that act on a single toath at the swept angle of cut and can be obtained 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 cutiing (orce is not affecled by culling condilions and axial rake angle. Thercfore, the ratio
ol radial to tangential cutting force determined by just one preliminary experiment can be used regardless of the cutting
conditons. Using the measnred cufiing forces, the radial immersion :atio is estimated along with (he cutting force ratio at
that inimersion angle. Vanous expertmients show (hat the radial inunersion ratio and instantaneous ratio of the radial to tan
gential direction cutting force can be estimated by the proposed method very well.

Key Words : radial immersion ratio(¥H73 #-3F & 919, metantaneous ratio of the radial to tangential direction cutting force(Ht7 -3
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Table 1 Cutting conditions for 1 tooth machining Table 4 Variation of axial rake angle
i Radial
Cutter | Spindle Audal Feed per “ -4°
depth Rake angle
diameter | speed fout tooth Al
of eu i
il 4] a (+] a ‘) =l
(mm) (RPM) ) (munv/tootlr) Reke Angle 10 12 14 16 18 20
Vanation 125 600 1.5 0.20
of the depth 125 600 2.0 0.20
of cut 125 600 3.0 0.20 shglct M EE a4 A F98 A2 A6l
Variation 125 540 2.0 0.20 wiel epg Aaky ohd Baka] 2 A ESL ARG
of the 12h 600 20 0.20 ot
spindle 125 720 20 0.20
sed | 125 | 780 | 20 | 020 2 274 EMHIE TARO| Dt W HArRo) H
125 | 600 4 20 | 010 0] BellAE kel Barzde) Wale] w087 ut
. 125 | 600 | 20 | 012 #eA A gt 49 20 Table 19] FoI3ch Fig.
Vanation of 9 A
125 600 20 0.14 3,4, 5% A7) ddo|4, &b }5k )é/\lgzo] = Xe) A
the feed per 195 600 00 016 ) A |_°-
i ; ' ' EE WA D)E TEE ANY ) £2 A
tooth 125 | 600 | 20 0.18
: : W A U UANE EAY 0E g 4y 2
125 600 2.0 0.20 o]t}
of el A 919 3744 dapze] Watels £t r gt
Table 2 Cutting conditions for multi teeth machining _% ﬂ}" W37 ek wela] 27 r g2 Az

Cuter | Spindle | "% | Feed per
diameter | speed depth tooth
(mam) (RPM) of eut {mm/tocth)
{mem)
Vamation | 100 600 1.5 0.20
ofthe 00 a0 | 20 | w2
depth of
et o | 60 | 30 | 020
varying | Variahon 100 340 24 0.20
immer- | ofthe 100 600 2.0 0.20
sion spindle 100 720 20 0.20
ratio | speed 100 780 20 0.20
Variation | 100 600 1.0 0.06
of the 100 600 1.0 0.08
feed per 100 600 1.0 0.10
tooth 100 600 1.0 0.112
Table 3 Variation of radial rake angle
Asxial .
Rake angle 2
Radhal ) . . . . .
Rake Angle 0 -2 4 -6 -3 -10
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Fig. 3 Instantaneous I value with various feedper tooth
(Teed/tooth ¢.1. ¢.12, value with various feedper tooth

(feed/tooth 0.1, .12, 0.14, 0.16, 0.18, 0.2 mm/igoth,
spindle speed 600rpm, axial depth of cut 1.0 mm)
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