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Instantaneous Force with Static Deflection Feedback Model for
Irregular Tooth Pitch End Mill

Keiichi Suirase, Masatoshi Hirao and Takeshi Yasul

Instantaneous force with static deflection feedback model is applied to predict cutting force and dimensional
surface error generation in peripheral milling with irregular tooth pitch end mills. It is demonstrated that the
irregular tooth pitch end mill reduces the dimensional surface errors according to the chip regeneration mechanism.
Unlike in case of uniform tooth pitch cutters, chip loads on each flute are different in milling with irregular tooth
pitch cutters. The excess surface error generated by the flutes which have larger chip loads is removed by the
following flutes which have smaller chip load due to the irregular tooth pitch. In order to predict precise cutting
force and dimensional surface error for the irregular tooth pitch end mill, the chip regeneration mechanism or the
static tool deflection has to be considered to derive the accurate chip loads. Predicted cutting force and dimensional
surface error show good agreement with experimental results. Up to 209% reduction in surface errors is achieved

by using the irregular tooth pitch end mills tested.

Key words: end mill, irregular tooth pitch, cutting model, simulation, error reduction, static deflection feedback
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Fig. 1 Surface error generation in irregular tooth pitch end mill

EBITSRW Vol. 63. No. 2, 1997 269



B# - PR - ZH | IREEZZER L ERFEOVFUINIIYRIIILOUEINIET IV

5 Workpiece

<—Feed

Fig. 2 Geometry of milling process

vialb—vaVYhRUhBETH-T.
3. IEXE+ERLI-UHIMNIETIL

=V F I AMIOET AAICOWTIE, & hE CIAE BB
T HRD?, Smith & Tlusty'® 22 5 LicFEsr 550
MTEFAIERLLTHEL TS, TEERYEELY)
BitnTEFrd Fodo 15T, Sutherland & DeVor? (3.2
DEFATTAEOINE Y & MTEEZOBFRAYEHL TV 5.
beibé, MIFOETRAAKEI L BB 115 TEEHY
B L 7D TIXIERE LGB TRBEYFETTE v &)
BHTZIDETFANES LD THSH, Budak & Altintas'”
B IhHABRIE—FBOREKD = v F 3 L THRAE H LHRENH &
RTEBHEE, TEEWOHELEBRTEHZEERLT
WA ChIETALEIYEFET A, BiiohNoT
BEHMELMIFOYRhNDO TEEHE L AR—TH 5 (EFI
DYRHADEI D B LM LTHOTIhFNOB b ELERM—E /b
FYALBE S TEEU N HE LI\ ) EE 25 L HBELRT
V. AR TRELETAEREC y FHPRN= VY F I 4T, 1
M- b DX Y BEXYANERICL - TELLTIURHAZT L2
TERT 28N H T B Z &nb, TAOENEH »EES
A LA, TEEEYEZERLLUEIMI =T Ic X 5
WD R & 7%,

APFge ¢ Budak & Altintas'® o§J§iin T F 1%, A%
Ey FHPRN=Y F ILVOBPNRERTE 5 L 5 ITikE L.
X2 BT 7 o BEER E TS X OYEINDOBEFRER
T. ZoEFTATj HEBONOYNERIERT 5 Y810 08
BAm, FEHE, BMHROER dF,;, dFy, dFy RO X 5
T zbhb.

dF;(0, 2) =[Kwe+ Kich;(0, 2)] dz

dF;(0, 2) =[Kre+ Krh;(0, 2)] dz [@€D)

dF.(0, 2) =[Kaet+ Kach;(0, 2)] dz
ZZT, hi(0,2) IRVAKREL, dz 3 LAY H O
X (BN EROEL) THD. O X TEEEMET, j=0&8
DleBEINHAOLEN (2=0) Z1ED Y Eih S ReEHE 0 i Jll
FELAE EGRIKAHADTALRMA) M35

¥, X QO TRIBINE2EHEOUBIRK TERE IR T
5. YhANEE M ZT 52 L TELBTEINERS D Ke,
Kre, Kae &, YIWADBEBIM HBRET S &L THEU B8R

270 WBIZRW V0. 63, No. 2, 1997

“j-th flexible
tooth path

J-th rigid

tooth path

uncut chip thickness

Fig. 3 Geometry of uncut chip thickness
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Fig. 4 Static deflection model of end mill
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Fig. 5 Cutting force measured and predicted

Table 1 Comparison of surface error between normal and
irregular tooth pitch end mill

Ry=1mm Ry=2mm Ry=4mm
Feed mm/tooth |Feed mm/tooth | Feed mm/tooth
0.2 0.1 0.05 ] 0.2 ]0.1]0.05|0.20.1]0.05
NP pm | 47 26 16 102 54 33 | 235 | 131 77
% IP-A pm | 42 23 15 85 48 31 171 | 101 62
§ % 90.3| 87.6| 94.8|83.7(89.1]94.8|73.0|77.080.1
< |1pP.B pm | 45 23 14 77 41 26 170 | 95 56
% 95.9| 88.7| 90.4|75.5]75.7]|80.0|72.5|72.1|72.2
NP pm | 80 45 28 163 | 91 56 | 335 | 194 | 114
E(IPA um| 73 | 40 | 23 |151 | 85 | 52 | 283 | 169 | 100
g % 91.8| 88.8| 82.4(92.4(92.9/91.8|84.5(86.9|87.3
(Eu IP-B pm | 87 47 30 146 | 85 50 | 289 | 168 | 99
% |109.0]103.5|105.6|89.7|93.5|89.8{86.4|86.2|86.9
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Fig. 6 Surface error measured and predicted
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