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Table 1 Factors of each machining parameter and measured cutting force
HEys | JIHREE N(rmin) BTG f/(mmez ) FmbI3E a/mm | YIEIJ) F/N IHIJ1 F/N YIHI )1 FIN
1 4000 0.04 0.5 —13.34 12.96 5.26
2 4000 0.05 1 —29.65 14.83 18.56
3 4000 0.06 1.5 —50.62 17.54 21.34
4 6000 0.05 0.5 —11.34 12.49 1.79
5 6000 0.06 1 —40.85 5.29 12.13
6 6000 0.04 1.5 —26.31 16.05 8.93
7 8000 0.06 0.5 —21.62 26.85 7.46
8 8000 0.04 1 —-17.38 10.1 24.42
9 8000 0.05 1.5 —40.33 14.07 17.06
R2 FREGWE
Table 2 Analysis of variance of F,
Ji 2518 Ji2EM FI P75 2% F{d MK

N 20.44 2 10.219 0.44 0.6953

a. 789.35 2 394.673 16.93 0.0558

£ 545.99 2 272.996 11.71 0.0787

W 46.63 2 23.317 = =
Bit 1402.41 8 = = =
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Table 3 Analysis of variance of F,

F R
2 8.688
2 173.782
2 96.719
2 116.496
8 —

R4 FAENNR
Table 4 Analysis of variance of F,

A RRVES
2 57.637
2 354.981
2 31.322
2 39.932

8 E—

0.7988 1.6932

F.=—6342.93 x N % .q """ 1
R*=0.96
F =283035 x 007109 _ae-0.1207 f

(1)

0.4527

R*=0.51 (2)
}7Z — 15763 ><]\]02258 . aelA1892 . f.z-0,01803

R*=0.31 (3)

/= % =200Hz (4)
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Precision/Ultra-Precision Machining ﬁglﬁﬁﬁm]:
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Fig.2 Spectral analysis of cutting forces ( N=6000r/min, f,=0.06mm/z, a=1mm )
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Fig.3 Influences of feed rate and radial cutting width on cutting force F,
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Fig.4 Diagram of cutting edge movement
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Fig.5 Influences of tool engage angle ¢ on actual chip thickness a,'/ radial cutting width a,
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Fig.7 Cutting forces F, and F, vs tool engage angle ¢
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Research on Cutting Force and Partition of Chip-Forming Area During Plunge

Milling of Aluminum Alloy

ZHOU Jingwen', QIN Wenjin’, REN Peiqiang'
(1. Shanghai Spaceflight Precision Machinery Institute, Shanghai 201600, China;
2. Shanghai Aerospace Intelligent Equipment Co., Ltd., Shanghai 201112, China)

[ABSTRACT]

The influences of spindle speed, feed rate and radial cutting width on cutting forces were analyzed during the

orthogonal plunge milling experiment of aluminum alloy. Analysis of variance was carried out and multiple linear regression
equations of the cutting parameters were established at the same time. The influences of machining chatter on the signal of
cutting forces were discussed. The relationships of cutting forces, tool engage angle and instantaneous chip thickness were
analyzed which contributes to dividing the cutting zone into squeezing area, scratching area and cutting area.

Keywords: Plunge milling; ANOVA; Cutting force; Machining chatter; Chip formation
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