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An Analysis of Dynamic Cutting Force Model for Face Milling
Using Modified Autoregressive Vector Model
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Abstract

Dynamic cutting process can be represented by a closed-loop system consisted of machine too!l
structure and pure cutting process. On this paper, cutting system is modeled as a six degrees of
freedom system using MARV(Modified Autoregressive Vector) model in face milling, and the
modeled dynamic cutting process is used to predict dynamic cutting force component. Based on
the double modulation principle, a dynamic cutting force model is developed. From the simulated
relative displacements between tool and workpiece the dynamic force components can be calcu-
lated, and the dynamic force can be obtained by superposition of the static force and dynamic
force components. The simulated dynamic cutting forces have a good agreement with the
measured cutting force.
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Fig. 1 Block diagram of dynamic cutting system
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Fig. 4 Schematic diagram for experimental set-up
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Table 1 Specification of experimental set-up and cutting condition

Milling machine

WMV-1100(1100 x 280({mm?))

Face cutter

o3& 4 KT4] Cutter (2.1 kg)

Insert

354 SPGN120308 P20

Workpiece

S45C(150 % 100 % 50(mm?)) (5.8 kg)

Jig of Workpiece

ss4l (1.7 kg)

Tool-dynamometer

KISLER Type 9257A (6.9 kg)

Accelerometer

One Sokki, VP-36,9257A

A/D converter

Charge amplifier

Conversion rate : 30 KHz

Resolusion : 12 bit

Input range: +10[V]
KISTLER Type 5008E DPM-2300

Milling type Up-Millng
Spindle rotational speed 370 rpm
Feed 87 mm/min
Depth of cut 1 mm
Width of workpiece 46 mm
Number of insert 8

Table 2 Global characteristics of X-direction by experiment

1 st mode 2 nd mode
f,(HZ) & f.(HZ) <!
A A 5 731.08 0.0997 384,98 0.149
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Table 3 MARV(4) model parameters
O Oz Ous O
X1 —4275E~1 | —6.947E—1 | —3370E—1 | —4420E—1
Xz —4275E~1 | —6.947E—1 | —3370E—1 | —4.420E—-1
D1 D122 Dz 24
X 7697E~5 | —1.173E—4 6.359E—5 | —7.330E-10
X —2707E~4 | —6312E—4 | —1847E—4 1.414E-9

Table 4 Comparison between the global characteristics of system from exper-
iment and those from model in X-direction

1st mode 2nd mode
f,(HZ) & f,(HZ) &
AygAa 731.08 0.0998 384.98 0.149
2 ! 731.08 0.0998 384.98 0.149
MARV(4) X 730.10 0.0994 384.84 0.149
MARV(4) Xt 730.10 0.0994 384.84 0.149
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Fig. 6 Frequency response function H(1, 1) by MARV(4) model
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Table 5 Comparison between the global characteristics of system from exper-
iment and those from model in Y-direction
1st mode 2nd mode
f,(HZ) & f,(HZ) &
Ay Az 731.47 0.1092 369.53 0.1655
2 d 73147 0.1092 369.53 0.1655
MARV(4) X 71347 0.1089 369.41 0.1654
MARV(®4) Xa 71347 0.1089 369.41 0.1654
Table 6 Comparison between the global characteristics of system from exper-
iment and those from model in Z-direction
1st mode 2nd mode
f,(HZ) & f,(HZ) &
AP Az} 707.75 0.1474 402.50 0.1420
2z 4 707.75 0.1474 402.50 0.1420
MARV(4) h.e% 706.98 0.1479 402.46 0.1482
MARV(4) Xot 706.98 0.1479 402.46 0.1482
i] %}%?}. [ 2.337E7 -2.617E6] Zi(1) ‘z Fz(t)l (19)
vulsk daiaule 2 (18) 3 2w, Azl ) -1.295E8 2.337E7.1Z:(z) 0

i+ Table 5¢} 7},

[1 0] Yi(8) [ 1531 —510] Yi(2)

0 71101 L-510 1531d1Y;(2)
[2.274}37 -1.617E6] AGIR Fy(t)| (18)
1.501E8 2274E7H vl 1 o
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Fig. 10 Displacement of mass 1 in X-direction
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Fig. 11 Displacement of mass 2 in X-direction
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Fig. 16 Y-direction forces
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