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Dynamic Cutting Force Measurement Test and Prediction of
Time Series Model for Machine Tools
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Abstract: In order to obtain the dynamic cutting force, the experiment of 12Cr18Ni9 revolving
parts was carried out on the NC machine tool ETC1625P. The location information of the cutter in
the two orthogonal directions of the cutting plane was obtained by the real-time signal acquisition
system. Meanwhile, the KISTLER sensor was installed on the tool head of the machine tool to
measure the real-time cutting forces in three cutting directions. The experimental data shows that
volatility change of the cutting force was produced in the feed direction with the displacement. In
order to study the complex nonlinear relationship between the cutting force and cutting parameters,
the prediction of dynamic cutting force is realized by time series analysis modeling. The cutting
force error is analyzed, and the prediction accuracy obtained meets the requirements.
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Table 1 Cutting conditions
MR ETC1625P
ERGOP 12Cr18Ni9
A A LA HB187
JIEM R PVD W2 BRI T A 4
JIEHif/(°) 12
TJEGAA/(°) 7
TIEEmsa/(°) 90
TIHREMw S/ (°) 9
JIE TSR/ (°) 0
J19:2£4%/mm 0.8
J1 R UIH) 71K B/ mm 12
J1 R B EE/mm 4
TRBEMA/(°) 0
VAN 80°Z2IE

1.2 RWAREIT

TG R FH =A% 3 () 24 500, 1 000 r/min, ]
% (a)#0.05,0.1,0.15,0.2 mm, #H45 () N
0.1,0.2,0.25 mm/r, ARV HI S50 2 s,

x2 UHISH
Table 2 Cutting parameters

A% n/(r-min~") a/mm f/(mm-r")
1 500 0. 20 0. 10
2 500 0.15 0.10
3 500 0. 10 0. 10
4 500 0.05 0. 10
5 500 0.20 0.20
6 500 0.15 0.20
7 500 0. 10 0.20
8 500 0.20 0.25
9 500 0. 10 0.25
10 1000 0.20 0. 10
11 1000 0. 10 0.10
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Fig. 2 Change of 3 directions cutting force of the
seventh group experiment with time
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Fig. 4 Change of 3 directions average cutting force
of the seventh group experiment with feed
displacement
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Fig. 7 Autocorrelation and partial autocorrelation
maps of global data
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force test value
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of prediction residual sequence of main
cutting force test value

&1 10 SAyiz FH 1R A1) 0 458 780 % 50 ik 5 4 ik
AT TCIAS B A 3 J7 BT F500 A 5 e i Y XF
LD, AT LA B 5 B TR iR 22 )
5k 9. 784 5% ,16. 450 8% ,3.523 6% .

2000
1500 ---REEMHAF,
— WM EmIHIAF,
Z 1000
o
500 |
0 L
0 100 200 300 400 500 600 700 800
R
120
100 }
80t - - - RRERYYAF,
o — WWE R AF,
= 60f o
40 !
. ! . RIS W e A

0 100 200 300 400 500 600 700 800
HER

OERE, MRS EWE A XIS R 5 5 AR A TR 525
500
-~ ARSI F,
400 | — WHETIEIF,
300

z
=y
200

E
o
- ; i i
100§ i f g i X

0 100 200 300 400 500 600 700 800
REA
E10 3 FEYIEI ARG ES HREX
Fig. 10 Comparison of test values and predicted
values of 3 directions cutting force
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