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Five-Axis CNC Machining Nonlinear Error Analysis and Control Strategy
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[ABSTRACT]

results show that the rotational axis linear interpolation

Theoretical analysis and simulation

can complete the complex structure by five-axis machin-
ing, and the speed changing is smoother, but the deviation
of surface of tool axis vector from machined surface leads
to nonlinear error. Vector interpolation can avoid nonlin-
ear error of rotation axis interpolation movement, but the
speed fluctuation is big, and even leads to severe vibration
of machine and servo alarms. In view of the above prob-
lems, improvement strategies are put forward. Finally, the
test of thin-wall part of aircraft is used to analyze the non-
linear error by rotation axis interpolation. At the end of the
article, the improvement strategy is given.
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Fig.1 Nonlinear error diagram
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Fig.2 Transformation relationship between A, C two rotary table
machine coordinate system
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a = k, arccos(k) ,

c=arctan(%)—krﬂ , (2)
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Fig.3 Linear interpolation diagram of rotation axis angle
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Fig.4 Interpolation principle diagram of cutter axis vector plane

YA QI AL R Ty FINEAT (315 7y 2
T T PEARHE p, MRS, Q| | A RN 0 LT kR R
ARSI S || |Vt 2 | | 3BT R. SEX el | Rk
SAURIAER E| | (MBI RR, | TR a0 g = (v w)p,
WL S\ E ZIes,
po= (v p | g = i g
K, u, v, w il n
AT bk R T TR |
s —x A bR O R[4 , HAR(2) HF
SxE -2 ETHRIFRT X = sina, AR T
P iyt Yoo FERE BB b

>

E5 HEEKERmAME IR
Fig.5 Interpolation control strategy of rotation axis vector
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Fig.6 Tool posture error distribution

—X— LA #b
—O— JhtlefAdith

E7 =@IEEESREE
Fig.7 Space tool posture diagram
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Fig.8 4 shaft angular displacement curve
1007, ...
—x— LA A
< 50
E —o— SRR
2l
i>_]
&
F 50t
]
0 10 20 30 40 50 60
1] #/s
B9 ChHhfar#s s
Fig.9 C shaft angular displacement curve
10071
O\”‘ 501 [
B
® 0
® o< AL
B 501
g —O0— KA
0 7.5 15 225 30 375 45 525
A A] tfs
E10 A%k B ih 2k
Fig.10 4 shaft angular velocity curve
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Fig.11 C shaft angular velocity curve
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