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ARTICLE INFO ABSTRACT

Article history: In numerical control (NC) machining, a machining error in equipment
Received 30 May 2013 generally occurs for a variety of reasons. If there is a change in direction
Revised 18 July 2013 in the NC code, the characteristics of the automatic acceleration or

Accepted 4 October 2013 deceleration function cause an overlap of each axis of the acceleration and

deceleration zones, which in turn causes a shift in the actual processing path.
Many studies have been conducted for error calibration of the edge as caused
by automatic acceleration or deceleration in NC machining. This paper
describes a geometric interpretation of the shape and processing characteristics
of the operating NC device. The paper then describes a way to determine
a feedrate that achieves the desired tolerance by using linear and parabolic
profiles. Experiments were conducted by the validate equations using a
three-axis NC machine. The results show that the machining errors were
smaller than the machine resolution. The results also clearly demonstrate that
the NC machine with the developed system can successfully predict
machining errors induced with a change in direction.
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Fig. 1 Processing path and velocity profiles of automatic NC
device

Feedrate control

L;

Processing Path

Directive path

|

Fig. 2 Processing path and velocity profiles of feedrate
controlled NC device
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Fig. 3 Processing path and speed in the linear velocity profiles
at feed axis shaft.
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Fig. 4 Controlled velocity profiles at feed axis shaft
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Fig. 5 Processing path and the controlled velocity profiles at
direction change of arbitrary angle
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Fig. 6 General processing path and the velocity profile

1 2
M» =@ )
“x
1 t 2
fa¥e 1 —cosf
V32

Fig. 7 Generalization of the direction change in the plane

1 2
9
EE g\
“

Fig. 8 Change of direction in three-dimensional space

855

v,=4

\/_t \/1 ab

a,-b:cosé (15)
\/1—COS9

4. SAH 71
Z{51 855

ZZujolo] AR J[ZBXIE UHES

k=

SHY &5 sEx29e 7}

o

ziﬂ%l-ﬂ 74% Fig. 99} 2

A}, o] ZEHILE 753 7 P2 YellA oA F7H5TRL
7T, 7‘7}*? tef 3712 o' UHA H 47
A AL E A "k o] F 7K T 2 AoR
FHE 4 Yok
( <t< L ) d e 16
O0<t<gt,) dy= Et (16)
(lt <t<2t) d ﬂtz—lv PR (17)
3 3 @ g 436 c0
%t <t<t)
3u, 9., 5 9 (18)
_ €3 e 9
d;s= 4t3 4tat 4v€t+ 36 —,t,
ojufl, 7k&- a7t A7t B A =172 . wolH, o=
A7 T3 ta < t < 2/3 ol 3Bk 7|4 Fgusts
st SAY TR 7 2l o] Ay 17 YA A
< 2 (17)& o83t tg Zo] 78 4 ok
a
Ayl 1 .
12tg
v v
vsx Ve
7 -t -t
ta ta .
dy t, td
=l
tg

Fig. 9 Acceleration, velocity, and displacement profiles of
S-type
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Fig. 12 Machining emnor at direction change area taken by a

microscope

Table 1 Compare prediction error to machining eror

Change of direction | 90 120° 135° 150°
5000 Prediction error 707.1 | 866.0 | 923.9 | 965.9
Machining error 706.7 | 8652 | 923.8 | 965.0
Prediction error 1414 | 1732 | 184.8 | 193.2

F1000
Machining error 140.8 | 173.5 | 1839 | 194.1
100 Prediction error 14.1 17.3 18.5 19.3
Machining error 13.5 16.9 18.0 19.1
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Table 2 The optimum feedrate obtained by tolerance and the

angle

Tolerance Change of direction Feedrate Test
[degree] [mm/mm] error
10 90 70.711 9.7
120 57.735 9.1
135 54.120 9.8
150 51.764 10.2
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