F3A71AHA A 7 A A 3 3 1998, 6.

i 3

Journal of the Korean Society of Machine Tool Engineers

NC 719l $54% &

Aol B3 AT (A28)

wAg AES] M Aol ANARAE 2ol Haol-

d 9 4

A study on Measuring of Motion Accuracy of
NC Machine Tools(No. 2)

- about Measuring of Linear Cycle Positioning Accuracy of Machining Center -
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Abstract

[

J

assembly of machine parts

It is very important to test linear cycle positioning accuracy of Machining centers as it affect all
other machines machined by them in industries. For example, if the linear positioning accuracy of
each axes directions is bad, the size of works will be wrong and the change-ability will be bad in the

In this paper, measuring systems are organized to measure linear displacements of table or spindle
of machining center using laser interferometer, magnescale and tick pulses comming out from
computer in order to get data at constant time intervals from the sensors. And each set of data gotten
from test is expressed to a plots by computer treatment and the results of linear positioning error
motion is estimated to numerics by statistical treatments.
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Fig. 1 Measuring principle of linear positioning.
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Fig. 2 Measuring method of linear cycle

positioning.
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Fig. 3 Organization of measuring system to
x-axis direction.
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Table 1. Specification of laser interferometer
system

Model, Maker | ML-10. Renishaw(England)
He-Ne. Class I {1 mW)

(1) Laser unit

Laser, Power

Wave length 633 nm (0.633 wm)
Freqlu'e ney Better than 1 part in 10,000,000
stability
Resolution 0.001 um(1 nm}
(2) Model, Maker | EC-10. Renishaw(England)

Environmental | Tem
perature X
compensation | range 0~40° C=1.1 ppm

unit
Measuring Alr and material temperature,

objects Air pressure, Relative humidity

Table 2. Specification of magnescale system

Model, Maker | Model, Maker SR50-025A. Sonv(Japan)
(1) Meas
: feasurement 0~250 mm
Linear scale Range
(2) Detector Model, Maker MD20A, Sony{Japan)
Resolution 0.5 um
Power requirement | DC+5V(=5%)
Output phase A-B or Up/Down
3) Model. Maker VMC-650, Whacheon(Korea)
Machini
Machining Controller FANUC OM
center
Basic length unit | 0.001 mm(1 um)
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(siant )
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Fig. 6 Flow chart of measuring system of
linear cycle positioning.
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Table. 3 Comparison of measuring results by
laser interferometer system.

Measuring system Laser interferometer system

Axis X-axis Y- axis Z- axis

Type of table or spindle A B A B A B
position type | type | type { type | type | type
File no. mx5-15 | mx5-16 | my5-25 | my5-26 | mz5-29 | me3-30
Max. error( /jm) -12.0|-21.6|-24.3|-28.1|-11.8|-94
First point error{ f¢m) 05| 98 |-51]-92|-27)-03
Last point error{ fm) | 10.1] 0.1 33| 00 |-20|04
Turn-around error( pm}|-14.6|-14.2| -9.3 |-10.3| 33 | 26
-14.6|-14.2] -93 |-103] -2.7 | -25
Range of errors( f#m) }1210 “94] ~081| ~1.1 ~3_/3 ~2.J6
Fluctuation width of 166! 1661101 114 60 |51

error( f4m)

Mean of errors -0.331-0.421-0.51|-0.55 | -0.15 |-0.14
Variance 480 | 648 | 3.19 | 468 | 1.66 | 1.65
Average deviation 0.51 | 0.76 | 0.69 | 0.76 | 0.53 | 0.65
Standard deviation 219 | 255 | 1.78 | 2.16 | 1.29 | 1.28
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Table. 4 Comparison of measuring results by
magnescale system.

Measuring system Magnescale system.
Axis X-axis Y- axis Z- axis
Type of table or A type | B type | A type | B type | A type {B type
spindle position P P vP s P P
File no. mi515 | me5-16 | my5-25 | my5-26 | mz5-29 | mz5-30
Max. error{ gem) | -25.5 | -38.0 | -27.0 -29.5| -29.5 { -28.5
First point | o5 | 135 | -55 | -85 | -35 | 20
error{ f4m)
Lastpoint | ool g5 1 30 | 00 | 15 | 05
error(  f4m)
Turncaround | o0 175 | 295 | -105 | 05 | -10
error( f4m)
Range of -180 | -175 | 9.5 | -105 | -35 | -3.5
errors{ fm) ~20| ~25| ~10) ~10 | ~15 | ~15
Fluctuation width | ) 1 99 | 105 | 115 | 50 | 5.0
of error( f4m)
Mean of errors | -0.65 | -0.76 | -0.56 | -0.58 | -0.56 | -0.56
Varijance 7.25 11018 | 3.34 | 4.31 1.84 | 1.74
Average deviation | 0.69 | 1.04 | 0.69 | 065 | 0.63 | 0.57
Standard deviation| 2.69 | 3.19 | 1.83 | 2.08 | 1.36 | 1.32
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(1) When backlash not exists at start point.

FIE : mx5-15.da ; MACHINE : Whacheon VMC 650 mwnn':-:-uluu s
FEED : 500 mm/min; DATE : 18:37 Aug. 13 1997 FLUCTUATION OF ERRORS : 160 =
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(2) When backlash exists at start point.

FILE : mx5-16.da ; MACHINE : Whacheon VMC 650 RANCE OF ERRORS : -14.2 to 2.4 s

FEED : 500 mm/min ; DATE : 18:57 Aug. 13 1997 TLUCTUATION WIOTH OF CRRORS : 186 4

MEASURED by Laser Interferometer System ’m.mm" ERRORS ;0 ““

AVERACE DEVUATION lom P'RJOBABIUTY DENSITY PLOT

MAX. ERROR : «218 um STANDARD DEVIATION  : 2.55 asd

FBST POINT ERROR  : -9.8 pm e
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TURN-AROUND BHROR : -142 um "2

1816 5 ¢ 1 10 o35 1m0
susor:mon(um)

ERROR PLOT FOR LINEAR CYCLE POSITIONING ERROR PLOT FOR EACH INTERVAL
+20 4 +10 4

+1o: Last point error +5

0 1~ AT A\//‘\VVAVVV -2

-5 { [First point error

ERROR SIZE (psm)

1
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|

1 Turn-around error
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h 1
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Fig. 8 Error plots and analysis for x-axis by laser interferometer system.
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(1) When backlash not exists at start point.

FUE : my5-25.da ; MACHINE : Whacheon VMC 650 RANGE OF SRRORS : 9.3 to 08 .
FEED : in ; T FUUCTUATION WIDTH OF ERRORS : 10.1 /=
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(2) When backlash exists at start point.

FILE : my5-26.da ; MACHINE : Whacheon VMC 650 FANGE OF ERRORS : -103 to U1 am
FEED : 500 mm/min ; DATE : 17:50 Aug. 14 1997 FLUCTUATION WIDTH OF ERRORS : 114  4m
MEASURED by Laser Interferometer System :I‘ERAI"ANOC'; ERRORS _:':5 PROBABILITY DENSITY PLOT
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Fig. 9 Error plots and analysis for y-axis by laser interferometer system.
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(1) When backlash not exists at start point.

FIE : me5-20.ds ; MACHINE : Whacheon VMC 650
FEED : 500 mm/min ; DATE : 18:32 Aug. 18 1997
MEASURED by Laser Interferometer System

: =118
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ERROR ¢ -20
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ERROR
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(2) When backlash exists at start point.

FILE : m25-30.da ; MACHINE : Whacheon VMC 650
FEED : 500 mm/min ; DATE : 16:57 Aug. 18 1997
MEASURED by Laser Interferometer System
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Fig. 8 Error plots and analysis for z-axis by

laser interferometer system.
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