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Developement of Measuring Units of Space Motion
Accuracy in Machining Center
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ABSTRACT

In recent years, it has been variously developed for testing the accuracy of circular motion
of NC machine tools, for example Telescoping Ball Bar Method by Bryan, Circular Test
Method by Knapp and r-f Method by Tsutsumi etc., but these methods are all 2-dimentional
measuring methods on plane.

These simple methods of circular motion accuracy test of NC machine tools have been stud-
led by many reserchers as above, but it is not yet settled in the code of measuring methods of
motion errors of NC machine tools, because of errors of measuring units and sensors, and also
especially the difficulties of centering of measuring units and the spindle of machining center,

In this paper, in use of 2 rotary encoders and 1 magnetic type linear scale with resolution
of 0.5m, it has become possible for measuring of 3 dimentional space motion accuracy.

Key words : NC machine tool (NC ¥27]A), Machining center (W|A"d Alg}), Circular motion

accuracy (92%3%), Linear scale (1ol ~AY), Rotary encoder (ZEE dFd),
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Fig. 1 Rotating 1 Dimentional Probe (by ISO 230-1)

38
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Fig. 2 Telescoping Ball Bar Method (by Bryan)
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Fig. 3 Circular Test Method (by Knapp)
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Fig. 5 Renishaw Quick Check (by Renishaw Ltd.)
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Fig. 7 Schemetic Diagram of Measuring System

Zo] DBBEFH HASHAT T 2EE Az
(Rotary encoder) & Al&8le] XY - HHEE9 A

ZHO) % 7X - 99 (BE 2y -9 HAZd e ‘:-
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g 4 d=S ndF etk FA9 2T (Steel
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¥ (Bar) 9 32 A4 28 FAAR THZANAL
223 wAlY AR E JFENA Y- & e 2o
150.00' mm@F o|Fsle] 4¥E oA At $442
< 6 AE3] 237) A%t ojAg AEE 7HEAA
AFE =234 g8 2EHE vHHES AR
Helgs vldolEAA 79 S44EE S8 97
A AL8E AP717189] AYL Table 13 Zth,

Table 1 248717189 A4
(A) 2lof AHY (Linear scale)

2ulg, AzYA DAI00 - 005, SONY (4&)
23S 71520 5.2 mm
2501 0.002 mm

[B] Z&%|7| (Detector)

z2dd, Az MD20A, SONY(2%)

2% 0. 5um
284 A-BA 2 Up /Down?d

(C) 2Hz2| d2H (Rotary Encoder)

w2, Az MEH30-2500, MTL (&%)

2y 10, 000/rev.

g Ay 2500 Pulse/rev.

234 A-B-7%

25993 A-BYA} 90° +45° (T/42T/8),

Z84TLT/2

(D) &AM (Magnet)

v, Az KM-04C, KANETEC (4&)
oy 30N

(E) MAY HIF

Y, Az}
Controller
BLU (Basic Length Unit)

VMC-650, 83714 (@)
FANUC 0M
0.00lmm

(F) Z(Steel Ball)

A4, Az3A
7= (B E)

$25.5mm, ¢16.6mm, NTN(Z&)
AL+, 0.05me]s}

(G) Renishaw Ball Bar System

2439, Az +1 mm, Renishaw(§=)
AA, E3q%s LVDT, +0.1lm

4, HEYH
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ot} 7o) AT =AY AEY 2USEFL
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= B¢ #ve] AAY (Linear scale)-& FajA 973
uhare] Wb AR HE

aE)3te XY - HEdold AAWEHCW) % BAA
W (CCW) S tolBlEg dojd AFe ) AA%H,
ArFLA7 E4E

[S11]
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APF 4R dolgEe 3 (file) 2A AFH
Az AZEm, thee BHzz 184 s Hs
Hol =g FAGT, ALEe AN &
AFFHATS A FAtge A2 FAse
Wi A2A5508d o3 oz Fegrh
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' e HUo 2AY (Linear scale)d 714
Initial point) & 7I1EL2, W4 & &8 +3, &
& L ~gez Hdd Adgel AF & #F
(Rmax.)3 74 22 Z(Rmin. )& ol 2 Adlgt
€ vste] FYE (Circularity) 2 EAIS4h. (Fig. 6
Az)

HaA ]'i“%'ﬂ‘ﬂ"ﬂ o3 e ZE YEAEY uF
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A& z}z} X-% B954 (Center off X)& Y-&
B34 (Center off V)2 FA&tgx, Fout3
(Average of Radius)-& &t}
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ax = 22 AR, x cos(68,)/n 4.1
by =2y AR, xsin(8,)/n 4.2)
0, =2mxi/n 4.3)
ar=YR/n (4.4)
AR =R'-R (4.5)
A4 ax 1 X- FY AAFA (mm)

by Y- %9 A9%4 (mm)

Rz AEHE9 453435 (mm)

AR; A4 ABHEY QA (um)

0, 7 ABREY FTAR
i 2 AEEd AAgG=1~n)
n AEF

ar : H993 (mm)

o] ERAYAN 2oF ZFE Fig. 119 21, o
7194 vEhd eHEe] FF9 0 9Ud8E 2dd
o2 2ok a2t o] mRdAE A¥ARY AL
o FHE FA7 A, deid e AAFA A
3¢ 84 g3, @A U A2 FFE FEES
23] wlmste] AEg Agolth

= 0

6.1 & &% Anto|3 (Axis Reversal Spike)

oA Holge AFFAd Z F9 olFLF W
Ao dolvke WEG B3 22 &S FILEL
2, oA olFgmd wey 1 AV eeA e, o
992 EA3T9 YE 47t URAAN Z &9
WERGdAM PR &7} (o] Ho FASAG
2= dA 2 FEASY B44d FEoeln
2 = gtk o Ago) AHEE HAYARE Fig. 100
A BE vk} go), F2 Y- & Wiy BETS 2N
A5 vehta sioh

6.2 WHajA| chA| (Backlash Step)

AL 7 Be] WY RIdA o|$&Ed BAY
o] Yok Ao, BAaTSY YEI #WYA7} 1
2 Ay 4o 4% Ex 223295 HEAS
W7} deldt A9 B 4 Yo awdle T Eol
ZAd o]$LEAdE LoUA Gl & 29 &5
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7F Qo] H& BZA FEHY FuA o HH4
ulz2} A (Backlash slip) @2 2 4 gith o) 4
AL A GAEE Fig. 1094 BE= vle go], &
2 Y- % gl 93] B Heolz Jehtm
e,

6.3 DAjokEr ojmefA (Stick Slip)

ARE 7 39 MY F2AN o FSES olF &
o3tz dojAn) fato] HEo] DAFEC] He,
wol 27 Yojue Aoz o|$&E ANH AR
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A5 Yehte AL & 4 gl

6.4 A2V ofl2{ (Squareness Error)

o]ZlL Fig. 10414 H= vlgge] 45 E+= 135
44 waFes dangd gfe] dojxe Aoz
X-&% Y- %9 B-23F¢F0] AR Fzo] ojyd
Ao dAFGD B £ Jdoh E 4 &5 Aloje] A
B2 23T A9 (Servo loop gain)Sel ©A gol &
Zo] T} & ojZx 7l AFAE JpAe. 1dm
2 o|BT 7l= Zo] 4% A (Loop gain)©] o =
otz & & Sl

6.5 ZI1A XS (Machine Vibration)
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2o oA Lokt o F olgETd AME o
g wit), o] APAME 45° T 13579 A
Wk A el ed], old&zE A 9 L 3
Ve,
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3 FAYEY PR, eAe 19 EF £
gof Hgsly] il Hd 7= A9 Brbest
ta & 4 vk 53 48R MY AUESt =
ofof 1= 7F(Steel Ball) ¢ #yo] 274 (Linear
scale) 8] FAVTo) ol &3, o]AZ % Table 19
A B uie o] okzke ol o] glvtn B
+ 9k EE, o) SPAe 487K 89, & # o
Y e @dgoit YA L EAITESY HE
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Fig. 11 Results of Measuring
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Fig. 12 Results of Renishaw Ball Bar System
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