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Identification of Motion Error Sources on Five-axis Machine Tools by Ball-bar Measurements (1st Report)
— Classification of Motion Error Components and Development of the Modified Ball Bar Device (DBBS) —

Soichi IBARAKI, Yoshiaki KAKINO, Takayuki AKAI, Naoshi TAKAYAMA, Iwao YAMAII and Keiji OGAWA

The inclusion of the application of the double ball bar (DBB) measurement to the accuracy calibration of five-axis
machine tools into the revision of ISO standards is currently under the discussion. This paper presents the modified DBB
measurement device, referred to as “DBB5” in our study, where master balls are supported from the 45° direction to the
spindle axis. It can perform all the circular tests on XY, YZ, and ZX planes without changing the setup. This paper first
presents the classification of motion error components of a five-aixs machine tool into location and component errors.
Experimental application examples of the DBBS5 to the calibration of location and component errors assciated with rotary

axes on a five-axis machine tool are then presented.
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Fig. 1 Configuration of the experimental five-axis machining center >
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Fig. 2 Example of a location error and a component error
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Table 1 Kinematic errors for the machine configuration shown in Fig. 1.
Symbol ™ [ Symbol ' | Description
Kinematic errors associated with rotary axes

aBy AOB Squareness error of B- to Z-axis
BBY BOB Orientation of B-axis around Y-axis
YBY COB Squareness error of B- to X-axis
acB AQ0C Squareness error of C- to B-axis
drBy X0B Linear shift of B-axis in x direction
7:3' YOB Linear shift of B-axis in y direction
02y Z0B Linear shift of B-axis in z direction
dyca YOC Linear shift of C-axis from B-axisin Y
Kinematic errors associated with linear axes

Yy X CoY Squareness error of Y- to X-axis
azy A0Z Squareness error of Z- to Y-axis
Bzx B0OZ Squareness error of Z- to X-axis

Fig. 4 Configuration of the modified DBB device, DBB5
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Table 2 Component errors and their possible causes (those associated with B-axis) for the machine configuration in Fig. 1

Errors in rotary encoder

Pitch error in transmission mechanism (e.g.

worm gear)

Inaccurate pitch error compensation

Errors associated with bearings
Run-out

“Angular motion” of rotation centerline

Profile error caused by geometric error of rings

Profile error caused by variation in roller size

| Gravity influence

Deformation of rotating unit

Angular positioning error caused by gravity

influence

":.~\f.“",f,'; R AR SRt R,
Component errors of rotary axis
| apl(B) EAB Orientation changes of B-axis with B rotation
| Bey(B) EBB Angular error of B-axis rotation
| 781(B) ECB Orientation changes of B-axis with B rotation
| acs(C,B) | EAC Orientation changes of C-axis with C, B rotation
LBcs(C, B) EBC Orientation changes of C-axis with C, B rotation
7c8(C, B) ECC Angular error of C-axis rotation
Ixpy(B) EXB Location changes of B-axis center with B rotation
| Sysr(B) EYB Location changes of B-axis center with B rotation
Zpy(B) EZB Location changes of B-axis center with B rotation
cs(C, B) | EXC Location changes of C-axis center with C, B rotation
Sycs(C, B) | EYC Location changes of C-axis center with C, B rotation
&cp(C, B) | EZC Location changes of C-axis center with C, B rotation
Component errors of linear axis
1rx(Y) ECY Yaw changes of Y-axis with Y motion
ayx(Y) EAY Pitch changes of Y-axis with Y motion
| Brx(Y) EBY Roll changes of Y-axis with Y motion
Sxyx(Y) EXY Straightness of Y-axis
| &y EYY Linear positioning error of Y-axis
Syx(¥) EZY Straightness of Y-axis
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Fig. 5 Error profiles of circular test on XY, YZ, and XZ planes.
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Fig. 6 Measurement C-X and C-Y.
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Table 3 Circularity error and mean radial error of Measurements C-X
(low), C-Y (High), C-X (Low), and C-Y(High).
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(g-1) Meas. B-X (-Y).

(i-1) Meas. B-X (+Y).
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(h-1) Meas. B-Z (-Y).

(-1) Meas. B-Z (+Y).
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Fig. 9 Measurement B-X and B-Z.
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Fig. 10 Measurement correnspoinding to cone frustum machining test.

Table 4 Circularity error and mean radial error of Measurements B-X
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BlzR LT, fEEiho 0 Eio T — 7 VAR EZEE L, fE
E#E DA EERSEHREEITI Z&ICL- T, Ef#z
BRENT 5 = & Ae < SEEEMOFARE X, FLOMERE, 7
UXa2T TV a VERMETE S L ERLE.

4 BORUZBIEX, #€%0 DBB #E&EZAVTHITH
ZENTEBD, DBBS xS Z LIZkoT, —EDRIE
B HEy Ny 7OEEEEEKIBIERTE 2. &
X TRLULEZBAIEEZETIT ) IO MNER T — 7 VB E
DT ZEKE, 3ETHS.

2 £ X B

=

1) IS0 10791 series, Test conditions for machining centres, Interna-

2)

tional Organization for Standardization, 1998.
EE #M, HEF 2B, HK ES : DBB EIC L 5 NC TIEH%

3)

4)

5)

6)

7

8)

9

10

~

11

~

12)

13

=~

14

=

15)
16)

17

~

18)

DOREEFMEE, V7 74 X4, 1990.

Kakino, Y., Ihara, T., Sato, H., Otsubo, H., A Study on the motion
accuracy of NC machine tools (7th report) -Measurement of motion
accuracy of 5-axis machine by DBB tests—, Journal of Japan Society
for Precision Engineering, 60, 5(1994), 718 (in Japanese).

B EE, TRF—B, A5, TkE 8k A—1—ck
358wy = 7 s ZOMMRREREE, BAEBESWIE
(C #®), 63, 605 (1997) 262.

Abbaszaheh-Mir, Y., Mayer, J. R. R., Clotier, G., Fortin, C., Theory
and simulation for the identification of the link geometric errors for
a five-axis machine tool using a telescoping magnetic ball-bar, Int’l
J. of Production Research, 40, 18 (2002), 4781.

R ATE, B EE, FA KRR SHEElEv =20
Fy T L— g RICEET DR (5 2 ) —FIRE 3 sl EniE
BEAVMNERERS L UCAEREOHE—, BELYREE, 69,
2 (2003) 268.

1# EE, FR 8, KRS =5 %, XAA—, WX TH,
IR EE, KA BEE S EfilE = S OEBIREER
BB L —RE L7 ISO Hikk—, 5 7 BAEML - TIEH
WP R R OUE, (2008), 95.

K. M. Muditha Dassanayake, Masaomi Tsutsumi, Akinori Saito: A
strategy for identifying static deviations in universal spindle head
type multi-axis machining centers, International Journal of Machine
Tools and Manufacture, 46, 10 (2005), 1097.

& R H, ¥ &S, $# EE, K. M. Muditha Dassanayake: 5&i&
FAEEMIHIITFET 2 RMRERESE, BAERFARRIE
C #®,75, 750 (2009), 476.

TR Al—, BE BIK, WEE, ZMZ, B8R =8, EE 51
R N\—EERAWZEEMIHEO I ) &7 ElifERE OBHE
EEERIELE, BEI¥RE, 73,5 (2007), 583.

VERE X, HAUE thth, 1B EE S #EffH~ =7 2icE
iF B EEE L EEEOBRRMRE, BE LR, 72, 1(2006)

73.

HE 28, B fudt S8 TERR TORMESIMIRRICHIE L
T R— N N—BIEE (B 1 ) —FHEEET 5 & MC TOAR—V
N—JITE L EMT & OLL8—, 15 TFESRE, 71, 12 (2005) 1553.
ANSI B5.54: Methods for Performance Evaluation of Computer
Numerically Controlled Machining Centers, (1992).

Foily —BR, RHR B, A EE, MM EIK, TR EE, B XX
i TIEMROTINEIRER — 2 DEREL IS A—, #EE, (1997).
RS ZEHEUERT : NMV 5000 DCG # % 1 2, (2008).
ISO 230-7: Test code for machine tools — Part 7: Geometric accu-
racy of axes of rotation, (2006).

ISO 230-4: Test code for machine tools — Part 4: Circular tests for
numerically controlled machine tools, (2005).

NAS 979: Uniform cutting test — metal cutting equipments, 1969.

BB ILEREE Vol.76, No.3, 2010 337



