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Abstract: In order to reduce the influence of the geometrical error of rotary axis on the accuracy of
turntable-tilting head type five-axis machine tools, a Position-Independent Geometric Error (PIGE)
measurement and identification method based on the measurement of the Double Ball Bar (DBB) is
proposed. Firstly, based on multi-body system theory and homogeneous coordinate transformation
method, the position-independent geometric error model of turntable-tilting head type five-axis
machine tool position was established. Four measurement model based on circular path measurement
were established according to the influence factors of geometric errors under different motion states of

rotary axes, and 10 position-independent geometric errors were identified. Secondly, the numerical
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simulation was carried out by using the established geometric error model to quantify the influence of
10 geometric errors on the measurement trajectory of the rotary axes. Finally, the geometric error
compensation was conducted to validate the validity of the proposed measurement and identification
methods, and the measurement trajectories before and after the position-independent geometric error
compensation were compared. The average compensation rate of the position-independent geometric
errors of the 10 positions is 70. 4% , and the maximum compensation rate is 88. 4%. The experimental
results show that the proposed modeling and identification method can be used to detect the accuracy

of rotary axis, at the same time which can be used for the machine tool accuracy evaluation and

provide the guidance for improving the accuracy.

Key words: five-axis machine tool; rotary axes;

measurement; error identification
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Fig. 1 Configuration of turntable-tilting head type five-axis

machine tool

T A A AR, C AR BR R (O-XcYeZe) s
TAFAE AR R (Ow-Xw Y Zw) FIHLIR 28 b1 & (Oun-
XY Zo) B BRARA B8 ARG Gt . Ak
P& (Os-XsYsZs) R BLAR 07 B 5 A Bl 4 b5 R
(O-XAYAZOEAIFRETE AMS E/s
PPN

2.2 HEBLKXABWMYAK PIGEs WEX

oA HL R 3h il i PIGEs al DL R 46 % 35 3%
J5 ¥R AR G 3638 T ¥k R AER) . 1SO 230 & B AR
YERT Inasaki T 43 1) 38 3o 46 XoF 2 35 FlAH 4 36 3K 5
SCT e 48 3k =R R BIL DR Y T4 Bl A T A e
Bl 2Z 18] fR B IR 22 N B R 25 AR IR
TE SCHY LA 52 25 80 B AFAE 22 5 AP D 05 3 ] LA
A 5540 N B Tl PIGEs. i 1 fifs . h
BIAILIR /Y 32 30 B AH X 3K, R AE X 23k T 1A 8K
o Xt 3K J7 75 AT LAE BV SR AE 32 3l il =[] 5
FERFR . X RN T IE T E L 10 T PIGEs 1]
F0 53 R -1 3k X R LR 5 ) il T 25 R
B4 o /D 0 ) BE AR 25 RN R 25, PRI, AR SR
AH XT3k 7 1k 0 i 5 43 Sk XU LR 5% Bl il iy
10 3 PIGEs #F173R1F . 45 Jm &8 A bR & T Ji % il
1) PIGEs anl&l 2 fron. M 2 AT LLA i 7% fh
A 4 TN E PR 2ZE (Syas » Ozas » Oxcy » Ovey) Fl 6 JLAI BE
W2 Cacy > Boy» aza » Bra s Yza » Pas) o FLH AL B R 22
Oxey » Oy M JEIR 22 acy s By T EK H C HiAI Y
MRk 2., LB IR 2 Ovas» Oms FIAA B IR 25
aza s Bras Yza s Bas EE RV T HE L A i, H 25
Z A R AR

—HURAFR R
—— AR R
——ChlisE bR 2
— bR AR

& 2 H:zhEh+m PIGES
Fig. 2 Ten PIGEs of rotary axes



114

ERHEAS & B G -1k AR AL IR JLART 352 22 0 5 K2 BN 2687

®1 HEBELKXEHWAIK PIGEs BIE X

Tab. 1 Definition of PIGEs for turntable-tilting five-axis machine tool
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Schematic of installation and measurement of DBB

Fig. 3
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Fig. 4 Measuring modes of C-axis rotation
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Fig. 5 Measuring modes of A-axis rotation

TR [R5 T TLART 52 22 X ) 6 L 3
AR E AN R B . A7 B JC R JLAT DR 22X Bk 4 Fif
I A5 T 25 A 2 5 Ak SR A S i TR £ 5 W) ]
DA o T 40 8 20 B T A

4 eit4h PIGEs 8945 A5 e 9517

4.1 BARXFEMHEK PIGEs T E ST

3 3 47 43 AT R TUART 158 26 X6 5 00 2 030
FISZI . 3% 2 0 T i S0 10 B PIGEs 1Y
a8,

Al is SEE N —20~+90°, I\ 5 T L fi#
TUART 158 28 X000 5% 50050 52 o 1) 3 B 41 5 A il B4 45
HHE R R T 360° . C iz sh it F 2
0~360°, Hfl HBLIE L 360° MR A, 1 S5
AKX A2 5, [ BHR B TE 4 i a8 = LA
TR 22T 2 [A] 2R TG 56 o i I T i a2 1R 25 VE F R [
Bl i AR At 4 B A5 RN R 3 FR .

%2 PIGEsHIFESH

Tab. 2 Simulation parameters of PIGEs analysis
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Tab. 3 Effect of PIGEs in the four measurement modes
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Tab. 4 PIGEs identification results before and after error compensation
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