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Motion Error Measurement and Identification of Rotary Axis of
Five-axis Machine Tool
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2. School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract; In order to quickly and systematically identify the 12 geometric errors of the rotary axes of five-
axis machine tool with a swiveling head, a five installation method for measuring and identifying geometric
error based on the double ball bar (DBB) was proposed. Firstly, based on the distribution characteristics
of the rotary axes of five-axis machine tool with swiveling head, the measurement models under the local
coordinate systems of the rotary axes were established based on the multi-body system theory and the
homogeneous coordinate transformation method, and the mapping relationship between the volume error
vectors and the geometric error terms was established, which can also be used for geometric error
compensation. Secondly, initial installation position and direction of the DBB were set, the continuous
switching between different measurement modes was realized, and then the five installation method was
proposed, which can realize the identification of the total 12 motion errors of the two rotary axes of five-
axis machine tool with swiveling head, and it reduced the impact of installation errors on the accuracy of
measurement and identification. Finally, the DBB-based motion errors measurement and identification
experiments were carried out on the five-axis machine tool with swiveling head by using five installation
methods. The geometric errors of five-axis machine tool with a turntable-tilting head were compensated
with the identification values, and the average of motion errors of the two rotary axes were reduced by
48.89% and 51.49% , respectively. The accuracy and validity of five installation method were verified.
Key words: five-axis machine tool; rotary axis; motion error; error measurement; five installation
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Fig. 1  Schematics of machine tool and motion errors

(b) Jiekk iz ghiR 2z

] La S 5 4 0 TR HLBR 19 B e %l L
£ 6 WUE R, 45 B XY Z 7 18 {0 B AR %%
5.(b) 8,(b) .5, (b) FILE X V. Z HifAJEIR% e, (b)
£,(b) e.(b), b CHITH &6 BUE 3 ik 2 4 3 &
3 L 25, () 18, () .8, (e) Fl 3 TUM ik 2 «
e.(¢) e, (0) e.(c).

1.2 2B AR F HALGR 8 A AR R B 5T

1T 52 3 i5 22 2 1 15 2yl 7 AR RN 2 i 7 1
T HE B R D R 2 T R e B e AT IR 2
B 46 W 7 40 4 10 32 3054 25 46 7 T 1 10 32 3
BB R A b B R AT ORI A L X 52 B i
B T AR Al 15 3 158 2% 4 1 o 2 G A T
522 HL N S 4 G K R 90 A B R AT LB T 2t



404 A ok #l

—H
JE SCALRAEAR R AL T TAE G b, B Rl AL bR &

XY, Z, 5 EHMABFRR XY Z F . YHARGRRX Y, Z, |

XHHABbR 2R XY, Z, Z SR R XY, Z S T AU
g b B BRI AR AR R S B R X, Y L, —
B CHA B HhAYINEARKR R XY Z, X, Y, Z, 5 4%
Ry AR AR Z A AL B OC R AN 2 o MHRKER
BT ATLIR T 55, 380 2o 45 5% Jil 1) 32 2l iR 22 1A 45
Jir S S JR R AL bR 2R HEAT A, AT S BUAE 4% e e
il Jy T AR AR AR T A B I, By T R 2 AR BN
AT

P2 e R R A A bR R R B

Fig.2  Structure schematic of local coordinate systems
L3 BABESBTHYIKRIERMHIEIRENEHE

DBB 2l AL PR A 3 #0947 & T R, e HAT 13 9K
A+ 2 RE A B BIL IR |, AT T8 A 2 i IR Bl a3 o
Joe i i % s s o DBB S e iz 8l IR 8h TAE &
8l 2 H B DBB Sz gy, [z gl #e b fif
206 TR D0 7R 422 ik R RO ) L B R X [R5 Bl B AR Y R
28, T8 IR 3 3 Y 0% 22 B3, 25 5 JL AT AR 22 4 R AT
IR 2 MR B R 2SI S A L
R 23 [A] JLART 48 22 14 5% I 3R T2 AT, il ALK 19
FRAEA @ FAR AR AR e 1A BT 7 22 1] B o2 5 0 28 AT Hy
IR AR [ R R A

WT=,T,T,.T,.T,, (1)
Af T, —— o B AR
T, —— 137 B % 25 75 Y A

3T, —38 Bl 78 5

T, —— 1% By 25 7 A

BRFF LM 42 Ml Bk 0, Rl O, 76 T 55 A8 b7 2 v 1 7
BH P, =(2,,7,,5) Py =(x,7,,2) « REE
T B 2 o e RS B B R R N, NER O BE AR AR
A

W 1k 2019 4
cosc —-sinc 0 O
Tel I, sinc  cosc 0 O .
/ 0 0 1 0
0 0 0 1
cosh 0 sinb O
0 1 0 0
—sinb 0 cosb O Lo (2)

0 0 o0 1
e C iz shini e shih B AR5k k0, 5 A
b A 5 B R S B 5 RG2S e % i B iz Bl
JReFe il € LRAF R LI, 5500 ¢ FH O B AR B2 A
75 L& e A 1) 12 B JLAT UR 22 R W LR BE L /NER O,
TESL PR T RS H G R AR IR

cose (0) —sing. () 0 O
sing_(0) cose.(0) 0 0
i :
0 0 1 0
0 0 0 1
rl 0 0 07
0 cose, (0) ~—sing (6) O
0 sine},(G) coss).(ﬂ) 0 '
LO 0 0 1.
r cose, (0) O sing (0) 07
0 1 0
-sing () 0 cosg, () O .
L 0 0 0 1
1 0 0 8,(0) rcosc —-sinc 0 0
01 0 51(0)]|:sinc cosc 0 O
00 0 5(0)|| 0 o 1 ol
000 1 0 0 01
cosb 0 sinb O
0 1 0 o0 I (3)
—sinb 0 cosh 0| "

0 0 0 1
I e % Al 3K Bl R A A 52 B0 1R B I g
DBB [y 42 il O, 35 AL A7 B F0 S B Avr R
“PUJ.::/TPU,/ (4)
P, =.TP, (5)
KX OGIRARK ), K 2)RAK(S), " TH#hE
FRAEIRAS N DBB 2 fish BK 22 ] A B B LN S PR 2
TR ER AR L, HRGRIE A R
'L="P,-'P, (6)
‘L="P,-"P, (7)
DBB $% fil 5k = 18] (14 4 B2 A2 AR AL AE 3 A U7 1] J2
2% (B 1R 22 ) g, AT AR R Oy
[Ax Ay Az 1]="L-'L (8)



%21

SRUEAS S5« 43R 5 0 TR LR e 5% s 2l 22 I A 5 HER 405

e (6) (7)) A5 YA S A AL (8) AT
E TR 22 ] i HAR R IB K. X C Bz 3l L) R 22
HEAT I i, 75 PRI 3 b o 4 kAN 52 BOié B il is
Bl DA S [ B0 I e] LA B C i s
[F] 5% 22 [ &, 45 2R Oy
Ax,;
Ay,
Az,
1
xe.(¢)sine -y,e.(¢)cosc +z.¢ () +8,(c)
56, (¢c)cosc ~y,e.(c)sine -ze (c) +8,(c)
v (g, (¢)sinc ¢ (c)cose) +y;(e, (c)sine +e, (c)cosc) +6,(c)
1
(9)
b, MR FoR iR, TR j RN AL E
AR, X e Bl B iz gl JUAT 15 22 R 4T R
IF oK AH DG A 1 22 R MEAR AR (8) J5 , AT 4% B AR 22
I £ Ik

~xe, (b)sinb-ye, (b) +ze, (b)cosh +3, (b)
x.(e.(b)cosh +&, (b)sinb) +2 (e, (b)sinb - &, (b)cosh) +5, (b)
~x;e, (b)cosb +y.e, (b) -z, (b)sinb +,(h)
1
(10)

2 BETARREZHNEHLMREMNER
iR

T R 1) PDGEs i 5 K B iR i A
JEUBK R I S DBB A fih SR TE I AR AR T )
b B, PR e A b AL () ) 4 22 e (6 B 1Y [B A 0
AR AR UEAT 2R J5 BE DBB (144 %6 A B SE it T —
TR ET W BRI i R P il oz Bl DL

(a) BHIRZESE

TR B IR Bl AT 5 B — W22 A () I A X 2 ]
() , 76 AT B b DBB (14 R4 B0 45 AT R 5 5 A4S BR
T SRR 43 B L LA R T — e
2.1 CHHNEEKXRK IR

0 AL bR AR R B B0 B A, H
DBB f) BRFF 55 00 4 A2 b5 3% 9 il 26 - 17 15F, DBB. 24
1 5T 6 AR I i) A 1% 2 e Ok T TR
A g TR BR AT AR 2 A B 1], SE B DBB i Al
R 208 R T 8 2 Tl A s A% 114 A48 A il D 1] AR 5 1L 3
i A AR AT A AR TR R R . AN, R
] A HEH I A AR T RS R R 1, 7 B A e
Felh B 5 e RE A C Bl R 2z s SR B, dr it
FISEEL B Al A2 B LA ER 22 AN FE R C Y BRI 2
R, RIV3E 5 A 19 iz B SR AIE B R R
P JE 2% Al 114 9z gl LA % 22 0 4 2 7 A R TR
Tk,

it 2o 3R 75 3R] P T A v 4 Ak B ) R BEAE
PLIR € e SO I AL bR 28 0 B AN R A8 4,
e AT 5 L T B C Bl A bR T Y fil ek a2 C
iz LR ZE B R . s (9) M (10) Al i,
JUTERZEAE 3 AN T5 ) _E AR 28 70 B ERFFAIL AR &
S 1 s BRAE B DA B L] 5 22 0 22 [R] ] 3 5k O 4 B
2, I /s 3k AT R BRI 6 TR 22, o AT i
BT A [ 00 07, R 0 A A b R N AN TR A Y
152 A 320 100 5 540 A o © IOUJLART % 2 i A i

H1 iz gl iR 22 i B A e AT L i s iR 22 S
PUR I £55 JLAT B2 22 B TE5C , 3 5 0 A R A 5K
DR % FE I A B R R IR 2 I 5 DBB 223 B
Z ARG AR, TR 5 3 Y A b o7 A b AR 0 5 A B
A b R A 20 A A S R M, A g 6 A2
PERRIIEE T . 3(9) ((10) 1 (x,y,,2) (i =
1,2,+,6) JE TAE & — M2 ful BRAE € b A2 b (00 4
MeAR) AR T BB B e A . IR AR R, DBB X
o A i T ™ A (02 8% A2 2 T 1) 19 2 2 de D WA, I
b, T 38 B BT BRAF A AT BT 8o X C R Al
Beit ) DBB LA B AN 3 s .

(b) B2y

B3 BER C 3z sl LA iR 22 19 22 2 I X

Fig.3 Installation and measurement modes for identifying motion errors of C axis
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