fie & M & ¥ M

Chinese Journal of Scientific Instrument

Vol. 38 No. 10
Oct. 2017

38 % 4510
2017 4 10 H

ETHATH U RERIRERBERETIE

B, X 5%, FE
(AU Mz LR K= LR S K A i fba=pe dbat  100191)
T OE O T RI OEAE HUR & e A B e e T v a5 2 0 LA S % P R, R M T — i T O T A e
JUARPRS BE DRI 15 7 1 o 2T VR ST AT AC UG & F1 BC 3K 7% & M G5 M R | SR FIIE 3% fl 5 R Sl 10 3 1) 0 o 6 RS, T A ok
G BRI 8 5 I R e Al PO AR L HE S T DN BN A R 25 S R X R R LR 22 R R TR IE RS
) T Bk 20> 7 00 ok R M ) 5 A 2 2 RS T, S T A L DR e 2 T 15 22 B ST 1R 2 D RS T (D B Y R 0
Mz, XESERR HAIHLIR AC XUk & UK BE AT R € , 3255 T e G 3 1) JLARDRS 2, S 06 B I o T o LA AR 5 119 1 A5 L
FMNE.
KR ALK el OGN o 5 0 B R M
HES %S THI24 XERERIRAD: A ERREFRSERED: 460.3599

Geometric error detection for rotary feed drive based on laser interferometer

Pi Shiwei, Liu Qiang, Sun Pengpeng

(School of Mechanical Engineering and Automation, Beihang University, Beijing 100191 ,China)

Abstract:In order to improve the accuracy of 5-axis machine tool, a geometric error detection method for rotary feed drive using laser
interferometer is presented, which realizes geometry error measurement for rotary axis. This method can be implemented in general rotary
feed drive such as AC table tilting type and BC tilting table type. Synchronized motion with linear axis and rotary axis is applied in the
measurement. The dependence of traditional methods on rotary center coordinate can be avoided during the measurement. The constraints
between the angular error of the linear axis and the geometric error of the rotation axis are deduced. The time cost of setup and
measurement can be decreased guaranteeing with the measurement accuracy. Compensation and fast measurement are is realized on
measurement of positioning error, resettle error and backlash in rotary axis. An experiment of geometric error measurement is conducted
based on XKR-50A 5-axis machine tool. The accuracy of the rotary feed drive is largely improved after the compensation. The feasibility
and engineering application of the method is proved.

Keywords : 5-axis machine tool; rotary feed drive; laser interferometer; accuracy compensation
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Fig. 1 Schematic diagram of dual-frequency laser

interferometer
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Fig.2 Schematic diagram of error measurement for C axis
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Fig.3 Schematic diagram of Prism-Collimator

measurement in A/C Axis
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Fig.4 Schematic diagram of Measurement for A axis
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Fig.5 Laser track between the interferometer and mirror

BOLES A A, 16T 855 5 Bl A9 6 7050
Ll \Lz ,JnxUﬁ'l'ﬁ%%J'

6=1L -1L (10)
FePR R 2 AT AR N -
6 =0, +96, (11)

K 8, MHIBOEREZE , 8, Wbt 22X B e 22 1Y
%%O

L LT G R AR AT AR F

S =

B z‘aa, ‘tan@ (12)
8, = (|bN]= [b'N"|) x
2sinm/4 2cosf .
- +
(sin(ﬂ/4 -6) 00520<1 * sze))

1 + sin26

cos(m/4 - 9) (13)

(lON|-10'N"])

e =)

XPTHEIECRE 2 8, MR, Hat i R ik E 0
RN T L0 BYRZE T RIR tane iR 25, #1601 <2°
H laa'| = |NN'|, |ON| = |O'N"| B, 900 £f B2 6 i
laa’|# |bb" | , NITIHA5 :

([oN]=|6'N"]) = |aa"|(secd —1) #0  (14)

M (13) 1] RAFE AL

S, =2|aa'|(secd - 1) x

sinm/4 cosf .
- 1 2 15
(sin(’n/4 -0) 00520( s 6)) (15)

5,

= ) ‘aa, ‘ =
i 4 cosf .

6 -1 sing/ _ 16

(sec >(sin(1-r/4 iy 00529(1 + sm20)) (16)

AR, 16] <2°mA

19| <2.14 x107 =0.077" (17)

TR B laa’ | 5 RURBERE 25 | NN LAEAE A VS AT
FIERZERE, B [aa’ |# | NN'| B, 8 [ON|= [o'N'| 0]
|bN|= |b'N'| = |aa’ |- |NN'| ,H13X(8) ATl

8, =2(|aa'|- |NN']) x

sinm/4 cosf .
- S 18
(sin( w/4 - 6) 00520(1 + sin26) ) (18)

0

A _ sintr/4 _ cosf . 5
< /() (sin(q-r/4—6) 00529(1 +sm20)),7

524101 <2°mF, |f(g) | < 0.035 ,#laa’l =100 mm, >4
laa’|= [ NN'| < 80 wm BT A2 6, <0.2", AATfi R UED
O R Z R

A AT BE I 2 B R i KA —BO™ AR iR 22

BT, B Jaa’| = [NN'|, |ON|# |O'N'| ,JUE:
_ _ A 1 + sin26
8. = ([ON] \ON\)icOS(qTM_O) (19)
| 1 + sin26
2 20pf, —— S 1 463,
wlol < EH"COS(ﬂT/“-—H) < 63

A laa’l =100 mm, X |[ON|- |O'N'| < 4 pm B A]
W 0. <0.2"AUAGIE R

s (12) AT 76 AC B TR Sl B d #e v
TR A 5 b, PR Y i e AR 25 0 T B A
XERRBEAE Y Rl 6 ER Bl W 4 PR (AR 56EE A,
Ay TE Y J7 1) BRSO OERE 22 FF A Z 50, B Y Bl
FENRZEAEM LG Y LS X Jr i
Z oyt 4 R X RN DG R o A, Z oy



2488 & I £ ¥

38 %

HFENTE T WA e a o RAE Y M5, 73
G C12) AgmpDe 22 . HIE Y Blife YZ 7 18 P 0
AFa] {2 S5 4 AR T T 95 BE 1 A R O 22 45 AR AR, RIS
RO 5 0 f BESS SRy Y B A 5 A Bl A B A 25 1 &
jm[ZOi

g5 ERTIR 52 m DUt 45 RG2S LR BR Y Al IR A
FA AN, H A e PR 2R B4 Sk 0 R S 1Y RN T A 1 R
2 TEHZE 0 <2° Hll 5K 7E 100 mm DL I, GRS
IR R B BRI E AT DL 220w ek R b 2R X e
Al 1] ARG B T, DA T ORG A D A SE PR AR BE . Do
ST Y BNAE YZ V- TE A AT AR, 3 AT R R AR AT A
R GORIEATHCIE M, DA B 0 A5 12 Bl Ak A B 1 A
B
1.5 ZHEEzA BC Bi/LMEENERE

XTT BC #2545 & B FLRLIR, [RIFRE AT DUR 2 4h
5 EH R A2 B i W 8 7 VR R AT R A R 2 D i
il B BRI R EE AN 6 IR . 4% B 7E XOZ E1H
WIEEE H0 o 0, T E D E 7E TAE & b, 54 C #1
XFFROGER LA SN, AR A0S R R e B fE
L B Bl X Sl — RS X e B 5P s s, 4 B B
TIRRNB I, LOEROOGR BB T, 7 % A
BOAE X Jy ) LT[R D2 8, B S X G is gl
125 B DB i EREEIN E § e BINLE k, T ILlRE
B, e AT B IS sl A 5 Z PP AT S B, A
MRUE TOCHRABEBHEY o Mt 45 2R RN 32 X 3l i) for
TR, M RS AC XS & 25K AL, AR 3% B i
SEBREENATREHEAT 43 B, WA A RUAL W AR B AL B R 2 O
M

K6 124l B fhil & 2

Fig. 6 Schematic diagram of Measurement for B axis
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Fig.7 Geometric error measurement for A/C axis
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Fig.8 Position Error for rotary axis
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Fig.9 Position Error for rotary axis after compensation
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