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Abstract: In order to obtain all geometric errors of numerical control (NC) machine tool,
according to the 3D measurement characteristic of laser tracker, the pose measurement principle
for geometric accuracy detection of machine tool and separation principle for geometric error are
developed. By means of NC precise turntable fixed on machine tool and a laser tracker, the pose
information of translational axis can be calculated, then the geometric errors are determined.
First, the pose measurement principle and measurement mathematical model of linear axis are
developed in details, including calibration principle of measuring points and base stations, and the
acquisition procedures of pose deviation. Then, the three angular errors and three linear errors
are identified successively and geometrically, and the comprehensive error identification model for
single axis is determined. At last, the feasibility and veracity are verified by simulation
experiment, measurement experiment and comparative experiment. Results of experiments show

that the proposed method is able to complete the precision detection of a 3-axis milling machine

Wk B . 2016-04-12,  AEHMA . EWHEQST—) B . M4 BREGEGBES . B . 4%, HLWH. EXARKE
A BT BT A (51305370) 5 [ 5B K% T 4 B B 30 H (20152X04005001)
R0 2% H Rt TE] . 2016-07-18 P 2% B bl . http: / www. enki. net/kems/detail/61. 1069. T. 20160718. 1013. 006. html



11

2V 5 A5 B LR TLARDAS J52 A 437 0 42 i 63

within 2 h, and the errors are identified successfully.

This measurement principle has short

measurement time and high precision, and solve the calibration problem of base station with

higher precision. The pose measurement principle provides a new method for machine tool error

detection with an extensive application prospect.

Keywords:

turntable; laser tracker

il 328 b 1 g S K TR RN T K S ) B 4R s X
i&?ﬁﬂfﬁﬁﬂi*ﬁfﬁi&%tﬂTﬂ?ﬂéﬂi%%Eﬁ? jiuRo)
LA 45 T 152 2 11 FR S ARG 000 5 D22 S 2 o AL A I TG
AT,

H A LR LA 52 22 s il T 2L AU AR 2, I i
TLERIE SR 22 A 8 FIAG I T E2A I S b o 2 28 R
AR A RO R AN AL Bk AR B U O
TR A0S T [R5 2R 22 00 PR A T2
R BEBRE A BE e £ TR RS EE OUBR BRI T e 45 . X
S AN PG A S L A RS B0 L B T (LR ) Y
A2 FERT HCRACT Hai PR 22 AN Re I 2 HLKR 2%
T 2 PR | R B 4 T A AR R

TN B S A P R 2 ) R B R
T 0 18 P T ML A 158 22 A T 4 35 ] K RS 4
5% B A FH O BR BERACAEAS B 2 b (9 B[] B AT X —
3 BIHLIR 15 22 58 BUAR A2 I F A5 AR w5 11 A6
REEEST MR R, BE T IO IR R AR A I AL A 1)
TR KBTS R R SRS L ST 2 0k R
(0 SO BR B AR 22 3 15 O T B AR AR s Schwenke
PR T T A O B AN 43 Bt ) B
B PN VG 2 58 K AF B T e R A s ik AT T
TRA R FE O O 3 F LR 05 1R 22 43 5 i 2 A 2y
3 B L SF- S Bl RIE A 4% TR 2 L EL AR R R i
BR o A MR RUMR 7 I 30 2 38 5 AL IR A b A 7 5
bR s bn g b R P 5] AT HLIRAS B B 15 25, 52 ) e ¢
F1%) ) £ G

AR SO — o (o7 25 0 DR L BT R
i 5 R — B O B AN, 3 T 22 3k 4y s 6 O 9k Ok
R B0 WL IR 45 1 32 sl il %) S A 07 515 L, IR 4
— B 5 2240 B O Bk SR A B 3 TR A i 22
3 TN E PR, R 38— b I T R R
B 5 (0 R S5 BR E T L MO T AR e M, R 0
XoF A7 A8 i B A AR AT L O LRSS B E
TAZIT IR AT AT R

1 7 2 s P

PO R i = Y A b I B 2R 8T 93 O Bk R 2 v

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

pose measuring principle; geometric accuracy detection; numerical control precision

PR, Bl v DN RS B2 PR T RO T PR A
I AR PORG B XE UG IR L 22 0 gk I R Ok
PR AN I B A R, e RS R . A T R
BAR s AR SR 22 3l 3 s 0 92 ok AR B H bR A A8
Jia] Al 1O

AR SCH B B OGRS R LS shil | 3 A~ H
s o5 A AT AR 8K J5 33E — 25 3K B2 sh il i 1 & {5 B
B 1B PR ﬁ%mﬁ*ﬁf;u%ﬂ@)ﬁﬁ@,@
2 J A% sl A 2 I R B A A B h OXYZ
Mk B G BIR RO XY Z, HHLE AR £,
FERIBUR 20 W XYZ J5 [ i 45 FF 7238 sh Bl -
AL lE] AT RO R AR, B 2 R Py P, Py Py
OGB4 S35 E LA By WCo R BE
FEAb Y 3 AR E . LA X il ok 4], 24 30 B
EAXAE Py AbEE I Py 59046 B AR S A, REEE
FHL M A, s 3lissh &= B, C, 4bRt, 451 & P,
5 B, .Co MR ARG HRINLRE X flissh 2 —

B2 F% Sl 200 kB i A




64 [ S S R N S SO 14 50 %
Ao, B U B R B X R e A N
2 AN Ak ] A .
2 . Cz

T2 s N JUAAT 15 25 1 5 SCHA & o FANE 345 A 25 14 Al ’ V
SEHGR T 6 FULMR 2 B 5B T 3% Bl o N So, .
A YR . LU BRI R T AL i 2% ) AR IO ‘0§<> 7
Yoo HJE . R PLIT TN A A DA R A S Ja] AR bR Y XB1 4 %

s JH 5 00k
2.1 JUARESMNERE

HURH shi# (78 S8 LR shink A 6 LA % 2%
JCEM UL X Hh B, 3 s ALEE 3 RS iR
25 LB AW 22 53 1) Ry 58 6215 22 6. (o) R 30 1 2k
FEIR % 6, ()5 6. (2) . VA K 3 T iR 25 (& 5w
2) RN RHR 2 e, () MR 2 e, (1) Al 2
W2 e (). HUKFE S ERIFHY 6 TR 22 B Ry 7 B i
25 BEME M LR RG] DL B 25 5 B8
T 22 CRIAS 28 0 26) 38 6 TR ZEI0 K .

ZA

=%

‘ 2 y(x

pas

V' x

B3 X Hhm e mLriRs

WE 4 fros, H—a w1 R &V ACE LK 3)
TR SR 22, L X Sl B AR 3 IR AR iR 2
€ Lse, () RV RTEF-TH A B C, D, 5§ XOY -
I ff e, ()R V T fE V1 A B,C. D, 5 XOY
I e () R VO RLEE I AVACC 5
XOZ My Je . N, 3 Wik ik 22 0] KL R R N
BKEMERE V) =[e, (1) ,e,(2),e. ()], 3T
B iR 22 0T LR IR A B A 25 K P(ao) =[0, (2)
8, (x),0. ()], W4 % F X Bahih AL — SR
Z0] IR RN

E(x) = [P(2),V(x)]" =

[0.(2),0,(2).0.(2) se,. () e, (1) ve. () ]"
2.2 HERWEMIRE

BB ARLIR S s FAR R 3 RS
g s AVB.C bR, & X AB.C % —1L

BEONFEUES A B, JCo s HLIKIE SR o 2= HoAth 7
B SEBR AR BR A A B CrsE LA By Co T
FECT I ) k& Ve LA M &AL B LG
FERA GE T VL 1 RV, R SRR S R, E X

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

Kl 4 SR 5B MERE

AN JE B Bl 15 25 1 LA 7 B S ) SR AR A By
A’ UB L Cl T A ST T A K 1 K VR B A
A, BAL AL B CL R A bR R AR 2 ()
V' Bl AR 32 3h a0 a8 i 55 K AR bR AR SR A ) V
5V, Z 200 R B2 22

7 5 i 22 6 455 07 ¥ A 22 A 28 205 0 22 . TH BR B 38
252 5 TR A M EPRALE A, AEXT T 3R AR AL
BAL AL EMRER V, T VR e 22 3L [H
R A5 0 25
2.3 MERZTELIRIRE

38 2ok 22 3l 43 B A O T [ E S AVBLC Y
AR FRVEFTSR B, T IE 22 3l 43 sk 0 A L a2 0 d —
WO BR B A S S HE AN [6) 7 8 6 (] — o 2R A7 0 o, L
T 5 A 28 B RvL 2 2% SCR15-16 ],
2.4 EQTEMNERE

BEARAT I A 5 A AR A B R R 4 I
SR AR BRAL B I O AR . B 5 O S ]
B b J ] B0 b0 R B LA v SRy s BB
0 Ff JE AT — U i e e — 2 fA T L B AT LLAR B
MABCRESEBEEEEP MER., DT O
R AR IR S BL OA FRAE B B R Y Bl 1) b7 1) oy
Y HETr ), Dt O s BB F OA M EZL R X fh,
i) A5 75 1) oA X AhaE 7 1, Lid O 5 R T XOY 1
BN Z % M A7 T MR ) ST AR E AR AR R
bR R O X, Yo Zo HHLIKA R 5

P05 kg s ) i B AR R R B




11

2V 5 A5 B LR TLARDAS J52 A 437 0 42 i 65

BCHOG R0 R FE B B B AL OGRS
ASCRT 0 St %) AR BE B T B0 0l LWLy seee s L, (0=
6) ikl P AEFE BRI R P ARARA P (2,0,
) o 0 R o B A 2045 ) v R
(rcosf—x,)* + (rsind—y,)" +=z,=(AL+L,)*
(rcosZ(?—I,))z+(rsin2(9—y,,)2+zi=(AL+L2)2L

(rcosnf—a,)* + (rsinnf—y,)* Jrzi:(ALJrL,,)z[
Ho 2y vy, vz, VAL AR FE T sk S R AR
(3 2 >R FH AR BT 19 7 ¥E X b 3R R 4V dse /) — 3 )
RUHEAT SR A BAROK e ik B2 2 W Scik 012 ], ¥R
AR [F) — AP N e SR h 2, S BLIE S
P ARl BT B AR AR R & B TAE.
3 RESEAL
LT N e B Y R 22 A B ALV L B SR IR
1z Bl i BT AR A5 B0 7 2 O 22 5 IR T AR Al 4 2 25
BN 3 TG 1% 25 RS 30 B R L PO S TR A
JIE (B o 5 el 110 328 2 O 22 TR0 A 1 A2 23 A 22 A oL
B 22
3.1 ETFREHKE
IR s X Al g ], B B UE L S 0 BV, 19 5%
Wi V=i, k, 1]" EBREEE R V. (o) 157
WmE V() =La(x),b(x),c(x), 1], | B4 22
BEV, BFREEV, =TV, Hrh T
AR TR SF AR SRR I X T Xl T AT LR R
1 0 0 «
T 0 1 0 0
0 0 1 0
0 0 0 1
Horp o g X Rhrg BEIE R S BE RS L I LS 25 22 0

alx) —i—x
b(x) —j }

c(x) —k

Vi(zx)—V, =

3.2 HARENE
M R ] 4545 TG i 1R 22 (R M iR 22 ) IE A
iz R A T WL o T Y L E D) Ky

c(x) —k

arctan :

61(1) ()(1)—]
g.(x) = |e,(x) | = |arctan —SL =K
' a(x)—i—x

(x) b(z) — i

arctan ———>——<—
alx) —i—x

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

3.3 FEEEREKRR

38 3 2 (8] AT JLARD 0 1R AT T, 25 TR0 R R A 1)
T, FUTE R rf— A i S 8 A b B B K, A T
R LIE A, I, H R A i 25 ) [V, ()
=V G bR e IR AT L X i E A, DA
T BRI 2h %l 1) £5 UG f i 22 BRI

W 6 BT oK % A5 0w 22 [V, () — VI ] T
TR AVAC.C B8R Y Bl M o, (o) (P
/DA C) T AVA, GG Jight 2 A A, CLC
4 I XOY S Hi &AL LV, () — Vi 158 Z Bl
ks i BE . () (B S CLACY) & XOZ 1
(V. (o) =V 158k X A

2

B,
Cl
T x

B, N /A

zZ (&}
P60 1) JiE 4 AR SR AR D 2 ]
MR JUAT OC & Al 14

a,(x) = arcan[ (¢c(x) —k)/(alx) —i— )]
B.(x) = arctan[ (b(x) — j)/((alx) —i—x)* +
(c(x) —R)DHYH]

3.4 BHRENB

TEHLIR AL b & o o B 3% 8l a4 4% B L B SR A5
RV Ji  F JBE 2 I 305 1) @ % O Sk 4 A% Bl R A Y
iRz, LI A 0L s iR shiR 22

’

0. (x) X ai X as
8, () A ai
7 —Rot(z, —gORot(ys —a) | | — |71
6:(1‘ ZAi Z Ai
1 1 1
[cosa, O —sina, O
0 1 0 0
ROt(y,*ay) - .
sing, O cosa, O
) 0 1
[ cosp. sing. 0 0
—sin8. cosB. O O
Rot(z, —p.) = g g
0 0 1 0
0 0 0 1

K e, 5 B AL o, ()5 ().
3.5 RENEHSEE
ST I8 T 45 BLBR B S X Y 6 UL




66 [ER S

K%

e

R

Eird 9550 3%

o] 158 22 Gl i B A A

0, (x)7
D)
0. (x)
e, ()

e, ()

Le. (x) ]
sinf.y a + cosa,cosP.x s — sina,cosp.za — ]
cosf.y a — cosa,sinf.x 4 + sina,sinf.za — y’m
Sina,x 4 1 CoSa,z — 2
arctan[ (c(x) — k) /(b(x) —j) ]
arctan[ (¢c(x) — k) /(a(x) —i— x2)]

L arctan[ (b(x) — j)/(a(x) —i— )] J
4 FUERU

K FHEPE RS % 5% 5 0 BE S B AR AR AT bR 2 R
JH D 3 3 B 3000 5 19 5 R A R ML DR T A5 A R
Xof B RN e A A A i R R AT T S IR T
4.1 BESZEMCERE

S N 85 B 5 6 AT A o8 il Tk T 6 R
MERR B R S e S B 7 s, i T 5 D
It [F] P AR A B Y A 8 R BE L B R B BRI 45 4L
BT RIS 25 i i 2 R L 72 Bk A Bk # /N T 1 pm, R
FH N & WAL JE 28 DGR 57 & P 3 8 ] e
VAR FE N B RS R AR T 1 pm,

K7 HEsEE eIy R

WP 7 R B R AR L B b SE O R —
SE AL B OO R B A B — L JEREE A 6 A
SROG BRI, AR 3 A2 8] 7 s o B 1
BEATIHER (] DUAR A AT PRy =S (R B

Z U7 EL S8 B o e a5 A7 AR R (LR B8 A
BB B Foe Ko 22 B9 107" mm, 15 & LT M1 %5
LW SE R TAT Y

T bR E B TR TR R R B b ik
HZ2T 6 DI RAE R IEAT IR %E R 5% & e i 2

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

U 0[] — o7 AT 22 Y =, DA/ INBE B8 22 119 5%
Mo A T B kAR A BA v A AT RS M L AN ) Y SR R
B[] 0 £ KK A R B B a3 22 104 4 A IR DL 4y 22
Pl T OLHEAT 05 B LA RN 3R 1 B

21 REPREREFRZHE mm

KA M IERST

SECRE A Ax Ay Az
N(1,0.5) 0.0024 —0.002 8 0.001 6
0 N(Z,1)  —0.0032 —0.0040  0.002 2
6 —0.0026  0.0032  0.0025
9 1 N(1,0.5 0.0015 —0.0018 —0.0017
15 0.0011 —0.0012 —0.0008
3 —0.0016 —0.0015  0.0018
6 5 N2, 0.0008 —0.0010 —0.000 8
10 —0.0008  0.0008  0.0009

D5 B2 50 2 B - A Hh Y L 507 B S e A B
iy 2 L It 25 Bl B 22 0 486 R T 39 K 5 e 8 SR A
SRR R Rl A B S el N B B 1R 22 1 5
M) o 2 2k S 1 0 5 o B 2 MR B/ . B R B AR E
P R R BRI A ARCh 9 L I IR ECR S
4.2 MEERRE

BEAIL IR 5 A5 BAR Ar bR R A(100,100,100)
B(100, 500, 100).,C (100,500, 400), D (300,500,
400) , 43 5l A2 5 25 1AL IR B AL 152 25 P A4S O TR AT
e,

AN SR A ML R 22 B B R (8 0 B4R (E 5 K i 25
MBS 107" mm, 9 3 JLF-AH 45 U B Bk 2
AIATHY .

I8 R AL R 25 B R B LK BE B IR 22 IR A
N(1.5,0. DIIERS R e Rk 2 s,

k2 MEIEAFTER mm
W R x y z
A 100. 003 3 100. 001 5 99.998 9
B 100. 002 1 499.997 8 100. 001 6
C 99.998 8 500. 001 5 400. 002 6
D 300. 002 4 500. 000 7 400. 001 2

25 AT L 04 7 B A AR AR E D 22 JLF- AR N T
3 pm, IR TE B — 0 & M.
4.3 RENEBEMHE

WAHLRTE =100 mm &b, 4 /> F 2L 7E ALK 4 b
ZF Ry A E AR bR N Py (800, 600, 100) , P, (800,




511 3]

200GV 55 BUPEILIR JUART R JEE 114 437 2 0] e o 67

1200,100),P; (1 000,1 200,300),P, (1 000,600,
600) . AT W UESA L A vERT M L B AL X Bl Y 45 0T
BREH ENIR 6, () =0. 024 mm,Y [i] B 2% 1%
26, (x)=0.020 mm, Z [i] L& FIR% 5. (2) =
0.016 mm, BHEAIRE e, (2)=2X10 "7 rad I
RZ e, (2)=2.4X10° rad, Wi AR E . (2) =
2.8X10 7 rad, i WA Bl E AT 0 L .

(DA PR AL 1R 25 152 22 43 g AT A R i 45 30
PR2E 5 BT I A R 2500 T M AE L e K 25 o
8, () H i 22 4. 834 291 7 X 10 " mm, i B 1% 2% 43
BEDERATY .

(2)7% JEALR BEHL R 2 - R E ALKz 3l id 72 v Bl
LM RN N (2.5, D F N(1.5,0. D IEAN 1.
35 T RS R T80T LR 22 0 B i 25 5 .

S5 1 Rh O B R 25 B K 25 6, () Ry
0. 000 132 mm, % 2 Fj e KA 2% 1 0. (&) 0. 000 54
mm, fiif 26 1 KB LB/ Bk AT SRR R . A S B
O TR DR R 2 A BRI S e 22
SOROE S AA 1Y T vk BN B AL R 22 XTI A A5 2R Y
AN

A3 XEIUTR LS BER

JUAT iR 22 TH 1 T 2
8. (x)/mm 0.025 1 0.024 6
0, (x)/mm 0.018 7 0.020 4
0. (x)/mm 0.014 8 0.015 5
e, (x)/rad 1.96 X107 1.99X107°
e, () /rad 2.43X107° 2.41X107°
e. () /rad 2.78X107° 2.81X10°°

5 SLEYIE

K FH A 2800 i S BT — 65 3 Bl R IR A T RS
FERGI A& 8 Frzn . 4 A b AR AN 52 ) I 0
(AR 0T L a8 A3 1, RIS SR 1 0 DA s 5 Ak 2
4 ARG N VCE AR ) — T N . 1R BE IR S Bl X
8 500 mm X 500 mm X 300 mm, & 3 50 mm
HEAT — WAL 5 I I LR A5 1k 3B 3l s Y
IO B AR A0 5 I A ) R RS R e B e
1207, 1 55 b s 9850 R B A0 118 152 0 R O 132 BB 5 7
SRR ERM B EE. REVIKZEs 2T —ll &
AL, X T Xl E 2 & 33 S mlL X TR AL
PRI ZED 5 81 4> i, PR LR FI B2 K 2% % & 4R
SRR LB 0 % Bl KRk A I ] 98 AR
FRA MR 2 h 247,

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

B8 R FH IO B ASURS: AL A i

O& T 220l 43 B DN L S I & A2 ) AR AR 1Y
AT YRS SCRRL16 DR 22 3l 2 Bt i 4 77 3 4 €
P8 0 A o T B it 3 ) i ) AR AR R AT X LE L B
UE 70 R A R AT

TR TR 25 53 RO B0 T R 1k )
5 I DR 22 Ml — 5 OE T 88 U I H 19 8% 22 47 %)
oo B9 Fron S R EOE 3 AU 3 Gl 8t Rz 3
N PR S (E R 22 3 4 9 WRR 7 3k 8 0 0 0 A 45
XL .

P9 R O T AN B PRORS S5

k4 BmAFFEZEEMNZTLERESE mm
i &  y=100
fi2% e 0.0009 —0.0024 0.0017

y=200 y=300 y=400 y=500

0.001 9 —0.002 8

NFE A rhR] DU H A 0 v R 22 B A R
e RAWZE N 2.8 s 8 HE 3T L U SR A0 48 3
Fr AR TR 22 Ik 55 R 22 23 B 4 5 1 2 A T AT 9

6 45 i

(D F H — Pl 2 T 50 15 3801 R R {SCRI RCP A o

3 I A B AL R TLARDRS B B4 o7 4 00 ot L L S0
A ORI 8O BR B A B A5 R 0 RS R v

(2)f th— P e bR E T7 1 S AR R B e &

fifp TR T PO'G R B AN A7 B S )R A RS R R

T RPRS B 5 R B 5K L 5 LA R T PIL R A




68 [T T NI S 4 55 50
frihfE B TR @M T EMIL R EREHE 5. ZHANG Guoxiong, LIN Yongbing, LI Xinghua, et
()3 —Fh 37 19 R A B 22 1538 6 TR LA al. Four-beam laser tracking interferometer system for
TR I F R T AR 22 40 B 0 v L 25 Y L AAT iR 2% 1Y three-dimensional coordinate measurement [ J]. Acta
*
I B e L IR 5 B T % T A - Optica Sinica, 2003, 23(9): 1030-1036.
= . 9] SCHWENKE H, SCHMITT R, JATZKOWSKI P, et
()R RS WOEIR R ACSE B T 3 il ey 2 98 R
A K ﬁ; 9 b2 LB FRS B i 5 o al. On-the-fly calibration of linear and rotary axes of
IPR AL, TP AR 7t I B bR A > O7 i machine tools and CMMs using a tracking interferome-
= — N A i NV S o= S
UL R o (6] i R SO T 0 3O 8 3l il i ter [J]. CIRP Annals: Manufacturing Technology,
%Efﬁl%%i&ﬁ(ﬂ"]ﬁi%%%ﬁ b, i — 20 B0 HE T {ﬁ 2009, 58(1): 477-480.
SN S A AT ERE . OB RA IR R [10] Fatk. SRA. WEIY. S R O B N 8
LR B R AR L T L A i R LR LA R FEHLIR ILATHS BRI [J]. 79 % 3038 K24, 2011,
2K, 45(3): 85-90.
WANG Jindong, GUQO Junjie, DENG Yufen, et al.
&%k Geometric precision detection for numerical control
=z :
(1] SCHWENKE H, KNAPP W, HAITJEMA H. et al machine tool based on laser tracker [ J]. Journal of
T ers) 5 _
Geometric error measurement and compensation of ma- Xi7an Jiaotong University. 2011, 45(3): 85-90.
chine-an update [J]. CIRP Annals: Manufacturing [11] WANG Jindong, GUO Junjie, ZHANG Guoxiong, et
Technology, 2008, 57(2); 660-675 al. The technical method of geometric error measure-
(2] TRAPET E, WALDELE F. A reference object based ment for multi-axis NC machine tool by laser tracker
method to determine the parametric error components [J]. Measurement Science and Technology, 2012, 23
of co-ordinate measuring machines and machine tools (4): 45003-45013.
1. Measurement. 1991, 91, 1722 [12] HKkSE, kI, 2 00, % 1O B HOGBLER T = 4
4] KUNZMANN H. TRAPET E. WALDELEF. Re AR B G B 0 )0 R
sults of international comparison of ball plate measure- 2003, 24(2): 205-210.
ments in CIRP and WECC [J]. Annals of the CIRP, LIN Yongbing, ZHANG Guoxiong, LI Zhen, et al.
1995, 44(1), 479-482 Self-calibration and simulation of the four-beam laser
(4] FLORUSSEN F L M, DELBRESSINE M ] G. Asses- tracking interferometer system for 3D coordinate meas-
sing geometrical errors of multi-axis machines by 3D urement [ J|. Chinese Journal of Scientific Instrument,
length measurements [ J]. Measurement, 2001, 30 2003, 24(2): 205-209.
(4). 241-255 (13] sREME. =Abpill &AL [M]. RuE . REERS WAt
[5] “Rme. W€ WOOR. 4. 5T HO6T B 0 it 1999 307310. , o
(10): 25-30 A M1 db5T: HUBC Tl H AR AL, 2013 20-28.
=T Al s 7k I —h e B 4 L e S8 122
ZHU Jia. LI Xingfei» TAN Wenbin, et al. Method of 10 XIKAC . AR SRS ) & LAt 2 5k e B
& [ bR E FEH A, s : 25-27.
geometric error detection for measuring machine based WL ABRAE [J]. JEHAR . 1999, 23(3), 25-27
on laser interferometer [J]. Journal of Mechanical En- LIU Yongdong, WANG Jia, LIANG Jinwen. Self-cal-
gineering, 2010, 46(10); 25-30 ibration of multi-station laser tracking system for dy-
(6] SCHWENKE H. FRANKE M, HANNAFORD J, et namic geometric measurement [ J]. Optical Technique,
al. Error mapping of CMMs and machine tools by a 1999, 23(3): 25-27.
[16] T4k, MEA, B, 5. 3T HOCEEHEL

single tracking interferometer [ J]. CIRP Annals:
Manufacturing Technology, 2005, 54(1): 475-478.

[7] LAU K, HOCKEN R J, HAIGHT W C. Automatic
laser tracking interferometer system for robot metrolo-
gy [J]. Precision Engineering, 1986, 8(1): 3-8.

(8] skEME, MokIx, ZA4, S WEBOLRE T =
bRl R [J]. S5 %4, 2003, 23(9): 1030~
1036.

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

FEHUR UM R 22 BT 1 [T, HLAR TR 240, 2011,
47(14): 13-19.

WANG Jindong, GUQO Junjie, FEI Zhigen, et al.
Method of geometric error identification for numerical
control machine tool based on laser tracker [J]. Jour-

nal of Mechanical Engineering. 2011, 47(14) . 13-19.
(H%E A )




