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Measurement and compensation method of positioning

error in digital height measuring instrument

CHEN Hong-fang, LIN Hu, YIN Jian-jie
(College of Mechanical Engineering and Applied Electronics Technology,
Beijing University of Technology, Beijing 100124, China)

Abstract: Positioning error is one of the main error sources in the height measuring instrument. In order to increase measurement accuracy,
the measuring method and compensating process of positioning error in the digital height measuring instrument were studied. Based on a digit-
al height measuring instrument, positioning error was measured by miniature double plane mirror interferometer SP-D of German SIOS corpo-
ration. The measurement results were fitted by quadratic polynomial fitting method. With the difference between the original data and the fit-
ting data as the deviant of alignment positioning error, positioning error was compensated. The results of the experiment indicate that positio-
ning error is reduced from 0.009 3 mm to 0. 004 6 mm when slide of the height measuring instrument moves upward and positioning error is
reduced from 0.010 7 mm to 0. 004 8 mm when slide of the height measuring instrument moves downward.

Key words: height measuring instrument; positioning error; laser interferometer

N0 S B A FE B N 3R 2 — o 0 (S 2 A
A, AR EA T I R R A 2 A, IS A 20 I A 5 6 T
DN TR, R 7 T 7 A R R 22 IO 2% 1 I e A )

0 31 "
A U DG o T TE 9 37 2%

PRECTAC LTSGR, PSR - - I =2 i)
B LA O BE R A 225 L W A 1
ZERWAR Z , WAL AS A9 B TR M n(E R 2E I
P PA IR AVE=E S P A =R s A ]

U H H#3:2010 - 09 -20
EETE : HR A RBLAHR ST IR H (50627501 )

HROR SRR 22 VW BT, A BE DR U300 v 3 A 00 4545
DR AH 08 0 e A A 00 B 2 iy, (SRS LM oy (FE A
P R {EIRZE A LB

ABIRFE LAKE 2> F) A 7= R L 350 mm Y%K

YEB BT BT (1980 - ) Lo, BT 2k N, T2 A A 0l 2 BN A 2 £ 5 A B O 2 TN 55 77 TRT A F 5. E-mail: hichen@

bjut. edu. cn


http://www.a-pdf.com/?product-split-demo

. 142 - L G

™ % %28 &

TS WIFER G, LITER SI0S 24 Rl U ACF- T
BT A SP-D Sy i A B 1 o o B, X600 2 S 14 5 oL
RIS TR BAMEHEA T
U B0 N e AR oz 1 2 00 4 5 7%
EH TR I = ACR AR T HL =
Blizsh RGeSk h AL Sl 7E S8 s gl ik
frE f A A AT 3, ISk B S TR0, [ 3h
P BT A AT W s R 2E S R
D A R FE R B BN R 2 — ot T O S s
SR [ 2 I e S AT LB A 4 R, AS B
FEVEH T IR SI0S 24 w] A 7 B i B 00CF- T B T Y
SP-D S 32 e A A 2 iR 22 , i A i
SFF B A AR S mm  ARZE 5 [ T 00 e A B AT
b, AR A6 23 AU T R 5% 22 T AN B2 TR SO oR
(OTE R AR o AT 5 A0 I A8 o7 15 2
O % T2y K U] & I T

S5t =R NS

TGO, ks

M
N

B OG0 ki o {30 v 1R 28 7 7

IESERHE T 00 2076 b, FOABE I TROEHR
Kz 1) 90° , - 1i S5z S B8 FHAS B 08 [ 00 e 450 Fr) 0 AT
o BOL AN Sk & R RO R T e A ST
BRI S RO G AR I Sk, 0w A0 Sk BR
R Bl , T S BE )3z el et ol e s T e 5, &
DI FEL 5 Ak B i G I R N R
PG I v {3 F) R f7 PR 22 B, 5 £ G
RN B0 ol 00 e A5 [ i, I 00 g S ) A AR
VR ARXT 2 5 TR IO T30 I Bl %, 4%
e 0 e AN Sk A — 5 BE 7% B — B s, #4245 1k
SRAEIN s A8 1, Rl BGROE T 08 L, , e
R R AR I NI 0 AR (i =1,2, - ,n) IR
MR S T AN R B EE AL =1 - L lRR
{EL-5 dRe/MELZ 22 BI S 0 g (S0 A 1) 1 % 3 At ) 5 for
R
Al={ ALY = L ALY (1)
250 e ASC T A A T S ) T A% s 0 i, 3% b A
Jr A, AT LA 000 =5 A0 R [ T A2 Bl Y A
W,

2 I ASCR S R 2 I R A SR

2.1 EMNREMVELH

WO TP e S A7 15 25 1) S92 2 A %]
2 iR, ASHFGEAE FH Y SP2000-D 75 fg 78 X3S T % T
VA B 0 S Ly 2 000 mm, K 8 I - 43 Y 3Rl
1.24 nm, BOESRFEET LA E] 2 x 107°, B 3BT
HRHR A LIGAE] 600 mm/s' ',

W SCAT
WA Sk WAL Er
TR FUBE

)R ASURS E
002 -6

B2 SO A s {3 (0 DR 22 Y SRR

2 BB S s SRS e FLRE JDG929—1998 e %K
S = AL 15 P 0, S 6 28 6 A2 = IR (20 =
1°C) IR AN AL 0.5 °C 306 T
I e ASCAE 28 P ST 3 B B B Pe) 3 12 h, 28 N 52
TAERIIRBh 25 Fh T4k

FETCSTE G 00T S A D g A ] JE A, 0 T
ASCH I e B v 2, R T e RS sl B Ry 3 R, 7R
e A2 R R R 3000 s S Sk 3 B8 st — /N B i g D
SRAE— B TR S g AL A% O A0
B, LIRS RN 3 FIE 4 fioR, B 3 il E AL
VR 1)L B8 Sl B A 2 4 T A TR 4 Sk T A e R
] 4% s A5 2 i 5 . AR HE 2 (1) S 7 1 22 )
SO R, A5 B0 AN R 1) L RS sh A Y E R
0.009 3 mm 725 48 W A 1) N &% ol Bsf A o 67 1R 22 0
0.010 7 mm, MIHRZER AT LIE H, @ AR s e AR
2, s shiRzs B2 DK R GiR 255k,
TAHORFRIR 225 2 1R 22 A9 R/ N I, e 5
HURGBEIHHE T, AT LA JEX 2 (iR 25 T IE

0.006

0.004 |

0.002

Al /mm

0.000 |

-0.002 |

-0.004

0 50 100 150 200 250 300
L,/mm

PR3 0 e SO A 1) bR 2l ) 0 A



WRIHEDS , 45 - By sl ves {30 37 1R 22 ) I o S A - 143 -

0.006 B
0.004 + E
0.002 4

0.000 + e

Al /mm

-0.002 | ]

-0.004 | 4

-0.006 [ 1
0 50 100 150 200 250 300

L,/mm

P4 DRSO e 1) A% Sl i i K

2.2 FEMIREMIMELIE
RS —Fh B E A B BT 2Tk
24P SR P # F B B 05 O vk, B % 22
2T Bl L AU T b B RS R B R . AR
AR 20 AUE B 8 kA i il & i 2.,
FRAE L 3 FNIEl 4 il &t 00 15 25 508, 2015
A5 200 v ST 8 )L A% B R ) B% Bl B Uk 22 I AR
AU
y, =0.002 38 +1. 800 35 x 10 °x, —1.489 21 x 10 "«

()T, A2 S 0 v A0 Je 1) b %% 5y [ %8 5l B
HIE N IR 2 H) 2 0.004 6 mm £10.004 8 mm, M [F
5 FIEL 6 Jr7n i 52 9 45 5K vl LR Y, A B9 4 H )
FR S AV 1% 2 DN i M MEE D7 2 BT IR P A AT AT 1

3 ZERE

AHIFGE LA T A 7 0 85 20 v AR A 5 X
%, LAELE SI0S /A ] i3 RS- T 85 1 54 SP-D N i
K EE bR i R T B30 3 v A8 A 15 2 1 )
FAME T B0 FENIRZERLRA 1R 2, Wi )RR AR IR
FERFENITRZE R /INBEAG RE M, R TR 22 1) 45 3 22
S A S L 1 1R 25, v R H 2 A i O
AMEE AR . LIRSS B, S I S A 1)
o, 7 1% 25 H 0. 009 3 mm I /)N B #h £ 5 1
0.004 6 mm , il &5 8 FE ] N B Bl B, 2 6 1% 22
0.010 7 mmyg/NE#MEJF () 0. 004 8 mm, [ L, 754
T RS BE R RTEE R, i 3 X 0 7 A A 8 R 2 kA T
DU IR M, AT ASRE R SR A D kG

52 3Lk ( References) :

[1] SEBZEEBCEB AT . 1JG929-1998 % i i & {48
TEHARE[S]. ERH AW R ,1998.

(2]

R RUEAT PO T RN B (1), o 5

A ,2006,32(5) :59-60.

(2)
y, = —1.461 46 x10 77 +5.690 44 x 10 x, —
2.748 6 x10 1] (3)
0006 ' I _._ﬂ:rgﬁﬁ
e AMEG
0.004 — AL 4

0.002

Al /mm

0.000

-0.002

—-0.004

0 50 100 150 200 250 300
L, /mm

s I SO e 1) b A% Sl i) I A R 2 40 il 2%

0.006 |- —=— FMERT

e HMEI
0.002 | -
g
£ 0000 -
3
-0.002 | _
-0.004 .
-0.006 .

(I) SIO l(IJO ];0 2(I)0 2;0 300
L, /mm
BI6 DU ST ] T A% sl s o I iR 25 4 At 2k
P T 1Y B 22 (B S B0 S o 152 22 1) i 22
{8, AT DIXHI s B A s . AR =R (2) Al (3) 1y
PE ARG B ILE LB 5 FE 6 s AR

(3]

[10]

[11]

TR 5 e A AP 1% 22 D AN E B A [ ]
THEHAR,2001(8) :51-52.
fof B B (SO (B 15 22 I R AN BEVEE [T ]
T A, 2008 ,28 (1) :40-41.
CASTRO H F F, BURDEKIN M. Dynamic calibration of the
positioning accuracy of machine tools and coordinate measur-
ing machines using a laser interferometer| J]. International
Journal of Machine Tools and Manufacture, 2003, 43
(9) :947-954.
REAEN], FNBEIG , B0 v R MR R 2 2 0 F B 1Y
TENIRTRE [T ] DK % T ,2008,16 (5 ) :884-888.
PVBRIG 2 0  FRAE U ORS% E CLE AR SE [T ], ks
2% T FE,2005,13(S) :69-75.
AR, T, AT, . BT PZT ARk I R sl Al
JEREAE A7 R 22 70 M [T ], 67K % T/, 2008, 16 (9) -
1577-1581.
[ E# A1 ]. Miniature Plane-Mirror Interferometer, SP-Se-
ries[ EB/OL]. [2010 =03 - 02 ]. http://www. sios. de/en-
glisch/produkte/spdl _e. htm.
[VE#H A1 ]. Laser Interferometric Vibrometer[ EB/OL ].
[2010 - 03 — 02]. http://www. sios. de/englisch/produk-
te/sp_d_e. pdf.
A1 IR AR, Bl 28 SRB L A S D R LA )
i ab BRI ()] 62 % TR, 2000,8 (1) :87-
90. [ fmig:ok ]



