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An Analysis of the Accuracy for Strainghtness Measurement with EST Method

WANG Xiar ping, LI Shengyi
( College of M echat ronics Engineering and Automation, National Univ. of Deferse Technology, Changsha 410073, China)

Abstract: Based on the study of the new requirements of the precision and ulraprecision machine technique for the error separation
technique of sraightness measurement, this paper analyzes quantificationally the error introduced irto the time domain and frequency do-
main EST resulis by the misalignment of sensors, the neglect of yaw angle in sequential twe- point method and the difference of drifting of
these sensors. This paper also describes quantificationally the magnifying ability for measurement errors of the factors W( k) in frequency
domain EST methods. Some measures were taken to reduce this influence. The conclusion that sequential twe- point method is the best fit
method for straightness measurement was arrived at the end of this paper.
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Fig. 1 Sketch map of three point straightenss measurement

A n, Ya, ¥b, Ye A

yo(n)= R(n)= S(n)
yo(n) = R(n+ mi)—- S(n)- mi* A ¥(n)

ye(n) = R(n+ mi+ ma2)— S(n)- (mi+ ma)* A * ¥(n) (1)
mi=mx>=1, (1) , ye(n)= 2ys(n)+ yu(n),
A Y(n) (2), S(n)  ¥(n) A

R(n+ 2)= ye(n)- 2yy(n)+ yo(n)+ 2R(n+ 1) - R(n)

Y(n)= [- ys(n)+ R(n+ 1)- S(n)]/ A (2)
(1) (STP)
yo(n) = R(n)- S(n)
yo(n) = R(n+ m)—- S(n) (3)
Rin+ m)= R(n)= ya(n)+ ys(n) (4)
(1) . S(n) Y
(n),
y(n)= ya(n)+ Cr*yp(n)+ C2*yn)

= R(n)+ CiR(n+ mi)+ CoR(n+ mi+ ma2) - S(n)

*(1+ Ci+ Cz2)— Y¥(n)* [miCi+ Cofmi+ ma)]* AL (5)
€= :_;, ci= — 1- ¢,
y(n)= R(n)+ ciR(n+ mi)+ c2R(n+ mi+ ma) (6)
R(n) , N (e DFT,

2 A |
]N—( m+ m,)

jN_]T]f’"'l
Y(k)= R(k)*[1+ Cié" s C2é
= R(k)W(k)

(7)
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2.1
2 s A B AN N A C , Mo
, , ; ANV .
Rin+t m)= R(n)+ yo(n)— yo(n)+ & (8) ( ——Z-W' LA, |' ! \t;_
m= 1 R(n) 0 , L -/:k |— I
" A B C A B
Rin+1)= Dyy(k)- Va(k))+ n* A
= R(n+ 1)+ n* NI (9) )
R/(n) R(n) Fig.2 Misalignment of sensors
STP
R'(n+ 2)- R(n+2) == (n’= 1) A+ l%hz (10)
STRP .
STRP Y(n)
Y(n)- ¥(n)= (n- 1) o+ (2n-3) A (11)
ya(0) = R(0) - S(0)= &,
yo(0) = R(m1) - S(0) = mi* A+ ¥(0)- §
ye(0) = R(mi+ ma)— S(0)— (mi+ ma) * AL* ¥0) - & (12)
&t 61) 60 A= &1_ 61 AZZ &_ 6{1
R, S Y
y(n)= yan)+ Cieys(n)+ C2* ye(n)
= R(n)+ CiR(n+ mi)+ C2R(n+ mi+ my)
- S(n)*(1+ Ci+ Cy)
- Y(n)‘[mlcl+ Cz(m1+ mz)]‘ N - CihN- Coa o (13)
y(n)  DFT,
2.2
Y(n), R(n), R (n),
y(n),
Ya(n) = R(n)- S(n)
yo(n)= R(n+ 1)= S(n)— A * ¥(n) (14)
R(n+ 1) = R(n)= ya(n)+ ys(n)+ A * ¥(n) (15)
Ri(n+1)= R(n)= ya(n)+ ys(n) (16)

R(n+1)- R(n+ 1)= R'(n)- R(n)- A * ¥(n) (17)
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8n)= R (n)= R(n), (17)
§n+1)= 8(n)— A* ¥(n)
§(n)=- A i_ZO}y(i) (18)
A
A= 158m 1 0. 0727 Hm
Y(n)
(11) Vi(n)
Y(n)= ¥(n)+ B+ a*n (19)
a B , Yin),
Y(n) )
Y(n)= ¥(n)- N+ n- K (20)
n, K Y(n) §0)= 0, Y(n)
(4). :
Rin+ 1)= R(n)= ya(n)+ ys(n)+ A+ Y (n)
= R(n)= ya(n)+ ys(n)+ M+ (¥n)- U= Nen) (21)
(16)
Sn+ 1)= 8n)— A H-— A +Tep
§n)= R (n)- R(n)
:—n'AL'U—Q%Z'AL'H (2)
A= 15, L= 300, 15/300mm 0. 046Hm
2.3
( )
a,
B, , Y,
y(n), Y (n)
Yol n) = y/a(n)+ a* n+ Boen+ Yo n
yb(n):y/z,(n)+ a* n+ Byen+ veon (23)
Y (n) (4, / / /
R(n+ m)= R(n)- yo(n)+ ys(n)
= R(n)- ya(n)+ y(n)= (B= B)* n- (%= ¥u)*n (4)

(B-B) (- Ya)
¥y (n)+ Yon=y(n)- asn- Ben,
R(n+ m)= R(n)= ya(n)+ ys(n)= (B-B)*n (%)
(4) (24) (25),

y(n)
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2.4

(7) - MR(k)= N(k)/W(k), : (k)
vVwk) , R(n) mi= m2
J(2T/ N) km L. s J(T/N ) km
Walk)=1- e :—2]51n]vkm'e
2Ny km (2N )2km
Wi(k)=1- 2e + e
T [(2T/N ) ks (%)
. N ) km
= — dsin® hm €
N
2
= [Wa(k)]
: . 3 Wi(k)
400
3501
300
(1) —~ 250|
=
; ; = 200
5 O 1s0f
2 2 1m |
B 50F
o h l F U Y A a2 A hh
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E
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Fig.3 Vaueof 1/ W3(k) aa N= 121, mi= mo=
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