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Error analysis of precise non-guiding displacement platform
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Abstract: The motion accuracy of a platform based on two compensated flexible four-bar linkages was
researched and three error sources,namely, batten size error, the sphere center distance error of ratio
lever and the assembling angle between the inner and external battens were analyzed. A semi-beam
model was established to analyze the deformation of the batten and the relationship between working
displacement and coupled displacement. The expressions of the platform straightness error and the
limiting coupled displacement error which was concerned with the platform displacement and the bat-
ten sizes were derived. Finally,an autocollimator and a high precise measuring head were used in the
measurements of the platform straightness and the coupled displacement. The experimental results
show that the straightness error is smaller than 1. 5" and the coupled displacement error is less than
13.7 pm when the stroke of the displacement platform is no longer than 5 mm. It is proved that the
platform works with high motion accuracy and the experimental result is consistent with the analysis

results.
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Fig. 1 Framework of the platform
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Fig. 2 Deformation of external batten structure
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Fig. 3 Force model of the batten

AR A KRB « AR AN .

M(x)=F(L— x) — Mj;, (D
M1 2E T A
1 Mo
p(x)_ EI ~ (2

X1/ oCo) MR AR bR oAb Bl 3R ET 72 JE A
BT W

=TT A
&y
1 dz

= s (3)
pC ) [1+(iy)2]s/2
dx

B (2 (DA .

PRI R y(0) =0,y (0) =05 y(L)=1L,y
(L):O ﬁ@ﬁ%“

C=0, My=—LFL . 6)

2
'f%)\l:it’fg‘ :

M(—)=0. D

L
2

B DO RAL AT HT A QA iy il %
%o HT AT AR A 9 S 32 73 R0 R B AR T AE
QA RZ S F WAVE A A6 7E LA Q 1 X Ak i
V7 R /INAH A D 1) AH B2, BRI 28 1 A 1) A8 0 56
QA FR L TE Q B e K% 0q. BT LA, 722
TE AR A T AT LA A A T A 52 Sk R kR S A AR (1Y
B, QREAE xJrm A yJim ERA &N B
S 2 R AR AN 4 TR,

y g
/ Sy s 0, . ‘l;y[’
: pef W C x
/ : — -
¢"—"Ir L2 ;
e L2 Mo

CFRES L
Fig. 4 Semi-beam model

R R 05 2L 81 ) Elastica 7 B2 41HY

do_ M
ds EI
d d , (8)
ax__ ay__ .
Lds cos G’ds sin 0
A LA QS AE « il LIRS i ol .
AIQ:%H— /2027 —1) ) (9)
K(r)—F[r,arcsin(E):l
At For o= | ——92 s —
0/1— Psin® @

FM I AR 5



316 e KE TR

% 20 &

K(r) = F( r,%)ﬂﬂ%%ﬂ"]%*%%ﬁl 3

r=/(1-+sin 0) /2 Jg a2 &
Al UL, Q EAE o U7 M RS A B i O T AR
TE AR 1 e BE N e KB A T e R FR R R Q ASUFE
y ) E AL RS R E . PR AR T B AR IR B
RGN B EDIER B LM TAERE i 1
PRI EK -
20xq=g(L, fp) . (10)
A8 U MR e BE AN A A 7E TAE o 72 v & 4l
BE HEs sk B rh = A e g i, P R B 4R R
%
A=, — =& D=L Py,

C

T P2 AR T AR N AN 225 T8 AR 53 A7 B 2k

FEIRZE AG I AGF B SR HL R

Al =/ AG+AG . (12)

5 NANETE MR R o HX L X B=50 mm

X 31.5 mmX0.5 mm, A7 & B R fe KT

PRZZ 0=0.05 mm, NZZ A ¢ =55 mm,

SMNEASIEAR B BE ¢, =100 mm, 76 & i K

2 f=5 mm B AR AFTTE A A5 7 A 1 BR 1 2%
JEiREN1.5",

\ L \ L+&

K5 HEERZERFRER

Fig. 5 Error source of the platform straightness
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Fig. 6 Error of the ratio lever
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Fig. 8 Experiment of the platform straightness
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Fig. 9 Line graph of the platform straightness
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Fig. 10  Experiment of coupled displacement of the platform
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Tab.1 Measured data of coupled displacement at different platform displacements (pm)
{1 %% /mm 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
1 265.0 265. 8 266. 2 266. 0 268.0 269. 3 264. 3 265.0 267.0 268.5 273.2
2 326. 2 326.5 327.0 328.0 329. 8 330.5 329. 2 330. 2 332.2 334.7 336. 4
3 396.0 396. 4 397.2 398.5 398. 2 399.0 397.5 398. 2 398. 8 400. 4 402. 3
4 454.5 454. 8 454.5 456. 5 455. 4 456.7 456. 1 456. 8 457.2 459. 2 462. 4
5 522.5 522.4 523.2 525.0 526.0 528.9 530.0 531.8 530.0 529.1 531.8
6 577.0 576. 2 576. 8 578.5 579.5 580.0 581. 2 582.0 585.6 585.5 587.2
7 644. 2 644. 3 645. 5 646. 0 646. 2 648. 4 646 648.0 650.0 652.1 653.9
8 694. 2 694. 5 695.0 695. 4 696. 2 698. 6 699 700. 4 702.0 703.5 704.7
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Fig. 11 Coupled displacement of the platform
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Fig. 12 Residuals of the coupled displacement

VL 6 75 TAE AL #2206 BOAE 5 5% 5 b 5t
e T LA TEA 7] 19 AR 2 8% T 1 5k 22 (8 B2
XF 7 B4 L RS R R 25 N 12 B, AN TRl R 22
P57 M R 22 LR AR A R RS ) F 5 B9 Bk
AN EBRZER 105 pm, T HIRTHH
ERA IR 2 13,7 pm, WEW P & &S
b0 N 1 D R v T o 0 T TSR 1 6

A SR A R SR S RO A E
ZERPFALTEAR BEAT 1 50 Bt I X1 £ T2k AR
AR RERIET TR 48 T HZ
JERZEFM G IR E N RILX, ZVFERA
LR TR] R AR/ O MIUBRE 452 LA T 2 TE A 4 4
SEAL L. SERUEN] L 5 AR RATRE TAE (5 mm) B
MAAK R IZ L, AL EMRT 15" M5
PRI T 13,7 pmo A SCHIBETE T AR 2 T %
BTN F & BB AR 22 Mt it T —
B



AR A SRR TC S BLALRR O 5 IR 22 319

5% 23
S & Rk
(1] #=\8.%F L 28,5 LRURKEEMRTA

(2]

[3]

(4]

[6]

[7]

Mgl ]. 2% M % T42,2009,17(9) :2199-
2205.

GAO Y G, ZHANG Q, SHI Y L.etal.. Structure
design of precise displacement platform without
guiding apparatus[J]. Opt. Precision Eng. , 2009,
17(9):2199-2205. (in Chinese)
IARKFRAR,ZRD . F ZHAEFEMBREN
W], % % T42,2010,18(1):175-182.
WANG SH H, CHEN Y R, WANG SH ZH, et
al.. Design of 3D precision displacement system
[J]. Opt. Precision Eng., 2010,18(1):175-182.
(in Chinese)

J ST AT R T A SR R IR R A A R PR BRI
A sy Hrl) ] de 7 T 9k K 5 5 4k, 2007, 19 (1) : 20~
27.

ZHOU W W, HE G P. Optimizing flexure hinges
of a planar full compliant parallel mechanism[J]. J.
North China Univ. of Tech. , 2007,19(1) :20-27.
(in Chinese)

BB BRI BT — e LR T AR & BB Sk
AL R #h % T42,2006,14(3) :428-433.

DAI R. XIE T B. Design and analysis of 1-DOF
nano-positioning stage[ J]. Opt.
2006,14(3):428-433. (in Chinese)
KR, B A G R. KEEME TAE G TR
MU BT A e R 5 A shieim T3 K,
2002,(10) :26-28.

ZHANG Q. WANG H K,FAN Y X. Research on

Precision Eng. .

design of two dimension micro-displacement mecha-
nism of precise worktable[J]. Modular Machine
Tool & Automatic
2002,(10):26 -28. (in Chinese)

mhAE R, THEF. MM ELS M
PR S HIB Sk B 2 M0 ). 6 5 4% % 42,2008,
16(4) :630-635.

ZONG G H,PEI X,YU J J,et al.. Novel compliant

Manufacturing Technique,

linear guiding mechanism and analysis of kinetic
precision[J]. Opt. Precision Eng. s 2008, 16 (4);
630-635. (in Chinese)

R, 2 2L LT R B AL R AL BT, A

(8]

(9]

[10]

[11]

[12]

[13]

AL & & ,2010,38(5) :87-89.

ZHANG L, LIU Y. Design of micro-displacement
mechanism based on flexure hinges[J]. Machine
Tool & Hydraulics, 2010,38(5):87-89. (in Chi-
nese)

R, 32 . BT RSB S 1 Z 4k g T
EA MBI [I]. B o 5 5 £,2006,28(5):624-
626.
ZHANG J X,.SUN B Y. Design and analysis of 2-
DOF nanopositoning stage based on dual flexure
hinges[ ]]. Piezoelectrics & Acoustooptics, 2006,
28(5):624-626. (in Chinese)

AA=REBTAVE) TAE & it 53R 1] &
db X % # 3R, 2008,31(10) :1585-1589.
ZHU R SH. Design and calculation of a novel 2-
DOF micro-motion workstage [ J]. Journal of
HeFei University of Technology. 2008, 31(10):
1585-1589. (in Chinese)

WEYE L FR, E SR, F. BM R AT ATI
FROUR G AR AT [T s R R B A & 22,
2009,7(4) :346-350.

YANG X F, LI W, WANG Y Q, et al.. Output
displacement analysis of single parallel four-Bar
mechanism with right angle flexure hinge [ ] ].
Nanotechnology and  Precision Engineering,
2009,7(4) :346 -350.
AB N 3R LA B A 8 R TR SR OB R B A R
BrlJd. /% %4k .1986,18(6) : 516-527.
WU X Q, YU T X. Analysis of the entire process

(in Chinese)

of large deflection of an elastic-plastic cantilever
[J]. Acta Mechnaica Sinicas 1986, 18 (6):516-
527. (in Chinese)

R IR B TR F S TIEA IR 2
BrLJ]. usk T 42 3 3R, 2009,45(1) : 258-266.
YE X, ZHANG ZH ], WAN B L, et al.. Error
sources analysis of micro-motion platform [ J].
Journal of Mechanical Engineering, 2009, 45
(1):258-266. (in Chinese)

LA R AR A E S HIM] dLat: JHE Tk
At L 1982,

MAO Y T. Dewviation Theory and Accuracy Anal-
ysis. M]. Beijing: Defense Industry Press, 1982.

(in Chinese)



320 b e

% 20 &

[14] s df. iR 2 2 R 2 [ ML dbat B iR
#t,1979.
ZHANG SH J. Measure Deviation and Data A-
nalysis. M. Beijing: Science Press,1979. (in Chi-
nese)

[15] FF & . &R £ADHSLHRH XY TIERRR

1EE @I

EEEA987—) . B LA H AL L
WF5ELE 2007 4R T H MR ¥ G L
L, FENFOCEAE HE AL 1t
WF 2%, E-mail: caodianshengl987 @

163. com

ZEAMTLT]. 5 A5 L42,2005,13(38) :148-152,
DONG ] H, XU H. Error analysis on the X-Y ta-
ble in automatic gold wire bonder[J]. Opt. Preci-
sion Eng. » 2005, 13 (Supp. ) : 148-152. (in Chi-

nese)

BEEA955—), B KR AL B
G T AR S, O AR A
PR 5 ) 5. E-mail: gaoyun-
guo@163. com

@ THAT &

Shack-Hartmann i BU 1% & 25 & M K A 12 B X3 #R
EFk H & 5 5=

KA KkEELKEE !
(LA EMHFERE KELFRSIRMEDEFTRT ¥ 2545 HHERREALRE,
M K& 1300332, FERFk AR AR, dLE 100039)

R A2 Ak T S BB R T S A B U0 A T T B A T A A K D 22 L 3 TR B A K R B R A
I o SR I S A4S 5t 2 Bt FLORS AN R Tl A2 o T BE SR T FH 3K 3 T 9 (SRS W B e YRR S B AR [T,
PO H A ORI . TR P 9 B K O AR R v S B % T ARG T e T 8 A e AL B SR
Sl K FLURS B2 45 i 19 Shack-Hartmann 3% 57 £& 8% ki K 1 42 R BR 1 R0 85 . WF5E 041 T Shack-
Hartmann J B & B K0 R W R K REIRZEIHWE T AN O BE S B AE . T R UEZ kW
AP R 28N T 58 A 350 mm 142 B9 Jie e o o XU i T8 18 JE 2B A7 07 A %o 300 S 5 80 R A T A A Ak B
RN IZIRZE M PV . RMS {43514 0. 3881.0. 0430 (A=632. 8 nm) , 35 T ¥ Il 2 (14 b5 A 25 5 17
TXFH, F AT AR 2 19 PV (. RMS (B 43 51k 0. 014X F1 0. 001, % 45 F W], Shack-Hartmann %
T A2 AR 28 1 ) 235 SR 2 TE T 5E A9, AT IE W] T Shack-Hartmann 5 R A% 8% 2% K6 0 K 171 42 9E BR 170 52 5t

B Al



