W8 3 HEDES Vol.8 No.3
2015 4 6 J Chinese Optics Jun. 2015

XEHS  2095-1531(2015)03-0464-07

FriEI R A = U F iR & 47 i B3R

% AR O£V Ll E 4R
(1. PEMZR LR AR, T R 610209;
2. FEMFERAFE, LT 100049)

R AR B B A R GERORE BT R, 20 1SN B B4 D00 R G A 1R 22 TR, DA 2 3 I 4 22 D e
TR FARBLAR2E 90° 1 4 BBk M f J 5, AERCBRIRBEr (Sl 3R 5 & HEAT 1 30 S AU B 7 1) (4300 #7106, 3o x
D FF B AT 3 T T AMEE ST, 75 80 T 20 S 300 £ 152 25 RMIS 43590 0. 3470 38", SEB6 R W A A2 AH 22 90° iy 3445 4
PRk BN A 77 2R T R AR RS DR A5 20 RN DR R BT 2 A AT 0 B HE R 2 T N K B S, S T A
PRI AR FAY , BFFESS SR AT TR D AR B B st Bep e 28 3 5 70 E  BUAG I0 AR0RG B2 , DA BRI BEH N Tk 25 42
2%,

x B OELHBXBEE N AN RS BRE

B 425 TH741; TP762 SCEKARIRAD A doi;10.3788/C0.20150803. 0464

Error analysis and experimentation of scale tape encoder
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Abstract; According to the accuracy specifications of telescope goniometry, error sources of sacle tape grating
encoder and the angle measuring principle of multi reading head are analyzed. A 4-reading heads angle meas-
urement program which have 90° phase difference, have been developed. And we make counterclockwise and
clockwise angle measuring experiments on an azimuth turntable of telescope through harmonic processing and
error compensation, and two sets of experiments measuring angle error RMS values of 0. 42” and 0. 41" are ob-
tained. Experiment results show that the effect of shafting errors, processing error of installation position and
partly roundness error for installation torus on the angular measurement accuracy is eliminated by harmonic
processing and phase difference method, and high precision angle measurement with sub-arc-second-accuary is
achieved. The research results are useful for analyzing and distributing errors, forecasting angle measuring ac-
curacy and reducing design and machining errors in the design of large aperture telescopes.
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Fig. 1 Schematic diagram of mechanical installation ec-

centricity

2EARSN R G b O A X TR T B O BE A
e; M- 5SFFALNIA N 00, BAFILT O
Wb ShER b L ES) S A ¢ 1 3
B AT DX S S AR R b ) — BRI S
S =Ro. (1)
AEAE Lo BB AT 1 X S 2 AR FRARLR
BTG, IS TR LIINE , 5 AdS' =
R, dp, HCR AR 365K X Bl A R, A i % vh s
FOCMERIAIIE RS . X THE ¥ o, R A
R, = R + ecosd . (2)
BEHCLHEHEIXIL S R

S = j(R + ecosdp)dd = Rd + esinp . (3)
B UREIPNUEEE e T S ISET =P
AS =8 =S = R + sind — Rp = esind .

(4)
et g p, — A A BE XS R R A RE R



466 DA

8%

2m_ 2m _p h1 Zi £ p4 K m ™
N _ZWR/p_R’Nj\j/(J/jz‘w‘ﬂo )\JFH’T}I?HL‘%[/\

AR 1R 25N

AS P AS e .
AH_PXR_R—Rsm(;b. (5)

MR B4R D =550 mm B S dy FALBK
LR e =5 pm, G A RN 3. 75",
2.1.2 W RFORE EG| AW AR 2

P T 3 2 R ) AL PR AN Y 2
Jaa R R 22, 52 HS R, e vhoc 2D
FMEEEE R, PN T 5 DA 9 i ki, 25
Bl O, R I PT RR 0
R, =1y + a,cos(0 + ¢,) + aycos(20 + ¢,) +

- +a,cos(nf +¢,) . (6)

ry=R+R(1—cosa)

BHEA

r=R—R{1—cosa)

P2 A 2 PR 5 2 S L ]

Fig.2 Schematic diagram of roundness error with cirque

D) F SR BE 5 LA Y B2k A DX BT 152
Z=H.
AS = [Ryd0 - 1y =
f[ro +a,cos( + ¢, ) + aycos(20 +¢,) +
- +a,cos(nf +¢,)]d0 — 1,0 =

a;sin(0 + ¢,) + az—zsin(ZH +¢,) +

- +%sin(n0+¢>") . (7)
D) E DA IBR 3 5 | A A £ 1% 25
A a
A6 = R - Rsm(@ +¢,) +2Rsm(20 +¢,) +
a
-+ —sin(nf + ¢,) . (8)
nR

D)% 9 I 7 A A R 2 A Dl (B
'fﬁ:">!
A6, = pa,/nD . (9)

P b PTG B B 5 1) a5 2 5 1B B Yk
1o WRAELBE /N | 6F SRR Ff oS S me B/ X
Fei s FEAR PRI X
2.2 BEHLEERE

K ZRECL T 22 AR, BT G 2 5 45 5
JAXIAT n ASERECK  IAH R Bl R 53 Ot 2 ke
iU A0 530 5 58 15 | 1) R RN 7 R 2% ek 2 DU
G, TR = T AR ORG R R A A R T
B iy HEA SRR 5Bl 0 5 £ B
N0, BB A B 6, =1,2,
o n IR AR BEBCK I MR ZE A,

AO, =6,-9. (10)

AT, g A 25 A0 0 £ % 22 W] DL ROR N
BUOEP R A N T, & P 8Ck i I iR 22
AG, RN ARG

M .
- g i1
Ao, = ; [A;cosi(0 + - 21) +

Bsini(0 +1"1om) ]
n

B

A6, = > Cainli(o +Ltam) + 4]

i=1
(11)

Ao, MR AR R 25 e = YRR AL BORES
B 1R 22 R 8 C, 05 @ i I 1R 22 i AR I 5 o,
RS § BT RIAR A

A n Ak RO YR

0 1'9i=%§ye+A@>=

0 =
0+ Ad, (12)

n i

[A;cosi(0 +J;127r +
n

B.sini( 0 +j;12w)] ) (13)
n

SCHSRFNUF | 7 BLHIW A AR =AM 28X
T

Af =

M n .
[ ZAicosiGZcosij — 121T -
i=1 j=1 n

1
n
M il
A sini . )
Z lsml@ZsmL " T+



55 3 1] T

T, 55 PHE R I Ff 1R 22 0 B Bk 467

M n .
ZBisinsiGZcosi] — 12’n’ +
i=1 =1

n
M n - l
> Bicosif > sinil—=2m | (14)
i=1 j=1 n
B3
ZCOSlj — 12’n’ = {n ...... i = hn
~ n Qeeeee i % kn
Zsim]_12’rr =0, (15)
j=1 n
(i 4 =1 IMEATEED
.,
Af = (A,,coskn® + B, sinkn@)
i=
A
A6 = > Cosin(knf +¢,) ,  (16)

Py
X, m <M/n B IEEEEL,

U 28 22 BRIk T 22 BRI £ 1%
2, BREAH kb HRZE, EAHEA kb BrL L
£ BT iR 22 153 . PRI, Xoh 428 T s Sk T AT BR
H G Lo 5 1B — B i 22 5 2941 DU B2 280k T R AL
L2 L 5 22 RV A 422 (B PG 1 R 1R 2

TERUIR 2R R% 22 v — B il il 5 — hisiioie 3=
SR TR AR R T T B — PR 22 ; W 2
FLEECk FE TR iR,

(1) BEBCER A RIAR I T BR — B iR 22 18 I 1 3L
e

W—BRZENREN €, , PIEEEk 2 (8] ff 3
9 180° + &, W 22 BBV 3 J5 19— B kS i iR 2248
H

AB = C,[sinf +sin(0 +180° +¢) ] =

C, X[—2sin§cos(0+§)} . (17)

DERE XS AR 2 B0 R 58 A TH R — B i 2218 0,
R AH 722 24 2sin %Clo #oe = 1°, W iEAE K
0.017¢C,,

(2) BEBCKANTE T R B iR 22 18 I 19 L
R

W—rRZERIE C, , IRk 2 8] B4 #A 2
H90° + &, W 28 SR BV 1 I 0 B i I 1 25 A8
e

AO = C,{sin20 + sin[2(6 +90° + &) ]} =

C, x [ - 2singcos(20 + &) ] . (18)

WG I AN T BRI R 58 4 TH BR [ iR 2218

W, MRAE AL 2sine x €y, # & =1°, WIE{E
0.035¢,,

3 MR E 5T

SR AR O 6 i R 5 BT DU A
ZH A H I ERAS400C 1Y BF2 XA LA R AT
A DAk 4, et B4R R 550 mm, REE
SHETI R 0.05", ARIE R GERH 23 AR A
A, an1E 3 FR RSBk AT T g, b
ek 1 SREEAFS

ey .
A 1 fe P
23 il th SREEH |

i
S

(7]

F1HE LAY

HLJ

B3 IS B R
Fig.3 Schematic diagram of angle measuring experi-

ment

{5 52 B £ Y0 200 S A RSt 46T 7 ) 26 1)
TN AT A 28 A 0 Ff 35 22, HCI A 158 22 il £k
Kl 4 &5 9 2H 0 £ 15 22 BUE B R 430 R 8. 51"
9.45" PZH I ff 55 56 & BLIR 22 19 RMS 43 31 R
0.42”.0.59",

R T A B 43 BT 7T R, 20 22 525k mT LA

—— ik
- 2
% k3
e PRk

—— TR IE

Wi/

—10

—20)

1234567891011121314151617181920212223
R

P4 S5 e ek I A DR 22 i 2k
Fig.4 Angle measurement error curve for counterclock-

wise



468 DA

8 &

—— Bk
- A2
- YA
e Rk

e R

AR

20
1234567891011121314151617181920212223

5 5 ) ROk I A DR 22 I £&
Fig.5 Angle measurement error curve for clockwise

THBRER kn By LA BT A B iR 228 0, #CR
XoF A XU Rk I B R 2 1 B 5 B L BT TR Ol

1.3.5.7.9 11 B3 iR A5 B 8 B AR ; SR I 34 4 g
TRBCR I A R 25 T I I S B B 1.2.3
5.6.7.9.10 11 P38 % (8 B 1 eIk, a3 1
XoF NGRS e 1 0 1 540 43 A mT LA Y o
B EB R — B A0 B il A, A R R AN Y
BT I AR B B 2 R A5 A A B T R U
Pk, X R FHOXFEE R R 5 —,
20 8 s B B ] R o M AR B S ol i
TRZZR , THEEAT 0 — B U IR I 422 IR — 7 L
HIRS T AL RIS U, B4 MR (A5 /N1
ZHEIEEZ MR, 5, RE/DRIE S
Z FIBEHLIR 22 R R,

R1 AR HERREIZE LB THIREE RIEESR

Tab.1 Harmonic amplitude of different reading heads for clockwise rotation (B4, )
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Tab.2 Comparative sheet between theoretical and practical difference of initial phase
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