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Abstract
telescope. Firstly,
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A design method of a primary-mirror position control system based on motor-driven hydraulic support is
proposed to meet the high precision requirements of the primary mirror position in mirror imaging of a 4 m large
simulated. The results show that the maximum tracking error of each support area is less than 0.5 pm when the tilt
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the composition of the primary-mirror position control system is introduced, and the
mathematical model of each structure is established. Furthermore, a primary-mirror position controller is designed
axis moves at a uniform speed of 1 (°) - s~

disturbance rejection control
OCIS codes

based on the first-order dynamic sliding mode control and a linearly extended observer. Finally, the system is
maximum tracking error is 1 um, which is better than the tracking error (13 pum) of the traditional proportional-
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integral control. The results satisfy the design requirements of the proposed system in the 4 m large telescope,
measurement; large telescope; primary mirror; position control; dynamic sliding mode control; auto-

Besides, in the case of sinusoidal guidance of the tilt axis, the
providing a reference for the design of a primary-mirror position control system in a large telescope.
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Fig. 1 Principle diagram of axially hydraulic support

FIT 7k s [R) A0 v ML 32 B8 07 B A7 0 . o
IR ) 2 L BIL AR B 30 4 1) 22 KA 0 WAC &4 580
VA S A fr) R T 908 M ) 9k 8 o D T i 7 S 4R S i
Ji o (A5 B A DX A S48 0 AL R R O . W
L b 5 7 RE A 1 28 L DT ORI R T I A
/INEE AL G 2 Bras . Rl SCEERY 3 A X
50 ri SHEE 2 A DU AR L S F L T A Y
B AR R FUR BT 32 5 ) i R SR TR L R A
SRS 1) 37 45 B — A XA T A S 45 R T

| primary mirror |
position [
accumulator LAI Sensor J_
X
controller most:rl;vnd p,V, | Ol pipelin :“,/: Zo
hydraulic supporting
cylinder cylinder
B2 BASEES X R
Fig. 2 System composition of each hydraulic zone
2.1 HIEHEE Kb HBFE] 0, NAFTAF M4 I 2, WRE
R Y T A A e Y 2 T R T A BL E R ERE S Y I 5, Ry A R R VAR O A AR A
4 S, Vi —sas &:_q s AR ST 1A O A8 Ak s KR i T A R
% & BEipy by B p 43500 £ R T 300 L W T R
A, ddi[ +V+TA e, W PR R L L i FE A R RS R Vo Vo Vs
e T faan (D 1V, 450 a0 R T i e L e T B i kA
—A ot = PR AGT I B i Y SR 5 B 9 T R B AL
dv, V., dp, ) e T e s AR TR R 5 A A S5 20U e s A T A
T TR 4w X T U B A U M A M i R T LA

2212002-2



#H

b E5 2
R ER AR R A HRE (6) ~ (9) 2 IF 2 8% =5 By /NI, AT LA 2] A
PV =t s (2)  EBUAYRICA R (XD B ER AL (X)) 133
K e NEEH R P, ARG E SV, N BRI Ky
AR, X (AR T8 b A, /A,
v, dp, X, mV, BV S
Pa()?_*_V;,()d—[‘:Ov (3) Ang +A§K.s+1
KPP, W SARIE STV, AR SRR, 2.2 XREETHBEINGLITKER

I fisf A7

v, dv,

WMERERSEEBXLR A
p —
T (5
Pa=pPs =P,

RAE D XA S LT L& B/, il 1%

A, %_ 1 %:Alxi—Azxn—Vd — Ve, dp, -

dt dt K dt
—(VC1+ch)dpl_ -V dplc 6>

K de K dt
BHEOKX .G~ GH)K, il E
dzs Vg dps Viu+Vae—A,z, dp,

2 p, dt &) K dr

(7

HFERBRITIEESNN0.5~0.7 MPa, p,, K
B /N T AR B A R KL R ] 15

dIo V;.o dp'&
D~ B O e
W L3N F1 -5 7 R A
ch‘C'O—FBJ'Co:Az(Pz_P:a)“Gccosﬂp_Fl’
9

K" R —r 8RR RECTRED ;m,
NEGFR;B NFEHEREG W ERNZE
T NELEBMMAF 8.

m———» command

XFFRM i, =00, A d il 7D ¥ 6 R w1 %
M1 2 PMSM(permanent magnet synchronous motor) ,
H A R Ny

L R u,

qu Lo k°w+L

(;,:}ii Ty , (1D
I ]

0 =w

Krfei, Wg BB u, Hqg WHEE;R AHEILHE
FELL AL 0 N FHMAALE 0 BT
BB ] MBS sh i &k, HHEILE
NFEEE R AR REGT, WA,
WAL HEAXUARMBAEXRR A
P1A,

d—

2ny
' 2m
KTy M2F B A g AR REG v

3 R ARG

FHRMAEERRZRGME 3 Fin, HEEY KR
AWM 25 (ESO) | B4 il £ (DSMC) | B AL B 45
il 1] e RO R e . E AL 4 o [ A e A
o 25 A X B O 2 AT AT AR R BE S L

(12

step »2 %o i
2 ~ 1/b, > U . B
stepl motor L
sine wave hydraulic
system

ESO

\

% u

e

Ll

B3 il R GEAE

Fig. 3 Block diagram of control system

2212002-3



’k ¥

¥ i1

PLAL B 2 i 1B B0 & 7 A AL B9 BB O B6 L B B BRI
B, WITFZE, UL E E6 E HAE Y T — B iR
W3RV, & y=z,u=z , MREREFTERAOK
AER

y=—a;y —ayy + (by + Ab)u —

G. F,
m—tcosgo—m—t-i—wd, 13)
2% JUNE S L SR L SOV
m, m.V m.,V
i B ) F B R B0, MR ENF .,
/%f=—a1&—aoy+Abu—&cos (p'—i—l-
m, m,
w M fFRBTREEEWHS., ADHXEHE R
y=f+bou, (14)
B f ERA—AEY RERE, MAO KT HE K
J.&H =Dz
vy =3 +bous (15)
L.’s:].[

WITZ ¥ sk AR AWM BF X R m e ah £ AT
Tt b, RE RN
ng =z,+L,(y, —z,)
2, =23+ L,(y, —2,) (16>

23 =L,;(y, —z;)

AL, L, L, AWM SE. AT & 4k0&EH
SR B SRR EEERN o, HEE, SN
W28 B BT A R SR — w0, . BBATT LIBAE

JLI = 3w,

L, =3w}, an
L; =w;
FIAFEHI&E, B
u="Cuy—2z3)/by> (18)

Au, HEHIERREE,
BAHARAQHRF AT
y=f—z2stu, = uy. 19
LB EE RSB, T 2> f o2,
Yooz >y, . BAERGERS M E I, FIRIELR
HRGEH BN - MBS RS,
ATH-BRBEAENERE K- ER
BERFIAZRES RGBT, TEEEE
HHBRRBRKE T RENRES, AELEHIFX
RUHEXIEREWER. —3iSEEFEETR
TSR ER, RV RER S ARG ERHEGAR
KB AEETERBERN - 2P £, B8380%

Bt i) _E A O R 5 4 3l S R AR R R A O R AR T

B
IR IREERA
e=y.— 2, (20)
Ry, WAL EIRS . € XBREHH
s =ce +dug, 21
Kicd ARTFERER., RAKEEER, WA
s =ce +du, =—E&sgn(s) — ks, (22

XA ARTRREE 2 ARTEFHNFE;sen()N
55 RE .

AR S EEEGIE R
wo=[—ce —Esgn(s) —ksl/d. (23)
B X2 R R BN
VS =-;_329 (24)
X (2R F L B 22) KRA BT 5
V,.=ss =—¢|s|—ks* <0, (25)
WRARGRE &M,
4 fFESH

T 4 H bR 5 28 (DSMO-ADRC) #9 44 6
FAERZE, &£ MATLAB # SIMULINK 33 T
BYTERAZHEER, B3PREHBER
R R MY RS EE . S AR RS
RGBS AL, MEMEIEBSE Y.
m,.=1600 kg,B=6.7X10" Ne(m+s )", K=5X
10° Nem®,A,=2.46X10"° m*,A,=5.5X10"% m®,
V=4.145X10"* m*,R=5.3 Q,L=0.0102 H,J =
1.35X107° kg*m®,£,=0.59 N*A™', fEXT LK
FLOARLRAGSHNEATRYSERAK PLEH
23#1 ADRC %] 281'% 5§ DSMO-ADRC # #) 28 i
FT X 4 %7, DSMO-ADRC £ #2835 H.
c=8,k=15,6=2.7,d=0.45,

€ 1 mm BB HrEK#E 4, DSMO-ADRC #
H1#% . ADRC 5 28 F1 PT # ) 2% A% na 57 i £ 0
B4 i, HE 4C(a) A LLF H, DSMO-ADRC
BERMBmN, £ =2 s X EyEM T,=
10 Nem WIS R A4, R M5B T PT #2614
PEETERHMERES, & KEHER 0.026 mm;
ADRC # #| 28 &) 8 KL & ¥ 31 8 /) ; DSMO-ADRC
BEHIHNBE R ERS &/, H{EH 0. 0025 mm,
Y55 1 mm IO E BYBRIE 4, [8] B 7E ¥ Hs 38 43 5 in
4phEBE BN, DSMO-ADRC # ffil #% . ADRC # il 25 #
PILEH 2SAM A 4R, BB 4T UE

2212002-4



k%

&g #H

L P #2852 2 8 3 30 oh 09 5% L 7 & 25 8 A
W1 3h il £k L i A1 R 3 B 3 X DSMO-ADRC ##
H %8 F ADRC $ 41 28 B 52 i &2/

L @
1ot € o
- // 1.01F
E . f 1.00 prmr
E sl i 099F
E : 098}
Q i
8 gl (154 T S S S
7 0.4 5’1 2.0 22 24 2.6 28
A i ----ADRC
0.2 'I::I —— DSMO-ADRC
/R PI
0 1.0 2.0 3.0 4.0 5.0
t/s
Lo ®
;7
7
Eo8r f
ot '
= ,"ll
[ oo
Z 06 i
<5 Hi
g i
= 0.4+ !
2 i
z i 2z ADRC
02} —— DSMO-ADRC
. PI
. ‘ , ) :
1.0 2.0 3.0 4.0 5.0
t/s

W R e 7 2k . Ca) LR B 5 (b) S ERHE 3D

Step response curves. (a) Load disturbance;

&l 4
Fig. 4

(b) external disturbance

200

100 F

Position error /pm

-100 ' s . -
0 20 40 60 80 100
Tilt angle /(°)

500

-500

Position error /um
o
\5 ‘
=
ot

2 _1000

Tilt angle /(°)
(@)

0 20 40 60 80 100

DL B B A5 R & . DSMO-ADRC # i &% 7] LA
P I8 B 45 A0 F BN 3 A5 B A B A9
*MZRE ST

5 SLERAER

& 5 Ca) S A fdfi i 32 8% 07 B 4 ol R e O T L A
A%k I 87°%% 2h 3] 0° s 32 4% o7 & B R A 7 A2 AR Y itk
2k, DA AR A R A AR AR AR R A R AE Sl A 1] 32
P bR E Stk & A o VR ATAE O 1) S8 R
1 500 F A 5% AR Ak, VR R AR Bl ) S B RO
S0 R IEZ AR, XA E S A BT SR
A R e R A - ol o (A R DA R L Frd
(LVDT1~ LVDTS3) i i K A & 1 2 /4 48 X5 {5 -
100 g, ] [ 437 B 4% B 48 (LVDT4 . LVDTS) i i K
7 B i 22 1 4 5B R 600 pm, T RGN EENE
MR ZE TR K/NT 20 pm, AT LLFE H, B A
1k 51 A S P AR X 3 B A B R B R R AR K.
() B AT LA 3 45 % Al 1) S 4 W BE L N ) 52 4 I
FE R, i o A TR AR B It 2 B AR — 2,
150 B A0 ) Sz 5 TR A X e 0 W b A — B

PRI 1 ()« s Y 38 BE DA 87° 5] 3 #% 2 3
10°, I 48007 B 45 ) R G 00 R A o7 0 4 iy 4k
WA 5Cb) BT s LR LA H il 1) £ 8 A 1]
A 8% 2% I R B 50 i 22 (B B AN K, B R Az B D 22 7

EL 1.0
g o0
=
2 —— LVDT1
S -1.0 | ——LVDT2
= ——LVDT3
S 20 L L L L ' L L
R 10 20 30 40 50 60 70 80 90
Tilt angle /(°)
g
=
5
=
(5]
=
2
§7)
D4 q i g i ; i i
A 10 20 30 40 50 60 70 80 90
Tilt angle /(°)
(b)

B 5 EEfEIRZEMLE. (T (b A&

Fig. 5 Position error curves of primary mirror. (a) Without controlling; (b) with controlling

0.5 pm LAPN , F28507 B il 1) A0 i) 04 07 B ORFFARAR S

B 6 45 T IR 5l IE 5% 51 5 il £ R R A i 3
thzk, ®/ 7 45 1 T % A DSMO-ADRC #5 i #% fl f%
S5 L ARy g g LVDT iR 224k, MK 6
AL ARFAT A LA 55° R 0 IR 6 B AE 45°~ 65° Z [Al i
ESZBE B, MM AR B e KRR 3 (D es ' B

IMER—3 (Hes™', HEI7TATLLE S, RALSE LK
o4t gs it ) LVDT 2 B K, KRR T
13 e, {7 B J 25 5 040 7 38 BEAHOC . R DSMO-
ADRC # i g8 B, fil (7] LVDT 2B 4 AS K, A B i 22
BKRMEH 1 pm, X DSMO-ADRC 5t & 7745 fk
LRGN IAT T AME RS T RERIRE

2212002-5



)t £ ¥ ®
70 5 RERFAERITO]. X% HEIRE, 2017, 25(1):
o - 163-171.
f : [2] Bely P Y. The design and construction of large
g 60y = optical telescopes[M]. New York: Springer, 2003.
< - ‘g [3] Wang J L, Liu X Y. Concept and development of
g K smart optics[J]. Chinese Optics, 2013, 6(4): 437-
& 50 % 448.
g N -
N Y 2 E, S BEALGESRRRD]. P E
e velocity J¥, 2013, 6(4): 437-448.
400 1'0 2'0 30 40 50 60_5 [4] Salas L, Gutiérrez L, Pedrayes M H, et al. Active
t/s primary mirror support for the 21-m telescope at the
E6 WM AmESEE San Pedro Martir Observatory[J]. Applied Optics,
Fig. 6 Tilt angle and tilt angle velocity 1997, 36(16): 3708-3716.
[5] Schipani P, Capaccioli M, D'Orsi S, et al. The VST
20 active primary mirror support system[J]. Proceedings of
........ DSMO-ADRC
16 — Pl SPIE, 2010, 7739: 773931.
£ 10} (6] WuXX, Li J F, Song S M, et al. Active support
‘g 5 system for 4 m SiC lightweight primary mirror[J].
: 0 Optics and Precision Engineering, 2014, 22 (9):
S
% 2451-2457.
& -5 RANE, 0%, KRB, £ 4 mSCREMLEH
-10 MEDZHRGED]. ¥ HELRE, 2014, 22(9):
sl L 2451-2457.
0 10 2 lsg,. 0 50 6 [7] Lousberg G P, Moreau V, Schumacher ] M, et al.
. . Design and analysis of an active optics system for a 4-m
A7 WMpmREREHENEEMBREMSE . - . .
) o ) ) ) telescope mirror combining hydraulic and pneumatic
Fig. 7 Position error curves of primary mirror in the supports[J]. Proceedings of SPIE, 2015, 9626:
case of sinusoidal motion of tilt axis 962624
4t A [8] Stepp L M, Huang E, Cho M K. Gemini primary
6 %4 = mirror support system{J]. Proceedings of SPIE, 1994,
= . 2199: 223-238.
ARAMELIRERMNEEMNARGHABRNER (5] Kimbrell | E, G 4D, AEOS 3.67-m tel
imbre , Greenwald D. .67-m telescope
zE . 3
b ST HENHRE A THNENRLERS primary mirror active control system[]J]. Proceedings
wah, RET—F—MrahSHEBRBEWSE. X of SPIE, 1998, 3352: 400-411.
EHREATHBEEN SARMENNKS . B8 [10] Schipani P, Magrin D, Noethe L, et al. The active
MBS RN ERENE R, FAEREBENEE optics system of the VST: concepts and results{]J].
#, EXWDEREHEERRMRGLAGTIR el o S O WL FHAE e
o _ . 11 olfese C, ipani P, Capaccioli , et al.
B XRERED MM 1 O™ R o T DM T e S
e g e . Ja R primary mirror active optics electronics[J]. Proceedings
BRAREMFO0.5 pum; AMMBMEKSI FERLT B [12] LiJF, Wu X X, Li Y X, et al. Position control
BREEKEN1 ym, ABRFEANLLHIR D& technology of large aperture mirror based on hydraulic
HE IARAZERRIim ORBTEIBMNED support[J]. Optics and Precision Engineering, 2017,
i — 25(10): 2599-2606.
HEGHRITER, A ARNBERFEMNEREHR
st ﬂ&*m&;ﬁ %, 208, TE6, % ETRELAMNKD
N o % _— BRERBBEAD]. k% HEITR, 2017, 25(10):
2599-2606.
(1] Deng YT, LiHW, Wang J L, etal. Main axes AC [13] LiY X, Zhang B, LiJ F, et al. Design and tests of

servo control system for 2 m telescope [J]. Optics
and Precision Engineering, 2017, 25(1): 163-171.
e, ZFEHIC, TR, F. 2mBEFEMZHMA

2212002-6

multi-motors hydromantic position control system of
primary mirror based on large telescope [C] /2018

IEEE International Conference on Mechatronics and



¥ %

®

(14]

(15]

(16]

Automation (ICMA), August 5-8, 2018, Changchun,
China. New York: IEEE Press, 2018: 2209-2214.
Peng X B, Gong G F, Yang H Y, et al. Novel
electro-hydraulic position control system for primary
mirror supporting system [J]. Advances in Mechanical
Engineering, 2016, 8(5): 1-15.

Quan L X. Research on the bag accymulator’s basic
theory and experiment based on pipaline effect [D].
Qinhuangdao: Yanshan University, 2005: 14-24.
BES. ETERRUMEBEAFRSHEELS
KRPR(D]. RELG: MUK, 2005: 14-24.
Gao Z Q. On the foundation of active disturbance
rejection control[J]. Control Theory & Applications,
2013, 30(12): 1498-1510.

[17]

(18]

2212002-7

BER. ANREGRBEERD]. BERERSNA,
2013, 30(12): 1498-1510.

Pieper ] K. First order dynamic sliding mode control
[C] // Proceedings of the 37th IEEE Conference on
Decision and Control (Cat. No. 98CH36171),
December 18, 1998, Tampa, FL, USA. New York:
1IEEE Press, 1998: 2415-2420.

Wang S, Li HW, Meng HR, et al. Active disturbance
rejection controller for speed-loop in telescope servo
system[J]. Optics and Precision Engineering, 2011,
19(10): 2442-2449.

T, M, BER, F. LR ERRARREEE
ARV E S [J]. St HMETE, 2011, 19(10):
2442-2449.



