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Abstract

Abstract

In this project , the precision temperature control system of two dimensional real-
time spectrometer using is studied for space. Based on the principle of multi-channel
birefringence filter invented by Chinese scientists, the two-dimensional real-time spec-
trometer is a new generation of solar observation equipment, which can simultaneously
obtain the two-dimensional image and spectral information of the solar magnetic field
by distributing the transmission profiles of eight channels of the filter at different po-
sitions of a solar spectral line. There are hundreds of birefringent crystals in the two-
dimensional real-time spectrometer. The birefringence index of the optical crystals is

sensitive to temperature change, and its temperature stability should reach 0.01°C .

In view of the large volume and complex structure of two-dimensional real-time
spectrometer, and under the hardware limitation of space application, this thesis pro-
poses a multi-channel temperature measurement and control scheme for space. The
high-precision temperature control system which can run stably on the ground is com-
pleted. The theoretical analysis and implementation method of the system can be di-
rectly transferred to space applications whose approach is targeted at research. The

research results of this paper mainly include the following contents:
(1) Temperature field analysis of two dimensional real time spectrometer:

The 3D model structure of two dimensional real-time spectrometer is established.
The thermal load and boundary conditions are applied to simulate and analyze the tem-
perature field in ANSYS. The temperature field analysis mainly includes two aspects.
There are two aspects in the analysis of temperature field: Firstly, when the temperature
of the two-dimensional real-time spectrometer is stable, the region with large temper-
ature distortion is considered as the key part. Secondly, with the influence of envi-
ronmental temperature and thermal load on the temperature field analyzed, the optimal
thermal design scheme is proposed, and the multi-channel temperature control method

is determined.

(2) Calibration of temperature sensor:

I
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The calibration of temperature sensor is the key technology foundation of multi-
channel high-precision temperature control system. The temperature acquisition device
is designed, and the polynomial fitting method is used to calibrate the temperature sen-

sor. After calibration, the error of each temperature sensor is less than 0.03°C.
(3) Multi-channel temperature measurement and control scheme in space:

In the high precision temperature control system for space, it is difficult to realize
high-precision temperature measurement by low-resolution AD.By studying the prin-
ciple of sensor and high-precision temperature measurement for space in the thesis, a
multi-channel high-precision measurement circuit based on amplifier circuit and low-
resolution is implemented with amplifier circuit. programmable gain amplifier and low
resolution AD. The PID control algorithm is selected as the basic algorithm by compar-
ing the characteristics of different temperature control algorithms. And the algorithm is
optimized with the heat transfer characteristics of the two-dimensional real-time spec-
trometer considered. Multi-channel temperature control software is completed. Finally,
a multi-channel temperature control software based on integral separation PI algorithm

is designed.
(4) Test of two-channel temperature control system:

Through the research on the key technology of two-dimensional real-time spec-
trometer temperature control system, the project completed the two-channel temperature
control system, and the test experiment was carried out. In the three channel Telescope
project, the temperature control accuracy is better than 0.01°C; In addition, two-stage
constant temperature is added to the periphery to reduce the influence of ambient tem-
perature fluctuation.In the FMG liquid crystal polarization liquid crystals based Stokes
polarimeter project, the optimized thermal design scheme is proposed by thermal analy-
sis; And then, the comparative experiments of liquid crystal polarization liquid crystals
based Stokes polarimeter in vacuum and non vacuum are designed, the experimental
results meet the requirements of the need of the project. With the system tested and ap-
plied on the two platforms, it is proved that there is theoretical and practical value in the
research of key technology of high-precision temperature control for two-dimensional

real-time spectrometer.

v
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Figure 1.1 The first solar observation satellite ASO-S of China.
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Figure 1.2 Comparison structure of two-dimensional real-time spectrometer with traditional

filter.(a) Two-dimensional real-time spectrometer, (b)Traditional filter.
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PR AL 5 LA R S5 A S BRI AE RS IR, PRSI D65
fe LA Bt T AT ER ST o

22 PRYESRTHIENARTRE

PAESEIN G TR AR SR QB2 107, e 32 ZEEE R A A H AR AR BB
SCHEES K, BOAYOE R, SRR, 40 2 ARHEEA SR B RIT
BAF PSR RO A 2%, AN EERIRHIR EE S R TR, EL AR ER A
Z, AT E I EERKRIET, R RCERER. Bk, ASCRA] ANSYS
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ccD

L A,
R s
TegEE it

EREHE

TR RS

Bl 2.1 F4ESEROLIE S .

Figure 2.1 Structure of two dimensional real time spectrometer.

FER M, SYIREAT — RINIRES O E, EEMBSHIL T R2.1:

R 2.1 AELRDGE N R EMRAE RS H.

Table 2.1 Main material heat transfer parameters of two dimensional real time spectrometer.

MEHARR LEi B SRR

g 890 2300 1.4
HBE

4 880 2700 146

FE#E B 3000 20 0.04
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Figure 2.2 Two dimensional real time spectrometer model.
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] 2.3 A B B 5%

Figure 2.3 Simple scheme of heating film attachment.

B: Steady-State Thermal
Temperature
Type: Temperature
Units °C

Time: 1

Custern

Max: 35

Min: 32.898
2020/7/16 21:16

Bl 2.4 A1 B BT SRR 4 SIS 6T SR 3 -

Figure 2.4 Temperature field of two dimensional real time spectrometer with simple heating

scheme.

12



B2 AR

B: Steady-State Thermal
Temperature
Type: Temperature
Unit: °C

Time: 1

Custorn Obsolete
Max: 35

Min: 32.698
2020/7/16 21:31

Bl 2.5 a1 BT SR 4R SE TR SOGE AR S -

Figure 2.5 Optical crystal temperature field of two dimensional real time spectrometer with

simple heating scheme.

& 2.6 ISR R TR

Figure 2.6 Complex scheme of heating film attachment.
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B: Steacly-State Thermal
Temperature
Type: Temperature
Unit: °C.

Time: 1

Customn Obsolete
Maxz 35.007

Min: 34.018
2020/7/16 22:05

35.007
24,937
24.866
34.795
34.725
34,654
34583
34513
34442
34371
34.301
3423

34159
34.089
34018

Bl 2.7 EAINETT R PI4ESE I LR E T -

Figure 2.7 Two-dimensional real-time spectrometer temperature field with complex heating

scheme.

B: Steacly-State Thermal
Temperature
Type: Temperature
Unit: °C

Time: 1

Custern

Max: 35.007

Win: 34.018
2020/7/16 2144

- g 35.007
34.937
34.866
34,795
34.725
24,654
34,583
34513
23442
34371
34.301
2423
34,159
34.089

- 24018

Bl 2.8 B INFATT SIS 4 SEROE SO 22 AR B -
Figure 2.8 Temperature field of optical crystal in two dimensional real time spectrometer with

complex heating scheme.
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24 MRS

A SR AR A 22 e AR S AE (R R SR SR, AT SRR IRL EE S (A8 Ak o TE R 3
155, TUR N 4 SRR R At — M R AR, (R RS
28 18°C~ 26°Co 43 M7 B2 FREREEAN R B, Sk 98 2 S B s B S P32 3 PO R
FE BT 22°C IR 0 T 2Rl b, SO B P 4E SN 6 TEAXAE 18°C 1 26°C I 1)
TR EESA 3 AT -

BRSO 18°C I PRYESEIR GIEAGR W T E2.987R, A d
REFE W R E2.100R, IRETER N 33.789°C ~ 35.009°C, AR % 1.22°C,

B: Steacly-State Thermal
Terny

& 2.9 18°C I PI4ESERHEIE GRS

Figure 2.9 Temperature field of two dimensional real time spectrometer at 18°C.

B: Steadly-State Thermal

F 2.10 18°C B B4 SER 6Ot F R AR EY -

Figure 2.10 Optical crystal temperature field of two dimensional real time spectrometer at

18°C.
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HIABR D 26°C I PIYESEI GG L T 2 1R, WERDES
IR T E2.0207R, IR EE DY 34.307°C~ 35.0°C, R KRZEN 0.693°C.

in: 34.307
2020/7/16 23:01
35.005
24.055
34.905
34.856
34.806
34.756
34.706
34.656
34.606
34.556
34506
34456
24406
34.357
24.307

& 2.11 26°C B PR 4ESLR e GR35

Figure 2.11 Temperature field of two dimensional real time spectrometer at 26°C.

B: Steady-State Thermal
Temperature

Type: Temperature

Urits °C

Tirme: 1

Custom

Max: 35.005

Min: 34,307

2020/7/16 2255

35.005

B 2.12 26°C B PR 4ESEROEIEAOL A R AR .

Figure 2.12 Optical crystal temperature field of two dimensional real time spectrometer at

26°C.
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A TR 24 SR S ORI SRR

B: Steacly-State Thermal
Temperature
Type: Temperature
Unit: °C

2020/7/17 1106

35.005
34.017
34.83

34.743
34.655
34568
3448

34.303
34.306
3d.218
34131
34.044
33.056
33.860
33782

B 2.13 B X AR I B 4 S i SOR 5
Figure 2.13 Temperature field of two dimensional real time spectrometer under single region

thermal load.
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B: Steadly-State Thermal
Temperature

Custorm
Max: 35.005

Min: 33.782

2020/7/17 114
35.002
34.015
34.828
374
34.653
34.566
34479
34.302
34.305
217
3413
34.043
33.956
32.860
33.782

] 2.14 BRI AR A I 1P 4 S Dl 1A A IR BE 3
Figure 2.14 Internal temperature field of two-dimensional real-time spectrometer under single

region thermal load.

B: Steady.-State Thermal
B2

170005 Wi
(

B: Steady.tate Thermal : te The

B3

Time:Ls
220/7/17 2048

9 240005 Wi

(© (a)

Bl 2.15 PRZESEIOEIEACIR X BRI (a) K1, (b) X3 2, (o) X33, (d) XK 4,
Figure 2.15 Heating region division of two dimensional real time spectrometer.(a) Area 1,

(b)Area 2, (c)Area 3,(d)Area 4.
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JCUEA IR B 3 B S Ve AR I, 4 R BI2.16 918 BE I 0 AR, R 7 33.678°C~
35.136°C, R KIRZEN 1.458°C, /NT RS —Hifar b 1) 2.102°C, i 3 A 4 5]
VAR . TN ERATX L ER.8 AT LAE H, 7EDY BN, P dm i 1
I B 3 B 5 8 5T

B: Steadly-State Thermal
Temperature

Type: Temperature

Unit: °C

Time: 1

Custem

Max: 35.136
Min: 33.678
202047117 20:15

35.136
35.032
34928
. 34.824
. 34.719
. 34.615

. 34511
L]

B 2.16 VY B RGBT N P 4 SEROG I SR B3
Figure 2.16 Temperature field of two dimensional real time spectrometer under four thermal

loads.
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Temperature

Type: Temperature

Unit: °C

Tirne: 1
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Ma 35.136

Min: 23,678

2020/7/17 20:27
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35.027
34.923
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34.612
34.508
34404
34.3

34.187
34.083
33.989
33.885
33.781
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] 2.17 VY B AR I 3 4 SE IR G A A B 5
Figure 2.17 Inner temperature field of two dimensional real time spectrometer under four

thermal loads.
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R 3.1 BRI LR

Table 3.1 Temperature sensor comparison table.
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BRI -55~200 it B K B ] 5

AR, AR A S B R KB RN, 2R AR TR SR e E . 15
JEAS R IOk I EX —#a s, ik, REUEREPEENSH. ABORHE
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o RIGERE, HIPLIEE REELILEE K 10~100 £5LL E, GBI 1070 °C
(IR AR A 5

o TAFIREVEHTE, WiRMSIEH T-55~315°C, mimadha RS T
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BAREMES, RER/D, R SEI A H AR (R-T) #iZ5# 2 Steinhart-
Hart /72 (Equation, 1999), wWx3.1. X4, A, B, CH#IEHE.

I/T = A+ BIn(R) + C[In(R)] ...(3.1)
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AL P BEL IR, 2 A [ A P B Y Tk P A SR, 7 S o o FH U P 00 i), et
B RAAE TUKRBIE KK, i) 51 282 DO IR DI & 5] i i 22, DA,
AR B TR T, Al 5 2 BENS R L B A SRR R
10 Steinhart-Hart J7F24 S(R), WU SRAF H il 5 LU SEBRIR & 5 IR

f@®)=AT =S (R+Rp) - S(R) .. (3.2)

RKKTF RM Ry KT

of _aS(R+RL)

R, = R, +0 .. (33)
0S (R+R
of _9S(R+Ru) _a5(R) .. (34)
OR OR OR
AFAEMRAB 75 5 SR AR A o 2%
oS (R+R 0S (R+R
of _OS(R+Ry) oy 9S(R+R)) os(R) _, . 35)
OR OR; OR; OR OR
1M :
OS(R+Rr) C, 3#Ciln*(R+Ry)
T__S (R+RL)(R+RL+ RTR, <0 ...(3.6)
H.:
2
d’S(R) _ 3 C, 3%GCin’R , o [Cy 3xCsinR
a2—R_2*S(R)<f+T + S%(R) IEJF e (lnR—2)l
.. (37
0>S(R)
—r >0 ... (3.8)
0S(R+Ry) aS(R)
— e ... (3.9)

FrbL, R RIRAEAE R e e A S b, W FE3.1 2 f() T R R, 1l
. NGNS, B R, LA SLAUME, 2tz Ean FE3.2. NEIF UG
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B 3.1 PRIREXRTHRBEE R 5FLEHE R, KHTEHE.

Figure 3.1 Surface graph of Temperature measurement error about sensor resistance R and

conductor resistance R, .

(t) 2k
T

RL=1
—RL=2
RL=5
RL=10

0.05 - % .

001~ B

x10°

& 3.2 RE&FE R, — N RITIRIRE #£R.
Figure 3.2 The error curve of temperature measurement when the resistance of conductor R,

is fixed .

26



3 E R R R

i, NTC B b PR RSB (LIRS B, 5l Zblh (RS FHABRE/IND
I, T AR AR TR VR 22BN

(2) H L FEME 34T -

AR DY AR AR IR, B R, T B S AR
FNIMT RIS XFI GO IR AR AR 1) B AN (TR R 55, 2002). H AN &
SRR N iR 72, Som s LR R A R Bl T B r 1 IR i
RN s, WIELRERPAE, BENRPAHRKHIIZEN P, ABIEA
FASIONLX Ji BE M B e i o, B 243 A2 7(3.10:

i2>x<r

<< P ... (3.10)
s

P, D 7 BNRELSE, AT LA § FIE R s AT, D80S i T R
SHEM S WK s BB E N i AR A G R, R R I E I
TAEBA R, I, FEAE AR AL AR, W LR 2] 78 0 s S VIR i 5
SFIMPRE, N IR AR RS TR R RO FARE, AT i H AR

3.12 ZFESHEENESRE

e P T P B R R PR A R R RT3, A IR it e Jm IR P Mt
TG HL BT o AEMB TN AN, 24 A7 HE R K AD SN e, HE
A 32 KL AD S fFRT LA, FrLA, 72 S B R IR U AR ] . (HAE
IR, S2PR T2 S RO AD W B HE, R H T S ICik 2 4
VRO R R LR T K o DAL, AT Py Mt B B A B O A, ORI IR T 42 vy
i PR B P LA A A TR 2 B A L FH PR A5 FH 753K

Xt P BE AR TR P AR RS R 20 R AR R U B A T v o R P
AEIEE o 1 70 P A BELARL 0 B St — 2D e A Jgont vl S RO 8 DR SR BILAE 225 (] PR £
TN AR, BEHAE AD I LUBOR HLBE,  RSEHI M 5 1R R

AN SR FH (I P A% S 2 TR AR BB, L RT 2k in 50311 B
a~, Hfas by oo d BIRFEH

1
" a+bxlogr+ c* (logr)3

L. (311
R AL AN i B3 3 s, HHEMSHERIEN Y, WEH
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679 R AL Mt LT w K/

r
R+r

05—

... (3.12)

u=I,ref

Virer

K 3.3

Figure 3.3 Bridge circuit.

AL s TR AN E Ar SUEBHEAAE Ar N, FARA Y AR AR L
299:

ArR ArR
T Ry DR r+An R+ )2

I TBORHESIOR A %, AD $ N 1 U EN Au, AD EFEN Uy, A
W RS IR &, A NI RIAERN:
|Ar|R S ﬁ

... (3.13)

s R 2 20 . (3.14)
A I A3 2 — AR AR B &, s 2 R AN EE
Au < Upg ... (3.15)
st 3.14. 3.1578, BT A L.
%—V(rirﬁ; <A< - OZR . .. (3.16)
ref |09 — 7o

DI, ZBOR A A BRI, MEAS B3Ry, MR B BORMEE A
/NS, DUIERREE TS, MR EAR . Bk mIEBOREs (PGA) I, i A
MRE T U u SR, AR R BT R H  f5TEOK, RAIE A28 (I P T &As
&, AERERENIITRAMREEOR, SRIE 2% IR R

BZ, bt R B S IR R, TR BN LA TG
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o MV FoL B A B A 5 T UK R BELEL A

o TR LR TBOR A5 2

o K H I YRR s B E

o LR TN AD 284

ik E MR RS FE, AT DURFH = 2R il B R sk 5 28 e BEL o W 303 74
FERISM . ZEUn B AR LS b, 2RI IR R 22 A 317, Hd i R mE
Wi, Ry RALIREMEMY, REM Ry BEHINFE AR, r S .

v r+RT v RT v rR—rRT (3 17)
— —ir—- - = = r ... .
"SR +2r + Ry /R + Ry ”ef(R+2r+RT) (R+ Rp)
MAZICRT N Ry BEEIE R IS, iRZEE)N.
TR E N
2r + Ry Ry 2rR
- — =V .. (3.18)
S R+2r+ Ry "/ R+R; ’ef(R+2,.+RT) (R+ Ry)
W R > Ry I, AR E S AR
2rR _ rR—rRy i
Viet (R+2r+R7) (R+Ry) (Vf@f (R+2r+R7) (R+Ry) 1r> >0 (3.19)
— rR+rRy Lir T
ref (R+2r+Ry) (R+Ry)
W R < Ry I, AR S R 2
3rR—rRy .
—ir>0 ... (3.20)

v
"/ (R+2r + Ry) (R+ Ry)
MAEERTA3.12 0¥, iR HEE, N EURTE Ry #8421 R 1, W

TR PR, BINE, 3R > Rpo B 2R AR IR 27K 0m KT =2 HiR 2%
DRITAT, EE BT, SR = 2Rk 2N K 2R IR S SR A iR =

32 RERHIEX

i PR 7 ) 3 AL SR G e A P IR P A A A% L. IR RE B N R GUIRE
FERIRAFR, EEVEHIb A BRI RS RS . X T ARSI,
PANTE ZRIERR IR 2 RIS IRE, A 2RSIREZSRIETIE T, Bl
S NEEIEVE S
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WREEEILAR: PID. BB, waEm g, RRE: (fi £ %, 2001),
Simith Fiftiii], DA —E GRS HE: Fuzzy-PID. #£ /%4 PID. BH)]
MM, B PID A& T4 PID 5k (W8 %5, 2005) » HAERa5H ik
(R PR R R 3 207 o

xR 3.2 WEHEX .

Table 3.2 Temperature calibration verification table.

P o B R il 4
B4 PID Bl IR, RSN SN, ENEE S P B &
‘ \ . siIE, %
Ho RN, b 4 ]
s, R R
K] T AT, R R —
‘ Y T . LR, 2B
i 24 ST ]
REMR, HUTHRAE A3 HELEE SRS R
Fuzzy-PID Fi1 S 3 e 5 2 SN I
- L Wb, S A ‘
Bt 22 45 1) I B BRI R 5
Ped, R b A
MR P EEAR H, A& 4E PID i JE M S5 . RS IRE DR R

Zen] DABRE AR VR 0 8 P B o AE P ZE SEIN G A AL R oy, A REAE
Hrp—3F, ERIERGIEFEREIBITRIATIR T, M2 EREDN CPU JH4H, RIR
JH G5 R AR g B SRR SR B, L2 M) 12 g P 4 S I Dl (BRSP4
W, (AR EANHREIEN N, RIS FIEN &R AT k. R,
PID #2f| A AR LE T R B BEAL IR 5%, A8 PRSI G A0 Ta) 46 B
HEATIR KIS

32.1 £2HPID BEIEHIEE

PID 4%l FE8 I s A I 80 4. B PID 4%l 25 R A AU v 7 23 4F
Ko M BB RNIEAR K S K, Hy PID #2107 30 b4 ik, 5212 M
F1o PID $%| 53k i I T4 AR e DA € 7 o A RISV Y B 9 4 SRl 1%
W R IR E 2, FERAE L EOR R, 1 R BOE DL, DRkt A PID #2407 5

TR



3 E R R R

PID 5l (%1452, 2004) J FHE a0~ EI3.4 178, PID #5857k B LE g R .
A I a7 W EEZE N

—» L
£(1) u(®) y(t)
—> Wk e T
4
) 3.4 Bftl PID £ EAET,

Figure 3.4 Block diagram of analog PID control principle.

PID # i) J R A E AT A T 3. 21(E &R — %5, 2009) FioR, u(r) A&

B, e(n) NN WZE, K, RIHIRE, T, RO EIEE, T 2R
AL
1 de(t)
ut) = K, |e(®) + f /be(t)dt +Tp T l ... (3.21)
5356 PR N «
U(s) 1 1
G(s) = EG) =K, <1+ﬁ+Tds> =Kp+K,~;+de ... (3.22)

M 5E PID i i & AT IR L, W] DA 2 H A AN [F] Dy R ARe 1«

EEBIRAT . RO s bb @l th 42 H RAE R ZE S, JRZEAN 0, 5l
SR A DR NRZE . iz 0 I, $EdIEFE N 0.

PGP EAT: ATCAVARREE 22, BUME R ISR ST I TR S (R 4L, T, T, B
K, BUMEFBRSS, Rz MeE (£, 2004) .

Ty PR R G AR TT 1A, SRETIIAZRIE S, It 2405
TR, I/ N [
322 ¥F PID BERHIEX

FEAA PID 421 7 AT B U AR e 5, T AR 32180 PID, #(5 PID LA
T S B R FAZ L, B BRI, S5 A E SR AN AT LAY,
6 RO FE 16 R 45 ) H AR o
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FESCPRR A, PID #6555 AW RN A B A . PRy i
AFERECERHAF UL, ERVESE L, HRIAE .

(1) £ % 5 PID % Hi] (F I3 4%, 2016):

X A3 21 ES: PID Rk U ith, 538 Tl

k
u(k) = Kp {e(k) +K; Y e()+ Kple(k) — e(k — 1)]} ... (3.23)

j=0

X k BREEFES, k=0, 1, 2005 uk) ARG e(k) Mletk—1) N
HIE PRI ZE: Kp RIBIREG K, BB REG Ky 2o REL

FERIL3.23 9, & uk) B3R BHATIUL 5 &, RIS 3T BT
fr B ——XF R, PR AL E 2 PID 42 5% . AT H ok LA E 2 PID 4%
JRONERED, Sl PWM, SREEAT SRS IR P

(2) HE X PID 26| 5% (BRI 55, 2006):

I 2 PID 42 HEEAT AR, AT AR 213 & =X PID 42| #Ria 2, B
77 AT

u(k) = Kp {e(k) + Ky X¥ el + Kpletk) — e(k - 1)]} 5
utk— 1) = Kp {e(k — D+ K; 247 e() + Kpletk — 1) — e(k - 2)]}
P A Yk

Au(k) = K pAe(k) + Kye(k) + K p[Ae(k) — Ae(k — 1] ... (3.25)

HH, Ae(k) = e(k) — e(k — 1)a

a0 1 303.25 3 B PID i AR ARIA S, MARTAE H, H95( PID %
A OV R, QOB AT =R w2, HEERN. R PID &
TRIBH T bt iy LA B RS B
323 BUERYET PID BB IEHIEE

BLili PID 4% ) 55002 9 TV AR 7= AR 3 v R 4 il S it 1 o7 2, (B T AN
IR R, R BEAl PID 5 S0 kAT & 3R B 5odE,  mT DLSE 47 1) 56 e |
%o WRIBAFEMEHISE, 7T LERHARSEAE PID 2777 WA P %
#il. PD &l PI4&l. PID &% (Z=BEFE, 2017).
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FEATRE N, WAESEROGIBA0E — M E MR, KT IREXN 3, B,
FATIBHR, I P SE IR (RS A L, 255 PRSI 1 502 [ AL R A F 75 5K
FER A, PO YESEHt G AP — /MR U E 2 i B s A b, RIPABE IR AR 1k
b gzt g RN, B A 3 B RCR AR . HIUH B e i As e 5 2
Ky, X RGBS TEREEORAREAR, Mo EHE AR, B, ARER
F PRSI, BIAR3.26 fros. A ERSHOREILE D

k
u(k) = Kp {e(k) +K; ) e(j)} ... (3.26)

Jj=0

N T B EEE, ARITH R R 70 B PR %7 3. £ PID 24, A
ATNAEH EZE M BRE SR E, RIS . (HAETRER RS, 45 Rk
i PS8 M R (LI, LIS TR) A 2R et AR K I 22, 23 AR PID 38 55 (AR 70 A7
2, S P R AT L AT BE SO VR A B RS AE Vi L AR R i B, 5]
RGBT, REFERGERIRG . N T X —mE, KA
BT BART R A R S RO [E M ZE RO, BUBRMER: efiTx
ZRUN, SIABUR PR, SEEIEHIRE GEPER, 2003).

AR, WMAR327TH7R, HBOE R KT SLhrR R, Bt 4l
ZERTHAE a i, BERGU—MEZHRKIIE PN 2 SLhriR RS 3
SEURE —EH b I, AR IMATI AN E N 0; MR ERVNS WAER] PI i 5k,

P 6>a>0
Ut)=3 PI a>6>-b ... (3.27)
0 60<-b<0

R A% S KRR RO 0 1 Z W) P B8, RV ke 58 FE R i (PWM) (Wu
45, 1990) (545 . PWM #1175 502 ] Tl BE P il 4, Y LSRN # 42
TEC 5. @i $2m PWM Bk, ] DA 2 ok B2 I B2 B 76 K

3.3 KRB

A 5 A A JEUER A 3 M T T SIS O T SRR R i P A 1) AR 4 1)
N P I T s P 2 X o S I X A R R B K T T T, R B 2 MR R AR R
R s PRV BEAE ) R GER T, AT LS o FE IR B s IR I
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PR PEL A5 P I R it s 1 AR S8 T s e v P I T S B 0 A, v T
KA +PGA+ IR/ #52< AD By LR IR HE, Il th 504, S g thooth 2
B IE N I 2 AR e IR I S B A, W EE PID IRAR SRR
AEE, G ATH PR L B2 AR 7 70 8 PLRORSEIL mots E IRL
AR5 o

ASBERIE TN AR R T R R B P AR G R R A L SR B A, A
W R EER Rt B8 5 N JHRE M HEIA,
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B4E BERRSEER

PRAE SIS YA R IR A F pRog 1 HLIRE 7 S AU VI8 TE IR T %, 2
AT PR A R DR 2 I B0 A % U P8 U B R A X v o DAL, R 8 A SR o i A S
3P A SIS 6 VA v U 4 A ) R BT IR R A A B AR 5 G AR S
20 i L I B AL SEIARDD o

FESEGR N R RE b, 22 2% il B 00 5 0 kAN AR T A AR, 2 A% SRR i 1 22
St 305 HE TR AR A PR R A Bt S DIAR O, AR AN [R5 0 i R B
LR T 0S5 R R e TOVA ORAE — B, B 2 3 SR A1 38 A St A6 4 () AR 2 20
B A5 AN R AR B D e DRI, AR B R (1 P A% s S o A AR I e
IR AOARE o AEASAEACER T TR, 20 B L U A R AE AR NS HERA 1

P AR PR TE T2 B Sy TEARIE AL, R HEX TE Fm A2 R A4S PA L iR
JEAL IR AR I PN TR VR 22 P B — VT . 4500 58 b K IR AR IR s 5 4 5 T 50 &
AL B FEE T PRI O 22 P B 2V o AEARURA R, JRATTEE ROSQUE A 4ESEIR O
AN PP 7 ) — SO R 6 X i R IR R, BRI, A SR AT
SE bR

41 HERITS5RE

DAV % AL S 38 D9 8], %% 7 6 U 5 A% IR 3 0 B TR FE N 50°C IR oK A o,
FRIREE T KR RO B, HL AR AR /N T 1em, DURIEFATALIR S —
o RN BRI IR, 10RO, R TDHE N 1s. LR ER A
Bl E4. 1R . BOKER NS BRI, AR L. iR
i =R, F ikl

pra—— ™~ .
o / AN
, / ! \
- )
\
I Hhokitt I R

& 4.1 BT E S R A

Figure 4.1 Schematic diagram of temperature sensor calibration experiment.
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P UL P A I 38 0 FH IR FE AL 2% DS18B20(ZHOU %%, 2011). Z I E L
RER I RETE S, HAEBRN, BFEIC, PuTiiaeing, K m R
Mo TESFET, TR E S A R N (GPIOD) JEAT AH B AC & B
A R B H s . DS18B20 MR R Z /N T 1°C, B —ERIERPE, /2 1 AT
H I 7&K

42 BIREAE

Red s IR AR 2 th 28 1B, SR B IR BEIR A AR IR H U, BEE
ORI R 5 IR BORFEBGLI, 7R 1 B i 1 ORRZE NS . 4.2 20y
TER M AR PR 26

B 4.2 IR R A RS 55 2 RS £ .

Figure 4.2 Curves of standard temperature sensor and temperature sensor to be calibrated.

HARAL PRI B SN B AT =0, bR AL s o B it A e
WP 7 TR AT I8 50 R A, 459 B6F LWL 1), P DAZER 18] AR A A b e U P A
A 2. IXREIRIR AR A . BB 2 I R 4.3 R

T AL AR E MR A TR . U5 AERR AL R s S bR AR RS 2 ) (¥ 1 22 ih 2k
PR, {3 2 WA B G % 2 E i 2k, EOE R, BERHEEEAHEE b
Tt b A5 A 1 I 22 Rk K, e KR ZEHIT 1.2°C, (HiRZE M R, 7]
P 2 & 1 AT IR E 0 G o %R 2 2R T — kB, G TTREN
4.1, R?=0.995.
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Figure 4.3 Temperature curves after sampling.

RZE %

& 4.4 RES5MEHL.

Figure 4.4 Error and fitting curves.
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¥y =0.052x — 1.1626 ... (4.1)

43 FRIUE

16 At A& S5 RN AR I RT 7R RHE, Kebs i o il B AR ik e 5
ARAEIELFE TN KA, I R A% R A S IR AR R B iR 22, DI
TN RIS, RAUDSINERIER, ATLUE Y, e e A% s il
IRAEFYERSETT, Sz T 0.03°C.

4.1 BERERIER.

Table 4.1 Temperature calibration verification table.

Rk I B

DS18B20 25.00 30.00 40.00 45.00 50.00

PR 24.982 29.991 40.018 45.176 50.272

44 KRB

AT E B TR AR IRAS AR E Tk, BT TR B IR S AR 1R A TN E e
Hbr @GS . R EE RG], WL 1 AR € Ja B R A% AR L DN 5 22 55
F AR, A8 Ja TR AR IR B S bR IR B HIR B R 22 /N T 0.03°C TREZEAR ISR
PRE A2 2 R IR IO SR B AR, 2 A (10 58 U 20 3 iR % 11 5 s B v h
i PBE 42 ) P R L R
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5 mEAEIREER ARG

F£5E SHEREEHRZERT

ASOEL S 2 FARTTAI T, AR T PTHESCI SE TR IS A BT T T
FAOBE I, B PR 2 SN DG RS SCR Y DY B8 iR B A ) 585 #2560 3 &, J@ X ks
JEE Tk PN PR SR T, SR TSR A% +PGA+ (KA AD S B =k B2 i, Fi % 77
%, JFA I E O AR R s AR A SR A, kR A LA
IR FERURTT, X H ks FER VR — D 7T, i s 4 EAHNIR AL
AR bR E AR, ol 22 AR AR AR R I S 22, D9 PRAE Y ZE S G A
PR B — Sk B it . PR, BT UAETAR, ARARET T LR MR
FERBAEAT R 5t

51 SREREEHRGERT

PR 2 SEZIF 6 TS ASCIRL 955 28 G0 R T DYl T I R R AR L e T U 58, A R
BERG . BAFRGE Y, UL BRI SF 3. RGUAR R SAE R 4 T
BIS TR o AT N8 32 Se I 4 S ST O R R G R TT

B A P 6 P 7 B SR AR P L L PR R U R v B DA R N A K v
B AR RSP TT I, FERAE B A (MCU) R B % ) A DL |
AL E P AR s PO GESEI SR M BB T S I B I 5 56 AR I
AT AL B AR R BT LT ARSI OSSR R R A IR AR 2 O R AR
LR S S A NNR A, 2 AD B BT REE S A TS, R0
P — R PR BT ) PWM S S, 2 AN fLEORE TTL H-F T
USRS AN FAJEL SIS P 248 ST P D' 1 (S PR RE P2l s £ PC i AL M A 5 Rl
RSN Bl SHREFY R, IR RS232 & 05 G F
I EHE L .
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%
PWM
HH

RS232%)
EE

B

A 5.1 RE S AEEHHER.

Figure 5.1 Block diagram of system.

52 WHRZEIT

407 P15 2 175 2 PR 4 SN DG T ASCIRL A% AR 8 OB P B ATE ], s ) b g T
BRI BRI, EIE o I B AR b HR YR B AL A

SWD#EO MOSFETIRES 2%

MOSFETIES] 25

TTL _—
T MOSFETIRZ] 28
f

]

R E TR B

B 5.2 RGBEBHER .

Figure 5.2 Block diagram of system hardware.
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5 mEAEIREER ARG

5.2.1 PUREEF5E IR E LA B

BT 5 3 BENA, TEZS R R P U T R R SR R, B AR AR
AD MEERGETI. BTtk 16 AU 8 ADST825(5K R I 55, 2002), 1%t i
J& Burr-Brown 2 &) A4£ 7 (147 DU % 22 3 1540 4 N EE 1) E PE e AD &8 4F, SS Tl
JTE I 153 s %t i R B RES S (Burr-Brown, 1997) 41°F

TOP VIEW DIPISOIC
AGND1 E ~ 28 | Vg,
AN, [ 2 | 27 | v,
AIN, E E PWRD
AN, E a CONTC
AIN, 5| 24| BUSY
CAP 6 | 23] cs
REF E ADST7825 E RIC
AGND2| 8 21| BYTE
TRI-STATE | D7 E E PARISER
TRI-STATE : DB (10 19 [ A0
TR-STATE | D5[11] 18| A1
EXT/NT : D4 E E Do | TAG
swe | Daj13 16 | D1 : SDATA
DGND E E D2 ' DATACLK

& 5.3 ADS7825 5| J{& .

Figure 5.3 ADS7825 pin diagram.

1E 5V B YA AR 2
B R KRSy 40KHz
FFAT B AT PP ECE i AR
+10V 5 i A H
A3 AT AT 4 AR
o iR +2.0LSB
FEVUBTE R R AR W T, H B 17 RIS EBORAS, 16 s m ks AR
H3Z il OPA602(BABU #1 MALAKONDAIAH, 2004; Burr-Brown, 1987). L H %
FePEW R A A
o FiilT: 6.5MHz
o M. 35V/us
o (KfRF%: K +£250uV
o (&M EHIL: BK +1pA
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o PUHEENLINE]: lus £ 0.01

AR AR IS BBCR A F PGA205(2 2, 1999), PGA205 41l L& ] 51,
LA AR, APRS 6. 7 B RS F #0857 GPIO #Hi%, @it GPIO X
PGA # B MUK H. 1% PGA(Burr-Brown, 1993) = B4y

o KR G=1. 2. 4. 8

o MM HIE: H K 50uV

o I HIEER: 0.25uV/C

o (RHMANMEHER: &K 2nA

o (REFAHI: HAUE 52mA

RSB A ) e b FEE (R TRLBE R B, R PRAICIREE . b B Ak o B BELE S FO M A
B, DU B2 R AR B BR A AR R AR50 T s A i P S e N o R 2 8 LS TS 4 ok
IR TBOCHLEY, VEA— AP HOR: BN TR EORES, I mf O 28 i
PIN B A SUBCRAEEL, L&A F X B il 2 F 5Kk s AR Z MIRiE A I8
U PR PR IR R S P s RS DU IME S22 16 7 AD ¥4, IRELE RN
I E R AR

2 R AT BT (R RN ER, N TR SR SRR, N
Fi-J P % 20 5 BT R R L IR R SR IR B R 2, PRAIE A T IRIEN 0.01% ppm
(¥) Vishay i B2 FBHAS . S /NI R ROWE S8 m AR, TR 4 R R N v
PR ML A s, KA 12 e 2 s, i dt, BMRRS
AR, 4 BN PR S — AV, XU 6 R mikE LB AS, Wi R 5.4
HE IR o

H S R L (AN 4%, 2019) it aniElS.s, R ERBE 2 R AR Ha A
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Figure 5.12 AT24C08 circuit.
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Table 6.1 Constant temperature structure of three channel filter.

(A= IFEE ORiE R Rk Pl R

J T &l i IhREfRRE 1D
AT A 1 IhREfRERSE 14
PN x x x
] 7 T 2hWEkRE ok

6.1.2 MBIEIERIEHIRS

T XCEEE R RS, 1% RGR R WIR S T 8 R . &g
RN 42.216°C, HRKIEESH, BERSGEWREEEE 001°C, MR
6.3 2 T i e A I =l IE iR A R i 4. B0y 1000s P TR RS i 2k
BB RAFEIR N 1s. J@IE — VG EN 42.2112~42.2188°C,  f Kl E w2 N
0.0076°C, P33 42.21497°C; 1838 G B VE [l 42.2129~42.2180°C, f¢ Kifit
FEIRZE 0.0051°C, ~FYJURSE 42.21542°C. W98 18 TE 2 A0 T8k 2 e iR d )
0.01° i TE 7 K.

6.1.3 ZRIEREIT

JEAT =B R B R =0T 30, e DR R AR e . = TE 8
AR, A RAEIE G AR G A B IG N T G A IR 2 H  AR EOG SELEs K S R
28 AR S, DRl EAE A B — B iR 454 . —ZAEIR ) 32 2 H AR Dy =iliE UE
Jea A TSR — AR AR E I EIR 251, DL, 7 B IE IR AR LR, AR H
O8I TR TR B Bl v FE I E £1°C o

63



P AE S Ol T SORS #1202 [ AL R ORI T

TRERLREERTHY

42218

42.216

mErC

42214

42212

42.21

42 208

42.208

fa/s
—_—EE —EE

& 6.3 ZBEEZHIDLHEEREHE.

Figure 6.3 Constant temperature curve of three channel telescope filter.
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Figure 6.4 Two stage constant temperature structure of filter.
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Figure 6.5 Electrical connection schematic diagram of two stage temperature control system.
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Figure 6.6 HongRun PID temperature controller.
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Table 6.2 Line center change of three channel telescope on March 13, 2019.
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Figure 6.8 Structure of liquid crystals based Stokes polarimeter.
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Figure 6.9 the Dimensional drawing of heating film.
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Table 6.3 Heat transfer properties of materials for liquid crystals based Stokes polarimeter.
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Figure 6.10 Temperature distribution of liquid crystals based Stokes polarimeter.
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Figure 6.11 Temperature distribution of LCVR.(a) Temperature distribution of Outer side of
LCVR, (b) Temperature distribution of internal side of LCVR.
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Figure 6.12 Temperature distribution of LCVR with heating film on the bottom.(a) Tempera-

ture distribution of Outer side of LCVR, (b) Temperature distribution of internal side of

LCVR.
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Figure 6.13 Structure diagram of LCVR.
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Figure 6.14 Three-layer structure diagram of LCVR.
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Figure 6.15 Temperature control box and Vacuum drying oven.(a) Temperature control box,

(b) DZF-6090c vacuum drying oven.
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Table 6.4 Parameter table of DZF-6090C vacuum drying oven.

A5 DZF-6090C
TAEEERE (K x % X fm)mm 450x450x450

i el B 4 2

iR RT+10~200°C, RT: ¥REZIEEF
W P 0.1°C

REWED +1°C

YR HL 220V. 50Hz

THFETh 1400W

A < 133Pa

SE IR 1~999min

75



P AE S Ol T SORS #1202 [ AL R ORI T

6.2.5 BIESEL

(1) 35°C I 4% S 56 foxf B

FEIRE 2 5B T T IR B IS St . fE = NIRRT (22°0) Al
HAWEET (22°C, 100pa), B E N 35°C, Jr il il = Ul 42 1) s 36 Mk R 4t
PN, anEl6.16F16.1717R, 73 Al R b w4k 7 A s 72 2 < 5 B i iy
BRI . NEHRITLUE S, B RAMEE &I A TR, HEK
A2 T B AR L BB AR A R 22, REUMAAT)ZANE], [HI P LCVR 1ES5 M it
FARBRLRIE MR R, X AR MR AE FE AR B IR R ZE R
HIR ST e, PR S T AR

2SR TR 2 BT 25 T TE R A% £

36

35

34

31
30

29

T = A T e BT < R T N T S« o T Y T« B R S BT B« S O S BT S« B S
L B o BV R ST S S S B TR Y- B V= B V- T L L T " A = N o T B T Y ¥
HHHHHH

R i) /s

Bl 6.16 == H B R AR 2 M A B P2 R I 2%

Figure 6.16 Temperature control curve of liquid crystals based Stokes polarimeter in the air.
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Figure 6.17 Temperature control curve of liquid crystals based Stokes polarimeter in the vac-

uum.

& 6.5 MR as i E B G TR
Table 6.5 Statistical data of temperature control experiment of liquid crystals based Stokes

polarimeter.

gy B BJRHREYs PR SR RR
ES

gt (30~35°C) HfAl/s WErC WESC

1 51 51 35.0452 0.0141

EERH 2 51 54 350345 0.0152
3 51 52 35.0464 0.0152

1 54 65 350473 0.0236

EHETH 2 55 62 35.0482 0.0217
3 54 63 350478 0.0250

71



P AE S Ol T SORS #1202 [ AL R ORI T

[F 25 5 B2 R SR iR 2 BT 2 i e il 2

36

35
34
— 33
= 32
31
30

29

N T ~O MO oo W e SO M WD NWOOASMNSEOMOON N ST OM©OO N W o
o o = NN NN M M S S SN NN OO OSSO0 ONOONO OO0 A
L e B B e B B
Time(s)
Eaz
_X
HZ
fn

B 6.18 Y8 A i 70 B R 4% | H 22

Figure 6.18 Temperature control curve of liquid crystals based Stokes polarimeter.
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Figure 6.19 Sectional temperature control curve of liquid crystals based Stokes polarimeter in

the air.
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Figure 6.20 Sectional temperature control curve of liquid crystals based Stokes polarimeter in

the vacuum.
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Figure 6.21 Structural diagram of polarization analyzer assembly for on board test.
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Figure 6.22 Schematic diagram of temperature measurement circuit for on board test.
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Figure 6.24 Temperature control curve of liquid crystal tester at -25°C vacuum.
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