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Abstract
Space exploration is the direct detection of space environment by

man-made spacecraft such as rockets, satellites, planets and spacecrafts. These

are usually passive detection of space environmental changes and disturbances.
Disturbances of nature are usually unpredictable. Compared to the passive way,
space plasma active experiment is artificial destruction of the physical
equilibrium of the space environment, and observation of its dynamic process of
restoring balance. This method is beneficial to highlight one or a few parameters
among many physical parameters to discover their rules.

This paper describes ground experiments of Barium release system in
space plasma active experiment on the basis of prior research on space plasma
active experiment abroad and the preliminary work for active experiment before
in our country. In the laboratory, we investigated the heating and release method
of Barium, and conducted a study on the ignition system and we found that more
easily ignited when the chemicals have certain resistance, and ignition energy
obtained by experiment is about 22 Joule. We measured the titanium and carbon
combustion temperature, the maximum combustion temperature was up to 2600
Kelvin in the atmosphere. On this basis, we designed the scaled release
experiment in vacuum, meanwhile, schemes for measuring combustion
temperature and pressure in vacuum were determined too.

This paper also gives the thermal design for the Barium release module. In
space physics active experiment, the experimental device continues to fly in
space until the time to release after separation with the launch vehicle. During
flight the device’s attitude can’t be controlled. In order to make the circuit in the
electronic control box to work properly, surface coating must be applied to the
electronic control box to control the temperature in an ideal range. This paper
calculated the temperature of electronic control box under this condition, and
results show that solar radiation heat flux and electric heat inside the control box
are main reasons for the temperature change. As the attitude of the electronic

control box is uncertain, solar radiation will directly affect its temperature, so



coating needs to meet the requirements of different situations. The results show
that total reflection coating with low surface absorption rate (a = 0.15) and
corresponding surface emissivity (¢ = 0.16) can control the box temperature
change within a very small range, ensuring the circuit inside in the normal scope

of working temperature.

Key Words: Active experiment, Ground experiment, Thermal control, Coating
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WR. HARAESHELE, WELEABOLE (kg
0.5x10%s ), RALHBOLE (BRrhiRgEm ) 1—52s) F. BotRf&R
FEMSARMRFER (A10'W -m™), HAXTERENEE,
MAEEFATEUNSUERIREZRIEMN. WTi+B. Ti+2B.
Ti+C Ti+2Siv Zr+C Zr+2Si+ Mo+2Si+ Al+Ni. 241+ Fe,0,
B+Ba,CrO,« 241+3Cu0 FERIBE S K ERHLERAT THH.

LKA 55K o B K KRR PR o P T L P A O P K TR LR SHS R R
RRFET AR ARARE SRR EFHE AR RER. EREK
FIRIE S AR ERNB/N R KBER, HETXM AT SHS 183
SERRR A o

PR R K. PR AKRIELUEE R IGE R AN, I —
ERERERARENE, BERSR. ZRTERZHT SIS TZ
oK L

PRI RUK o BRI R K BRSBTS A AN HAHE f, S5HR SHS 45 %« R. C. Dalton



ZEERFHREHARMLRMTE TEEHGH

SR T R SR T +C R A T00W 71 6. 4kW, Hdh
BEfH 1.27cm (0. 5in) F1 2. 54cm (1in), FESVIAEE N 17%—50%.
RS RCR JE R, SRR BRI SR, SRR X R
Gl, SEANER. WEIFHZAT snin BRRIESFAZISE.

(1) EHMER K. A.S.Steinberg AR T MR SHS iR F MM RIK
o BRI ERELH RN RRMBEES, B RERREME,
Bk SR

(8)  WEEK. BEERMIER SIS ASBGETEM, AT5RfHA
M RP LA TR AENERR, TERMENE RN ARER
MEBERN. AR SEERMEEATT, XEXHTERRAS
B P.A Rhein BURSBARERA CIEMCIF, SR E&RE. &, &,
L MREE R, 1. T. Bryan FI N, 1. Sippel H4k2 i K i 52 F ¥
KEEW. BC B . B B, H. BENEER,

(9) MRS PG RE=ERRRRRN, HRARAINE ST
BRI RFERH TR A K. — Bk, FARHTRARKE, R
KR 2w O R T RIRU R (R 2L+ K AR .

1.2.2 REPERMSIASE

REZERRMER, ROIRARKERLKOTR, BAEZRE TR AR
SAFHMRE], LURBEAKMBERRAMRMN, ELBARTERAKSTRAF, BRI
BB RBAEE, FRNOERERD, HTEZEFTITRERAR.

HKAE AKX A RE R K, R Z B —Fl K7™ o B AR ] IR
i, BHEHERE, RETRHTEARRTME, SERFRNTETT
RAEFEHERE. SREERZIE—ERE, 2 TREERE, AR T H# R
Fo WERTIOWREMRRREIE M, JrAm MM RRERALE A, PE
—AKHER. X—IRTFRR WA T MR ES & F AN, £ RER
PTRELRA . BARTR . RIAIEERS DL RIRR IR 5 1 1 %A

TR FE AR TR %S B/ K BB BB K ANE — B, AR R ) v AR (A R
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st'ln T
FLe
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Bl 1.5 HATER KRB B RER

B 1.5 HEATEAKEENRE R, TR 220V/50Hz KB, L
VAR 28 T 5 Bh FL IR B B L U, AR S5 25 BB AT B KA FB VR Ak EL Ak b e
Vi, BLORACKIER, REBHTERGARE, X—BoahBREE. KREH
B e FRE R = BC MIFHE R T, MR, WG B ERERT, #1T
—RAE, KAedmERESEE-EE D B, AIREERG. ZEREZ
M R, STHAC, o, FNEKBRAC Ht&kE. JCHARI—EBEN,
S Ie) ZARE D, 78, fil R XX A AT #5KE SCR T, BT A C, CE& T LR,
ZRERETFBEAC, . WAFERE SCR KA ERERETKEER, i
EZRAERZERORE LRFET REE. ZRELSHERRET—EREN
FREBE, AR AN — KRR K. BAC ERARRE NEKTH,
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ZIEEE ThERRE LRI TRENSTH

WTT#AT R MR id 72, ERRESR=ET —RIMBATE, TR—KA
kid#g. EREZRET, SEERROERDIRERE, BTRETHH bR
R, UBERBRASRERMERE, FLERMEFEERLAITH,

TR LR, ROVEAR AR RERE R ANE LR #T
IREAMRKER.
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2 ZESEFREARBELE

2 ZEEEFAENAWHETE

21 BRBRHAR
2.1.1 REHaEE

R—HEERARAKTR, REAFEXRSF, RNYARKREY, £
RNERE. EREMALRBAREBEREATZF LWL, ARHAERK

ERFEAERATNEE. HSHWT:

ZHK 2 3 PR (E)
v 99.95% -325
A B 98% -300

RECHPLRERRARY, S0 5HBRELERLG 1. 1 RAHREE
WEREH, FEERSHKRE BRG] 1. 1, BHUREW 4. 1 BE. BRBS

JEHE 24 DRFULE, DUERSHORIBR ) TN E T RE.

FR4E V1. Yukhvid % A B SCERP A 80 B AR & W0 7 TR A — e VTR EUEERR

B tEid, ROVEREESEPIET —EEET R,

W

N\

Ry

NN

LI 4

\
\

NN

%

%

M.

1. B3 2 #AH 3. 4% 4 KR
B2 ERTARER
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FEEEFAEFHRRA LRI E TEENAH

JERBEHT FrIERRE, AL —BA 50%. Kk RERER 20mm,
¥ 40mm ZoA AR R &

212 RAAAMRRE
HARRMMEA T mERKM S KTR, ERMMNEFAFTEXE PLM-230
Rk R Ka%, HAE ST
#2.1 B Rk BAESHE

ER 48¢g

BE R E DCO0.3V
THERH 120mA BL'F
iGNk 200mS

Rt R 17kV

Bk KB ER BN AME R K, BRBTHERARKPRKREA
By RKBRAEE,

2 Ja R F E AR AT R, RIE AR M B B T 1K
R, HEREWT:

§?

[

Rl SW-SPST

w |
w L]

22 RKREREE

] Fpram

R A KB R R R R K, ATLRRNI R ke, BREH AR
ZimkE. BRIIRENELREOLME BB, RAS R, BIUREDF R
MRFEE, BEHAKEBRERK, SSRGS

WTE, AKEXRTHT, ZREET-MABHFET, #HIRAHE R
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KEARETHIREE, ERSHMAETR MK KRR N BUlBIRE
¥, REEKE, BEREES, IBZHENMGRERETE.

K23 R KRR

213 R XBERRITIR

T LKt BAES A+ HEMAREE SRS A RE U RERN BB HE
g, FIUAVRBREAKTRENRE, RIB/AZRMIIARENANTE,
HTEBEFRPHEKNER, REMKERE FELRIDRRTHRNE N
mkEER, TRRNELHRZEMT W T RRREMEDH KR,

SR KA,

MR B &K TDS3014B $rFRipias &k TEKTCP202 A v, BT LR+
R R, ARPREE, FEESEENEE, B EEEDH A 0.995mQ A
100.02kQ ;
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'I‘az
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-220V |
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TEHIRAEANY 79 B, WEHEAELZ 5 200Q
BEERERBEUTER:
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1
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\ WAy
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- 500V  M200ms A Chz \ 7.50V - |0.°A6 ch2 S.00V ﬁz.nom A ﬁl I_ SO00A
2428 2000 2428 2000
§++0.00000 s 09:47:48 @+ 0.00000s 00:83.38
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|
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I S00A0 Cha S.00V  M4.00ms A Chi 7 B.00A

@+ 9.04000ms 10:18:

®
25 MAKHREERNEHERE

D EES, O, @PAEMERT AN S ERETHRERE, @, OF
B MR K FRRRA. SRR R R KRG Tms ZLHEEIR
AAH 20A.

ETREARD, EREMRIFMATHBEATESR, LERERERR
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2 BEAFETAEHARBELR

SRS RYEY B EERPE RN T HRER, SEI—eMRREIET
FER . FEREMAFMAREL S 40%MERKN, ERERDEMALKRET
B Ak, RAMBEHKERY, &S LEERPEDSRRHNENRA—-EL
BAFEERE. HREMKERE, EHME LN EDBRBRARARELS
BA, RKEREERRELL B T2,

Tok f¥ik: Sm—
- \
B
[

W
|

AN

P
®

Ghi ZooAc Bl 500V MZooms A Chi J 1.08A

242K 2009
@4V 2.92000ms 11:10:02

Bl 2.6 &R i I LU 1

LEAMA T RSN HRAG KR B E SRR, K
HIEE R 15A K£4, BTMATER, FRRERAEE.

B ERR, BRER.

MKBRKHT: >15A

RKBERHE: 275V

RUKFREERT[A]: 10 ms

FUKEER: 150V CPICRHE) x15A CPIgME B x0.01=22.5

MKIE: 3000W (BK)

214 5K BERHHH

HTERCKRES BEIHAT, ROVERBPEMT —MRAEEHRE. 25
WERFIREHRAE ERMRBEU R ER LN, RREELRE. B8
SERELICR, EABCE)E R E RS AR EREREERFER L UT, -
R RE, RAEFAREZREMKRME. HEELT:
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ZEFETHEHRROERINE TR

TR % l
[] St

-mv‘ v ¢

B 27 @FERKEREEE

7E BB Hig I & R 24 International Rectifier(IR)Z 8] 4 F=#1 G4PC50UD,
RN TBREKE - RENLEMIRREE, AEMINREBEE, £
BITRUR A =R E)M MOS(ELMEZ AN E)VARME &L BB EEzR
DELFERRM, FF MOSFET HERAMTIH GTRIVKSBERFTEL
. GTRIEMERK, RREFEKX, BR3)HEHEA;MOSFET BzTh =R
Ay FREER, BRFEEREKR, KREED. IGBT 4T U LA BRHH
R, WEDEPTMEMERMK. EESEMHATERBEEN 600V L L
BRAZWTH AN T FXREE, BHBRE. ESEHLEHAR,

FERATR T H BB P A ) G4PC50UD K250 F:

% 2.2 G4PC50UD 4%
Absolute Maximum Ratings
Parameter Max. Units

Voaz Collectorto-Cmitter V Cﬁtage 600 v
o @ To=25C Continuous Collector Gurent 85
le @ 7o =100°C | Continuous Catlecor Curent 27
low 2uisedt Gollector Currens @ 220 A
v Ciamped induttive Load Current & 220
¥ @ Tc=100°C | Dsooe Gontinuous “orward Current 25
by Diode Maximum Forward Currers 220
Ve Gate-to-Emitter Voliage =20
Pz @ Tc=25°C | Maamum Power Dissipation 200
P @ Tp = 100°C | Maximum Power Dissipaton 78 d
T, Operating Junction and 55 10 +150
Tevs Sterage Temperature Range L &

Soigenng Termperature, for 10 580 300 (0.063 in. {1.6mm) from case}

Wourmng Torgue. 6-32 or M3 Screw. 10 ibtein {1.1 Nern)

HEBW-KHRR&KEE V=600V, FF)g8J5EH LI{EREER
Vegion =165V s FFBBEV ;0 =3V 5 Voo =6V, FAR KRN ERFRIE 27
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o B I S R R B T R

}____

Y
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A: Btk C: Bk G: #£4itk
Bl 2.8 &RE TSN

SanME R FHR A % C Z AN IE | B E M ER A R, &RER
Fi#, FAEKRE.

=1 B O PRIAR A FOBARR: C 2 R A E 1) o s EL 2 SRR RO BA A 2 18] th i 1F e e
BB, FEREOREN, BXEFHHNEARE, #EAEELE, 3N
Rk L.

WRFARER L RADEDTF—EHME L, FRRFNETRERFER IR,
BFRRET, XXM A E RN . WRERRRARZ BNRERE, &I
BR BT, KAKETIRN R PR

EREMEAF, RITRIEMEE 5 E NP il Kepedh, s
T BB IR 2 (6 B A R, 7 R o Bk e L LU B (R 4P 1E A
R KA HEL REL L1 7 0 o T Y 3 A rL B R BE

AMBAT R v T X B R R B
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B 29 REERY SXHER

W, EFFEAAE, AR AR REE, EE 5
PHR SRR FEEREE, TUREHER KD, EEHESHRZ mG
[V, 7E 3—6V 2, ENAI(RE R MERELEA.

5 A i R B R EARAET LR RS ER T

2.2 BRRENE
221 MIRRENE S

EZRBRT, BROETSTRYHES, b SHS REEHNEILSE,
7 RERMEIZ . BREA R RNEERERRI - N EESY, RIS
RITEERZEEFTAMH YW REMER, URWEENERE. BN TFR
IR BE 6 AU AT HE I &

T R ERE, BERAEEXEERETRE. RERRME, 5 C R
REBREEEAIA 3193K. ERMABRRYNERERLERY & BIRRNEE,
TR R LR B 90 B AT AR Ay BEAR T R4 Merzhanov % AR A I AR,
BT, 21800K if, SHS RMLA RE BRIFLETH, BNRMEE IEFERTEMRERS
K.

T 2000K Ll LR mE, BT EAmil ey EEER M NasaR
R AFRAINER T HREEERS UL NHREE. T RN
HFHIRSE], RNZWEFHRNENORBERE, FUMERREBUNEREER
FfEXH, HRERMN,

TR AR PR B A S 2 P TP A (R S 23 035 o R TR A 2 T R
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HOR RO 055 5 P41 R 4 LB, 24535 1 2E 00 B PO LB T gt 2 LA
i, WHFRZ AR Seebeck BZh— MBENR, KRAFEOENE
MPE. MEENRBEREFEAN R, B SR 2 g,

REHREREY MEEHENENER, KELARBNRNER, R
AR e (R R RS (B, HAEA R

1. HREBLEAE, 4% 3300C, BERER BSEML.

2. EEREMESRTLEEELS.

3. WmEEK, REEH.

Bk B R — R EREAEE, TLHKHEIZE 2000C L EFREAER, G
0 PR B ¢ 75 4L B T LA ) 3000°C.

RERBBSREY FNAMLR, RITSH T MMM S AR HHEE,
R EENETRITDENB Bz, R0l E SRR,

ch3fViR -4 A
20 v T v y

& 210 AHERE-BH K
MBS, REBERTHEREEEALEERE, 7TLMEANERNY
BEMIER.

222 BiZEEHNE

BEATULMERE, RINELBREBT WM TREREMR NS KEE.
SERIE: KR,
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2 BEFE FAEHRRMELR

B 211 ARERENHEERE

MU E=REFRELHEREFREINZNRENRRRSG, = RREH
SOREAME. NPHRET —HKIE, B2 ATHI0E MR- o 4 2 7T LASA
LR B IR BE h 2

PRI ek
2500 —— \ ‘
VA s e
2000
B
‘KISOO
B
~ 1000
= /
500 __/
0 ——
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

RIS (s)

B 2.12 MERRA Mz

223 RRERMF

B LRBET 15 C X HIRESEIE & 2324C, £ 2600K. M 2.12
HIMRBRR A A T LA, ZESEBeh, WU A AOIRRE 2238 E 75 2600K X 1
B, REERIREE, FRDSREE TR ER S, TIEREE 5 R
21k 1emfs

TR REERTRE FHT, KIFER— SRR, TR
TP IR ST RS AT AR, e RLEIE £ B T 2600K. BT
LR AR B W SR I ZE 3000K 27, BMRESCRFATLUES T45.

2.3 BIRREE
4% Merzhanov F AR ML R AR, BT, >1800K B, SHS RNA fE
BRIFLETER, FULT LT E AL Pl UM BB B i B K Hu bl .
EZHWEF ELEZTROZHSEFHEHARY, KEHFEHEBM
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ZEEETHREHRROLR TS TREHTH

(Barium)fE W BMARY, X2 i F A IR A:
1. SNSIERIE BRER.
2. BB, KAESHPBREHEELE TRESS, §TLRA.
3. SR T MR 553.50m (56), SIESTAIZLHR it 455 4nm (I
%), HFHTRENM.
& ETR, RAIMKEASBOEN ST WG, BEmTarEES
iR 5 AT A B BRI RN —EMN (Ba0), LR TR RS
LR, FIR—HIERESLRAKLHBRY.

#23 LM R KA FHED

b # & HBA(C) |HACC) |BUBHR E K E
1000°C (KJKg) | (°C)
(J/Kmol)

o | 1164 725 1849 — 462

% | 56.7 1537 28723 | 2717|1227

/ 392 850 1494 2324 | 459

% 325 1660 3318 4343 | 1442

w215 4000 3930 — 2137

B 314 630.5 1600 1601 | 425

HERTREETUES, HFH4E (Calcium), 8 (Stibium) HEL#, 5 A
FZHEIEL, EREERPTERN. HPEHRBRIER, FEEER
. BRLEERBEATER, EFSFRESHEL, BENSE5ERMNE
B8, ARUENLY, BETK, BTRAB. FURNESBRENL
EHERERAESBIGET RNEN LR,

RETHEFANGRE, E5RE @I 50%MEN T Mg, 21t
HHERME S BN & B 30%—40%2 8. 233 SZRIXA {5 7] DA k.
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241 XRERDH
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BRI R BRI ORI RAOE %, S TR RIS 558 SR %
Fy BAIRG T ELEA BT KRR

WRBRBEHR AR T FRC HREMK, KBREDROENLE 1:1 KL,
BEERET 24 /M, FHBERS BAEHNBETRE.

RERALRENFERART, FEATAHK | MEENFRFSEES,
R A BN RETERRRART AL, TUNRARTERS, HERE
BREEG A TEE SRRROETHER.

TP EENRRFTER, TEEHRERTHDGFERETSIA.

BESIMRERMAR, WEARERETUMEEIZMNE, H—ERFEIT2
R

SERIEN, ENERETTERZE, TUETERE THELRIE.

241 KRERSH

HFXHAS, BdEARHTURESERSELT.

FAR—MEESE, EMRRTOTER, BB, CRBR, L&
R E A ESHHE SREN 0.016W /m-K , ZERBE X ABREERALET, I
ERbEL BIREREZES 1T (BIK) i, 1 BREL | FrRmnms
BHRE. ESHSREEH0.15W/m- K, ARERMHE.
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LINSE, BREIEE KRS T LR DL L
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REMBREED G, RETETLERETE, BTFET 1800k MREALK L
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25 A=hMERENNE

HTERREATETRATEZNIRES, METFHMBEEREAS P4
HIAE, FRUERET XS PHREREZE, RITEHTAEZTHEEE
HWEER.

LRHELRZMETHETHT. BTFREATHEORTEM, BRI TH
b B S 2 B T

BBEERAEMSYEY, WEIAASFETBRERE. fik LA EIRE
B, Bk ETARNMUEEERES. BRNEERE FEXELBRIER
MEHURASBENRE, BERERAZRERE, BT 2ELBHE, A
AR E R E R H A E L.

HAMEERTARE:
s=_l’f3:_+c @21
2[0’] ¢-p
He. s hFEKEE,
p NERRES,
D, R ELEE AT,
cHEEN—NMNAINE, BNETHENZLRE
TERE N K «
,_P[D+(s~c)]
0 =——— /=
2(s-c)
o'<[o] ¢ 2.2

Wt HE A 10am , EAMEHERTEN M304, NEN60mm . RIER
21 WHEBs=22mm, HFEMEcTUEE03Imm, HEWEHFERITEEEE
s=3mm . SEHFTNHEZ:
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2 ZEEEFAREHRRBMER

10 [60+(22-0.3)]
T 2x(22-03)

MFREREVFRIEH 270kg [em® , R (2.2).
55, AT BRI RE TR, WEEOERERE N Smm .
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zarzsrrrerssar v s Y 2 A s A

1. PEUEER 2. WEEER 3. @& 4. BuF 5 ER
B 213 TRBHERER I

RAMBELEES 1 SRAER, KN ERSEERES 2 HERERE, B4
WERFE 0%HERMI T 5 CHARREY. HITSME, LN E XTI A K
EABIMER, BBEABMHE, SEBESEBS LR REARUZE— MK
HELL# R RE S R AR AT,

ERREESNRE, RET#ANESE, ENEREL—REBSE
SERBEE. LRPEAERTEAFN KLPB00 RFIEHE%®E, HEHF
RAGEMME, REXAERBIAKMERESL, AITLUMRE>SOmTEE. T
R 0°C—85°C, HIMA SRR 300°C, KEH <+0.25% , BN 0-200KPa,
AT LA 2 KR FE K

2.6 &it
AEWRTHTRRNT . CREVMEL URSIEEAEREMAEEK
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B, SMENEKEERTTIE. HEEHNR S KERAAE 2] &5,
EEBT R SET AR S,
FARGENETTi. CRAVERSPIOMEEE, 2HaEE5H0E

Pl R HARGE R AL 2600K. FEMARELL 40%MRREF S B BT UL R T
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R THA T SRR FFERILR 3 T A TS R
B, TS SRR B LR, FERR N E S
FHRGER RN E S
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ERXNFENTERS: BREUREESE, BESsZEELREER TER
iR ER:

B 3.1 RS arEE
TEAEEESHREE:

3.2 G HRRE

3.1 Bt 5iHEREE
B 2 A B J b M SRR AR, R U 15 3 Bt A T AR
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ZEFETHEHRROLLRMT 5 TR

RNBRARFEEKTE. FHEZAERENEHEERD, BHEENY
10°W/m?, XLIRLERS RAKIESS, TO ISR LT R 57 2 RIEEAT AT DL 2
ik, WREHHU AR L e A% BT BB 2 HABH KRS, ATELA N
BRI B SRS AR T H 2 AR,

WiE s FAT R R, BEMNZRSARERR: KBEH. KR
HABAT B AL SMESH DA R AN KRR ST 0 R 5. KRHTE 1AU BER RO ST R N
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