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Design and analysis of the structure of helicon wave electric propulsion
experiment system piggybacked on satellite

Wang Junfeng, Zhao Hua, Ren Qiongying, Xu Yanlin, Bi Yanqgiang
(Beijing Institute of Spacecraft Environment Engineering, Beijing 100094, China)

Abstract: The helicon wave, as one of the attractive ionization sources for the space electric propulsion in the
future, is attracting more and more attention domestically and abroad. The piggyback experiment on a satellite for the
helicon wave electric propulsion is used to validate the technology. In this paper, the structure, with the main part

bearing the load, is designed and analyzed, followed by a mechanical calculation by the finite element method(FEM)

to validate the rationality and reliability of the design.
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Fig. 3 Sketch of subassemblies outside the module
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Fig.4 Temperature of subassemblies outside the module
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Table | Main materials and their parameters of the

subassemblies
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Table 2 Test conditions for the subassemblies
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Table 3 Results of modal analysis
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Fig. 6 The first order modal shape for the module
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Fig. 7 Changes of the subassembly under static load

iR LW

D F T, SAER NI I PIRE R

2) WAHE 3 N5 T2 B N 4 5k
102, 2.0~ 3.9MPa, Z/NFARlREMIR, 224

MEZE KT 1.

XU HH 25 A VIR AL D IR, R
WK,
2.4 MAFESH

WERET 5 ANTTRERIFGRS S & (&l 8
FroR), LIRSl FE v i B . 3X 5 AN R
Rk anZ% 4 Fior.

SRR om
275 2
12793 11876

K8 AfFI R R
Fig. 8 Measuring points on the subassemblies

F4 TRESIHBA
Table 4 Definitions of the node numbers
T ERS fr &
12793 HE 7 FE AN T 1
13487 TR st A g
11244 AT A IR
10796 JE S B 5 AL
11876 Hl48 PCB

B 5 HA SR AE R A 9 s

Response

S:5.033,N0:780. 1
5:2085F,-5N0:601.0
S:0.4486,No: 1048~
:000150,N0:0.000E0
.8255,N0:727.1

Frequency/Hz

(a) x [IBELI N

Response

£0,N0:0.000E0
:537.0

350 700 1050 1400 1750 2100

Frequency/Hz

(b) y [ BEHLIR LY



598 NN S . A S #3145
NE s P BN 1 TR, I A
o4 N U BRI B R T AR REER A, b
. 10 \ACQ—Q F A RS N AR K, s, TR AE
i TR 5 KA R — B BT .
T , SE @k (References)
| rmmemstam () 5K, TR, B, % B T AL
102 350 70()F- 1()50“/H1v400 1750 2100 THFTHERELT]. HERERIR, 2011, 32(6): 857-863
© =z g;;?;f“; Fjl Xia Guangqing, Wang Dongxue, Xue Weihua, et al.
9 & A PSD BENLMARNE (FE x y z =ANFFID Progress on the research of helicon plasma thruster[J].
Fig. 9 Response of the nodes in three directions(x, y, z) Journal of Propulsion Technology, 2011, 32(6):
TSR G TN S 22 47 s A B A 857-863
;]:@[810 5 AN, BB ) T R R, LR [2] Miljak D G, Chen F F. Helicon wave excitation with
TR 1 PCB R M 51742 Py T A A s B rotating antenna fields[J]. Plasma Sources Science
Ty T LA 2 Sl T Technology, 1998, 7(1): 61-74
B3 s 2 77H (ERTER (3] %, (TBE, WKAAE, . RN Tk
JIRTD MR, O 115g(RMS). 1K R4k LB SRR ST/ 38 U o [ o e 2 R £
12y 254 N, BEAS M5 BRET &2 I8 7 HI N WICh =M, 2013: 36-37
254/8=31.75N, T M5 BRAT {9 % PR . [4] AR, MR, DR S RIS E LR
RN . FL 5 A S B 9 [CL/ 38 T B L R 2 AR <%
H ok e .
m”j&if%ﬁﬁl_ - X X WICER. )M, 2013: 49-50
D SIRAREN T SAFBRAMEINAEE sy e gk, fes0n 5. iR
B2 IR — U B L Py A AR R L E L BDIR A L[ C// 26 L b 1 A HEE 22 AR 2518
2) AR G BT ARF A G BRI S SCER. M, 2013: 21
S B RIS IR, R T 4 R [6] AFERyE, T/KRZA, WM, 5. MEHER HENE U< LR
LRI T e FL V2 4 S0 I 70 BT [C// 55 L i o [ e et 2 AR
K AR IO, 240, 2013: 102-103
3 SHRE (71 AEXI, Z DM, Sore, & TRRshEERNM]. b
50 HUBRCTME AL, 2010: 58-109
ALV T R e FEHERE R A0 e 1 S [8] Z=FWIE, &AM, HA{- %, 2%, Patran 2006 55 Nastran
PEEERIVE T, (EIRIERE LT TR . 2R 2007 A TG SLB4R FEAE M. dbst: Bk Tk
ST ROCRIEN SROPRT, ESiseaen] iﬁzﬁffiﬁﬁ%ﬁthﬂjrA$m
N REE. DRSS | el =t
SO EL I g VAN o
12/3#275%@[‘3’3?7%@?5? W BT ER, S, 2004: 132
FURT AR B I TUESEPE R “BeE oy gegm. LM A HCPM]. dbse

Beo LB AR R o1,

EE RN
#|#F % . E-mail: witbuaa@163.com.

TR H ARAL, 2004: 86

(iR HABAR)

FH%E (1986—), B, MEtFE, SAIEN, TERFRRS TS HEMRTEMTHTAZMRSE § Fhix




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


