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Abstract

The coaxial plasma gun used for PJMIF requires the injection of 0~30 mg of uniform gas with the
ultrafast gas valve at the switching time of hundreds of microseconds (~300 ps). The stability and
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switching time of the ultrafast gas valve can be directly determined by measuring the position dis-
placement trajectory of the metal flyer plate ejection. An experimental platform was built for de-
tecting two Kinds of ultrafast gas valves, and the displacement of metal flyer plate of the valve was
detected by laser triangulation method. The displacement curves of the metal flyer plate under
two kinds of structures and the switching time of the gas valve of the new structure under differ-
ent voltages were obtained. The oscillation phenomenon during the flyer plate ejection process
was verified by finite element analysis. The results show that the metal flyer plate will produce the
central oscillation during the ejection process. Compared with the traditional structure, the new
structure under the combination of new spring and short wing flyer plate has higher repeatability,
and can effectively control the switching time of the gas valve within 0~300 ps by changing the
voltage.
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1. 5l

FARREI L KR A IR —, R H TSRS EILFBT N — TR TR . B E DL
T SEBGI Be 2 B IR N TR A L, DR TR — Al A . RS IR SR AR 7 5 E I A ]
fE Lindemuth 1 Siemon - 2009 4K KM LT 518, RARBEAAE—MH TR, HEETFREE.
T EANL R (R B FE LR AN LR 2 8], FOE M O AR FEA R TR, %07 BN 5E
B PR B IR R Bh R A 1 2 SR A (Plasma-Jet-Driven Magneto-Inertial Fusion, PIMIF) [1]-[4].

TEVZJT S, B LR E R A5 B ot DL = 4EBR I AR 10 77 V5 [F i 5 HH 3 ST 4 S R, TR AR
BB TR B R ESE#E AL, 1E 20 4D 80 4E4X, Y.C. Francis Thio #& Hi ) FH &5 B8 11 S 9 5h ok i
WEER 7 %, FF@ L I E 7 AT 4T HE[5]. 2008 4EE 4, 25 [H AEVE HT(DOE) B AT REVE R 5 A 5
(OFES)HFJi& 1 191 ALPHA. ALPHA-E 255 25 301 H [6] [7]. H AT 35 [l 407 ] 47 5 4 [ 2% 5256 %2 (Los Alamos
National Laboratory, LANL) IE7E £ % J L1404 & F AR R R se it 3 B, EEIT R 36 M2 60 B5%5 & 14
SHRIC SR BN F 55 B8 AR 52 I SE SR [8] o AEE P, JLT R B 5 TH AW SR A 2007 SR 46 557
FEF TG 20 AR R AL AT B 70 #T 9], g RHHOR Ak medsi b0 1 2019 4EJFJE PIMIF T H , 1E
TERE T JRAR AL B LS = AX A 4l 45 28 74 STG1 (ShanghaiTech Gun 1).

7E PIMIF T H 1, ()4l 48 B 1AM T e i i byl PR IRIE L 0D PR 66 R ) P 7 58 5 A R JEG 58
NSRS, 25 T B 1 T Bl Sl B RS B T . 7R 55 BT A R 38 SO R i B R IR
A TIFER R R AR, 8§ x B = A2 I 70K 7 23 (0 55 B A R S 25 . H AT AR )
KA ATETEEMEME SN, BIFMES., BREET KB — MM etk S mmReE,
U R PR A (Ultrafast Gas Valve) =4 —AN55] . Fase i IR S R IZAAE T RO iz —.

ARSI ) B R R R R R O GRS &R KB T T x B PR AR R RS &R kA
Gt DR B ) KA AT ATE E R (~us) IR ] N SRS B0 T J3 RIOG T . F T PIMIF BRI
&4 1 Alpha2gun. HIL X AR B TR IIE[10], BN T3 =SB 4 STGL pEHIS

il
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I B U o L P A R P SR B P AR 5, e [ R 25 B ) B E BITLE 1990 4EHEAT I “r R
Pk B REI FMGV 2517 BFFE[11] [12], %/ MIIKIAT P [ 7E 0~800 ps 22 [Al, 2011 4ERFA 9l T-45
TR IR BN I A% P kv A IR [13], JF ST F] 2 200~2000 ps. 7H 22 58Il K 44T 2020 4F R AT
A58 BT R 0 O 8 R PR TR PRI T [14], ORI AL 340 ps.

HITF STGL AP IR 75 B (0 S5 Uit DA AR S Hfl . MRS IR STGL 5 Fikia iy
PO, AT DATE S5 B8 - MAA [ JEC R TR VR N\ 22 e B SR 38 ST PR AU, BRI LM T 152 T PR S L 45 4 T 12
T At PR SR ) (e PR SR AR R DRI SR FH T G0 S AR AR SR B A S, A P T R AR T
R LA A (1 R 4 R N AR B R s

PRSIV E B E RN FFR S, RARISRIE CEHGEEAR ih2. ARk
by SRAGUERA I GRS IR T LA RO AR SR TERE, R ECRAESR(>100 KHz) 4 HEE (<1 pm).
PR RE (IR < 0.29%) 1 I3 T BT AT 2 Xt BRI IS 1 75 >R o = A O I PRV 2 — b R (0
BR, TR TE RS R I 3 5 T IS 2 R AE B A 23 5 R B TSRS, v DASEsln # sl id 72
R AR AT I [15] [16].

ARSCAR TR = A0 EE ek SR 1 C S AT IR AT RAE M TAE, Z TAERE IR STGL
FERASIR A HEREEAT RGEME AT Lo I N & RS RZEAS A SRR TR | A 45
TAERE: PR TIRES, R T CEREIRSIILE, KR PR SR I B,
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Figure 1. Section drawing of STG1
[ 1. STGL & m &

DOI: 10.12677/app.2024.146056 510 S A B


https://doi.org/10.12677/app.2024.146056

MR R R AR TG 15 STGL BIBFAR T r= AR RE A > 70 kmis, SEES T KE <5
om. B TARERKE <0.25 m. RS ERZE < 50 ns (4R PSR, Hh R T AR REh i R
ARG R SR P A S B R R B AT IO A AR, i 1 B, STGL TAERS, w5 A< mm Py i, 4h
HL B H 1) 25 B AR RS v NI S B ERAR S Bl JG ST AR SR AT T B, T 38 ) I PR &5 25 144,
B JE E N AR AT EBEAT B P, FUR j x B R IR PR S 3 TR R S H 26

IR TTLAE 107 Pa LS 385N TAF, 7£ 0~300 ps (IJF5<i a] pyifid 0.5~5 mg <4 m &, H
BARGE R U] 2(2) B o IR FH SR TR T P (PEEK) ADRLIE P9 404, SR 2024 455 S APRHEIE 4 J8 ¢t
PIAS T 5 BT T 4 SR AR 2R B LA SRS & KR T, WAk b e S IR ) A R s LR A 2R
RALRI AR ST 60 ANEERE AT AL, KA NIRRT teE SR O T R DG pie —

K3 LRI 3E [FFE PR > A 60 NMEIFL, 78 CILBRGHZ A Az A, [ fL &z =
GIETHAES, BEERALAHEES RS, WE 20)fin, SELHARSMH. IR A
FBEAH WM R AT, B R BRI R, RER W R e TSALR T, i 2(c)
Fie AL IO - A0SR 7 AT 1 = B, AR R N = R HE RS, BRI AR I R AT
K.

KEAACH

(b)

BTREL
R A

Figure 2. STG1 ultrafast gas valve: (a) Structural sketch; (b) Section drawing of traditional structure; (c) Section

drawing of new structure
2. STGL#BHRSIE: (a) HHIEE; (b) FREWREL; () FHBLLEMIRE
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HIBERT L, By A E RN PR AR IR . A I SR R E LR P AR I 2 2 B LN
35,000 N 378 B £ 8l 77 [ (1) 2235 77, e r= AR WEAE 2908 20 mifs (1) 5L o

AR =B Bt ) TAERBE . 72 TARRE, & 2e T R s B #E ST 55, 7E 10~20 ms P [A) <R
PEAN 1~3 BarA A, R JERABEST R, M BORSE — M Bt <. BEJE T i in e, sk e &
1E5 LR A2 T d B Ay A\ K fE 8 B[R B m) _b tS HRFT I AOC P AR [l AN S A%, 1K
B AT DUAE CRAIE T I (] &2 % 50 1R [R) I a2 B0 25 35 s ME BT, R 00 N AR 42 o)
A By TSR T H PR AR 40
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Figure 3. Principle of triangular laser ranging method
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WOCERL 1 £ EE T B OB IR AR 28 52 I . WORIR R SO EHANYIR T, b IR B 2
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R
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A AT
Lsing  MN'sina 5)
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|- f
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L= (I- f)MN'sina ©)
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IR ARG R B HOCIRME EVE Ll BRI 1 SO TERE . ORI L € [20]. H
HNZEAR TN ek, E W ANYH BB, B H AT E R Al LT B ANE A —E 120
AR H AR TN IR PR RERRAE, DRI HRAT T BR8] B O 6 I B v 4 AT A A

3. SLINRERER
3.1 MiREERERE

16 = ot i 7 % _E, BAiT%E B Keyence LK-G5000 %5 DL &2 H150 #£3)k, #3055 Bl A 150
+40 mm, KEEREE N 392 kHz, FEFEE 0.005 um, ZRPEARSFE 0.02% F.S.. ARSI 15 % SRR
THE A 200 kHz, A&V [l 298 /b 2] 150 + 7.6 mmo 2B i IR, 122158 4 70 A A 04 S ) L A2 755K
HETAS B BT A AL A% f 2k DL G v 45 SR S5 /NI 8] 29 3 28t 2 PERE BRI E 5 ps.

AR T EAE LA FEAE 107° Pa LUR MRS g AT IR, 1 AR R AR E I s T . IR B O
(2 s AT o, I B B SRR 22 I A R I M (100 A1 A SR AR L 2 s A P R K g
ATUCHS, il 4 Fros. SRS —RIMES RGN, i sLie = R 50w P <R 1 B Btk =
B PRGN o 8% AL BRAS R K 428 i R B SR il I | iy % 38 AV A >R ST . R A (0 47 2
FEBeit Lo 0~7 mm,  [RLH hR SORA IR 2 25 7F 145~150 mm 2 a], B H QA7 S O A6 75 B 4T
o
3.2. MR

STGL AP B8 Z RN R, HTS3RE 2R RS %, STGL IR 45 i 2
FEBEXESAERA CEL AR, R T 7R Bt 32 B N AR ) (1 7 T AT et . AR
SEBG I ) SR BEAR LR 73 R, — POt SR AR A ALK R IR SRR SR, H—FoE
R AR 55 B RS A R AL A, AR 5 o, MR RN TREHIE
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Figure 4. Displacement test platform for Ultrafast valve flyer plate: (a) Schematic diagram; (b) Physical drawing
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Figure 5. Schematic diagram of the two spring and flyer-plate combinations
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4. WHgEsy
4.1, ¥EBIRTIIMR

FEXAL ST IR G BEAT I E), B0 T RE A RO RBIILR o OB L BN s Az 7 R A A IE o
L, BEIE 6 ()2 g At JH ik n] LUE 2 WERAE AT R h A R RIS AT, T j x B (KL
TIHEALHIUNT 0 AL, UL REDE I EALAE LI R AN Tl A i BAE TR R ik i
MIBLR . SEIZ 2 D2 T R R T 2 b T R4k B8 B KT A, 80 AE S G
Il 2 AR RSN, U0 [ B SRR T A AT —#

R B o, NGRS — RGCK R Rl WA RI0 A%, 1521 6 (b ZkrIZE R, R KA
LGN BRI LT, 776 W RR 5 FIAL ™ A2 IS AL R A0 BT OSSR, T SR TR
9300 ps Ao i H ARG 0T LRI, s AR T RS, 2k (c) (@) i) ZEE, AARE
KA O RIRBIEE, R KLY 2 mm.

SRR AT IT AR R 2 B RELL G T LM A AN AL B R EROE,  BIAUH €8 W atid 2
RIS E R S IRTT R IEREA 17 T 8 L. ERSE RS, B LG R i /o8 kAL
OEVREAIES

4.2. RN RBEITIEIL 47

19 RS ARG DI 235 SR T LAt R rh L A 25 i 28 ) 22 01 el TR BhIE i, (B R B A I
HroRAEAEIZ — W 3B BR 7o B m] DLEDUL S, A A S S i AR Th B E B IRAS
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Figure 6. Comparison of center-edge displacement curves in traditional structure
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Figure 7. Results of Ansys simulation: (a) Deformation of flyer plate lunching; (b) The moment of the maximum deforma-
tion occurs

Bl 7. Ansys #RIULER: (a) CRARSITRRETHELE; (b) RANDHIARZ

KRR St RAE LRSI S AN E] Ansys i 508l )22 7 it Dt MBI 52 2%
FERE, AR TRTE AR ) ISR A eb s TRERE K 52 70 IR0 AR RS A e 2 8 1) F i a3t . 4 50 ps AR
— KRR S A IR ], SRS WA SR I R TR I AT DL, WA T(a) . AR KA
RErh, HART] A i KEE RGN 12079 1676 MPa,  #11&] 7(b) BT o

WEEM B ARSI O REIL T O R ZIRSNITE DL, BN IR R KL 2 mm,
REHATEPr MRS R 5. Wl 7() b KA PR, AR h LT 06 52 21 UL 7 1T 7 AR
FIRPEERE F3, g AL B AN BIEAG, BSOS AERDAE T R RS, dt S 8 R A IREh .

FESLTCAL R AHT Y E R 50 B PR e AT AR IR B R I B KA S AT 52 21 00 58 3 s T
/AN, TG S B S PR I EL SR B IR ) KNS I K, B AR BRI AR AR R /N EIR AR
F 35028 g R AN A Y A 5P T ST FR 3 P2 T ORAIE 1 BRI IR IR 1), SCAE S 91 250 iz A sl AT
PRAE AR TR I A 2 2 B 2 i ph i THZSR A AR Al A, R KRR LB A
BB A B T ) R TR, BRI O ARSI R B AT DA R, AR L 2
BRATIRIRIT K
4.3. tEGEMSIBIRFT X ERE

LG8 RGN B RBONTE EE, AR A RE IR ERRTHE T, HMh5E4EREmRIEL. %
G R AE #E AT A 65 Mn, K JF 55 mm, JERSEE 430 MPa [21].
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Figure 8. The change of ultrafast valve switching time with the number of tests in traditional structure
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e, HAKEE S 7 3 mm, SR ) 245 1 2 A 1l OO B S 0
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Figure 9. Comparison of center-edge displacement curves in new structure.
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Figure 10. The change of ultrafast valve switching time with the number of tests in new structure
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Table 1. The relationship between voltage and total switching time in new structure

1 FEEHTRESSIFXHERX R
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