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Figure 1 (Color online) The comparison of load configuration. (a) Wire array; (b) solid liner.

104701-2



NG EAE. TR E RN MBS )5 RO

2026 £ 56 % 10

FE IR Nz L W EAH, B R XL
AT TH B R SN R MR T B, e = KAz alas 2L i
=, BV BT b7 5 40 [ X S 46 % (Los Alamos National
Laboratory, LANL). Z5{& ¥ 36 5< /K [H 55086 =
(Lawrence Livermore National Laboratory, LLNL). =t
Hb IV [ X 5256 %8 (Sandia National Laboratory, SNL), 5
F[H = A FUSL F (Air Force Research Laboratory,
AFRL). & MsSLI8Y LA 5T Bt (All-Russian  Scientific
Research Institute of Experimental Physics, 3¢
VNIIEF) 55 HF 78 507 35) 457 02 T e ] 4 22 i8] 1A 428 S A O
RN FH B

AR PR IR e U B0 ANR], T A5 1o oA
FI kb T2 %e B 3 B0 NP Ah, R AR R 4 K AR AR
(Explosive Magnetic Generator, EMG)# F 25 28 2H ik
MhIThELREE . [ R E 2RO R B e 4 S I
WILh @ B, 8IS W Fe 4 S o i S iR FRAE L 24 4k
FRe Oy iRe, DLSCEUIK A K R . R
AR AEZS AR FAE BEAERT /N R B, frh R
WA R Ik e B, (H B S s A B e HLAT
MERYE. TG R E L2 B S DR A 2 AL Be,
PR PG IS I, 280 P B AIS HL AL F 4 V1
MBERAE. BTHT/EREMK. nJTEIMH. L
B AR, TR & E R A G T, AR
Mkt DhRILE T2 REERAMSE RS, HrE

DEMG

Current (MA)

48 cm
8 km/s

300

Shiva-star
14 MA/8 us
10 cm

Pegasus-II
12 MA/6 ps
6cm
7 km/s

10

wML AR B UK R (E2).

H20MH 290K, KE . P s FEE K
SIS W T — RN TR A R T H R DK
BIAEE, RE T2 RIS 4. LANLSE
I p el T ROKAERELS MT. IEE FLIRS.8 MATK
Pegasus BN, fEILIEAE ETF 9 8 i Pegasus 113
B HER KM N43 M), TR NI2-15 MA.
20004F /i 5 A& ) Atlas3e B A RE 23 MJ, IE(EH AR
HIE30 MA, fEmE10 cmELAR N 48 B 15 ik &
20 km/s, H 3 ZE T 58 [ <M i AU 5L 56 (Above
Ground Experiments, AGEX)it¥” {5 &8 [E A&
T2 LG P R s U012 Phelixt B USWE y—Fh ZE 4% mT
o) okzh &%, il 557 BAHProton Radiography,
pRad)F &5 &4, AT 7E — RS2 56 3845 22 I8 il 17 =k
FEE . AERRNERL 4 A R 28 O 1, A% BT VNIIEF i
il i [ 5% & 2E #%(Disk  Explosive Magnetic Generator,
DEMG) 5%k HLIf AT 36400 MAMS! AT DIAE250 401 ght:
TEARE 1A 4> BIINIE B 155145 km/s, HLAEESE 2 mfg
YEZ51920015 10, X H Al ARRER VE o 75 2% 4 bk v o
B0 B M DL B o IO Bk . 1 A ias s e = R
R IRBN A A BN R R T REMKEREREY
FISLIGOE AT, EMBISIARE T, FEFFR TR,
Z Pl 4 S R 4 SR A N R RS TR . R
AR e iR N AR EE TR AR G RN 2 S I Bl A R

USA

s

| EMG

Russia
|:| Capacitor Bank

China

Phoenix
100 MA/10 ps

1993 1996 1998

B2 (s RsoRe B B A A0 T [ 1A ] YRR AR K Rk e

2001

2010 2020

Figure 2 (Color online) The long pulsed power devices for solid liner implosion around the world.
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Figure 6 (Color online) (a) The schematic diagram of the X-ray imaging system on the FP-2 facility; (b) typical X-ray imaging of static and dynamic

implosion.
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schlieren imaging.

T~ B [ TR R S S A P S B e () ) 28 4k, FP-1/2
2 EH FEE R4 SPDVIEUR & B K2 MR g
(B A EILES. B EIEA 4N PDVIllE R 3k,
AT DASE H 2 1 B P 4 A [ A 1 o7 B8 1) R0 0 5 T
s, FLEE A AN [FAT A N TG SR A, AT DA
56 25 1 BRI PRI 20 . BT DLRE I & [ R 2
T REE (1 N ST B, AT B0 R 1 4 3

SHFIE(EI8(C)).

g LRTIA, FEMRVCDE I R TR R SR
BB ZES| N, FPRAIEEE B A& ME s,
HEC AR PSR, & T IF R 42 T B
B S50, MR RGRRABOR BBk, AR
N ER A B 2 o 0 3 7 2 A DL R S PR B 5
FRYSAR AR () 8 ST AN R ARAD (B8 $R A 78 43 1 S IR 1

104701-7



harB s, E R WES 03 ORI 2026 0 B S6 & 5 10 M)

Ll ‘
{ |

J%

(N \\. ’»lﬁ’;. 1.11 | “.‘ ol
MY i
AT JWWMWMW“K

u"

Velocity (m/s)

B8 (MZHRIE]) (a) 4iPDVIllIER L (b) BEHCA AR BRI 13K (o) BREAFLIAPD VI

Figure 8 (Color online) (a) The schematic diagram of 4-point PDV; (b) the liner load with the probes assembled; (c) velocity history of liner and

target.
1, IO B SE a6 Ve TR B S0RE

3 EWRERI AR AER
31 BEFERRBELIRT A

ol X 5 i s ) P AR BB B AR H K
B2y ARV BIYIRAS . B RSS2 R R A
HUGE . MRS AR S 122 LR, HAR LR
SR UL T LAAS 25 RGN RS, SR 2R R A
PRI AR e, Ao P i S Rl mT DA 3 3 B2 41
WS EIHE. XA AR P A
FA AN o) A AR R OS24 DL JRAT T4 345 20 1 A
AR My PR ik, RO IZ SR
PR SR BT Z N RS HORBGEH, il
— W Y Y = AEVE AR UK. AT e
EA B =R, 2 Ja S BB TR S i — Y3
VERGIRAR BN 120508, B o X 20595 5 S
frisxt E 43t

3.1 EFEER

TR R R R A MR R (T PR R, B
JEJE 5 AR L v] 2 AN T, T 5 A e BT aE H.
T EEIZ R MIARE, WA — AR IE
2, DRI e R S RO SRR RS
B AL TR Jym, WAL S RIS R, HazshJy
(=D
m% =2nrPy, = —'LZOTI:, €8
Ho, Py = BY2ugom B AT, po N SBT3, B
Tea] BRI N KU [ 3, 8705 AR g s T T i 1) il 2
AR R R S SRR ) T R L, A
FARRR . X TR R BRETE, X ()BTRS, B
FISRAS TR fR] P R~ A Rk P o 1) PR A2 £

3.1.2 AE4HEIRE
AR T SRR ] DA H A O R U 3 A
1E, (ERX T NEEY, ShrfEn SEREBkERE

104701-8



NG EAE. TR E RN MBS )5 RO

2026 £ 56 % 10

K. e, WL IR 48 o I B 1 SR L A4 LA
%, WrnfBUE RO, H, SRR BRI AT
TR ARK, B BAEE R A I A 2215+
B NI, BT EL A RS, @7
T PR JE WA (K AN AT IS AR, A I T4
B BREMEIAE RS, BREKTZHx Iz, BIR
ARIash; AR R B, #s AR T &
i AN Bl s 4 Dy = B e oM B T Bl g
HERSNEEAE A, WREAE N, g
WHE AL E (n<r<r). WAL E RIS
By =n(r] —r?) = const, Wlrs, = r;, [FIEL, LT
B mEE ) =g e R E S B R
HE, = J.fopnrhrozvo2 ! r2dr =mphrvn(r,/ ), HrhhhE

fa i, p NERE L, v R B RN R . e shae
(B4R AR LR S BT oh, LG e T8
A AR, T R dE/dr = PySvy=—uohv,I*/ 4nr,, N
1Py, = B*/ 2uy = pol*/ Sn AW D, S = 2nr N E
fE MR IR, T f] 41 S T

dv, _ vZ 1 wol® V(. 12
dt 7, lw,~In|8x2r} +2—’”o ! P2l @
5 Phry, vARES, AR 2 15 A ST
dv, _ w21
dr rp o lor,—lor
pol® V(o o
“8n Zory2 2r,»r§(r" i ) )

FEC IR 26T, ATel@E )G &
8 A A SR B AT T, 7R AT DRI R AT AL
BRMHEEGEE. FTEUHNLE, ERATTESBE R
ARTIEH, RN T &ML B AR K, #
JEAR2AE 454 8 B 4 7 A B B R AR (b

313 HIEA=E-RERE

To At B AL R A AT R4, #RR B
B SRENZN. BT EBERAS LA B, 4
FELJAL 0 48 25 R I 2 2 R AN, R ) A8 S (P
RE) S Bl AL N BTN RE, T A& 4R Ak N Eh g,
T EL B Wi s w18 o, BRI K, FERGRESS
BN ERNGE. LA REIEE B, ERNIZ

A A B IR RIE S B AL, T A
ERWBINS, TRMAHE R, {F s & & #
AR R S BN, At B A AR R IR AR
ERBUE. AW KR IRMBERAR A R, —
A IE LA A A LA A T < R A A R B
MAEIE S WA, ASNEETHRE). =
ML S i P R 2 g s R K, g X

90 = [ 12 de, ey Vi e R AT 5 .

. [ 5% S 56 % I Tucker S NV RGE0E 78 T LG5 A4
FEW 202 T R B F R AERLRE, 1931 1 <R HL A
B H/E BRI R, A FH AR 5 T AR5
BT, BT EAEHE R &S T IR IR E
ABIAARRIAR, N A A e B A E, (HH
VE R &1 AR A R T 1t
BEANER R, EFIEAEr, >> A, B2
BRI, FBIRAT AR B AN R, B R
BANTTREN pd?r, Jde? = —uol* 1817, °A =~ 1 27,
T = 12mr R IR . S RSB T A F T
L]
p=-BR 2= -2 00, @
For, j = JIAF R A R E R E, IR
PRYHCR BN, O REHI RIS Z R, R
P SCATHN, HAERI RS b e E R0, feshEae
PO REEE, DRIt v e A E s, T LA E
HEAMUZ TR T HERBYSBHPRE R, 28
HLR T T EEEE R 3 ) S BRI A AR .
(A)FIEN, P PRATIE fo 41 G TR 32 e o TR FO R 43 22
PERGC, AR K BAR TR R, BRI IEL
FIEEE R AR &, 1 T BT, ORI NHAE
MR- R el An] Rt g, —4
SOLIDACH 54 Xt b, MBI, % I8E R H
RSB E, Sebrd R Ean, HIgs R T N
.

3.1.4 —HEEIBMELRIA NI FRERF

FIH AR A, 8 A B S BN — 4
FRFP AT oAU, SOLIDFE 7 AR I [H A &
6 PN R 0 G ) — 4 5 B T R AR ) b IR T,
HARSIT /G ThRe, nI B0 A i 4 7 3 A2 DA

104701-9



> s » “ o N e
ey 5. PR B MY e RO 2026 & HS6 & 10 )
2.0 1.2
L @ "
l.z vell!l'riumm = T 1'8 l 0 ( ) . 2 y
= BV il 5 41.6 - — — 1D sim
Lor e-action model
= = Vib_simulation 114 _
N — Loy peri <, 08}
» (.8 experiments y [ 112 E
g z <
e 410 > 0.6F
206 p [ = £ r
s / [ 408 ~ < y
S
> 041 / Jos > 04t
y4 0.4
0.2+
* 10.2
y 0.0
. - g . : - 0.0 . . \ . i i
0 2 4 6 8 10 12 14 0.00 002 004 006 008 010 0.12 0.14
S 0w/0,
8 - 6
N
7 © \
N 5L

Velocity (km-s™)
s

thin shell model
2 — = equivalent factor
= = e-action model

0.0 0.5 1.0 15 2.0 25 3.0

Radius (cm)

Velocity (km-s™)
w
T

2} — — e-action model
incompressible model

0.5 1.0 1.5 2.0 25 3.0
Radius (¢cm)

B9 (MZhR ) IS Y o N BT SO BE XS LE. (a) FAE B, SOLIDUHRAIR 5Igaxt L, (b) AR EEME T
AT I B R LA (0, N VR IEARD); (¢) FAE B - T AR 55 3 e R R AR 0 b (d) PR Y Bl A TR RIAN W s 4 A 2R F f B
Figure 9 (Color online) The comparison of calculated velocities for simplified model liner implosion. (a) Comparison of electrical action model,
SOLID calculation results and experiments; (b) velocity estimation under different electrical actions (Q is the electro-explosion value); (c)
comparison between electrical action-velocity model and thin shell model; (d) comparison between electrical action-velocity model and

incompressible model.

LB ERME GBS, 18 0] DU FE N 78S
JRE ARG SUHEAT T, W BB R B A R B 1
P9 B L.

5T SOL IDAR JF Al LAASEALL T ThT Ak T A0 R T %o
FRIBL R IE B R, RS R Rk R, BREZETS
(V)
PSS” _ 66er erze' (5)

R VI ETE, v R AR 2R (HE
ET1/p), wehlF#E, dERIEWEKSE,
d=1, 2, 33 FNPH FETABRTIA AL, R AN
b2 I N N7 i I N ol 1 L T [ B =
HY. =s,-P—q, X,=s,—P—q. Hh, PRFEHK
JE, g NTLEME, s/2 70 & (R bR 1IAN25 R R
A ) 2 &), X T g &, LR s E R B
e AT B, BldMyde = 0. a5 m 5, BIFR P IR AR, A%

+(d—1)

P B AR 25 RFF AN,

BB EE R RE, AR ITA R A il
T S RN R E, W fE e T RN
E=vsig+(d=1Dsy,] +(P+q)v, =0, (6)

Hh, ENBALRENAE, BAERE =ou/or, é=ulr,
82 7 B R AR R 7 B B 9K 3R NS, = 2G(E, — v/ 3wy,
$, = 2G(g,— v,/ 3v,), GBIV &

e bRz g, EM RSP E R B, I
W #OT 2 GruneisenfRAJ7#2. Steinberg-Cochran-
Guinan AR A S0, Misesd IRAEN], FEHET
Von-Neumann# R Z 7343, ga#l] T SOLIDFESF. 1ZFE
JFBR T AT DAL R A A AR Pl AN REARADLI K2R, )2
WrEd Ny EAL R AN SO A B AR AL R A, ik AT
DLG R JE s 8 Bod R T B0, 2T
JEE— RS T U AT D TR B0 A

104701-10



3N PR MR )2 KR

2026 £ 56 % 10

6000
Experiment #0914
- = = simulation ¢90 mm

Experiment #0921

» 4000 | = = = simulation ¢60 mm

E

2

S

o

< 2000

0 n
0 5 10 15 20

Time (us)

B 10 (MREE) R ZEBEZI0M60 mm P i E ik 5
SOL1DH5H 45 3

Figure 10 (Color online) The experiment and SOL1D calculation
results of implosion velocity for liners with diameters of 90 and 60 mm.
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Figure 11 (Color online) The detection results of implosion uniformity test based on FP-1 facility. (a) Liner and target; (b) four perpendicular PDV
probes; (c) impact time deviation; (d) implosion processes by radial X-ray (one frame one shot).
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Figure 12 (Color online) The detection results of implosion repeatability for 90 mm-diameter and 0.6 mm-thickness aluminum liner. (a) Load
current and its percentage deviation; (b) liner velocity and its percentage deviation.
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Figure 13 (Color online) The comparison of cylindrical shock wave experiments and SOL1D calculation results. (a) Schematic diagram of inflatable
load configuration for cylindrical targets; (b) comparison between SOL1D simulation results and experimental results; (c) imaging of shock wave

convergence and rebound for cylindrical inflatable targets.
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Figure 14 (Color online) The schematic diagram of cylindrical liner
impacting complex configuration targets as collision moment. (a)
Elliptical target; (b) outer-circle inner-square target. Dimension unit in
the figure: mm.
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Figure 15 (Color online) The experimental imaging of outer-circle inner-square aluminum target (filled with 5 atm helium). (a) The laser schlieren
8-frame imaging; (b) the schematic diagram of square shock wave, attached shock wave, Mach stem and corner jet.
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Figure 16 The laser schlieren 8-frame experimental imaging of elliptical cross-section target (filled with 5 atm helium).
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Figure 17 The radial X-ray imaging of MRT instability experiment.
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Figure 18 (Color online) The comparison of experimental and calculated results. (a) The position of the inner interface; (b) the amplitude of the

disturbance.
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Figure 19 The X-ray imaging of RM instability experiment.
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Figure 20 (Color online) The experimental and calculated results of
perturbation growth amplitude.
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Figure 21 The visible light imaging of sequential experiments on rough tin target.
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Figure 22 The X-ray imaging of sequential experiments on rough tin target.
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Figure 23 (Color online) The comparison of simulation and
experimental results for shock wave and mixed layer evolution at
typical moments.
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Figure 24 The imaging of the mixing evolution for gas-filled target with prefabricated tungsten powder on the inner wall.
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Figure 25 The implosion evolution of the targets and comparison of tungsten powders with different particle sizes. (a) Evolution of mixed layer; (b)

particle size of 10 um; (c) particle size of 1 pm.
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Figure 26 (Color online) The current capability and future prospect of magnetically driven solid liner implosion.
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Magnetically driven solid liner implosion is widely used for achieving high energy density states in the laboratory, with
important applications in hydrodynamics, weapon physics, fusion energy and other fields. The FP-1/2 solid liner
implosion loading platform was developed by the Institute of Fluid Physics of the Chinese Academy of Engineering
Physics. It has conducted experimental studies on various complicated configuration implosions, assisted by a precise
testing and diagnostic system, and has played a vital role in associated major concerns and applied research. This paper
reviews the development and present state of the magnetically driven solid liner implosion platform, as well as the
physical application experiments based on FP-1/2 facility in recent years and the insights gained. The device-load target’s
matching and optimization design reduces the current waveform deviation between shots to less than 1%, the implosion
velocity waveform deviation to less than 2%, and the maximum time deviation as the liner impacts on the target to less
than 20 ns. It demonstrates that the driven platform has good synchronization, repeatability and implosion symmetry,
which are the foundations of high-precision physical experiments. Based on the FP facility, metal liners weighing several
grams to tens of grams are driven to achieve implosion velocities ranging 1-7 km/s, and have been successfully applied
in flow field studies in complex-configuration gas regions, cylindrical RM/RT interface instability, cylindrical gas-filled
ejecta mixing and gas-particle two-phase flow, among other experimental studies. Rich experimental evidences have also
been acquired, and it is critical that we enhance our understanding of the underlying physical difficulties. In the future, it
will be necessary to improve loading and high-precision diagnosis capabilities in response to actual engineering needs,
develop innovative experimental technologies, collect high-precision experimental data, and provide data support for the
verification of physical models and 2D/3D codes.
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