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Theoretical and Experimental Study of Several Issues of Electromagnetic Railgun

Ballistics
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Abstract: Achieving the high muzzle velocity and high precision in launching process is an important research
subject for electromagnetic railgun, a direct-fire weapon. The launch process of launch process is different from that
of conventional artillery. Therefore, some completely new scientific issues need to be investigated to achieve the
esearch objective, including 1) the uniformity and consistency of initial contact between the armature and the rail
during the engraving process of armature loading; 2) the interior ballistics consistency; 3) the in-bore launch
dynamics; 4) the discarding sabot dynamics of muzzle with arc magnetic fluid; 5) the flight of hypervelocity
projectile; and 6) the consistency of pulse dischrage. This paper carries out theoretical and experimental research
from the perspective of ballistics, covering the entire launching process, including initial ballistics, internal ballistics,
intermediate ballistics, and external ballistics. A small-caliber electromagnetic railgun launch system is designed
based on relevant theories and key technologies, which is equipped with an automatic loading system, a high
repetition rate and high-precision pulsed power supply system, and an integrated launch package (ILP). The
electromagnetic railgun launch experiments are conducted, and the high-precision launch performance is realized.
The experimental results demonstrate that the muzzle velocity exceeds 2000m/s, the launch system has good
consistency, and the muzzle velocity error is less than 5%o.

Keywords: eclectromagnetic launch; pulsed power supply; small-caliber electromagneticrailgun; ballistics;

hypervelocity projectile

WA #: 2025-12-29
BEEHMBFE: baomingli@njust.edu.cn



][I

05|

FEL R 2 A SR AR R EL A v Sl 43 2% e R T 1
PERTREE A5 B S A R B R 4 R
M, ZRZRESR . SE% K GHEER
WM B, N T SEBL R PUE M I — S E R
ERE R BRI S  H AR, HIE SRR
2 B AL ) AR R, X RER AR ) T TR
GORIE . NBRIE. P R)IE A IESE . ik, R
Uit 7T FEL RGN IE R S S R I FE B A REME . ARk
BT 712 L S B IE , X HE T R ETE M I AR
N K B A S SO TREME .

FEL R R S e — A5 e HL- Rl - 34 D 1 2 B8
R GRS . TENBIE T, EANAMITFN
Pl 4% PR LT M R St T R P R R R ) T R
ROBIBL, MRS IR AR . U, B R
Fh IS X S 453 K X 2 ) 8 a2 () R P 2 AR TR R
2l 772 A5 A AT T SEIR I AR B R TR . Watt”!
SN RS HIUR B BUPIE R A TG U e T A A sk
5% Deadrick™S A A PR 2210 HE TG B2 S
HEYTHOTRE, B3 7T BRYUEE 4N HIE TR
g5y Kerrisk TGy s kKB T HUER I —
YRR, R PR 22 43 7 v S I R I
43 A% ; Johnsonl! V& 73 Hr T #UIE L FH DA K IR R
SRR R (EAMIE 75 T, Hundertmark!!45 18
o T R R S R LA RE R, e AR Bh J1 A
FAENHET, A EARR] T 5 kg B ST FLUAGS
i 2°~80° TR I KATBRIE YL 7RSI ME,
RITTH, Lil2VEEER ) ki ik 7 22 W B 37 5 45 DN 42
kb X Ot Erm A . =4 R AR R T VT
JETIRNFTE, NN gE., He g, AhsiE a4t
TR T B S 3, I S ok, E N EBFFEL
FICTE BT EAR . BT AR 7R 2R WS I 540 5y
ST T, R IR AR e SIS T
— B EMNATE RGNS, BRI A X
INOR GRS 2 E A R T, IR BT
TR 5 P BRI L H R] S L A RUIE S 1) SRR TR R
CLSEEL R S P RE I RS 8ETT -

HHE RS E R WE 1 fis. AL
20mm [/ 142 RGN IE R 5 25 B AE N T 4R
BX/NORRGN SR, TR ERYE R
T8 2E V) S S SERG A AL, E AN Bl A
SEXT R BV AR R AR A BT v . IX e G
e AN -

/

POt

B 1 RERIE R R SR R

Fig.1 Electromagnetic launch system
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Table 1 Armature material elastic-plastic constitutive model
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(a) Protruding rail-armature contact cross-section
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Fig.2 The relationship between the armature interference fit and

the initial contact pressure
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Fig.3 The relationship among the mechanical preload force, the

maximum stress inside the armature and the interference fit
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Fig.4 Excitation current curve
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Fig.5 The simulated curves of armature velocity and

displacement
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Fig.6 The current distribution in the armature and rail
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Fig.7 The armature tail beginning to melt
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Fig.78The temperature distribution of armature surface at 0.8ms
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(a) Vibration deviation (b) Vibration (c) Vibration
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Fig.11 The variation curve of the vibration angular velocity of

ILP over time
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