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Abstract: To accurately analyze the armature-rail contact characteristics of high-speed enhanced
electromagnetic energy propulsion devices, a method that combines numerical calculations with
experimental measurements is proposed for dynamic analysis. Firstly, a mathematical model is
established between contact resistance and physical quantities such as muzzle voltage, rail
current, and magnetic field. Experiments are designed to measure parameters like muzzle
voltage, rail current, armature speed, and spatial magnetic field. Subsequently, the armature-rail
contact resistance of the enhanced electromagnetic energy propulsion device is calculated using
experimental data on muzzle voltage and rail current as well as finite element numerical simulation
results. Further analysis of the armature-rail contact characteristics at different stages is
conducted based on the calculated contact resistance and armature speed characteristic curve.

Finally, the serviced rails are disassembled and morphologically scanned to provide validation of
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the reliability of the contact characteristic analysis at different stages through the scan images.

The research results reveal that the armature-rail contact resistance peak at 8. 5 mQ during the

initial stage, leading to severe rail damage. As the acceleration progresses to medium and high

speeds, the contact resistance stabilizes around 0. 78 m{), indicating a consistent and stable

armature-rail contact state. However, at the high-speed exit stage, the contact resistance exhibits

significant fluctuations, resulting in poor electrical contact stability. This research offers

fundamental data and a reliable reference for further research on rail wear and system performance

enhancement in high-speed electromagnetic propulsion devices.

Keywords: electromagnetic propulsion devices; high-speed conditions; contact resistance; rail

morphology; armature-rail contact

HL B T A0 206 A O — o R e SRR I B
JE 0 R MR EL RE R R A A LA TR
B %) 1R B 17 P G S A5 20 T R AN T AR
348 5 7 L, 0 A S ke e — ol P BT R I Y S AR
LR R B R A R O A A RE N LU
I 5K 2 HL I 05 1 AR A5 BE K Y 8 E Bl RE DA AR
S HEL AT R AT IR BF 5T BN L O IR T 4R Kk
JEUS AR BRR O HL I L R SR REIR B DL RS
FEL X 5 3 PR 8 4 1 OO0 T S AR T b £ 27 1) 3
IR o SRR G 5 5 ) e AR5 20 e R L 32 T 5
RE PR R I A 0 B X WK B4 i 4 v
T UERG 43T .

2 fik P BEL i S e 2 Mt 4 P 1) T B A L B
1 SRR A 42 i el SEL Bt T 1) £ 25 Ak it 28 Sk 43 b W 3 el 42
i o SIS R O A 2 T L o Mk e
JE B S AR 20 TR A e Al R T X R
TR e R B A 00 e O R i P R S e L
HARBE YA d i o, 24 H 3 s fb I B A KA
3 R 2 A R T L P I R 11/ R R Ak B R
J I DX 38K P 7= A 2 A Ak B R AT R4 B 11/
R W St A7 E — A W A 4 2 i) L 3 3, TR I A 3 0t
it 11 B8 Jht e L P L 2 U000 Ay R Pl Ak R . S
FR[14-16 A2z fo rl L B8 20 5K A B L 2% 58 T 22 Ml
T ful O R0 A B o 422 ke el BEL 45 P36 X6 9K B ait
i PR B IR S EAT T e M AR B 28 b i A
KAF R LA 2 I 5 5 (5, B IS 58 o 6 i i
MR A . SCHRCL7 J&E X 388 50 20 3K Bl 26 L i i ok
fift FELRIX SR 220 A9 PN S 485 B N R AR 80 D A
JER I S I JhE TR P 2% A 8 AR 20 2 fl el L, SC
Hik [ 18-19 13 F b J7 3ok X6 X 290 22 Al R 25 147 T 40 G
SIHT 5 HE S 2UAH E A R R L E R TR 5 SR LR
A TR 0N, 5 R RGN L 22 W T H AR R B, B
P fol B BHL S S B oA 9T 25 5. SCER(20-21 ]9 0 e 2

zkxb. xjtu. edu. cn

HL 5 A 5 10 07 2L SR T 4 B B DL B
BARAS . 3 8h A HophoA 0 e AT T HOBTR
ARIFFE ) AR KR AR % P A G L VLA L Z4m T
AR R BEL AN M) T 3 T 8 e A e e ) o 8 0 A

A S 2 Bl 78 4 M v L X o 3 Y 3 R O A
T 1800 m/s) R0 1 548 700 A, A 4fE 26 Y 4 i
Rt AT sh a8 0 . B Je il i S 36 W 58 R R I
SRAE SR ST T v BH S R R R L LI O L
by Sy i 2 8] B BB, A T SEBR AT
PR i R X 328 3 114 A AL 1D 3 A 4 R L. R R ]
2 i FEL JEL 0 B2 A% HiT 2 o B BEXT HRX A JiE PN 52
Byt R PR B b R PR R AT T B AT BT A
A MR A e LIS A 2 T S IR, X o A 1 AT AR AR R AT
TERAE . BT ST AR AT B P L AR e R G
AE 45 S (L BE Al B AR A9 T S 2%

1 B 5 i O i

L1 EhEMBEEERST

it 8 56 Y HL R B FE E e B A A T LR
FL TR AN BB LA IO K B 1) ) 3 Ml R P 5 e ) 4
SRR figp 2 i v BEL o DT Sz e 394 5 TR0 WL 1% R 3 A
7RISR 1 E6 i A

HE ARG 1R, BERSH 6 DIk
g PR R L P SR XURIR T BRI 50 D 8 HE A ]
FEA . WBLIE T o — R . AR -
C RUEAR A S BEL B 22 A0 S i el 36 S84 )i 41

1 HL G RE A 2 LA A

Fig. 1 Electromagnetic propulsion device structural diagram




30 [N .

PN

%559 %

BHEE.

HSE N HL B AE Y K n] RIORE L R AE A 2
B RAL N 2 Pros i i B LR o 1 O BLIE
HIUR s Lo L, 2 20 B AV BH 19 %5 800 8GR, R, W2k
S MBI 1) 25 5L B s R Ol AR B8 Y MK B4 f L BHL
R, N XA LB UL, Oy L i 3K 2l 2R B Y R O e
J PRI g DX U NE L T U, R 97 28 R B R TR
4L

LRER UKL

B HUBL,

BIEHBHR,

LE HLBILR,
b R,

HURK MR,

i 11
HLEU ) ‘D
IVEEN NS

&l 2 FL R R A ke A I
Fig. 2 Electromagnetic propulsion device equivalent

circuit diagram
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Fig. 3 Diagram of propulsion and measurement device
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Fig. 5 System parameter measurement
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Fig. 6 Measurement results of muzzle voltage between
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Fig. 7 Magnetic field measurement curve at point A
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Fig. 9 Calculation results of contact resistance, armature

velocity and displacement
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