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Study on temperature rise of electromagnetic coil launcher
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Abstract: Synchronous induction coil launcher mainly uses pulse current to supply power directly to the coil.
The temperature rise of armature and coil will occur in the actual working process, and it is a major factor restricting
the development of coil launcher to miniaturization and high speed. In this paper, the temperature rise model of
electromagnetic coil is established. For single trigger, Comsol and self-programmed Coilgun are used to calculate, and
the corresponding test platform is built to verify the temperature rise. The Comsol method with direct coupling is the
most accurate method, and the change of material parameters with temperature can also be considered. The simulation
results show that the temperature rise of armature is about 4.2 “C and the maximum temperature rise of coil is 7.7 C.
Because of the limitation of measurement delay and sampling frequency of thermocouple temperature sensor, the
armature temperature test curve can not measure the maximum temperature point in the simulation curve, it can record
the temperature change curve in the whole test process. The change of temperature and the final stable temperature are
basically consistent with that of the simulation. The maximum error is 6.1%, which shows the accuracy of the
simulation. This study lays a foundation for subsequent multi-stage coil continuous launching.
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electromagnetic induction coil transmitter

Fig. 2 single stage electromagnetic induction coil transmitter model and corresponding parameters
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Table1 Electromagnetic induction coil launcher parameters

internal diameter/mm thickness/mm  length/mm  turns internal diameter/mm length/mm capacitance/mF  voltage/V
armature coil power supply
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(a) armature current wire temperature (b) coil current wire temperature (c) velocity curve

Fig. 3 Temperature rise of coil and armature and armature speed curve
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Fig. 4 Calculation results of motion field of coil launcher
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Table2 Comparison of single stage electromagnetic induction coil transmitter results

method comsol multiphysical field simulation current wire model method
outlet velocity/(m's™") 8.286 8.827
maximum speed/(m-s™") 8.569 9.644
maximum coil temperature/ °C(¢=0.016 s) 28.03 28.29
armature maximum temperature/ °C(¢=0.016 s) 24.10 24.23
maximum coil temperature/ °C(whole process) 28.05 28.29
armature maximum temperature/ °C(whole process) 25.41 24.23

X BRSP4 R AR — 3. Comsol 15 B H R B IR A 30, T 45 R 0 20 2 R vE A 1Y)
FE LI 2SS RTE v S R R BB SR ) FAAL S R R, DR O 3R R 2 1 3R Y o T A
BV o B B M8 Comsol 1 S 1 LA B 1R, T LA 25 B R Ig 0, 0 BB 5 1000 4 A b S0 HiF

B2 P RN 2 P S AR S 43 A FNR R Ay AR AN TR S B o BRCRR K JES S AIMI Y BRI 5 4 P S £ DS A B
TCR B TT, HL ARG 38 5 AU ) AL A R (0.047 5, 0) , HERUHL AR RS FB A 856 A 47 A7 (0.047 499 9, 0.000 01) , Z& 1 5 4k
PR 114 AL IT A B o (0,06, 0), 43 591 SR BSCHEL AR RS 356 -5 402 1 5 4% P9 3 174 303 3 I i) 25 e 1) fi £, o7 B /R TR IR 5 oR AR 11
TR B B 1) A Ak il 2 4] 6 i .

m m
x10*/ (A'm
0.15¢ ( ) 0.04 temperature / K

0.03

0.01 298
0.05 - 0

. —0.01 296

I —0.02 294
—0.03

—0.05} o004 292

0 0.lm 0 0.05m
(a) magnetic field distribution (b) temperature distribution
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Fig. 6 Temperature variation of a specific unit over time
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Fig. 8 Temperature acquisition section

K8 i BER A Ay

FEAR M X B P L/ B L A U Ik e R Sy T ®
VERAR R L0 K s -
T, 5 FRL R FRL R JES S 5 P R O 5, DRI Ik AR vk it 5
3o A v B RK RS 1 om B ELAK SO R L O L Dp®  Q9pO
R T A0 L (3L B A G 8 1 0 i 908 3R 5 SR R A R P B
DX 5L 3 2 0 Y 292 0 0 Y 88 v 4 SR (1 A Rl R R A L ©
X 34 PR 1 5 B 8 Fh K R 2 1 eom 4 F KK A 7 2 1t 28 5
I T B R S (R 25 P E 1% LA PY, B R( 6 3 R . ®
o e e A 1 5 e e 0 ©

X 28 TR I TR A R 8 R A R ) @ ® 5] @ :
T 3R 5 SRR A 3 R 8 A B 0 R 2%, R P inner layout outer layout
ﬂfi@ﬂ%*ﬁ#ﬁﬁ(ﬂﬂ%ﬂéﬁ%%ﬁ Hﬂ‘l‘ﬁj [:[j'f]‘jEEHﬂéffir%} Fig. 9 Layout of temperature sensors
SR, 17 ELE 28 B TE 100 s B 9 B R 18.38 °C, 7R f i 2% B0 HUAR i B 5 A 1]

top view
| | | Il | | | |
| | [
® o © ®
@ @ » ®
first layer plane expansion  second layer plane expansion
(a) layout of temperature sensors (b) photo of coils

Fig. 10  Arrangements and photo of coil temperature sensors

P10 2k B i BE e it A 1 5 Sy 1

035003-6



Pr%
Re

BUSE . B R R 2 | R S A IR T T AL

Rl 19 7E 100 s Bsf A9 3 2 17.25 °C, ke il Bl /) T &
{8, 7 B 5 00 0 A TR IR 25 HE 10% DA . 2R IR
I 2 i S 5 R 0 R b S B i G Y R B DR R R A Tk
Tk A TR T ol A R L) 6 B, 52 o £ L o 4
IR L RS Sk B R A T — R 2 A, IR
JE AL BT B — ]

25 A 1 0 I S F I B H R N 2R T R S Y T
JE 3 I i 25 SR mT AR S, AR S e R v L T A Y

currrent / KA

— simulated current
— measured current

WL 1) 725 e i £ R B A A R R A L 7T Ak B R time /'s
If 2k V| S5 g 1 PR L BE 3 0 LT OR AE ROR ER 1Y, K Fig. 11  Pulse discharge waveforms
B0 UE 1 AT Y BV 1 SRR 2k VB A S 1) L -1 E 3 BT ik P
P EOH IR R AT AT Y
14.0 14.0
13.9
13.8 (\
& &
E 13.8 E
g 2136
2137 s
3 3
13.4
13.6 | —— measured value
— simulation value measured value
— simulation value
13.5 13.2 . . L .
20 40 60 80 100 20 40 60 80 100
time /s time /s
(a) armature tail outer side (b) inside armature tail
14.0 21
\_’_’.—-—-——'— 20
139}
19
& &
- 18
> 13.8 o
= 217
2 g
g 13.7 g 16
2 2
15
13.6 — coil meast}ring temperature
—— measured value 14 — cpoxyresin
— simulation value — conductor temperature
13.5 . . . . 13 . . . .
20 40 60 80 100 20 40 60 80 100
time /s time / s
(c) distance from armature tail is 1 cm (d) coil temperature
Fig. 12 Model temperature measurements
P12 5 R R i 45 2R
4 &
F LR 2235, IR 85 B MR IVRPE, 455 B 42 ¥ Coilgun, DA Comsol T AR AR B & G 4% & S i 72

Hh R A Rk P AR T O, S5 18 00T

(1) AR B0 L 1 2 Yk S e B U U o e i T TR TR A 7 L5 SR PT LIS B, B M — Ak J5 X Le O LA 2R, WL
22 5 1 R 2 AL U 22 22 () A P S R A R 2R BB Y R R, TR I 5 Comisol A G, HLT AR 4 21 #9388 T A K
Comsol 224 L7505 LR FH L% 15 T 380 ANy 2 JBl 33 i )3 12 30, 15 B8 vl - T PEE 0 0RTT ik E

035003-7



weOoW s 5 Ol TR

R3 BERNEEZHFHBBERKMHERINEER (t=100s)

Table 3 Single pulse discharge test results of single-stage induction coil transmitter (¢=100 s)

test temperature/ C simulation temperature/ °C error/%
armature tail outer side 13.85 13.926 0.55
inside armature tail 13.78 13.86 0.58
1 cm from armature tail 13.91 13.947 0.27
coil wire 17.25 18.38 6.1
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