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Transient influence on the electromagnetic launch rail under a cosine

function of the magnetic pressure

LIU Feng, LIU Wen

(College of Science, Yanshan University, Qinhuangdao Hebei 066004, China)

Abstract: This paper studied the friction damping factors that influence electromagnetic

rail launching. An electrical magnetric launcher orbit was simulated into an elastic foun-

dation beam under a movement loading, a mathematical model of beam was established

by using Euler beam theory, and the analytic solution of the flexural deflections of an orbit

involving exponential functions of the dynamics problem under a simple harmonic pressure

was derived with the help of the integral transformation, the inverse transformation and

so on. The results of the numerical examples with MATLAB software showed that the

elasticity coefficient, the viscous external damping coefficient and the coulomb damping

coefficient have different influences on the transient dynamic response. So it provides

sufficient theory evidence about the initial value problem of solving a higher order partial

differential equation and improving the performance of an electromagnetic emission device.
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0 Ú ó

>^�ÏL>^åu���[1−3]. 3r�>6íÄe, >^�u����Ý'DÚ»�

�Ý¯�õ. Ïd§±ÕAu��ª, 3�pÐ�!��§Ú¯��Â��¡wyÑÃ�'

[`³, �«ú°!º!���Ô?Ö. {I°�3FcÁ�¥, r>^;��\�� 5�(

�±þ��p(�, Â� 200 km 	8I, �§´°�~5Éì 10�, �»�å¯<. {I°

����3 DDG-1000.°ÅéþC�>^;��[4−7].

·Ié>^u�C�nØ9Ü�5Uü�Eâ�lïÄ��#â». ���é>^

;����ý©Û¿ïá�.[8]. T. Tzeng æ^�5Ä:ù��ïÄ>^u�C�;�å

Æ�.[9], í�
���§¦)L§. ÙfÚ¾pB^.¼C�O�ëYù�­C/[10].

Fryba ék�ù3£Ä1Ö�^eÄ��A?1
ïÄ[11].

±þïÄ�Ñ´é$uo�½o� �©�§�¦), 
éÊ�9Ù�p� �

©�§�Ð>�¯K¦)��ïÄ, ���U?;��5Ä:�Þ{ZåéÙK��ï

Ä. �©ÏL¦)���§)Û)5ïÄK�ù]�Äå�AÏ�, r>^u�C�;

��[�£Ä1Ö�^e�5Ä:þ�{|ù, |^î.ùnØïáù�åÆ�., /

Ï LaplaceC�!Fourier C���{, ¦Ñ£Ä{�Øå1Ö�^e;��Ä��A)Û),

MATLAB ?§w«: �Þ{ZXê, á�{ZXê, �5XêØÓ§Ý�K�Xù�]�

Äå.

1 åÆ�.

Xã 1 ¤«, >66²�;!>Í9Ù±�r^|, T^|Ú6²>Í>6p��^,

�)r�>^å, íÄ>Í9c¡�u�1Ö÷X�;�\�$Ä, ��ò1Öu�Ñ�.

ã 1 >^;�u�C�u��n{ã

Fig. 1 The general diagram of the railgun

�Ä��ýé�Ýk'Ê¢	{ZåÚá�ACÊ¢{Zåéù�K�(�ã 2); /Ïî

.ùnØ, ��{�/�Øå�£Ä1Ö�^e�5Ä:ù]��A���§|[12−13]�
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ã 2 �[¤�5Ä:ù�;�åÆ�.

Fig. 2 The rail is modeled as a beam on elastic foundation
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m
∂2w

∂t2
+ csI

∂5w

∂x4∂t
+ EI

∂4w

∂x4
+ kw + c

∂w

∂t
= qcos (x)u (x),

w (x, t)|t=0 =
∂w (x, t)

∂t

∣

∣

∣

∣

t=0

= 0,

∂2w (x, t)

∂x2

∣

∣

∣

∣

x=0

=
∂2w (x, t)

∂x2

∣

∣

∣

∣

x=L

= 0,

(1)

Ù¥w�ùLÝ, m = ρbhL«ùü �Ý�þ, ρ�L;�á��Ý, bÚh©O�L;�ùî

�¡°ÚpÝ, EI ´ù|�fÝ, cs �ùá�AC{ZXê, k´�5Ä:�5~ê, c��5Ä

:Ê¢	{ZXê. þª¥, ¼ê p(x, t) = q · cos(x) · u(x) �±�Ý v÷;��cDÂ>^å,

u (x) = [1 −H (x− vt)], vd Heaviside ü ��¼êH(x− vt) L«.

2 |^È©C�{)���§

?Ø�§

m
∂2w

∂t2
+ csI

∂5w

∂x4∂t
+ EI

∂4w

∂x4
+ kw + c

∂w

∂t
= q · cos(x) · u(x). (2)

dÐ©^�, éª (2) 'u t?1 Laplace C�, =

ms2w̄ + csIs
∂4w̄

∂x4
+ EI

∂4w̄

∂x4
+ kw̄ + csw̄ = q · cos(x) · u(x). (3)

d>.^�, éª (3) 'ux?1 Laplace C�, =

˜̄w(ω, s) =
q
{

iω
1−ω2 + π

2 [δ (ω − ω0) + δ (ω + ω0)]
}

m (s− ε1) (s− ε2)
. (4)

K ε1,2 = − csIω4+c
2m

±
√

(

csIω4+c
2m

)2

− EIω4+k
m

. - ξ = csIω4+c
2m

, η =

√

(

csIω4+c
2m

)2

− (EIω4+k)
m

=
√
φ. K

ε1, ε2 = −ξ ±
√

φ 6= 0. (5)
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� � η 6= 0, ϕ > 0, η´¢ê, éª (4) � Laplace �ü, ¿^3ê�{O�, òª (5) �\�

w̃(ω, t) =
q

m

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]}

(

e(−ξ+
√

φ)t

2
√
φ

− e(−ξ−
√

φ)t

2
√
φ

)

. (6)

� � η 6= 0, ϕ < 0, η´XJê, η = i
√−ϕ, KC�

w̃(ω, t) =
q

m

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

(

e(−ξ+i
√
−φ)t

2i
√
−φ − e(−ξ−i

√
−φ)t

2i
√
−φ

)

. (7)

� � η = 0, ε1 = ε2 = −ξ, òÙ�\, ?1 Laplace �ü¿^¦)3ê��{O��

w̃ (ω, t) =
q

m

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

· te−ξt (8)

éª (6)—ª(8) ©O?1 Fourier _C�, �

w(x, t) =
q

2πm

∫+∞

−∞

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

×
(

e(−ξ+
√

φ)t

2
√
φ

− e(−ξ−
√

φ)t

2
√
φ

)

· eiωx
dω, (9)

w(x, t) =
q

2πm

∫+∞

−∞

{

iω

1 − ω2
+
π

2
[δ (ω − ω0)+δ (ω + ω0)]

}

×
(

e(−ξ+i
√
−φ)t

2i
√
−φ − e(−ξ−i

√
−φ)t

2i
√
−φ

)

· eiωx
dω, (10)

w(x, t) =
q

2πm

∫+∞

−∞

{

iω

1 − ω2
+
π

2
[δ (ω − ω0)+δ (ω + ω0)]

}

× te−ξt · eiωxdω (11)

? Ø η� ¢ ê ½ J ê. -λ = c
2m
, µ = csI

2m
, Y = 2µλ − EI

2m
, J = λ2 − k

m
, K η =

√

(

µω4 + Y
2µ

)2

+ J −
(

Y
2µ

)2

=
√
φ.

-φ = 0, )�ω4 = − Y
2µ2 ± 1

µ

√

(

Y
2µ

)2

− J . Pϑ1,2 = − Y
2µ2 ± 1

µ

√

(

Y
2µ

)2

− J . ω4 ���

ω1,2 = |ϑ1,2|
1

4

(

cos
ψ1,2 + 2kπ

4
+ i sin

ψ1,2 + 2kπ

4

)

, k = 0, 1, 2 · · · , (12)

Ù¥ψ1, ψ2 �ϑ1, ϑ2 �Ë�Ì�.

(1) �ϑ1 > 0, ϑ2 > 0, dª (12) �ϑ1 > ϑ2, ω
4 3ω ∈ (0,+∞) kü�¢�, = ω1 =

ϑ1
1

4 , ω2 = ϑ2
1

4 , ϕ > 0, η3ω ∈ (0, ω2) Úω ∈ (ω1,+∞) þ´¢ê; ϕ < 0, η3ω ∈ (ω2, ω1) ´X

Jê.

(2) �ϑ1 > 0, ϑ2 < 0, dª (12) �ω = ϑ2
1

4 Ã¢�, ω = ϑ1
1

4 kü��É¢�, �ω ∈
(0, χ2)�, φ < 0, η�XJê, �ω ∈ (χ2,+∞) �, φ > 0, η�¢ê.
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(3) �ϑ1 < 0, ϑ2 < 0 ½ϑ1, ϑ2 �Jêdª (12) �, ωÃ¢�, �ω ∈ (0,+∞) �, ð

kφ > 0, η�¢ê.

(4) �ϑ1 = ϑ2 = 0, dª (12) �, �kω = 0 �k���, φ (0) = 0, ω ∈ (0,+∞), φ > 0,

η�¢ê.

3 Ä��A�)Û)

b�

M =
e(−ξ+

√
φ)t

2
√
φ

− e(−ξ−
√

φ)t

2
√
φ

, N =
e(−ξ+i

√
−φ)t

2i
√
−φ − e(−ξ−i

√
−φ)t

2i
√
−φ , U = te−ξt

?Ø η��"Ú�"9�¢êÚXJê, ;�ùÄå�A)Û)w (x, t) k±e/ª

(1) � η 6= 0, ϑ1 > 0, ϑ2 > 0 �

� L > ω1

w(x, t) =
q

2πm

{∫ω2

0

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

Meiωxdω

+

∫ω1

ω2

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

Neiωxdω

+

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

Meiωxdω

}

(13)

� ω1 > L > ω2

w(x, t) =
q

2πm

{∫ω1

0

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

Meiωxdω

+

∫L

ω1

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

Neiωxdω

}

(14)

� ω1 > ω2 > L

w(x, t) =
q

2πm

∫L

0

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

Meiωxdω (15)

(2) � η 6= 0, ϑ1 > 0, ϑ2 < 0 �

� L > χ2

w(x, t) =
q

2πm

{∫χ2

0

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

Neiωxdω

+

∫L

χ2

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

Meiωxdω

}

(16)

� L 6 χ2

w(x, t) =
q

2πm

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

Neiωxdω (17)

(3) � η 6= 0, ϑ1 < 0, ϑ2 < 0 ½ϑ1 = ϑ2 = 0 ½ϑ1, ϑ2 �Jê, )Û)w (x, t) � (16) �Ó.
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(4) � η = 0 �

w(x, t) =
q

2πm

∫L

0

{

iω

1 − ω2
+
π

2
[δ (ω − ω0) + δ (ω + ω0)]

}

Ueiωxdω (18)

ª (13)—(18) =�{�Øå£Ä1Ö�^e;�Ä��A)Û).

4 ê��~©Û

�â¦�)ÛL�ª, ?§, ?Ø;��Ê¢	{ZXê, á�AC{ZXê, �5Xêé

;�]��AK�. ;�9Ö1ëê�L 1.

LLL 1 ;;;���ÚÚÚÖÖÖ111���'''ëëëêêê

Tab. 1 Parameters of electromagnetic launcher’s rail and load
ëê ê�

;��Ý L/m−1 2

�¡°Ý b/m−1 3 × 10−2

;�pÝ h/m−1 1 × 10−2

�þ�Ý ρ/(kg · m−1) 8 700


¼�þ E/GPa 120

1Ö8Ý q/MPa 110

Ê¢	{ZXê C × 105/(Ns · m−1) 1.3; 1.5; 1.8; 2.0

á�AC{ZXê cs × 1015/(Ns · m−1) 100, 120, 150, 180

�5Xê k × 1010/Pa 2.532; 2.172; 1.772; 1.272

ã 3 �Ê¢	{ZXêé;�ùLÝ�K�. Ê¢	{ZXêé;�ùLÝ�K�wÍ,

;�ùLÝ�XÊ¢	{ZXê�O�
~�.

ã 3 ØÓÊ¢	{ZXêe!:LÝ-�m'X­�

Fig. 3 Node deflection-time curve at different coefficient of viscous damping

ã 4 �;�ùá�AC{ZXêé;�ùLÝ�K�. á�AC{ZXêéLÝkwÍK

�, ;�ù���C/LÝ�Xá�AC{ZXê�O�
O�, L²;�ù��Äé;�á�

SÜ(�k²wK�.

ã 5 �;�ù�5XêéLÝ�K�. �5XêéLÝ�K�Ø²w, LÝ­��X�5

Xê�O\
¥eü�ª³.
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ã 4 ØÓá�AC{ZXêe!:LÝ-�m'X­�

Fig. 4 Node deflection-time curve at different coefficients of material damping

ã 5 ØÓ�5Xêe!:LÝ-�m'X­�

Fig. 5 Node deflection-time curve at different coefficients of elasticity

5 ( Ø

nÜ��Ø©Ì�o(ü::

(1) �©ò>^u�;��[�£Ä1Ö�^e�5Ä:ù, �Ä{Zå�Ï�, æ^î.

ùnØïáù�åÆ�., í�Ñ���§�)Û). ÏL Matlab ^�©Û
/�Øåé>^

u�;�kXØÓ§Ý�]�K�, ù��O>^u�C�JønØ�â9Eâ|±, JpS�

5!��5,l
�Ð�n)>^;�u�C��ó�5U.

(2) ÏLO�©Û: ;�ù�LÝ�XÊ¢	{ZXê�O�
O�. �Xá�AC{ZX

ê�O�
~�. 
�5XêéLÝ�K�Ø�²w, LÝ­��X�5Xê�O\
¥eü

�ª³.
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Remark 9 In order to apply the subdiffusive Black-Scholes model to real market data,

it is crucial to give parameters estimation procedures. One can refer [10] to see details for the

estimation of the parameter α.
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