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Effect of Propelling Velocity on the Restoring Force in Induction type Coil Guns

Ki-Bong Kim
Motor Lab. Sam Sung Electromechanics Co.

Abstract -While the projectile in the induction type coil
guns is in motion, there exists an induced current in the
sleeve coils of the projectile.  The motion includes not
only the z-axial movement but transversal movement.
The projectile in coil guns, which is not supported
physically, gets a force in the transversal axis to have a
motion in this axis, As a result of this motion, sleeve
effects are exhibited to the projectile. This paper
presents the analysis of the secondary effect especially due
to the propelling velocily of the projectile.

1. INTRODUCTION

induction type linear clectromagnetic launchers (LIL)
have array of multi-turns circular coils in the barrel and
conductive sleeve in the projectile. The drive coils in
the barrel are solidly {ixed while the projectile is traveling
inside the barrel with extra-high velocity.[1][2] The
projectile, which is not supported by any physical means
except air, is oscillating and balloting in the barrel while
it is propelled.  The force acling on the transversal axis
of the projectile is called restoring force.[3][4] Since the
projectile is moving in the strong magnetic field produced
by the drive coil currents, there exist motional induced
currents, It is obvious that not only the {ransversal
velocity but propelling velocity affect on the sleeve
current, and as a result, the restoring force is affected by
the propelling velocity besides transversal motion. As
shown in Fig. 1, sleeve, which is a finite and continuous
conduclor, is virtually discretized in multi-section of
coils.[5]
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Fig. 1. Mulli-coils sleeve and Multi-coils drive

Dynamic motion of the projectile can be analyzed as a
result of the combined motion of individual sleeve coils.
Thus, investigating the phenomena in single couple of the
drive and sleeve coils is a fundamental tool for the
analysis of the dynamics in coil guns.

2. EFFECTS OF THE MOTION - INDUCED
CURRENTS

2-1. In ease that the sleeve coil is located on the
left side of the drive coil.

When the sleeve coil is in-.’motion, there exisis a sleeve
effect due to this motion.  Consider the four points on the
sleeve coil as shown on Fig. 2. -
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Fig. 2. magnetic flux map at the sleeve coil

The vectors of the magnetic flux density at each point are,

atPy: B,=B.+By'+By
= B,y -4,'~ By - &'+ B,y -d,’ (1a)

APy B=ByteBy+hy
= By d,'~Byy-dy'+By-a," . (ib)

atPy: B,y=8,y"+Bg'+By
=B,y G, +Byy Gy +Bey -Gy’ (10
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atPy: By =B, +By'+B,
= 3,1-5,'+B¢]-5¢'+B,,~5,' (1d)

where, B,,<B,, and B, <38,
The velocity vector of the sleeve coil assuming the coil is

not spinning or rotating about the center of the coil is
shown in Fig. 3 and it can be denoted as,

atPy: V=V, 4, +vy 4y +v, G’ (2a)
atPy: Vo ==V,5 3, +Vg ' +Vv,-d,' (2b)
atPy: V==V, 4,'=vy-dy'+v, a' (2¢)
APy Vpy=Vv,y G, Vg dy'+v, 4, (2d)
where,
Uy = Uy = Uy, €OS O (2¢)
Upp = Uyy = Dy, sin & 26
U, == (V= Uppy) = =50
when, s=slip v = synchro velocity. 2g)
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Fig. 3. velocity vector in the sleeve coil in motion

Motional e.m.f can be obtained from the fundamental
relationship é=DxB. When the conductivity of the
sleeve coils is o, motion-induced current at the point is

J=oé. Hence, from Eqs.1 and 2, the motion-induced
current at the point is calculated such that,

a & &
aPp:Jy=0(V,xBy)=0v, v, v, (3a)
By —By - By

=of(vyBy + v By )G, + (0,8, — v, 8, )@y = (vBy + v 8,y))- G,

a a a
atPy iy =0(V X Bp)=0|-v, Yy v, (3b)
By -Bp By

=0{(0y B+ v,8p) G, + (V28,3 + 0, B,7) -8y — (V2 Bga — 9B )4,

a a, a,
atPy: J;=0(V,3%xBy)=0]-v, -uy v, (&19)]
Br2 BO’Z BZZ_

= 0l-(vpB2 + 0,By) G, + (VB + 9,8} -Gy~ (V4 Byy = vy Bpy)]-4,

a d, a
MPy: Jy=0(V,uxBu)=0lv, -v, v, | (d
Brl B:)l le

=0l—(VpB, + v,8y)-d, + (0,81 = v2B,1) -4y — (V2 By + V2 Byy)]- &

Since the sleeve coil is considered as a filamentary, only
the tangential component, of the currenl vector is
considered. However, if a s’mglc conductor of the slceve
coil has considerably lurge cross-scctional arca, the radial
and axial components of the current vector can not be
neglected and calculation may be more complicated.
From the fundamental cquition
df =1dex B=aJR, dax B, the force duc to the motion-
induced current, can be obtained as,

df,y = 0a,R(0,B, By ~ v BY) da-d, (N) (4a)
dfyy = 0a,R, (2B, +v,B,,BY) da-G, (N) (4b)
iy = GaR(0pBY +0,BaBy) davd, (N)  (40)
df-e =0a,R,(v,8,B, —u,zéf.) do-d, (N) 4d)

Since the restoring forces at each point are the y-
component of the radial forces, the net restoring force for
entire sleeve coil due to the motion-induced current
becomes,

"2 4

Fo=[ Y dat@) (V)

o0 i=l
n/2 4

= [ Yeosadfu(@ (W)

0 i=sl

2
=-0a,R, [[20,(B,2(@) Bra (@)~ Ba(@) B, (@) +
0

(V1 + V) (B () + B (a))] cosox do (N) (5)

~118-



Since three terms, (B, (@) By, ()~ By () B, (a0),
(U +1,,) and (Bi(e)+B% (), in the parentheses
have positive values, and the force due to the motion-

induced current is acting in the negative y-direction,
Thus, it is anti-restoring force.

2-2. In case that the sleeve coil is located on the
left side of the drive coil.

Consider the case as shown in Fig. 4,

sleeve coil ' bl (fixed)

Fig. 4. The sleeve coil is located on the left side of the
drive coil

The vector of the flux density at the four poinis on the
sleeve coil is such as,

atPy: By =-B,-4,'+By-d,'+B, a,' (6a)
aPy: By=-B,4,'+By-d,'+B, &, (6b)
atPy: B,y=-B,.4,'~B, a4, +B, &' (6¢)
atPy: B=-B,-4'~By -d,'+B, &, (6d)

where, B, <B, and B, <8,
The velocity vector remains same as Eq. 2. Therefore,
the restoring force equation for this case can be written by

changing the sign of B, and Bq) in Eq.5 as shown in Eq. 7.

n/4
Fy==0a, R, [[-20,(B,2(0) Ba (@)= Bi(0) By (o)) +
[}

(0 + V) (Bi (0) + B ()] cosax dor (N) (7)

3. CONCLUDING REMARKS

From Eq. 5 and 7, one can notice that the restoring force
is affected by the propelling velocity,  As shown in Eq.5,

in case that the sleeve coil is located on the right side of
the drive coil, the effect due to the propelling velocity
does an anti-restoring force. However, as sliown in
Eq.7, the effect of the propeHing velocity is a positively
directed force while the effect due to the transverse
velocily remains the same direction.

Reminding the definition of v, as shown in Eq. (2p), the
effect of propelling velocity to the restoring force reduced
as the propelling velocity get bigger.  However, since the
magnetic flux density difference at the top and bottom of
the sleeve coil is small, the effect of the motion-induced
currents is not a dominant one and it can be considered a
second order effect.
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