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Design of External Circuit for Induction Coilgun with Low Acceleration

Force Fluctuation
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Abstract: Induction coilgun usually generates pulsating
electromagnetic force which causes the large acceleration force
fluctuation of the armature during the launch process. The
excessive peak of acceleration force and the inordinate
acceleration force fluctuation may be harmful to the load,
especially for those carrying sensitive electronic components,
which limits the value of induction coil emitters in practical
engineering applications. Addressing the above questions, a
new type of driving circuit for multi-capacitance time-sharing
triggering is proposed, and the feasibility of the circuit is
illustrated by analyzing the influence of the change of
capacitance value and armature triggering position on the
emission efficiency of the launcher. Three modes of driving
circuits are designed for comparison, and the calculation
results show that: under the conditions of the same initial
energy storage and the approximate muzzle velocity of the
armature, compared with other circuit triggering modes, in
the time-sharing triggering mode proposed, the peak of
electromagnetic acceleration force of the armature is reduced
by 2.04 kN, and the acceleration force fluctuation is reduced
by 2.36 kN. Therefore, the driving circuit with time-sharing
triggering capacitor could effectively reduce the peak
acceleration force and acceleration force fluctuation, and
provides reference value for the design of the induction
coilgun with sensitive loads.
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Fig.1 Single-stage induction coilgun model
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Fig.2 Driving circuit of induction coilgun
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Fig.3 Time-sharing triggering circuit
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Fig.5 Driving circuit of time-sharing triggering capacitor
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Fig. 6 Muzzle velocity of armature at different

capacitance values and triggering positions
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Fig. 10 Speed curves of the armature in three modes
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With the development of electromagnetic
launching technology, the demand for carrying high
precision electronic  components on  high-speed
launch loads is increasingly being emphasized by
researchers. Induction coilgun usually generates
pulsating electromagnetic force, which causes the
large acceleration force fluctuation of the armature
during the launch process. The excessive peak of
acceleration force and the inordinate acceleration
force fluctuation may be harmful to the loads,
especially for those carrying sensitive electronic
components, which limits the value of induction coil
emitters in practical engineering applications.

In this paper, a circuit of time-sharing
triggering capacitors is proposed to reduce the
excessive electro-magnetic force and acceleration
force fluctuation. The proposed circuit of time-

sharing triggering capacitors as shown in Fig.1.

Fig.1 The proposed circuit of time-sharing

triggering capacitors

The capacitors (C,, C,) are bipolar capacitors
and the freewheeling diode is deleted in the circuit.
The triggering unit consists of a capacitor and a

thyristor, which is connected in parallel with

S2

previous thyristor. More triggering units could be
designed when smaller acceleration force fluctuation
is required.

The influence of the changes of the capacitance
value and the armature triggering position on the
electromagnetic launch performance is analyzed,
which can be concluded that the optimal triggering
with  the of total
When the c,

connected into the circuit, the total capacitance

position  increases decrease

capacitance value. capacitor 1s
value in the circuit is reduced, and meanwhile the
triggering position of the armature increases, which is
beneficial to the launching of the armature.

Three modes of driving circuits are designed for
comparison, and the calculation results show that;
under the conditions of the same initial energy storage
and the approximate muzzle velocity of the armature,
compared with other circuit triggering modes, the
proposed time-sharing triggering mode in this paper,
the peak electromagnetic acceleration force of the
armature is reduced by 2.04 kN, and the acceleration

In the

armature

force fluctuation is reduced by 2.36 kN.
the

the acceleration force fluctuates

traditional ~ driving circuit mode,
decelerates and
greatly at the driving interval of the two coils.

The results show that the driving circuit with
time-sharing triggering capacitor could effectively
reduce the peak acceleration force and acceleration
force fluctuation of the armature, and provides
reference value for the design of the induction

coilgun with sensitive loads.
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