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Introduction

e What is the Helical Flux Compression Generator (HFCG)?
e What is the problems of models?

@ The corrections from 2D model to the 1D model.
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HFCG

Helical Flux Compression Generator (HFCG) is a device based
on compression magnetic field by a closed current-conducting
circuit. It is used for high amplitude impulse of magnetic field
and current.
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Operation principle

Let us take solitary motionless closed circuit with current. The
circuit is superconducting as a rough approximation.
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The conserved quantity of magnetic flux is:

= [ [ Bas = const 1
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Operation principle, electrotechnical method

Let us take solitary motionless closed circuit with current. It is
superconduction as a rough approximation.
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The conserved quantity of magnetic flux is:
&=L I=const (2)

where L is the inductance of circuit, I is the current in circuit.
Taking into account resistance and other magnetic flux loss

d(L-1) B
BT +RI=0 (3) rls
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HFCG Structure

Stator is a solenoid
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HFCG Structure

Armature is a conductive pipe
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HFCG Structure

Explosives are inside armature
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Operation principle

The initial current in the stator produces a magnetic flux. The
explosives are ignited from the head of the armature.
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Operation principle

The expanded armature moves along the generator length like a
cone, reaches the stator and shorts out sequentially the turns of
the stator.
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Operation principle
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Operation principle
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Operation principle

Armature (conductive pipe)

Equation for magnetic flux loss (simplified):

drl, . dL
dt dt

I.+RI =0 (4)
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Two dimension model of the HFCG

. N - Equivalent
View of HFCG Stator and armature decomposition

il
NS

\ »\M / " M;;

N o/ \//\VU ~

-
Rl[]
\contact point

Two dimension model is very complex and takes a lot of time to
simulate. The model have predictable power. How we can make
one dimengional model better?

. vvvvvvvvv ' v'v'v 'v 'v 'v 2R '- '.\

QMIIA’A’A’A’

\\\\\\\\\\\\\\\\\‘\

N

The corrections for one dimensional model



Currents in the HFCG, contact point model

Currents Ifi are cause of intrinsic magnetic flux losses.
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dt + dt +R + dt 0 (5) gs
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The electrotechnical equations

The equations of the magnetic flux preservation will be written
in the form of combined equations for each equivalent current
circuit with self-inductance L; = M;; and effective resistance R;:

" d
> (ML) + Ril; = U (6)

J

where U; is the voltage because electric circuit, M;; is the
mutual inductance between equivalent current circuits ¢ and j, n
in the quantity of equivalent current circuits.
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where Wy 1s magnetic flux with worked stator, I is current in

the HFCG.

oy

Haurylavets V.V., Tikhomirov V.V.

The corrections for one dimensional model



Difference in electrical circuit diagram
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The difference is very strong, but the description of HFCG work
have to be same. J

OIS
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The most important differences

Intrinsic magnetic flux loss

Inductance

Resistance

o Pressure of magnetic field
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Intrinsic flux losses in contact point, pressure of magnetic

field
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The self inductance of closed part HFCG (between A and B) is
intrinsic flux losses.
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Inductance for multi section HFCG
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where L is self inductance of generator section, L; is self
inductance of mirrored currents in armature, M is mutual
inductance between generator sections.

o This is very fast and sufficiently accurate. m
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Resistance

R; Stator

A A+ i

L; 1D and 2D models
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1...; Armature

@ 1D: Loses in armature are included in effective resistance of
HFCG R = R, + Ry

@ 2D: Loses in armature are calculated separately
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The system of Maxwell’s equations

Effective resistance from non-linear magnetic diffusion.

OH, 1
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boundary condition:
x=0:H,0,t) = Hy(t),t >0,
t=0:H,(z,0)=0,2>0.
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The finite difference scheme of the nonlinear magnetic

diffusion equation for the implicit Euler method
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Spatial decomposition for nonlinear magnetic diffusion
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Effective resistance

—/Pds _ /;(Q +W)av, (13)
S \%4

where P is Poynting vector (the energy transfer per unit area
per unit time), @ is Ohmic losses and W is diffused energy of
electromagnetic field.

X (@ e it -wy)
R ===
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where R is effective resistance of circuit, I is current, hy is time
step.

o This is good way to take into account conductors heating

correctly. _
y ‘ <
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Effective resistance and intrinsic flux loss
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Current derivative
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Thank you for your attention!
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