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Study on Velocity and Shape of Micro-Charge-Driven Flyer
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Abstract: The velocity and shape of flyer have an important influence on its shock initiation performance. The effects of
acceleration barrel diameter, flyer thickness and flyer material on the velocity and shape of lead azide micro-charge-driven flyer
were studied by Photo Doppler velocimetry (PDV) and numerical simulation. The test results show that when the thickness of the
flyer is constant, there is an optimal acceleration barrel diameter (1.4mm) to maximize the stable velocity of the flyer (2 050m-s™).
Under the condition of optimum accelerating barrel diameter, the steady velocity of flyer decreases with the increase of flyer
thickness; At the same flyer thickness, the stable velocity of aluminum flyer is the highest, followed by titanium flyer, and the
stable velocity of the stainless steel flyer is the lowest. The simulation results show that when the flyer material is stainless steel,
the flyer with thickness of 30um has the best flattest. At the same thickness, the titanium flyer has the best flatness and integrity.
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Fig.1 Schematic of test sample and apparatus
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Fig.2 Simulation model
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Tab.1 Detonation parameters of micro-charge lead azide

pl(g-em?) Dey/(m-s™) u/(m's™) PI/GPa y

3.572 4726 1027 17.12 3.4435

% 2 MAT_HIGH_EXPLOSIVE_BURN #1#}4&H! 235
Tab.2 MAT_HIGH_EXPLOSIVE_BURN material model
parameters

RONgem?®) Dim's') Pc/GPa BETA K G SIGY

3.572 4726 17.12

®3 WL REHESH
Tab.2 JWL equation of state parameters

A/GPa B/GPa R R OMEG  Ey/GPa Vo

403.0 15.09 4.543 1.675 0.40 5.44 1.0
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Tab4 NULL material model parameters

RO/(g-em™) PC MU TEROD CEROD YM PR

0.001 25 0.0 0.0 0.0 0.0 0.0 0.0

# 5 GRUNEISEN RASHTESH
Tab.5 GRUNEISEN equation of state parameters

C/(m's™) Si S Ss GAMAO A Ey

456.9 1.49 0.0 0.0 2.17 0.46 0.0
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Tab.6 Johnson-Cook parameters

et A/GPa  B/GPa n C m  GJIkg K™Y
Al 0265 0426 034 0015 1.00 875
Ti 1098 1.092 093 0014 110 528
SS304 0792 0510 026 0014 1.03 466
%7 ¥ GRUNEISEN &%
Tab.7 GRUNEISEN parameters
oy pl(g-em?) Co/(m's™) S y
$S3040121 7.89 4580 1.49 2.17
Al 2.79 5370 129 2.13
Til2 453 5015 0.98 2,04
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Fig.3 Velcoity——time curves of 80pm SS304 flyer with
different diameters of the acceleration barrel
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Fig.5 Velcoity—time curves of SS304 flyer with different
thicknesses
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Fig6 Kinetic energy per unit area—thickness of the flyer curve
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Fig.7 Velcoity—time curves of the flyer with different materials
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Fig.8 Kinetic energy per unit area of the flyer with different
materials
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