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A miniaturized turn-counting sensor using geomagnetism for
small-caliber ammunition fuzes

Sang-Hee Yoon', Seok-Woo Lee, Young-Ho Lee, and Jong-Seo Oh

Abstract

This paper presents a miniaturized turn-counting sensor (TCS) where the geomagnetism and high-rpm rotation of
ammunition are used to detect the turn number of ammunition for applications to small-caliber turn-counting fuzes. The
TCS, composed of cores and a coil, has a robust structure with no moving part for increasing the shock survivability in
the gunfire environments of ~30,000 g's. The TCS is designed on the basis of the simulation results of an electromagnetic
analysis tool, Maxwell® 3D. In experimental study, the static TCS test using a solenoid-coil apparatus and the dynamic
TCS test (firing test) have been made. The presented TCS has shown that the induction voltage of 6.5 mVy._, is generated
at the magnetic flux density of 0.05 mT and the rotational velocity of 30,000 rpm. From the measured signal, the TCS
has shown the SNR of 44.0 dB, the nonlinearity of 0.59 % and the frequency-normalized sensitivity of 0.26+0.01 V/T-Hz
in the temperature range of ~30~+43 °C. Firing test has shown that the TCS can be used as a turn-counting sensor for
small-caliber ammunition, verifying the shock survivability of TCS in high-g environments.
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Fig. 1. Structure of turn-counting sensor (TCS).
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Fig. 2. Working principle of TCS.
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Fig. 3. Equivalent circuit of TCS.
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density distribution and (b) Estimated induction
voltage of TCS.
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Table 1. Fabricated dimensions of TCS

Component Item Value
. Length/Width 8.0 mm/2.2 mm
Core ribbon /Height /0.02 mm
. Diameter 50 um
Coil
Turn number 1250
. Length/Width 9.0 mm/4.5 mm
Molding /Height /3.5 mm
. Gain 84
Signal- Ref I
processor eference voltage 50 mV
at comparator
Measured inductance 4.0 mH
Measured resistance 31.1Q
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Fig. 6. Photograph of TCS and signal-processor.
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Fig. 7. Experimental apparatus of static TCS test.
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28 13 Ao

= +18C |
EONNE B Y o)
4 30°C
30000G |
Est!matlon

Peak-to-peak voltage, V,,, {mV)

0.00 0,235 0_‘10 015 0‘20 0;‘25 O.‘30 O.’35 0.40 0.45 0.50 0.55
Magnetic flux density, B (mT)
28 9 AU Wl BE HUg A5 A0 &9
ZHA ° 54
Fig. 9. Measured and estimated output signals of TCS as
function of magnetic flux density.

oF Ag 24 HAF A% AN 21

:
® +EC |
®  +43°C
1 A 30°C
¢ 30,000 G

Estimation| |
1

Peak-to-peak voltage, V,, . (mV)

O 10 sls s ﬁdzﬂfoﬂ ule A5 Ay

.11}14
_z
L)
2,
Ay

L 2k
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Fig. 11. Experimental setup of dynamic TCS test: (a)
Sample projectile including TCS and (b) Prototype
rifled gun.
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firing test.
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