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A previous trigger assembly with a single embedded permanent magnet has malfunction problems such as the
generation of a virtual trigger signal by an external magnetic field. In this study, we improved a trigger assem-
bly, which can minimize the influence of external magnetic field. In order to improve the trigger assembly, two
designs were considered. Through an M&S study for the optimal characteristics of Hall-effect sensor, we con-
firmed that the magnitude of the driving magnetic field of the Hall-effect sensor should be at least 50 gauss for
the application of a trigger assembly. The second design was a magnetic bipolar simultaneous recognition sys-
tem with a time-interval of 10 ms, which occurs when two embedded permanent magnets with different polar-
ities are recognized simultaneously. As a result, the improved trigger assembly, which reflects the two design
results, excluded the malfunction of small arms by the external magnetic field without magnetic shielding.
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1. Introduction

Recently, with the advancement of weapons systems,
various sensors are being mounted on these systems. In
extreme environments, such as battle fields, optical and
mechanical sensors have limitations in terms of operation
due to external impact, dust and so on. The application of
magnetic sensors, which are robust to external environments
and react to specific magnetic fields for the signal, is
being considered. However, these magnetic sensors have
a disadvantage of malfunctioning due to other external
magnetic fields besides the magnetic field for the signal.
In particular, if magnetic sensors can be applied to small
arms, the malfunction of magnetic sensors might be a
threat to small arms users. In the same vein, multiple rifles,
which have a high risk of malfunction, have also stopped
being developed in the United States and Germany [1].

Until now, there have been no conventional small arms
that require any information from the firing control and
do not need to be aware of the trigger. Nevertheless,
South Korea has made efforts to apply magnetic sensors
to trigger assemblies, which generate a trigger signal in
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small arms [2]. Unfortunately, the small arms with a
previous trigger assembly, to which a magnetic sensor
and a single embedded permanent magnet was applied,
have had a virtual trigger signal by an external magnetic
field, even if the trigger was not pulled. In previous studies,
in order to minimize the external magnetic field effects
for magnetic sensors in the trigger assembly, it was demon-
strated that a magnetic shielding of Fe-Cu-Si-Nd-B had a
magnetic-shielding effectiveness of 83 % for an external
permanent magnet and 19 % for an alternating magnetic
field of 180 dBpT at 60 Hz, respectively. Also, the mag-
netic shielding had proved experimentally that no virtual
trigger signal can be generated by an external magnetic
field [3].

However, the shape of the magnetic shielding was re-
stricted by the limited space of small arms and the nature
of magnetic sensors that can be operated by a particular
magnetic field [4]. Because only partial magnetic shielding
can be used for the trigger assembly, it may be impossible
to fully shield the magnetic sensor against an external
magnetic field in any direction. Therefore, in order to ex-
clude the malfunction of magnetic sensors by an external
magnetic field in any direction, an additional safety device
is necessary.

In this study, we investigated a trigger assembly with an
optimal characteristic magnetic sensor through model and
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simulation (M&S) and a system of magnetic bipolar
simultaneous recognition (MBSR).

2. Design of Trigger Assembly

As mentioned above, a trigger assembly is a device that
can generate a trigger signal and deliver the signal to the
firing control device of small arms. Figure 1 shows a
schematic outline of the trigger assembly. When the trigger
is pulled, an embedded permanent magnet (EmPM) of the
firearms link is mechanically moved to a magnetic sensor
position in the x direction, as shown in Fig. 1(b). At this
position of EmPM in Fig. 1(b), a magnetic sensor generates
an electric signal as a trigger signal.

In this study, a unipolar Hall-effect sensor was con-
sidered as a magnetic sensor on the trigger assembly. The
unipolar Hall-effect sensor in the trigger assembly has the
characteristics of being switched on when a magnetic
field exceeds the operating point threshold (Bop) and an
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off state when the magnetic field is reduced below the
release point (Bgp) [5].

In previous cases, when a unipolar Hall-effect sensor
with a Bop of 35 gauss and Bgp of 25 gauss was applied
to the trigger assembly, a virtual trigger signal was dis-
played by an external permanent magnet (ExPM) or an
alternating magnetic field of 180 dBpT at 60 Hz in the
state, as shown in Fig. 1(a) [2]. A likely result could be
that the Hall-effect sensor is recognized by itself as an
ON state by EXPM with a larger magnetic field than Bop.
When an alternating magnetic field of 180 dBpT at 60 Hz
was applied, even if the magnitude of the magnetic field
was lower than the Bop, the Hall-effect sensor might not
be able to be recognized as being in an ON or OFF state
by itself [6]. Therefore, it is necessary to design optimal
characteristics such as Bpp and Bgp for the Hall-effect
sensor in the OFF state, regardless of the application of
magnetic shielding.

The optimal Hall-effect sensor was designed with model

(b)

Fig. 1. (Color online) Schematic illustration of trigger assembly (a) when the trigger was not pulled and (b) when the trigger was

pulled.
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Fig. 2. (Color online) Schematic diagram of analytical model with magnetic shielding (a) when an external permanent magnet was
applied and (b) when an alternating magnetic field was applied, respectively. The inset of (b) shows the schematic configuration for
analysis of surface magnetic flux density of Hall-effect sensor.
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Fig. 3. (Color online) Magnetic field distribution diagram of trigger assembly without magnetic shielding (left column) and with
magnetic shielding (right column) according to external magnetic field type (In case of (a) and (b), an external magnetic field was
permanent magnet with a residual induction of 6,850 gauss. An alternating magnetic field of 180 dBpT at 60 Hz was applied as

shown in (c) and (d))

and simulation using the 3D Faraday program. Figure 2
illustrates the schematic diagram of an analytical model
for the design of an optimal Hall-effect sensor when an
ExPM and an alternating magnetic field were applied to
the trigger assembly, respectively. The analytical model
was the same as the actual size of a small arm. The body
material of the small arm was assumed to be aluminum
alloy, and the material of internal components such as
firearms link, firing pin, trigger, etc. was interpreted to be
alloyed steel. The ExPM and EmPM were equally assum-
ed to be a permanent magnet with a residual induction of
6,850 gauss as having a cylinder shape of 3 mm in dia-
meter and 3 mm in height. The model with an applied
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ExPM assumed that the ExPM was located 6.5 mm away
from the surface of the Hall-effect sensor. At this time,
the ExPM and EmPM faced each other with different
polarities. An alternating magnetic field of 60 Hz was
assumed to be located 10 mm away from the surface of
the Hall-effect sensor. The influence of the Hall-effect
sensor due to the external magnetic field was analyzed
through changes in the surface magnetic flux density of
the Hall-effect sensor when the magnetic shielding was
applied or not, as shown in the inset of Fig. 2(b) and Fig.
3. In Fig. 3, we assumed that the Hall-effect sensor was in
an OFF state, as shown in Fig. 1(a), and the magnetic
shield material had a magnetic permeability of 10,000 and
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Fig. 4. (Color online) Surface magnetic flux density of Hall-effect sensor in terms of position of Hall-effect sensor, as shown in the
inset of Fig. 2(b) with (a) or without (b) the magnetic shielding, respectively.
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a thickness of 0.2 mm. Figure 4 shows the surface mag-
netic flux density of the Hall-effect sensor based on the
type of external magnetic field and application of magnetic
shielding. When the magnetic shielding was applied, we
observed that the magnetic fields acting on the Hall-effect
sensor significantly reduced. As a result, the Bop of the
Hall-effect sensor should be at least 10 gauss and 50
gauss when the magnetic shielding was applied or not,
respectively. This result indicates that, in order to minimize
the effect of the trigger assembly by an external magnetic
field, regardless of the application of magnetic shielding,
a Hall-effect sensor with a Bop of at least 50 gauss should
be applied.

A design of the magnetic bipolar simultaneous recogni-
tion (MBSR) system can be considered as a method for
minimizing the external magnetic influence of small arms.
The schematic diagram of the MBSR system is shown in
Fig. 5. The principle of the trigger signal generation is the
same as that shown in Fig. 1(b), but this system consists
of two EmPMs with different polarities and two Hall-
effect sensors that respond to the polarity of each EmPM.
The distance between the two EmPMs is the same as the
separation distance between the two Hall-effect sensors.
When the MBSR system is applied to the trigger assemb-
ly, it may minimize the influence of ExPM on the trigger
assembly because the ExPM has a single polarity of the N
pole or the S pole. However, there is a minute time-
interval when two Hall-effect sensors, which are separated
by a certain distance, recognize the magnetic field from
the EmPMs. This time-interval of magnetic field recogni-
tion can be adjusted by the distance between two EmPMs
and two Hall-effect sensors. This indicates that the influence
of an external alternating magnetic field of 60 Hz on the
trigger assembly can be eliminated by the design of a
time-interval to be less than 16.6 milliseconds (ms).

In the case of small arms, an analysis of a timeline with
ignition charge should be necessary for the safety of the
soldiers. The ignition signal must be charged after the
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Fig. 5. (Color online) Schematics of magnetic bipolar simul-
taneous recognition system, which consists of two embedded
permanent magnets with different polarities and two Hall-
effect sensors.

trigger, and the charging of the ignition signal must take
place before a gun-lock hits a detonator and a bullet leaves
the gun-chamber [2]. Thus, the time needed to charge the
ignition signal was analyzed to be approximately 10 ms.
As a result, we developed an improved trigger assembly
with two Hall-effect sensors that have a minimum Bgp of
50 gauss and a MBSR system with a time-interval of 10
ms in order to exclude the malfunction of small arms by
the external magnetic field.

3. Proof Testing of Trigger Assembly

A technical proof test was conducted on the small arms
by using an improved trigger assembly to check if a
virtual trigger signal is generated by an external magnetic
field. As a result of M&S analysis, two unipolar Hall-
effect sensors used for the improved trigger assembly had
a characteristic of a Bop with 60 gauss. The EmPMs were
used as commercial Nd-sintered permanent magnets with
a residual induction of 300 gauss at a position of 3 mm

(b)
Fig. 6. (Color online) Optical image of (a) solenoid coil, (b) AC power supply (right), and gauss-meter (left).
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Table 1. Technical proof test result of whether the trigger signal for the small arms with each trigger assembly is generated or not.

External magnetic field Proof test result

Type Magnitude of magnetic field" Trigger assembly I Trigger assembly II Improved trigger

P dBpT Gauss (HS? with Bop = 35G) (HS? with Bop = 60G) assembly
External permanent magnet” - 55.5 Virtual trigger signal No trigger signal No trigger signal
160 1.0 Virtual trigger signal No trigger signal No trigger signal
External alternating 170 3.16 - - No trigger signal
magnetic field at 60 Hz 180 10.0 - - No trigger signal
185 17.7 - - No trigger signal

DThis magnitude of magnetic field is the magnitude of magnetic field acting on a Hall-effect sensor

DThis permanent magnet has a surface magnetic field of 1,000 gauss
9HS stands for Hall-effect sensor.

from the surface of EmPM. In Fig. 5, the distance (x)
between two Hall-effect sensors and two EmPMs was
properly adjusted so that the time-interval of the MBSR
system was 10 ms. In order to confirm the malfunction of
the trigger assembly by the ExPM, the ExPM was used as
a general permanent magnet with a surface magnetic field
of 1,000 gauss. When the ExPM was attached to the
surface of the trigger assembly for small arms, it was
confirmed whether the trigger signal was received in the
firing control device. The effect of an external alternating
magnetic field of 60 Hz was also tested in the same way.
An alternating magnetic field generator was applied with
a solenoid coil with an outer diameter of 144 mm as
shown in Fig. 6(a). When an alternating current (AC)
power of 8.6 Vs at 60 Hz was applied through an AC
power supply (Model EC1000S, California Instrument),
as shown in Fig. 6(b), an alternating magnetic field of 180
dBpT at 60 Hz was generated at a position of 10 mm
from the solenoid coil surface. Table 1 shows whether the
virtual trigger signal for each trigger assembly is generated
by an external magnetic field. Trigger assembly I and II
were applied to Hall-effect sensor with Bop of 35 gauss
and 60 gauss, respectively. This study indicates that the
effect of an external magnetic field on a trigger assembly
of small arms can be perfectly excluded by applying an
improved trigger assembly. This can be done by using the
Hall-effect sensor with Bgp of 60 gauss and the MBSR
system with a time-interval of 10 ms.

4. Conclusions

In this study, we successfully demonstrated that the
improved trigger assembly can minimize the influence of
an external magnetic field on small arms by using the
unipolar Hall-effect sensor with a Bop of 60 gauss and a
MBSR system with the time interval of 10 ms. This
trigger mechanism can be effectively applied to a narrow
space of small arms and can be reduced in weight and
size without applying a magnetic shield. This result can
be applied as a method to minimize the influence of the
external magnetic field in various civilian parts where
malfunction can occur due to an external magnetic field
and when magnetic shielding is difficult to apply.
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