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Abstract: Efficient container handling is a critical aspect of global trade, as container ter-
minals serve as the primary hubs connecting maritime transport and inland logistics net-
works. The increasing demand for faster and safer container operations has encouraged
the adoption of the double chassis (dolly) system, which significantly accelerates loading
and unloading activities. However, this system is also prone to operational risks. Extreme
maneuvers performed by truck operators can cause collisions between the dolly triangle
and the chassis frame, potentially resulting in structural damage, reduced equipment lifes-
pan, and a higher risk of accidents. To address this challenge, this study proposes the
optimization of limit switches as a motion boundary detection system in the dolly mecha-
nism to improve both safety and operational efficiency. The research combines experimen-
tal testing with mathematical model-based simulations, employing trigonometric analysis
to determine the safe maneuvering angles of the dolly system. The proposed system inte-
grates limit switches on the towing hitch to detect critical angles and provide early warning
through two alarm levels. The first alarm is activated at angles less than 40° as an initial
safety signal, while the second alarm is activated at angles less than 50° to prevent severe
collisions. The results demonstrate that the proposed system effectively minimizes collision
risks with a relatively low error rate, particularly at smaller maneuvering angles. The main
contribution of this study lies in presenting a practical and low-cost safety mechanism that
integrates simple sensor technology with mathematical modeling, offering an innovative
solution to support safer and more efficient container terminal logistics.
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1 Introduction

Container terminals play a crucial role in the global logistics chain by ensuring the efficient
and safe movement of containers. According to UNCTAD, more than 80% of global trade
by volume is carried by sea, making container terminals a critical hub to sustain interna-
tional supply chains [1]. Operational efficiency and safety are therefore key factors in main-
taining the smooth flow of container movement within container terminals. An innovation
to accelerate container loading and unloading is the double chassis (dolly) system, which
allows trucks to transport two containers in a single operation, thereby significantly reduc-
ing turnaround time. At PT. Terminal Petikemas Surabaya, the use of head trucks with the
dolly system has been implemented as one of the strategies to improve port performance
and competitiveness [2,3]. However, in addition to its benefits, the dolly system also poses
significant operational safety risks. Extreme maneuvers can cause collisions between the
dolly triangle and the chassis frame, leading to structural damage and increased accident
risks. To address these risks, the double chassis head truck has been equipped with a Safety
Device Dolly System (SDDS) that functions as an early warning system. Previous studies
have shown that integrated safety systems are effective in minimizing risks. For exam-
ple, Zhang et al. demonstrated that automatic motion sensor monitoring systems reduced
accident rates in logistics operations by up to 35% [4]. Similarly, Lee et al. found that
the application of automated safety feedback in container handling equipment increased
operator response speed and reduced downtime by 22% [5].

A key component of SDDS that must be optimized is the motion boundary detection
system. This research focuses on utilizing a limit switch sensor to automatically detect crit-
ical angles and provide early warnings to the operator, preventing collisions and enhancing
operational efficiency. Studies in industrial equipment have shown that limit switch–based
detection systems improve accuracy and safety by providing real-time boundary feed-
back without requiring extensive infrastructure changes [6–8]. At PT. Terminal Petikemas
Surabaya, this system has been integrated into the towing hook dolly, enabling automatic
feedback that assists drivers to control the maneuver limits more precisely [9].

Despite these advantages, several challenges remain. Previous research has highlighted
that the calibration and integration of limit switches into existing dolly systems is not al-
ways straightforward, as they must adapt to the standard towing hitch used in container
terminals [10, 11]. In addition, variations in operational conditions, such as maneuvering
angles and field distances, can affect the detection performance. Therefore, an optimiza-
tion strategy is required to determine the most efficient sensor configuration that balances
safety, efficiency, and compatibility with the current infrastructure.

The purpose of this research is to develop an optimized limit switch–based motion
boundary detection system for the dolly system by combining experimental methods with
mathematical model–based simulations. This study evaluates maneuvering angles, re-
sulting field distances, detection error rates, and provides an optimal design that can be
adapted across different dolly systems. Ultimately, the findings are expected to contribute
to safer, more efficient, and more adaptive container terminal operations, offering both
theoretical value and practical applications for the logistics industry [12].
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2 Research Method

2.1 Research subjects

2.1.1 Limit Switch and Stopper

Limit Switch-a device that works to turn off and turn on electrical currents in a circuit
due to its structural mechanical features. Mechanically operated with three terminals: the
central terminal, the NC terminal, and the NO terminal [13]. Mild to moderate physical
interaction with other objects can connect or disconnect an electrical circuit to detect the
motion limits of a system using a limit switch sensor. This sensor works by actuation,
when the sensor’s lever or plunger compresses against a stopper. The sensor generates
an electrical signal that indicates that the spot has been reached as soon as the stopper
presses the limit switch actuator [14]. This mechanism is widely implemented in indus-
trial automation systems, especially in the regulation of heavy equipment position control
and movement in the transportation and manufacturing sectors [15]. The main advantage
of a limit switch compared to other sensors is that they can operate even under extreme
environmental conditions (e.g., very high temperatures or high-vibration environments)
without the need for an additional power source for actuation [16]. In the dolly system,
limit switches are used in container terminals to stop or change direction of vehicles after
reaching designated boundaries set by the stopper [17].

In this system, when the dolly reaches a certain point, the stopper presses the sensor
actuator, activating or deactivating the limit switch as a mechanical component. The stop-
per consists of two holes, a top hole of about 10–15 mm and a bottom hole of 5–8 mm,
which is designed to correct the position when actuating the sensor [14]. The pressure that
the stopper exerts on the sensor actuator is the basic reason that decides whether the limit
switch is on or off. As the stopper passes through the detection zone, the limit switch lever
is actuated to change the sensor’s condition from normally open (NO) to normally closed
(NC), or from NC to NO, depending on the sensor type [15]. These systems allow the
dolly system in container terminals to work accurately, improving operational safety and
reducing the risk of collisions or mistakes in container transport [17].

Figure 1: Limit switch.
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Figure 2: Stopper.

2.1.2 Chassis and Towing Hitch

The chassis is an integral structural element of a heavy vehicle system and is a load-bearing
frame of forces for the weight of the vehicle and its components. A double chassis system
consists of two separate main frames that connect to each other to improve stability and
distribute load in a trailer or dolly system [18]. This double chassis structure should be
able to absorb dynamic loads as the vehicle moves and must resist shocks from uneven
roads [19]. A double chassis system can protect containers with such large capacity in con-
tainer terminals which is designed to make the vehicle frame structure more durable [20].
The tow hitch is a link between the front chassis and the trailer or towed dolly, and is one
of the essential components of a double chassis.

As part of the container transportation system, the towing hitch mounted onto the front
of the chassis supports the installation of sensors that detect the motions of the dolly sys-
tem. The towing hitch is the main pivot point for pulling a trailer and therefore an ap-
propriate location for limit switch sensors to detect when a trailer is coupled [18]. The
angle of the hitch can also be detected when in motion through sensors mounted on the
towing hitch, where signals are relayed to the vehicle control system [19]. Temporary en-
campments allow the system to adjust dolly motion boundary detection, improving the
operating performance of container terminal vehicles. Hence, the relationship between
double chassis, towing hitch, and sensors contains very crucial characteristics in designing
a more automated and precise logistics system [20].

Figure 3: Double chassis twin.
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Figure 4: Towing hitch.

2.1.3 Dolly system and dolly triangle

The dolly system used in freight transportation acts as an intermediary unit between the
main truck used for logistics transportation and the trailer that needs to be moved. The sys-
tem comprises a wheeled device that enables an extended cargo capacity as an additional
trailer that is also pulled by the main device used for initial wear and tear [21]. Among
the benefits of the dolly system is its load dispersion, less stress on the main axles of the
vehicle, and stability during transit [22]. In addition, the dolly system can enable vehicles
to operate in tighter spaces (such as container terminals) where container handling requires
high maneuvrability [23].

The dolly triangle (or A-frame), one of the key elements of a dolly system, is the main
connecting element between the dolly and the following trailer [24]. Tow Hitch: At the
front of the dolly, this triangular-shaped structure serves as the link between the dolly
and the main trailer. This triangle dolly structure is used to transfer pulling and pushing
forces from the main vehicle to the dolly in addition to decoupling the transportation pro-
cess [21]. This design enables a better load distribution and adds to the maneuverability
of the vehicle when making sharp turns or changing directions frequently, especially on
rough terrains [22]. Knowing the dolly system system and the dolly triangle system can
optimize the implementation of this system to achieve better efficiency and safety related
to container transport in container terminals [23].

Figure 5: Dolly system.
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2.2 Tools and Materials

The tools and materials required are shown in Table 1.

Table 1: Tools and materials

No Tools and Materials Spesification Volume

1 Limit Switch TZ-8108 4 pcs
2 Proximity Sensor Distance 25cm 1 pcs
3 Sensor Bracket 80 × 160 × 6 m/m S 45C 1 pcs
4 Sensor Box 85 × 160 × 3 m/m S 45C 2 pcs
5 Stopper 160 × 260 × 6 m/m S 45C 1 pcs
6 JFL M10 × 20 m/m 3 pcs
7 L-Bolt M6 × 20 m/m 4 pcs
8 Cable 3 Core 2.5 mm 25 meter
9 3-Pin Waterproof Socket Plug 3 Pin 3 pcs
10 Skun 2.5 mm 10 pcs
11 Alarm / Buzzer 24 volt 1 pcs
12 Sensor Support Plate 5 × 10 cm, 6mm 1 pcs
13 Alarm Reset Push Button 1 pcs
14 Alarm Reset Relay 1 pcs

2.3 Design

This study employs an experimental design with a quasi-experimental approach. The re-
search model involves testing the chassis before and after sensor installation to determine
its effect on reducing the risk of fractures

Figure 6: Dolly system during a turning maneuver.

Figure 7: Dolly system during a reversing maneuver.
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From Figure 6 and Figure 8, when a truck passes through the container block area at the
container terminal, the operator often performs extreme turning or reversing maneuvers
to align the truck with the loading and unloading area. These maneuvers are executed at
an angle of less than 45 degrees between the dolly triangle and the frame of the chassis.
Such sudden maneuvers typically occur due to limited visibility or time pressure during
loading and unloading operations. As a result, accidents occur where the towing dolly
triangle collides with the front section of the chassis frame. This strong impact causes
deformation in the dolly triangle, resulting in bending, while the chassis frame sustains
dents and structural damage. This damage not only compromises the vehicle’s structural
integrity, but also disrupts operational efficiency and poses safety risks in the work area.

Figure 8: Chassis frame damage.

Based on the collision between the towing dolly triangle and the chassis frame due to
extreme maneuvers, a new solution has been developed: the use of limit switch sensors
installed on the towing hitch as a motion boundary detection system. It is intended to alert
the operator and prevent them from exceeding the safe maneuver angle. When less than
50-degree angle of maneuvering (angle between the dolly triangle and chassis frame) is
reached, Limit Switch 1 is activated which triggers Alarm/ Buster 1. If the angle of the
maneuver becomes sharper, under 40 degrees, then Limit Switch 2 identify the condition
and activates the Alarm 2, which has a higher sound than Alarm 1, so it easy to notify the
Maneuver Operator to stop or adjust the maneuver immediately. This detection system
aims to prevent collisions and reduce the risk of damage to the dolly triangle and the chas-
sis frame. The design for the installation of the limit switch sensor is shown in Figure 9.
The details of the installation of the limit switch sensor are shown in Figure 10.

The image above shows details of the installation of the limit switch sensor on the tow
hitch. The lower section contains Limit Switch 1, which detects movement and provides an
initial warning. Meanwhile, the upper section contains the Limit Switch 2, which detects
extreme movements at angles below 40 degrees.
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Figure 9: Limit switch sensor installation design.

(a) (b)

Figure 10: Limit switch sensor design.
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Figure 11: Flowchart reverse maneuver process.
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The flowchart above illustrates the reverse maneuver process, which is controlled by
two limit switches based on the retreat angle. The process begins with the “Maneu-
ver/Reverse” command, after which the system checks whether the maneuver angle > 40°.
If so, then Limit Switch 1 will be activated, and Buzzer 1 will turn ON. If not, the system
will continue to maneuver under safe conditions. Next, the system re-examines whether
the retreat angle > 50°. If this condition is met, then Limit Switch 2 will be activated and
Buzzer 2 will turn ON. However, if not, there are two possibilities. The first possibility is
that Buzzer 1 will turn ON because the system is maneuvering within the range of 40° <
Maneuver Angle < 50°. The second possibility is that the system will continue to maneuver
under safe conditions. Once both limit switches have operated according to the specified
conditions, the process proceeds to the next mechanism, namely the reset phase, where this
process will be inspected by a mechanic before the system finally stops. If, at any stage, the
angle does not meet the required conditions, the process will return to the beginning until
the angle requirements are fulfilled.

Limit Switch 1 =
Normally Open

Limit Switch 3 =
Normally Close

Limit Switch 2 =
Normally Open Load = Buzzer

Figure 12: Dioda SCR.

The image above depicts a Silicon Controlled Rectifier (SCR) circuit, which functions
as an electronic switch to control current within a system. This circuit consists of a VDC
power source, two resistors (R1 and R2), a trigger switch, and a load in the form of a lamp.
The operation of this circuit begins when the trigger switch is pressed, supplying current
to the SCR gate, thereby turning the SCR ON and allowing current to flow from the anode
to the cathode, which lights up the lamp. Once the SCR is activated, it remains ON even
after the switch is released, unless there is an interruption or a manual disconnection of the
current. The second switch in the circuit serves as a reset switch, cutting off the current
flow to the SCR, turning off the lamp, and restoring the system to its initial state.

The relationship between the SCR concept and the previous flowchart is that the limit
switches in the flowchart act as triggers, similar to the switch in the SCR circuit. When
the system reaches a certain maneuver angle, Limit Switch 1 is activated (maneuver > 40°),
functioning like the trigger switch in the SCR. If the maneuver continues until the angle
exceeds 50°, Limit Switch 2 is activated, which then initiates the next mechanism, such as
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activating an alarm or an indicator lamp within the system. In other words, in a larger
system such as a dolly system, SCRs can be used to control components such as alarms or
automatic shutdown mechanisms based on the position of the limit switches, aligning with
the motion limit control flowchart of the dolly system.

2.4 Sample Collection Technique

The sampling technique in this study utilizes a triangle on the dolly system to determine
the distance between the frame chassis and the angle formed by the dolly system during
maneuvering. Sampling is conducted under two conditions: standard samples and field
samples, to compare the distances obtained at specific maneuver angles.

α°
β°

Maneuver angle

Motion angle

Dolly system triangle

13
0,

5 c
m

55cm 55cm

118.6 cm

109 cm

R Front chassis

Figure 13: Triangular structure in the dolly system.

The dimensions of the dolly system triangle used in both standard samples and field
samples have equal side lengths. This triangle has a vertical side length of 118.6 cm, a
hypotenuse of 130.5 cm, and a horizontal side length of 190.5 cm. Additionally, the front
chassis frame has a length of 110 cm. By determining the angle formed during maneu-
vering, the distance between the chassis frame and the dolly triangle can be calculated
using trigonometric principles, specifically the law of cosines. This calculation aims to
understand the relationship between changes in the dolly angle and the minimum safe
distance that must be maintained to prevent collisions. The smaller the maneuver angle,
the shorter the distance between the dolly and the chassis frame, increasing the risk of a
collision. Therefore, this sampling process is crucial in designing a motion limit detection
system using limit switch sensors mounted on the towing hitch. The first limit switch will
activate at an angle of less than 50 degrees to provide an early warning to the operator,
while the second limit switch will activate at an angle of less than 40 degrees as a critical
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warning, prompting the operator to immediately adjust the maneuver direction to prevent
workplace accidents and damage to both the dolly and the chassis frame.

2.5 Statistical Analysis and Modeling

The analysis in this study employs a trigonometric approach to calculate the relationship
between the angle formed by the dolly system and the distance between the dolly triangle
and the chassis frame. The statistical model used includes comparative analysis to compare
distances at standard angles and field-measured angles, as well as regression analysis to de-
termine the influence of the angle on the safe distance. The angle calculation is performed
using the sine trigonometric formula with the following scenario:

Sin (θ) = 54.5
130.5

Sin (θ) = 0.41

θ = arc sin0.41 

θ = 24°

Figure 14: Angle calculation using trigonometric equations.

A 24° angle was obtained as a reference in the field. Meanwhile, the standardized refer-
ence angle that has been determined is 48.7°, as shown in the following image.

Figure 15: Standard angle 48.7°.
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Figure 16: Field angle measurement diagram.

To calculate the distance between the chassis frame and the angle generated by the dolly
system, a complementary angle approach is calculated by Eq. (1)

Distance = Chassis frame length × (sin 90◦ − θ) (1)

In this case, the frame length of the front chassis is 55 cm. This formula is used because
the term (sin 90◦ − θ) represents the difference in orientation between the dolly and the
frame. This analysis enables the identification of a safe distance at various maneuver an-
gles, which serves as the basis for determining the activation threshold of the limit switch
sensor to prevent collisions. Using this model, the operator can understand how changes
in angle directly affect the safe distance during truck maneuvers. The determination of
sensor usage can be established by calculating the error values and the percentage of error
values by comparing sensor readings with testing instruments. If the error value is known,
the sensor can be deemed suitable and suitable for the chassis. Eq. (2) is used to determine
the error value.

Error =
|x− x1|

|x|
(2)

Meanwhile, Eq. (3) is used to determine the percentage of errors.

%Error =
|x− x1|

|x|
× 100% (3)
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3 Result

This section presents the research findings obtained from testing the motion limit detection
system using limit switch sensors on the dolly system at the Surabaya Container Terminal.
Angle measurements were conducted using the trigonometric formula Eq.(1), as described
in the analysis and statistical model section. In addition, error calculations were performed
between the theoretical distance and the actual distance to evaluate the accuracy of the
designed system, using Eqs.(2) and (3) . The data collected are presented in tabular form
to facilitate analysis and comparisons between the standard conditions and the actual field
conditions. Measurements were conducted by increasing the maneuver angle of the dolly
system in 10◦ steps, starting from the previously determined model and the statistical value
of 24◦ up to 90◦. The measurement of the field angle begins at 24◦, as the dolly triangle nat-
urally forms a 24◦ angle. Meanwhile, the standard angle measurement starts at 48.7◦, based
on the established standard. However, to balance the error value results with the field an-
gles, the measurement starts at 28.7◦ and extends up to 90◦. It is important to note that the
angles presented in the table represent motion angles, whereas the trigonometric calcula-
tions are based on maneuver angles. The calculations can be referenced in trigonometric
Eq.(1).

Table 2: Table presents the research results obtained

No Standard Angle(◦) Field Angle(◦) Standard Distance (cm) Field Distance(cm) Error(%)

1 28,7 24 48,24 50,24 0,04
2 38,7 34 42,92 45,59 0,06
3 48,7 44 36,30 39,56 0,08
4 58,7 54 28,57 32,32 0,13
5 68,7 64 19,97 24 0,20
6 78,7 74 10,77 15,1 0,41
7 88,7 84 1,24 5,7 3,59
8 90 90 0 0 0

From the table, it can be observed that as the angle increases, the distance between the
dolly and the frame decreases. At a standard angle 28.7◦ with a field angle 24◦, the standard
distance is 48.24 cm, while the field distance is 50.24 cm, with an error of 0.04%, indicating a
high level of agreement between theory and practice. The error begins to increase at larger
angles; for example, at a standard angle of 88.7◦ and a field angle of 84◦, the error reaches
3.59%, as extreme maneuvers are difficult to control with precision.

In this study, two alarms were installed to detect potential collisions:
Alarm 1: Serves as an early warning to alert the operator to exercise caution. Based on

the table, the safe distance becomes critical when the motion angle reaches 48.7◦ (standard),
resulting in a maneuver angle of 41.3◦ between the frame and the dolly system triangle,
with a field distance of 39.56 cm. Therefore, Alarm 1 is activated at a motion angle of 40◦

to provide an early warning when the distance approaches the safe limit.
Alarm 2: Serves as a critical warning, indicating that the angle has reached a hazardous

level. At a motion angle of 58.7◦ (standard), the maneuver angle between the frame and
the dolly system triangle is 31.3◦, with a field distance of 32.32 cm, which poses a high risk
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of collision. Therefore, Alarm 2 is activated at a motion angle of 50◦ to prevent collisions as
the distance further decreases.

4 Discussion

AlarmWarning 1

AlarmWarning 2

Figure 17: Graph diagram of standard distance and field distance comparison.

Based on the research findings, the comparative analysis between the standard distance
and the field distance indicates that the method used is reasonably accurate in relation to
the results obtained, despite some minor discrepancies. These differences are reflected in
the relatively low error values at smaller angles, which tend to increase at larger angles,
particularly as they approach 90◦. This discrepancy can be attributed to environmental
factors, measurement errors, or changes in the position of the dolly system in the field.
The graph above illustrates a downward trend in distance as the angle increases, which
aligns with the principles of trigonometry, where the horizontal distance decreases as the
angle approaches perpendicularity. According to the data, the optimal angle for Alarm
1 (early warning) is approximately 40◦, as the distance at this point remains sufficiently
safe. Meanwhile, Alarm 2 (critical warning) is set at 50◦, where the distance begins to enter
a hazardous range. The selection of these angles is based on the angle of motion, which
achieves a balance between the alarm system‘s response and the operational safety of the
truck in the field.

5 Conclusion

This study has successfully developed and tested a motion limit detection system at the
Surabaya Container Terminal using limit switch sensors installed on the towing hitch. The
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primary objective of this research is to reduce the risk of fractures caused by extreme truck
maneuvers, particularly when making U-turns or reversing at hazardous angles between
the dolly triangle and the chassis frame. Through the application of trigonometric calcu-
lations and angle sampling in both field and standard conditions, this study has produced
data that demonstrate the differences in distance between the chassis frame and the dolly
system at various angles. As a result, Limit Switch 1 is programmed to detect an angle of
approximately 40◦ as an early warning (Alarm 1), while Limit Switch 2 detects an angle of
around 50◦ as a critical warning (Alarm 2). The error values considered are low enough
to conclude that the method used is quite accurate with only the average of visible devi-
ation for larger angles which can be caused by environmental influence and wonky field
conditions. The system helps to alert operators and also helps to reduce concerns around
damage to the dolly triangle and the chassis frame, helping to improve workplace safety
and terminal operations.

In future studies, it is suggested to use sensor technology such as proximity sensors
and gyroscope sensors that can detect angles and distances in real time with more accurate
results. In addition, a system based on the Internet of Things (IoT) can be applied for re-
mote monitoring and storage of historical data for subsequent preventive analysis. As well
as these automated features, a further innovation is the implementation of a camera based
visual system with image processing intended to deliver visual cueing to operators while
undertaking maneuvers, significantly reducing the probable risks for human error. The
first aim of this study has been achieved as an effective motion limit detection system has
been designed and validated for applicability through the use of trigonometry that is firmly
based on how safe maneuvering angles must be determined under operational conditions.
Abstract: Container handling of the container terminal is a process with high-frequency op-
eration and high-tech content, which has significant risks in the entire production process.
The authors believe that future studies using more advanced technological methods could
help improve terminal loading and unloading safety, speed, and accuracy even further.
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