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Abstract

This disclosure describes a self-correcting belt tracking system designed for conveyor
applications. It addresses the problem of conveyor belts wandering off-center, which leads to
premature wear, edge damage, and potential operational failure. The system employs a
pivoting idler roller assembly, whose angular position is controlled by an actuator in response
to the belt's lateral position. Belt edge location is detected using a non-contact sensing array.
A control algorithm calculates the required idler angle to steer the belt back to its central
path, preventing sustained off-tracking and reducing maintenance requirements.

1. Technical Field

(00011 The technical field is conveyor systems, specifically focused on mechanisms and control
methods for maintaining the lateral alignment of conveyor belts. This includes techniques for
detecting belt wander and actively correcting its path to prevent damage and operational
disruptions.

2. Technical Context

[0002] Conveyor belts are widely used for transporting bulk materials or discrete items. A
common operational challenge is the tendency of the belt (10) to deviate from its intended
central path, known as belt wander or mistracking. This deviation can be caused by various
factors, including uneven loading, misalignment of idler rollers (13) or pulleys, splice
irregularities, or varying tension across the belt width. When a belt (10) tracks off-center, its
edges can rub against the conveyor frame (11), structural components, or idler supports,
leading to accelerated wear, fraying, and eventual tearing of the belt edge. Persistent
mistracking can also cause material spillage, reduce conveying efficiency, and necessitate
frequent manual adjustments or costly belt replacement. Manual adjustments of idler rollers,
while common, are often temporary, requiring repeated intervention as ambient conditions,
belt characteristics, or loading patterns change. The disclosed system provides a mechanism
for continuous, automatic correction of belt tracking, thereby extending belt lifespan,
reducing maintenance labor, and improving conveyor reliability.

3. System Overview

[0003] The self-correcting belt tracking system operates by continuously monitoring the lateral
position of a conveyor belt (10) and applying a corrective force to steer it back to its desired
central path. As shown in FIG. 1, the core components include the conveyor belt (10), a non-
contact edge sensing system (20), a controller (30), an actuator (16), and a pivoting idler
assembly (12). The edge sensing system (20) detects the lateral position of the belt's edge and
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transmits this information as a position signal (31) to the controller (30). The controller (30)
processes this signal, comparing the current belt position to a pre-defined setpoint (typically
the belt centerline). Based on the deviation, the controller (30) generates a command signal
(32) which is sent to the actuator (16). The actuator (16) then adjusts the angle of the pivoting
idler assembly (12) relative to the direction of belt travel. This angular adjustment applies a
steering force to the belt (10), causing it to move laterally until its edge returns to the desired
position. The system forms a closed-loop control mechanism, continuously adjusting the idler
angle to counteract any tendency for the belt (10) to wander.

4. Components

[0004] Conveyor Belt (10): The flexible loop of material that transports product. Its lateral
position is the variable being controlled. Conveyor Frame (11): The fixed structural support
for the conveyor system, including the pivoting idler assembly (12) and associated
components. Pivoting Idler Assembly (12): This assembly consists of an idler roller (13), a
pivot frame (14), a pivot bearing (15), and an actuator linkage (17). Idler Roller (13): A
cylindrical roller that supports the belt (10) from underneath or above. In this system, it is
designed to pivot to apply a steering force. Pivot Frame (14): A structural component that
holds the idler roller (13) and is itself mounted on the pivot bearing (15). Pivot Bearing (15):
A bearing assembly that allows the pivot frame (14) and idler roller (13) to rotate through a
limited angular range, typically up to £5 degrees, relative to the conveyor frame (11). The
pivot point is strategically located to create a steering effect. Actuator Linkage (17): A
mechanical connection between the actuator (16) and the pivot frame (14), translating linear
or rotary motion from the actuator into angular adjustment of the idler roller (13). Actuator
(16): A device responsible for moving the pivoting idler assembly (12). This could be an
electric linear actuator, a pneumatic cylinder, or a hydraulic cylinder. It receives the command
signal (32) from the controller (30) and translates it into mechanical motion. Edge Sensing
System (20): A non-contact system designed to detect the lateral position of the belt's (10)
edge without physical contact. Emitter (21): A source of energy, such as an array of infrared
light-emitting diodes (LEDs) or a laser light source, positioned on one side of the belt (10).
Receiver (22): A detector array, such as a photodiode array or a linear camera sensor,
positioned on the opposite side of the belt (10), aligned with the emitter (21). Sensing Zone
(23): The area where the belt (10) passes between the emitter (21) and receiver (22),
allowing its edge to interrupt or modulate the emitted energy. Controller (30): An electronic
device, such as a programmable logic controller (PLC) or a microcontroller, that receives the
position signal (31) from the edge sensing system (20), executes a control algorithm, and
generates the command signal (32) for the actuator (16). Power Supply (33): Provides
electrical power to the controller (30), edge sensing system (20), and actuator (16).

5. Operation

[0005] The system begins operation when the conveyor belt (10) starts moving. The edge
sensing system (20), positioned upstream of the pivoting idler assembly (12), continuously
monitors the lateral position of the belt's (10) edge. As shown in FIG. 3, the emitter (21)
projects a fan of light or a series of discrete beams across the sensing zone (23) towards the
receiver (22). When the belt (10) is centered, a specific pattern of light is interrupted or
received. If the belt (10) wanders laterally, the amount of light reaching different parts of the
receiver (22) changes. The receiver (22) converts this light pattern into an electrical position
signal (31), indicating the belt's deviation from its central setpoint.



OpenTechnical 0T-2026-000000001

[0006] This position signal (31) is transmitted to the controller (30). The controller (30)
executes a proportional-integral-derivative (PID) or similar control algorithm. The algorithm
calculates the necessary angular adjustment for the pivoting idler (12) to steer the belt (10)
back to the center. A positive deviation (e.g., belt moving towards the right) would result in a
command to angle the idler (13) to exert a force pushing the belt (10) towards the left, and
vice-versa. The control gain, which determines the magnitude of the corrective action in
response to a given deviation, is a critical parameter. If the gain is too low, the system will be
slow to respond, and the belt (10) may continue to wander significantly. If the gain is too high,
the system can become over-responsive, leading to oscillations where the belt (10) is
constantly over-corrected from one side to the other, potentially worsening overall tracking
stability and inducing dynamic stresses. The controller (30) sends a command signal (32)
(e.g., a voltage, current, or digital pulse train) to the actuator (16).

[0007] The actuator (16), typically a linear electric actuator, extends or retracts its rod, which
is connected to the pivot frame (14) via the actuator linkage (17) (as detailed in FIG. 2). This
linear motion is converted into an angular rotation of the pivot frame (14) around the pivot
bearing (15), thereby changing the angle of the idler roller (13) relative to the belt's (10)
direction of travel. The idler roller (13) is offset from the pivot bearing (15) by a distance 'd'
and the actuator linkage (17) acts on a lever arm 'L', providing the necessary mechanical
advantage. The angled idler roller (13) applies a lateral force to the underside of the moving
belt (10), steering it back towards the center. As the belt (10) returns to its central position,
the edge sensing system (20) detects the change, and the controller (30) reduces or reverses
the actuator's (16) command, bringing the idler (13) back to its neutral, perpendicular
position.

(0008] In the event that the belt (10) is stopped mid-correction, the system maintains the last
commanded idler angle. The actuator (16) holds its position. When the belt (10) restarts, the
edge sensing system (20) immediately provides an updated position signal (31). The controller
(30) then resumes its corrective action, adjusting the idler angle as needed to bring the belt
(10) back to the center during the start-up phase. If the belt (10) is stopped for an extended
period, the controller (30) might be programmed to return the idler (13) to a neutral position
to prevent potential deformation of the belt (10) or idler (13) components under sustained,
angled pressure.

6. Example Embodiments

(0009] Embodiment 1 In this embodiment, the pivoting idler assembly (12) is installed on the
return side of the conveyor, supporting the empty belt (10). The idler roller (13) is a troughing
type, allowing the belt (10) to maintain a V-shape even when empty. The pivot bearing (15) is
located directly beneath the center of the idler roller (13), and the pivot frame (14) rotates
about a vertical axis. The actuator (16) is a pneumatic cylinder, providing rapid response and
high force capabilities suitable for wider, heavier belts. The edge sensing system (20) utilizes
an array of diffuse infrared sensors, where each sensor detects the presence or absence of the
belt (10) within its detection zone. The controller (30) is a dedicated proportional-only
controller, offering simplicity and speed.

[0010] Embodiment 2 This embodiment places the pivoting idler assembly (12) on the
carrying side of the conveyor, supporting the loaded belt (10). The idler roller (13) is a flat-roll
type. The pivot bearing (15) is offset from the center of the idler roller (13) by approximately
20% of the roller's length, and the pivot axis is inclined at 15 degrees from vertical, which can
enhance the steering effect. The actuator (16) is an electric linear actuator with an integrated
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position encoder, allowing for precise and repeatable angular adjustments. The edge sensing
system (20) employs a laser line scanner that projects a line across the belt (10) edge, and a
camera sensor analyzes the reflected light profile to determine the exact lateral position of
the edge. The controller (30) implements a PID control algorithm, enabling fine-tuned
response and steady-state error reduction.

(0011] Embodiment 3 In this embodiment, two pivoting idler assemblies (12) are utilized in
series, separated by a distance equivalent to five times the belt width, both on the carrying
side. The first idler (13) provides a coarse adjustment, while the second provides fine tuning.
Both idler rollers (13) are conventional flat type. Each pivot bearing (15) is positioned such
that the effective pivot axis is located approximately 1.5 meters upstream from the center of
the idler roller (13), which is achieved by a complex linkage geometry allowing for a delayed
but powerful steering effect. Both actuators (16) are hydraulic cylinders, providing high force
and stiffness. The edge sensing system (20) consists of two separate, non-contact ultrasonic
sensors, one for each belt edge, providing redundancy and independent measurement of both
edges. The controller (30) is a networked industrial PLC, capable of coordinating the actions
of both actuators (16) and integrating with other conveyor control systems.

7. Alternative Configurations

(0012] The pivoting idler assembly (12) may be configured as a troughing idler set, where the
wing rollers are also part of the pivoting mechanism, or as a flat return idler. The pivot point
(15) can be located either at the center of the idler roller (13), upstream of the idler (13) in
the direction of belt travel, or downstream. An upstream pivot point can provide a more
immediate steering response. The actuator (16) can be mounted directly to the pivot frame
(14) or connected remotely via cables or rigid push-pull rods. Instead of a single pivoting
idler, multiple pivoting idlers can be distributed along the conveyor length, each with its own
sensor and control loop, or coordinated by a central controller (30). The edge sensing system
(20) could alternatively utilize pneumatic sensors that detect changes in air pressure as the
belt edge moves.

8. Parameter Variations

Parameter Realistic Range Effect of Increasing Value Effect of Decreasing Value

Control Gain 0.1to 5.0 Faster response, potential for Slower response, larger

(Proportional)

Idler Pivot Angle
Range

Actuator Speed

Sensing System
Resolution

Distance (Sensor
to Idler)

Belt Speed

(dimensionless)

+2 to =10 degrees

10 to 100 mmy/s

0.5to 5 mm

0.5 to 5 meters

0.5to 6 m/s

overshooting/oscillation.

Greater steering force, faster

correction for large deviations.

Quicker idler angle
adjustments, faster belt
correction.

More precise belt edge
measurement, finer control.

Increased time delay for

correction, smoother response.

Higher belt speed requires
faster control response.

steady-state error,
sluggishness.

Reduced steering authority,
slower correction.

Slower adjustments, delayed
correction response.

Less precise measurement,
coarser control adjustments.

Reduced time delay,
potentially oscillatory
response.

Lower belt speed allows for
slower control response.
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Parameter Realistic Range Effect of Increasing Value Effect of Decreasing Value

Idler Roller 100 to 300 mm Larger contact area with belt, Smaller contact area,

Diameter potentially smoother steer. potentially concentrated
force.

Actuator Force 100 to 5000 N Capable of handling heavier Limited to lighter belts or

Output belts, higher friction. lower friction applications.

9. Additional Implementations

[0014] The control algorithm within the controller (30) can incorporate adaptive logic that
adjusts the control gain based on conveyor load conditions, belt speed, or detected belt
wander amplitude. For example, a lower gain might be used during steady-state operation
with minor deviations, while a higher gain is temporarily engaged during start-up or after a
significant load change. The non-contact edge sensing system (20) can be augmented with
additional sensors, such as an optical sensor array that measures belt sag profile, or
temperature sensors to detect localized heating at the belt edge, providing additional data to
the controller (30) for predictive maintenance or more sophisticated control strategies. The
system can be integrated with a master conveyor control system (not shown) to provide status
information, receive operational mode commands, or trigger alarms in cases of persistent
mistracking that exceed the system's corrective capabilities. Furthermore, the pivoting idler
assembly (12) can include integrated limit switches to provide feedback on the maximum
angular deflection of the idler (13), preventing over-actuation and potential mechanical
binding.

10. Figures

System Block Diagram

Belt Edge Position Signa...
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Tracking Force
Y
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Interactions between physical and control elements are shown.

FIG. 1 This diagram illustrates the functional components and signal flow within the self-correcting belt tracking
system. PNG
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Pivoting Idler Assembly
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Conveyor Frame (11)
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The pivot bearing (15) is offset from the roller's center plane.

FIG. 2 This drawing shows the geometry of the pivoting idler and its interaction with the conveyor belt. PNG

Non-Contact Edge Sensor

10 21

Conveyor Belt Emitter Array
Moving Infrared
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Belt Edge Position
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The belt's lateral position obstructs or reveals light paths.

FIG. 3 This diagram illustrates the arrangement of the emitter and receiver for non-contact belt edge detection.
PNG
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