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Abstract

This design addresses the typical scenario in university and enterprise canteens
where a large number of trays need to be quickly recycled and centrally cleaned.
Focusing on problems such as low recycling efficiency, high manual labor intensity,
unstable hygiene conditions, and on-site management relying on manual experience, a
canteen tray automatic recycling and conveying control system based on
Programmable Logic Controller (PLC) is proposed and completed. The system takes
PLC as the control core, combined with multi-stage conveyor belts, tray detection
sensors, speed and position detection devices, and industrial touchscreen
human-machine interface, to build an automatic recycling line composed of feeding
end, conveying section, collection section and recycling end within a limited space,
realizing continuous automatic conveying of trays from manual feeding to centralized
recycling, reducing direct human contact and improving recycling efficiency and
hygiene level. The hardware part consists of PLC controller, tray detection sensors,
speed and position detection sensors, conveyor drive motors and frequency converters,
emergency stop and safety protection components, operation buttons and signal
indicators, designed in layers according to main circuit and control circuit, and
connected with field equipment and PLC through reasonable I/O address allocation.
The software part adopts ladder diagram programming on the PLC side, dividing
system functions into initialization, tray recognition, conveyor start-stop control,
PWM speed regulation, multi-stage conveyor linkage, fault detection and alarm, and
human-machine interaction modules. The human-machine interface side designs main
monitoring interface, conveying status display interface, parameter setting interface,
fault alarm interface and statistical information interface based on industrial
touchscreen, realizing intuitive monitoring and parameter adjustment of system
operation status. In terms of control mode, the system automatically identifies

whether trays enter the recycling line according to tray feeding conditions, and



completes segmented start-stop and speed coordination control in combination with
the operation relationship between multi-stage conveyors. The conveying speed
adopts PWM-based speed regulation, adjusting duty cycle according to set speed gear
and field operation status, realizing multiple operation conditions such as standard
speed, medium speed and gradual deceleration. Multi-stage conveyors are
coordinatively controlled through linkage logic, ensuring smooth handover of trays
between sections while avoiding local accumulation through full-load detection and
blockage judgment. The system also sets emergency stop, reset and multiple fault
detection logic, capable of timely stopping related equipment and issuing sound and
light alarm in case of abnormality, improving operation safety and reliability. Through
joint operation testing of tray recognition, conveyor start-stop, speed regulation,
multi-stage linkage and fault alarm functions in the simulation environment, the
results show that the system can complete automatic recycling and conveying of trays
according to the expected process, with smooth conveying process, clear operation
status switching and normal coordinated operation of each functional module.
Compared with the traditional method that completely relies on manual recycling, this
design has obvious advantages in reducing manual labor intensity, shortening tray
retention time, reducing cross-contamination risk and improving management
visualization, providing a reference implementation for the engineering application of
canteen tray automatic recycling and conveying.

Keywords: PLC; Canteen Tray; Automatic Recycling; Conveyor Control;
Touchscreen HMI
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