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Modular Conveyor Belt System with Robotic Sorting

Abstract

This paper presents a senior design project titled modular conveyor belt system with robotic
sorting that was completed in a B.S. Engineering Technology program. The main objective of
the project is to design and implement a modular conveyor belt system with a sorting robotic arm
that can simulate several different industrial settings for improving student understanding of real-
life manufacturing environments. The second objective is to maximize the system efficiency by
minimizing both the sorting time and the power consumption. Senior design students working on
this project researched the effects of a modular link belt with chain and gear conveyor system
and reported its benefits over the prefabricated belts. Students also explored the functionality of a
sorting robotic arm that worked in tandem with targeted conveyor belt system.

This project is expected to enhance applied research efforts to reduce the overall operation and
handling costs of an autonomous material transportation systems. Students initially planned to
design a fully autonomous conveyor belt system that would be flexible enough to be
implemented in any industry regardless of the materials being handled, however due to the
complexity of the system and limited semester course hours, a prototype conveyor belt with a
limited robotic sorting system was built using all 3D-designed and printed materials in the
engineering technology laboratories.

Although senior students have already completed machine language, network theory and
computer architecture courses, the actual programming of a functional prototype conveyor belt
and robotic arm also included challenges that are reported in the paper. The conveyor system is
encased in a 3D-printed filament frame having a dimension of 15x5x5 inches with smoothed
curved edges in both the front and the rear sections. Since all the system parts were planned to
be printed in 3D printers, students have had the liberty of using custom shape or design as no
manual labor was required. The total printing time for all the parts including the links used for
the belt took approximately more than 100 hours since all individual links were printed
separately. Easy access to multiple 3D printers in the department helped students to expedite
their material production needs. The main gears were printed using a slower and more condensed
printing mode as they would be constantly moving.

3D-design sketches, functional block diagrams, project Gantt chart, actual belt and robotic arm
system pictures, and bill of materials are provided. The finished product is now being used as
demonstration purposes in control systems technology classes that provide a better understanding
of conveyor belts, a significant part of the manufacturing industries.

Problem Definition

One of the most predominant design problems across belt, drives are the effects of load-changing
in time, the effects of said load change across the conveyor belt, and the requirement of
purchasing belts that are prefabricated for a specific length and purpose [1]. The same conveyor
belt that has been used for a certain product or materials could later be reconfigured for a



different material or for a different system since the modularity will make the belt universal.
These continuous handling machines may handle plenty of material pieces that go through the
manufacturing processes. Autonomous material driving belts have been used for many years in
the industry, yet it has never been fully optimized. Several problems arise from the conventional
design of conveyors, and a myriad of different methods can be used depending on the materials
being transported.

Brief History of Conveyor Belt Systems

A conveyor belt is in simple terms the carrying medium of a conveyor belt system that generally
consists of two or more pulleys with an endless gear system attached to the carrying medium.
One set of pulleys is located in the front of the conveyor belt system while the other set of
pulleys is usually placed at the end of a conveyor belt system. These pulleys are often driven
only for the front gear system or both pulleys. Conveyor belts have been used as early as the 19th
century. In 1892, Thomas Robins began exploring the functionality of a belt system used to carry
coal, ores, and other products [2]. In 1901, a Swedish engineering company developed the first
steel conveyor belt system, around this time most coal mines were already utilizing the early
conveyor belt systems as it demonstrated a massive increase in productivity and time efficiency
in that specific industry. Richard Sutcliffe, an Irish-conceived mining engineer developed the
World’s first underground conveyor belt and mining equipment in 1905 [2]. The introduction of
synthetic conveyor belts during World War 11 has become a turning point in the industry and
synthetic polymers and fabrics began to be used in industrial conveyor belt systems. In 1947, the
American Standards Association (ASA) developed industry standards and regulations in
conveyor safety [2].

Introduction

The objective of this project is to design and implement a modular conveyor belt system with
sorting robotic arms that can be used in several different industrial settings. We hope to minimize
sorting time and power to maximize the productivity of the system. Furthermore, streamlining
the process is not the only outcome that our project can provide; it can also reduce the human
interaction in said machines, reducing maintenance visits, and more importantly reducing overall
operations cost. We plan to research the effects of a modular link belt with a chain and gear
conveyor systems and the benefits it provides over prefabricated belts.

Additionally, we will explore the functionality of a sorting robotic arm that will work in tandem
with our conveyor belt system. This study may provide a useful applied research material that
may reduce the overall operation and handling costs of an autonomous material transportation
system. Although the original objective of this project was to design and building a fully
autonomous conveyor belt system that can be flexible enough to be implemented in any industry
regardless of the materials being handled.

There are plenty of research papers published in robotic sorting applications to enhance the
overall precision, reliability, and efficiency of industrial and manufacturing systems. Stommel
and Xu developed a soft robotic sorting table using the application of machine learning
techniques for the purpose of enhanced control of a soft, peristaltic, and XY-sorting table. They
actuated the table by an array of integrated ail-filled chambers that provided to chambers to be
pneumatically inflated that moving objects on the table [3].



Tsai and Lee worked on conveyor tracking control of a conveyor belt and developed multiple
design examples for educational purposes. Their work contributed to reducing overall
manufacturing time and improved production efficiency by increasing productivity [4]. Guelpa et
al. reported their similar design work of a novel modular conveyor to handle planar fragile
objects at higher speed without contact. Each conveyor element in the shape of a square block
able to generate titled air jets lifting and pushing the produced object in a single direction. Their
work on the motion of the objects pushed by directed air-jets was the unique in terms of
optimized conveyor belt operations [5].

On the other hand, several engineering, and technology-oriented educational papers were
presented at ASEE annual conferences in the fields of industrial control systems applied to
robotics-based automated conveyor belts. The field of automation and controls continues to
provide attractive and promising employment opportunities for many graduates. Chitikeshi et al.
developed a well-defined robotics technology program from community colleges and four-year
engineering technology programs [6].

Kwon et al. developed an “E-manufacturing system” that is defined as a system methodology
enabling the conveyor belts and overall manufacturing operations to successfully integrate with
the functional objectives using the Internet. Their Internet-based quality control scheme is called
“E-Quality Manufacturing” enabling distance and remote students to reach their hands-on
manufacturing laboratory effectively [7]. As part of a senior design project sponsored by
industry, Padir and his students designed and implemented a unique portable robotic work cell
integrating a robot manipulator with vision and conveyor system [8]. The system later provided a
flexible platform for automation and robotics training purposes.

Learning Objectives

The main objective of the project is to design and implement a modular conveyor belt system with
a sorting robotic arm that can simulate several different industrial settings for improving student
understanding of real-life manufacturing environments. The second objective is to maximize the
system efficiency by minimizing both the sorting time and the power consumption. Students
should be able to introduce, identify and formulate a modern industrial research problem, and
develop a solution to it through a teamwork using all available resources. Students are also required
to use the techniques, skills, and modern engineering technology tools necessary for practice.
Finally, students are expected to present their cost-effective modular conveyor belt system with a
sorting robotic arm project implementation professionally to the academia and industry as it is
appropriate.

Design and Implementation of Proposed Modular Conveyor Belt System

The proposed conveyor belt prototype is heavily constrained to maintain the cost within the
limited budget provided to students. For an industrial equivalent of a real system, an ideal motor
for a similar project would be a 3-phase induction motor to provide a high starting torque, good
speed regulation, and reasonable overload capacity.

The proposed conveyor belt system is a chain and gear conveyor belt as seen in Figure 1. The
main premise of the actual “belt” implemented is a set of 3D-printed links, that can be modularly
added or removed to achieve the desired length. Mass-produced links are very cost-effective in



that the size is not limited to a specific length. If the length needs to be increased, adding a few
links will make the belt longer, and can take links off to make it shorter. All of these design
aspects can be achieved with the same “belt” without having to purchase a completely new belt
for different applications.

The modular conveyor belt system is encased in a 3D-printed filament frame approximately in
the dimension of 15x5x5 inches with smoothed curved edges in the front and in the rear as seen
in Figure 2. Considering the students are 3D-printing all the components, they have the liberty
of using whatever shape or design as no manual labor is needed. We estimate that the total time
needed to print all the parts including the links used for the belt will approximately 100+ hours
of printing since students are printing individual links. Since the Department of Engineering
Technology provides an easy access to multiple 3D-printers to use, longer hours can be handled
without major problems other than extended processing times. If the students can print the
components while all machines in parallel, it will considerably reduce the time spent in
production. The frame walls and supports are printed in fast mode, as we do not have any
sensitive parts in the mainframe.
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Figure 1. Proposed Modular Conveyor Belt System



Figure 2. Isometric view of the proposed modular conveyor belt system
Functional Block Diagram of Proposed Modular Conveyor Belt System

The proposed modular conveyor belt system starts up with both robotic arms actively looking for
a specific universal product code (UPC) as shown in Figure 3 of the functional block diagram.
Once a barcode has been found, the reader will look within the Arduino microcontroller’s code
to find the predetermined location in which the box will be placed. After searching for the right
information, there is still a possibility that the machine may not be able to find where the box is
supposed to move resulting in a situation that the machine will go into an error state. During this
state, the system will operate under a predetermined task for this specific situation while the box
will be placed outside of the conveyor system and storage. If the system fails to detect any inputs
(e.g. boxes or UPC) within a specific time, the system will proceed to shut down and conclude
that there is no more box to sort.
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Figure 3. Functional Block Diagram of the proposed Modular Conveyor Belt System
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The main gears of the modular conveyor let system are printed using a slower and more
condensed printing mode as they will be constantly moving. The main shaft holder for the servo
motor are also printed using thick infill of 3D-filament. The main components of the frame are
shown in isometric view in Figure 4a in which both pillow blocks are included to support the
rotating shaft of the main servo motor running the system. There is also one sprocket included to
attach to the links providing the rotating force necessary to drive the links forward. Figure 4b
depicts isometric view of the robotic arm built by all 3D-printed material.

Pl )

Students in the senior design classes are required to prepare, report, and follow detailed Gantt Charts for
their project implementations. The Gantt Chart of the project is shown in Figure 5 starting with project
proposal prepared earlier in the semester.
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Figure 5. Gantt Chart for the completion of the proposed system



Robotic Arms

The proposed system originally consisted of two independent robotic arms which work in
tandem with each other. Each robotic arm is intended to work with three different servo motors
to operate at a higher precision of movement [9]. When the system is initiated, each servo motor
is dedicated to operating on its own axis, the bottom one will focus on the x-axis, the middle will
be y-axis, and the end will focus on the z-axis. Since students have already taken a
Microcontroller class where they used an Arduino microcontroller, it will be the main piece of
hardware to autonomously operate both arms [10]. An Arduino is a programmable hardware
component that can convert both digital and analog inputs into instructions. It is highly versatile
and can work with a plethora of inputs, the way the Arduino communicates to these inputs is
through coding that closely resembles C++ language as listed on Appendix section of this paper.
The scanner will detect the box and communicate with the Arduino which will then send the
information back to the robotic arms with the decision to move the box to locations A, B, or to
be allocated separately as an error situation. If the scanner does not detect an input, the robotic
arms will determine that there is no more boxes to sort and begin to shut down [11-12].

Coding Challenge

The coding job begins with an initialization of all the electrical motors and RGB sensor.
Originally there were 4 motors that oversaw movement for the robotic arm but was then
switched to three following difficulties with the arm not being able to move unless each motor
was moved slowly. This caused some difficulties with operation time since there would be a
coding command caused the motor to move every step back and forth until it got to its correct
location. An example of this would be writing Servo2.write(75); and Servo3.write(80); for the
robotic arms to slowly move without breaking the plastics that held them in place. This is
because of the set up where Arduino cannot run lines of code simultaneously, it needs to process
each line and then executes.

The consequences cause the arm itself to be very tense and rigid since the arm locks the last
motion that it was already set. After disconnecting one of the motors, the system allowed for the
arm to move more fluidly that the y-axis was no longer focused on following two motors but
instead focused on the movement of one motor only. After all the components were initialized
the Arduino checks to find the RGB sensor and begins to record values and transfers into the if
statements after confirming which statement is correct. After this step, the Arduino executes the
set range of operations and system properly sorts the packages. A detailed coding is provided on
Appendix A for the purpose of helping other students and faculty working in the similar fields.

Challenges and Necessary Change of Orders during the project Implementation

In this project, students expected to design and implement a fully incorporated conveyor belt
system with two robotic arms sorting to demonstrate the benefits of opting for a modular design
with a chain/gear system as seen in Figures 6-7. Due to the limited budget and deadline of
completing all the project work in one-semester the following change orders and design
modifications were implemented during the second half of the semester, therefore the senior
project was completed right before the final week.
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Instead of a metal frame and metal belts, a 3D-printed modular design was implemented.
Instead of two robotic arms as both thought to be redundant and time consuming, only one is
designed, produced to place objects in two different bins. Figure 6 shows the original idea of
two robotic arms while Figure 7 and 8 depict the actual modular conveyor belt system with
one robotic arm.

Instead of tying every single link of the belt individually, students decided to interweave the
links with a single piece of fishing line as a simplified and perfectly working solution.

The project dimension was elevated by two inches to harness the belt’s weight for tension to
the gears.

The modular conveyor belt system was shortened about 20% in length to minimize the
filament use as well as finish the project timely.

Pillow blocks use were scrapped due to increased possibility of design and production errors.
They were replaced by custom designed ball bearing holder on the opposite end of the motor
shaft for the necessary support.

Colored Items
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Figure 7. Actual modular conveyor belt system manufactured



Figure 8. Final product of a modular conveyor belt with a robotic sorting

We hope to provide future students a better understanding about a crucial part of the engineering industry
which is the conveyor belt . We also expect to face many challenges when building this prototype,
especially when it comes to coding the sorting operation for the robotic arms. Although we are well
versed in machine language, network theory and computer architecture, the actual programming of a
functional prototype for something of the scope of this study will pose an expected challenge as a
physical implementation such as the one required by this study is something we haven’t done. Overall,
programming for both systems will have to be separate as first, as the conveyor belt system will require
separate proprietary programming from the robotic arm. Ultimately, we will attempt to implement both
devices with the same Arduino board. We are very hopeful for the results of our prototype and look
forward to presenting our findings with our scholar peers.

Bill of Materials

The overall project cost was drastically reduced after opting to reduce the scale of the prototype to fall
within the allocated budget of the project. Instead of constructing a metal frame with a prototype closer in
size to the full-sized proposed conveyor system, it was we decided to utilize the 3D Printers that are
available to students in the department. It was also decided to opt for a more affordable motor that fits the
new scale for the prototype. Therefore, a 126-rpm servo motor was used to drive the prototype module.
In addition to this main servo motor, additional servo motors were needed that are more precise and
smaller so that students may implement the robotic arms that sort through the different materials being
transported in the conveyor. Student discussed whether it would be advisable to use a Raspberry Pi or
Arduino microcontroller board for the project, as both are very capable for the project. The Arduino was
already available in the department as the students learn it in the microcontroller class, therefore it was
decided that would be the best option. The overall cost of the prototype is expected to be $128 as seen on
Bill of Materials (BOM) listed on Table 1.



Table 1. BOM for Proposed System

Item | Description Price
1 126 rpm Servo Motor (Belt Drive) $15.00
2 Arduino UNO $20.00
3 TCS230-TCS3200 Color Recognition Sensor x2 $16.00
4 10 pk Servo Motors (Robotic Arms) $27.00
5 Miscellaneous ( Bolts, nuts, wood scrap) & shipping $50.00

Sub Total: | $128.00

Following items are provided by the University

MakerBot Replicator with Filament | $2500
Grand Total*: | $2,628

(*) Students suggested low-price vendors are Home Depot,
ServoCity.com for DC motor, ball bearings and 6" stainless steel D-
shaft and Amazon.com for Arduino, color sensor and servo motors.

Conclusions

This project provided opportunities for a group of senior students in a 4-year engineering
technology program to become acquainted with the actual process of manufacturing a robotic
arm-controlled conveyor belt system. The initial objective was to build a larger-scale system
however the limitations on time and budget led to produce and operate a prototype module.
Although the conveyor belt was a prototype module that did not show the effects of actual
weight changes in the conveyor belt system, yet it did provide students a glimpse of
understanding what they would expect from industrial size conveyor belt systems. A continuous
improvement of this project would be designing and building a larger scale conveyor belt system
without using 3D printed parts. This may provide a product with less life and sturdiness than an
actual metal frame system. A larger-scale would also mean a larger size electrical motor with
high starting torque and variable speed features. The links produced by a 3D printer are only
modulable by length as smaller chain links the width could also be adjusted meaning that even
more machines could use the exact same belt. The module is being used as an effective
demonstration unit in the Control Systems Technology class.
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Appendix A: Main Code

#include <Adafruit_TCS34725.h>

#include <Servo.h> // servo motors
#include <Wire.h>

// Define the variables:

int servopinbase = 9;

int servopinleft = §;

int servopinright = 5;

int servopinarm = 6;

int color = 0;

int count = 0;

int motorPinl =7;

Servo Servol, Servo2, Servo3, Servo4;

Adafruit TCS34725 tcs = Adafruit TCS34725(TCS34725 INTEGRATIONTIME_700MS,
TCS34725 GAIN 1X); // Initialise with specific int time and gain values:
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void setup()
{

pinMode(motorPinl, OUTPUT);
Servol.attach(servopinbase);
Servo2.attach(servopinleft);
Servo3.attach(servopinright);
Servo4.attach(servopinarm);
// Begin Serial communication:
Serial.begin(9600);
// Check if the sensor is wired correctly:
if (tes.begin()) {

Serial.printIn("Found sensor");

else {
Serial.printIn("No TCS34725 found ... check your connections");
while (1);
i
H

void loop()
{

/I Get the raw sensor data for the red, green, blue and clear photodiodes:

tes.getRawData(&r, &g, &b, &c);

// Calculate the color temperature using all the sensor data:

colorTemp = tes.calculateColorTemperature dn40(r, g, b, c);

// Calculate lux using red, green and blue sensor data:

lux = tes.calculateLux(r, g, b);

// Print the data to the Serial Monitor:
Serial.print("B: "); Senal print(b, DEC); Senial print(" ");
Serial.print("C: "); Senal print(c, DEC); Senal.print(" ");
Serial.println(" ");

if(c < 1499){ //default
digital Write(motorPin1, HIGH);
Servod write(100);
delay(1000);
Servol.write(120);
delay(1000);
Servo2.write(75);

b

if(c >1500){ // white 1
delay(100);
Servod.write(200);
delay(500);
Servo2.write(150);
delay(500);
Servol.write(0);
delay(500);
if(b > 20000){
Servod.write(0);
delay(1000);
Servol.write(200);
delay(1000);



