
Rochester Institute of Technology

Department of Mechanical and Manufacturing Engineering Technology

Manufacturing and Mechanical Systems Integration

ABB CRB 15000 Machine Vision

Robotic Tool Grinder

By: Isaac R. Vasquez

May 2024



Acknowledgements

This research was conducted and completed with the support of the following individuals:

• Dr. Marten Anselm

• Dr. Robert Garrick

• Professor Reynaldo Kelly

• Professor Michael Caldwell

• Trevor McGregor (Calvary Robotics)

• Adam Blumrath and Jarrod Pomerantz (RIT Students)

1



Contents

1 Abstract 4

2 Introduction 5

2.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.2 Purpose Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.3 Signi�cance of Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3 Literature Review 7

3.1 Focus on Robotic Deburring Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

3.1.1 Focus On Vision Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

4 Methodology 10

4.1 Research Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

4.2 System Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5 Design Phases 12

5.1 Mechanical Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

5.1.1 Work cell Work Envelope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

5.1.2 Tooling Fixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

5.1.3 Work Cell Layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

5.2 Electrical Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

5.2.1 Load and Fuse Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

5.2.2 Wiring Color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

5.2.3 Component Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

5.3 Vision Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

5.3.1 Vision Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

5.3.2 Camera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

5.3.3 Lens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

5.3.4 Backlight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

5.4 Design Decisions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

5.4.1 Force Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

5.4.2 Belt Sander . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

6 Build Phases 21

6.1 Mechanical Build Phase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

6.1.1 Additive Manufacturing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

6.1.2 Fabrication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

6.2 Electrical Build . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

6.2.1 PLC Panel Wiring and Layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

6.2.2 External Device Wiring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

6.3 Fully Assembled Cell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

7 Software Deployment 28

7.1 Network Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

7.2 PLC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

7.2.1 Generating Device Modules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2



7.2.2 Create Local Tags . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

7.3 Robotic Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

7.3.1 Robotic Controller Con�guration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

7.3.2 Data Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

7.3.3 I/O Con�guration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

7.3.4 RAPID Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

7.4 Vision Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

7.4.1 Connecting to Camera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

7.4.2 Image Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

7.4.3 Data Transfer to PLC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

8 Data and Results 40

8.1 Mechanical Veri�cation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

8.2 Statistical Veri�cation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

9 Discussion 42

9.1 Grind Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

10 Conclusion 43

10.1 Future Improvements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

10.2 Project Hurdles and Lessons Learned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

11 Appendix A 46

12 Appendix B 48

3



1 Abstract

In contemporary engineering, there is a growing emphasis on automating manufacturing processes,

particularly those historically deemed repetitive and mundane for humans. This shift stems from the recog-

nition of inherent risks posed by manual tasks, often prone to errors and inconsistencies. As such, engineers

increasingly turn to robotic systems and machine vision technologies to develop precise, reliable, and au-

tomated alternatives. This capstone report presents a comprehensive examination aimed at validating the

e�cacy of automating a manual tool grinding process. Speci�cally, it focuses on reducing risks associated with

the current manual process, which involves applying a 45° chamfer to a rectangular tool. Through systematic

analysis and experimentation, this study demonstrates the potential of automated solutions in mitigating risks

and enhancing e�ciency within manufacturing operations. The �ndings reveal that the implementation of

automated systems successfully reduced errors and increased repeatability within .200 degrees from nominal,

thus validating the feasibility and e�ectiveness of automation in enhancing manufacturing processes.

The work cell is built in the RIT Automation Lab SLA-2450 and integrates the following components:

• ABB CRB 15000 GoFa Collaborative robot with Omnicore 30 Controller

{ ABB RobotStudio

• Belt Sander

• Allen Bradley 5370 1769 L16ER-BB1B CompactLogix Programmable Logic Controller (PLC)

{ Studio5000 Logix Designer

• Cognex In-Sight 5100 (640x480px)

{ In-Sight Explorer

• Fujinon HF35HA-1S 35mm (lens)

• Moritex CV-FL-63x60B-M12 (backlight)

Keywords: Machine Vision, Robotics, Tool Grinding, Automation
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2 Introduction

The Robotics and Automation Lab in Slaughter Hall 2450 at the Rochester Institute of Technology

provides students with opportunities to learn and develop their PLC programming and automation control

theory skills. Located in the lab is a mobile work cell where a ABB CRB 15000 GoFa Collaborative robot is

mounted on a cart with a work place made of aluminum extrusion. The robot was purchased with the intent

of allowing graduate students to complete their robotics research and capstones on a robot that was not

utilized by the undergraduate robotics courses. With that being, the cell and the integration of this robotic

application provides an excellent opportunity for the robotics professors in our department to demonstrate

to their classes an industrial application of robotics. The purchasing of this robotic cell was made possible

by the generous donation from Calvary Robotics.

Throughout the report there are a variety of terms used. Below are some descriptions of terms with and

visuals of the equipment used in the system.

ˆ Allen Bradley 5370 1769 L16ER-BB1B CompactLogix Programmable Logic Controller (PLC)

{ A PLC is a rugged computer that is standard in industrial automation projects. PLCs continuously

monitor the states of device inputs to make decisions based on a custom program written to control

the state of output devices. The CompactLogix PLC is Allen Bradley's compact PLC line.

ˆ ABB Omnicore C30 Robot Controller

{ A robot controller is needed for all robots and serves as the central processing unit executing the

robot program, I/Os, and coordinating the motion of the robotic joints. The Omnicore C30 robot

is ABB's compact controller line.
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2.1 Background

In traditional tool grinding applications, reliance on manual labor and human skill dependency intro-

duces variability and the potential for errors, impacting the repeatability and precision. Moreover, the pursuit

of high precision often comes at the cost of slower production rates. Beyond chamfering edges, deburring

tasks are also commonly performed manually, further illustrating the need for automation in manufacturing

processes. By implementing an automated solution, the aim is to enhance consistency, accuracy, and e�-

ciency in tool manufacturing, ultimately reducing errors and improving overall productivity. This project not

only addresses the speci�c challenges of chamfering but also highlights the broader potential for automation

to revolutionize various manual tasks in the manufacturing industry

2.2 Purpose Statement

The purpose of this project is to develop an automated tool grinding work cell that provides a re-

peatable 45 degree chamfer grind on a singular edge of a rectangular tool. The grind will be conducted by

e�orts of a robotic arm taking the tool to a belt sander in which will perform the grind undergo validation

by means of machine vision integration.

2.3 Signi�cance of Study

The results of this project are also intended to allow for future leveraging by graduate students seeking

robotic setups that integrate machine vision, automation, and pressure applications. Furthermore, the desired

work cell is intended to be modular such that future work can be added removed after the conclusion of this

research.
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3 Literature Review

3.1 Focus on Robotic Deburring Application

Graduate researchers at McMaster University investigated the implementation of an active end e�ector-

based force control system for robotic deburring using a PUMA-560 robot. The primary objective is to achieve

precise chamfer depth with minimal surface roughness by minimizing the variance in the normal chamfering

force in real-time. The study evaluates several force control algorithms designed to achieve this goal. Key

points of the research:

1. Robotic deburring is explored as an alternative to manual deburring, driven by the high cost of manual

deburring, which can account for a substantial portion of the total cost.

2. The control of the chamfer depth is of utmost importance, and this research focuses on controlling it

with non-compliant cutting tools.

3. To maintain a consistent chamfer depth, it is essential to control the normal force during deburring.

4. While a robot arm can provide coarse motion around the part, a specialized end e�ector is used for �ne

motion control, especially in sharp corners.

5. The research incorporates active end e�ectors with impedance control to achieve precise chamfering

and material removal rate control.

6. The control objective is to minimize the chamfer surface roughness by minimizing the variance in the

normal force during deburring.

7. The research project emphasizes the development of a �ne motion control system for the end e�ector,

assuming that the robot trajectory is known a priori.

This research provided insight into potential solutions within robotic tool deburring using force control

(see Figure 1). While the elected method of force control conducted in the development of this capstone's

research was an ABB Force Control license, the methods and areas of research such as understanding the

importance behind �ne motion control systems for the end e�ector provided insight into how to better improve

the workcell. In addition, it highlighted the importance of being able to control the Normal Force applied to

the contacted forces. That was leveraged in this research as the force was strictly applied in one Cartesian

direction.
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Figure 1: Example of a Robotic Deburring Solution [3]

3.1.1 Focus On Vision Tools

Researchers by the names of Anup Pillai, Shital Chiddarwar, M. R. Rahul, and Mohsin Dalvi developed

a paper highlighting ideal con�gurations for image acquisition setup (see Figure 2). The paper illustrates a

con�guration for image acquisition that promote minimum noise and interference with lights for deburring

applications. The concept of a box enclosing setup was debated given the potential for FOD (grind debris) to

get on the lens. However, further design considerations of the cell layout and newly provided space constraints

altered this selection.
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Figure 2: Example of a Image Acquisition [6]

This literature review was not limited to merely these two papers; rather, it encompassed a comprehen-

sive examination of existing research and scholarly works in the �eld. By synthesizing insights from a diverse

range of sources, including academic journals, conference proceedings, books, and standard engineering-based

websites, a holistic understanding of machine vision and robotic debburring was attained. The synthesis of

�ndings from multiple studies provided valuable context, highlighted key trends, and laid the groundwork

for understanding the completed research in this �eld. With that being said a direct application utilizing a

CRB15000 GoFa was not identi�ed.
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4 Methodology

4.1 Research Questions

The research questions that will be addressed in this report include:

ˆ How does the integration of robotic arm technology and machine vision systems enhance the repeata-

bility and accuracy of chamfer grinding processes in comparison to manual labor?

ˆ What are the key design considerations for developing a safe yet modular tool grinding work cell that

allows for seamless integration of additional functionalities beyond chamfer grinding?

4.2 System Overview

Before designing the work cell, it was crucial to identify the system ow chart and clearly de�ne all

interactions and dependencies between components. This ensured a systematic approach to the design process

and facilitated e�cient communication. The system ow chart served as a visual roadmap, illustrating the

sequence of operations and data ow within the work cell. Additionally, the system ow chart provided a

valuable reference for troubleshooting and maintenance activities throughout the project lifecycle (see Figure

3).
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Figure 3: System Flowchart of Work cell
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5 Design Phases

5.1 Mechanical Design

5.1.1 Work cell Work Envelope

The �rst phase in the design process of the work cell was the mechanical design phase. This stage

encompassed crucial tasks such as conceptualizing the work cell layout, crafting �xtures, and integrating

safety measures and advanced technologies. Before proceeding with the layout planning, it was imperative

to account for the speci�c limitations of the work cell. For instance, the dimensions of the work cell were

inherently dictated by the dimensions of the cart. The cart, featuring a work envelope measuring 590.01mm

in length and 621.20mm in width, was de�ned by the T-slotted table top upon which the robot was securely

mounted (refer to Figure 4). While this constraint was intrinsic to the robotic cart provided by Empire

Automation Systems, it also ensured the work cell's modularity and mobility. Notably, the cart's dimensions

allowed it to e�ortlessly navigate through standard door frames. Furthermore, it is worth mentioning that the

work envelope of the cart comfortably fell within the operational range of the robot utilized in this system.

The robot, a 6-axis CRB 15000 model, boasted a 0.95m reach and a substantial 5kg payload capacity. (see

Figure 5).

Figure 4: Dimensions of Cart Workspace
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Figure 5: CRB 15000 Working Range

5.1.2 Tooling Fixtures

Once the system owchart was established and the work cell constraints were identi�ed, it was time to

begin laying out the �xtures that would be required. The orientation in which the tool would be ground was

crucial for determining how the robot must pick up the tool. This is where the concept of a gravity �xture

emerged. In robotic machine-tending applications, parts often arrive on a tray in an unordered fashion,

making it challenging to pick up the tool consistently. This issue had to be addressed, as the position of the

tools could not be controlled in the tray (see Figure 6a). After pickup from the tray, the robot will place the

tool in a �xture that utilizes gravity to con�gure it in the same position each time, allowing for repeatable

tool pickup (see Figure 6b).

(a) Tool Tray (b) Gravity Fixture After Tool Tray

Figure 6: Tool Tray and Gravity Fixture

Given that the tool was to be gripped by the robot's EOAT in a horizontal manner, it had to be

replaced in the vertical standing tool tray. To achieve this reorientation of the tool to a vertical position,
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another intermediate gravity tray was used. This tray allowed for the tool to be placed and then re-picked

up by the gripper's jaws descending along the sides, securing it in a vertical orientation. Once picked up in

the vertical orientation, the tool is placed back into its original position in the tool tray for the process to

repeat again for the remaining tools (see Figure 7).

Figure 7: Vertical Gravity Fixture

To ensure consistent and repeatable image capture, mounts were speci�cally designed for both the

camera and backlight. Positioned at the front of the cart, these mounts enable the robot to position the tool

optimally between them, resulting in the best possible images for machine vision processing (see Figure 8a

and 8b).

(a) Camera Mount (b) Light Mount

Figure 8: Camera and Light Mounts

The last component to be designed was a protective casing for the belt sander. Due to the nature of

belt sanders, they tend to scatter chips of ground material in their vicinity during operation. To mitigate this

issue and prevent debris from interfering with the camera lens and backlight, as well as to provide a measure

of safety for personnel operating the cell nearby, a casing was devised to enclose the belt sander. The casing
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was designed with an open top and slit in the back to allow for a small vacuum hose to �t through and clean

the area of excess debris and chips (see Figure 9).

Figure 9: Belt Sander Casing

5.1.3 Work Cell Layout

The layout of the cell was mapped to ensure optimal functionality and e�ciency. This involved

considering various factors, including providing the vision system the required working range and �eld-

of-view, positioning the belt sander at a considerable distance from the camera, and organizing the tool

placement between the tray and gravity �xtures to its own section. This strategic arrangement was aimed

at optimizing the overall workow and spatial utilization within the work cell. By consolidating the tool

placement to a quadrant, the available space was maximized, and the movement of the robotic arm between

the tooling �xtures and belt sander was streamlined. This con�guration not only enhanced the e�ciency of

tool handling but also facilitated smoother operations. It minimized the risk of collisions or obstructions as

the manufacturing process owed in a clockwise manner starting from the top left of the workspace if viewing

head-on. Overall, these deliberate placement decisions contributed to the seamless functioning of the work

cell, ensuring optimal performance and productivity (see Figure 10).

Figure 10: Iso View of Design Parts on Cart
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5.2 Electrical Design

5.2.1 Load and Fuse Calculations

Prior to any wiring or electrical schematic mapping, load calculations were performed to ensure all

device ratings were safely accounted for. In order to achieve this, the current drawing of all external devices

were summed (see Table 1). As evident by Table 1, the total current draw from all external devices and

components on the PLC panel was 8.06A. In e�orts of cost savings, a spare Phoenix Contact UNO POWER

24VDC power supply was suitable as it was rated for a max output of 10A.

Table 1: Power Supply Device Current Ratings

Device Current Drawing
Device Current Draw (A)

PLC 2.30
Ethernet Switch 0.11

Belt Sander 5.00
Cognex Camera 0.50

Backlight 0.15
Total 8.06 A

While we can assure that the devices and electrical components will not overload the power supply's

current rating, it was important to safeguard against potential surges in current draw during power cycles.

To mitigate this risk, individual devices are equipped with fast-acting fuses. In this system, three fuses were

utilized, rated for 3A, 5A, and 7A respectively. The 3A fuse is dedicated solely to the PLC, ensuring its

protection. The 5A fuse safeguards the Cognex camera, backlight, and Ethernet switch. Meanwhile, the 7A

fuse provides protection for the belt sander. These carefully selected fuses serve to safeguard the system's

integrity and ensure uninterrupted operation.

5.2.2 Wiring Color

In the pursuit of designing an organized PLC panel, adherence to the National Electric Code (NEC)

was prioritized in selecting wire colors [4]. This deliberate approach was adopted to minimize potential

confusion and ensure clarity in the panel's wiring con�guration for future maintenance and troubleshooting.

Accordingly, the NEC electrical wiring code designates Black and Red as the primary and secondary hot

wires, respectively. These distinct colors are visibly traced from and to the power supply, as well as to and

from terminal blocks, facilitating the supply and return of 24VDC. Additionally, the selection of white and

green wires were deliberate, with white signifying neutral and green symbolizing ground. Lastly, blue wires

were strategically chosen to denote pathways exiting the PLC and extending into either relays or devices for

I/O power distribution. This systematic approach to wire color selection not only enhances visual clarity but

also streamlines the identi�cation of wiring connections within the panel (See Figure X).

5.2.3 Component Selection

For the �nal phase of the electrical design, a comprehensive component list was curated, ensuring the

system's readiness to distribute power to all devices e�ectively and safely (refer to Table 2). These components

were selected with precision to meet the project's power requirements, ensuring seamless operation and

compliance with safety standards. The creation of Table 2 also considered speci�c power and data cables

essential for external devices, such as the Cognex camera and Moritex backlight, ensuring coverage of all

electrical requirements for the system. In addition, given that the work cell was built on a modular cart,
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it was imperative that the entire system required only one plug to operate. Since the cart already required

power to operate the robot controller, a custom plug was designed to supply the power supply with the 120V

it needed. The plug �t into an extra socket that the cart had. Through careful planning and consideration

of each component's role and necessity, the electrical design phase culminated in the creation of a robust

component list.

Table 2: Electrical Component list

Component List
Component Part NO. Quantity
Power Supply Phoenix Contact UNO POWER 1

PLC Allen Bradley 5370 Compact Logix 1769 L16ER-BB1B 1
Ethernet Switch Phoenix Contact FL Switch 1005N 1

AC Relay Allen Bradley 700-HN104 1
DC Relay Finder 34.5.1.7.024.0010 1

Fuse Allen Bradley 1492-FB1C30-L 1
Fuse Allen Bradley 1492-H 2

Terminal Blocks Allen Bradley 1492-J3 14
M12 Female 8 Pin DB15 Lonlonty USLQ-5655 1

M12 Male 8 Pin A-Code RJ45 HangTon Connect M12A 1
M12 Female 4 Pin uxcell a16110400ux0304J3 1

15-Amp 125-Volt 3-wire Plug NEMA 4867-F-LW 1

5.3 Vision Design

5.3.1 Vision Environment

The vision environment was con�gured based o� the criteria of providing optimal placement of the

lens, positioned furthest away from the belt sander. In additon, this placement gave the the robot a centered

position to hold the tool (see Figure 11. With the width of the table post-�xture mounting being approxi-

mately 550mm, this location o�ered an ample working range for the equipment to operate e�ectively.

Figure 11: Vision Environment
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5.3.2 Camera

The vision camera used in this system was the In-Sight 5100 Cognex Vision System, a loaner unit

generously provided by Calvary Robotics, a local robotics integration company based in Webster, New York.

The decision to opt for a Cognex camera stemmed from the compact footprint of the workcell. Cognex

cameras, such as the 5000 series, are equipped with an embedded controller, eliminating the need for additional

equipment and facilitating seamless integration with Allen Bradley PLCs. The selection of this speci�c camera

model was made by the Vision team at Calvary Robotics, considering various factors. Given the application

requirements, a camera without its own backlight was deemed su�cient. In addition, utilizing a Cognex

Camera o�ered access to the In-Sight Explorer software, its propietary software o�ering vision tools and

machine image processing. The camera can be identi�ed below:

Figure 12: Cognex Camera

5.3.3 Lens

As for the lens, a 35mm lens was deemed appropriate by the 250mm working distance in which placed

the tooling in the middle between the camera and the backlight. In addition, given that the desired �eld of

view was relatively small and constrained to the edge of the tool, a lens with this small of a resolution was

suitable for the task. The lens can be identi�ed below:

Figure 13: HF35HA-1S Lens
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5.3.4 Backlight

The backlight utilized was a Moritex CV-FL63X60B (see Figure 14a. This small backlight was suitable

for the job due to its di�used light and ability to cover just the amount needed to view the tool's edge with

the light behind it. Figure 14b demonstrates the ideal illumination structure placing the tool in front of the

light between the camera and its lens.

(a) Backlight (b) Backlight Illumination Structure

Figure 14: Moritex CV-FL63X60B Backlight

5.4 Design Decisions

5.4.1 Force Control

One crucial decision that required careful consideration was determining how the robot would detect

when it had applied the necessary force/pressure to execute a 45° chamfer grind e�ectively. This detection

method needed to be both calibrated and tested to ensure it consistently achieved the desired grind quality.

Three potential methods were identi�ed: acquiring the ABB Force Control License, which utilizes the torque

sensors integrated into the individual joints of the CRB15000 robot; implementing an electro-mechanical

End-of-Arm Tool (EOAT) equipped with force-detection technology; or incorporating a secondary vision

system dedicated to detecting edge deection of the EOAT. Each method o�ered its own set of strengths and

weaknesses. A decision matrix, depicted in Figure 15, was employed to evaluate these methods. The ABB

Force Control License emerged as the optimal choice, garnering the highest score of 11. Although it scored

the lowest, the force control license demonstrated promising potential applications beyond the scope of this

research, contributing to its selection.

Figure 15: Force Control Decision Matrix
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5.4.2 Belt Sander

Given the small footprint of the tools, particularly the dimensions of 3" x 1" x 3/8", the selection

criteria for the belt sander were relatively straightforward. The main focus was to �nd a sander that could

accommodate similar-sized objects and perform grinding tasks typically associated with knife and jewelry

work. After conducting thorough research, a belt sander meeting these requirements was identi�ed (see

Figure 16). This model o�ered adjustable power settings ranging from 12 to 24V, making it suitable for the

intended application and ensuring compatibility with the small-scale tools to be grounded.

Figure 16: Belt Sander
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6 Build Phases

6.1 Mechanical Build Phase

6.1.1 Additive Manufacturing

All �xtures intended for mounting on the T-slot aluminum extrusion workspace atop the cart were

chosen to be 3D printed to achieve cost savings. The Bambu Lab X1 Carbon and Ultimaker S7 printers

were utilized for printing these �xtures, as they provided su�cient tolerancing for the print requirements

(see Figure 17). Additionally, Polylactic Acid (PLA) was selected as the printing material due to its optimal

balance between cost-e�ectiveness and stability required for the parts.Once the �xtures were printed they

were mounted to the cart's top by 18-8 Stainless Steel, M8 x 1.25 mm Thread, 35mm Long Hex Bolts secured

by a T-slotted nut.

(a) Bambu X1 Carbon (b) Ultimaker S7

Figure 17: 3D Printers Used

6.1.2 Fabrication

During the project, two things required machine fabrication and the use of the Machine Tools Lab

located within RIT. The �rst was the base plate of the belt sander. Given that the belt sander will be

activated and will be undergoing force by the tool pressing against it, it was important that it was important

that it could be mounted to the table in a position that would restrict it from deecting and moving when

exhibiting the force from the tool being pressed against it and while the motors on on. In order to do this, 2

M8 clearance holes were placed on the plate 45mm apart. This was done using a Bridgeport Mill (see Figure

18).
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Figure 18: Belt Sander Baseplate on Mill

Another component that underwent fabrication was the PLC panel. With the goal of ensuring mod-

ularity within the work cell, the panel needed to be adaptable for mounting on the side of the cart. This

involved removing one of the side panels and mount the metal panel that would house the DIN rails and

electrical components, aligning it with the dimensions of the mounting holes (see Figure 19a). The four

mounting holes on the side panels were spaced 28" by 18" apart (see Figure 19b). By accounting for these

dimensions and adding a quarter inch on each side of the panel, the panel was precisely cut using a band saw.

Subsequently, the M7 holes were drilled into the panel at their respective locations using a drill press. Follow-

ing fabrication the panel was mounted and in position to begin assembly and wiring. Figure 20 demonstrates

how to old panel looked prior to cutting and drilling the new mounting holes in it.

(a) Original Side Panel on Cart (b) Side Panel Taken O�

Figure 19: Side Panel of Cart
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