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ABSTRACT
The purpose of this project was to design, fabricate, and implement a linear-axis rail system
for use with the Kawasaki RS03N six axis robots located in the Applied Engineering Center at
USI. After the rail system is completed, individuals can issue positioning commands to the motordriven platform, which will move the platform to different locations along the track. This project
was set into motion by a group of past students who were tasked with determining the proper
specifications for the rails, slides, bearing and motor. Given that they had to research all that
information their overall design portion of the linear-axis rail system lacked some of the qualities
instructors were looking for. To design the rail system, significant CAD work was performed to
identify the proper solution to the design to make it more robust and user friendly. Upon
completion, this project will allow the Robotics (TECH 272) curriculum to expand, by allowing
instructors to discuss the importance of motion control systems in manufacturing, and how to
implement them. This is a design that instructors are interested in as well which involves
implementing the linear-axis rail system for future use in their Robotics labs to further expand the
capability of the robot and what the operator can do.
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LINEAR-AXIS RAIL SYSTEM DESIGN AND IMPLEMENTATION
1

INTRODUCTION

The main purpose of implementing the rail system itself is to expand the operating range of the
Kawasaki RS03N. The Kawasaki RS03N is a medium duty articulated robot, seen in Figure 1:
Kawasaki RS03N Robot, capable of movement using six degrees of freedom. By implementing
the rail system, the robot would gain a seventh axis allowing expansion in what the robot and
user can do.

Figure 1: Kawasaki RS03N Robot
Due to the extensive scope of the project, to efficiently address the project, the workload was
divided into three primary sub-systems. These sub-systems were the: mechanical systems,
structural components, and control systems. Furthermore, these sub-systems are broken down into
their respective components in Figure 2: Project sub-system breakdown. The first sub-system is
the mechanical systems consisting of the slide and rail assembly, motion systems, and motor. The
second sub-system is the structural components which include the mounting plate, base plate, rail
risers, motor mount, and bearing support. Lastly, the control system sub-system consisting of the
programmable logic controller + human machine interface or PLC+HMI and motor drive.
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Figure 2: Project sub-system breakdown
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EVALUATION OF PREVIOUS DESIGN

As we were reviewing the previous team’s files and design were looked over and there were a
few areas of concern that were observed that needed to be documented and corrected in the new
design. After reviewing the design our team determined that there were four primary areas that
would need to be improved upon in the next version. As for the main components of the system
like the rails, the motor, and the motion system, all this will remain the same in the next version
due to it being sized and selected by the previous team. For the rail they decided to use the EGseries EGH25C model due to it being able to meet and or exceed requirements for the maximum
moment of inertia, maximum vertical force. For the motor they decided to use a stepper motor
due to its ability to be programmed, high torque at moderate speeds, and high accuracy. For the
motion system of the rail system the previous team decided to go with a ball screw as the ball
screw has a low coefficient of friction, no backlash in travel, and high accuracy and precision.

2.1

BASE MOUNTING PLATE

The first concern that was noticed is with the base mounting plate, as shown in Figure 3:
Previous model of rail system. The main concern with the base mounting plate itself is that it was
sized too small. Not only was the plate sized too small in length and width, but also in thickness.
The thickness of the mounting plate was too thin and would not be able to support the full weight
of the rail system. With the base mounting plate being too thin, flexing could occur and cause
stresses in the rails or also the carriage to bind up due to the rails not being parallel with each
other. With the base plate only being sized big enough to house the rail and ball bearing
assemblies, this created the issue of where to mount the stepper motor. In the previous design a
piece of plywood was mounted under the metal base plate to give the stepper motor a place to be
mounted to. There are a couple of concerns with this which will be seeking attention. First,
plywood does not provide a flat or parallel surface to be able to mount and accurately align the
stepper motor and ball screw assembly. Second, over time the plywood will begin to bow and
flex which will throw off any alignment in the system. This can cause unwanted stresses and
possible damage to the components of the track system. To correct this, a base plate larger
enough will need to be implemented so all the components of the system can be mounted on the
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same plate. Also, the plate will need to be thick enough to be able to support the full weight of
the system and not flex.

Figure 3: Previous model of rail system

2.2

RAIL SUPPORTS/RISERS

The second concern is with the rail supports as shown in Figure 4: Previous design of rail
support/riser. The rail supports that were used were made of steel and are approximately 4 7/16inch in length, 1 5/16-inch in width, and 1 ¼-inch in height. Three rail support sections were
used per rail for a total of six rail supports. These rail supports would not be able to properly
support the rails during operation with the specified robotic arm attached. The rail supports need
to be able to prevent rails from bowing under the weight of the carriage and or twisting due to
the center of gravity shifting due to the robotic arm extending to perform the programmed task.
Unfortunately, with the way the current rail supports are designed they can only raise the rails to
the needed height. To correct this, the rail supports will need to be redesigned to run the entire
length of the rails to fully support them.
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Figure 4: Previous design of rail support/riser

2.3

MOTOR TO BALL SCREW CONNECTION

The third concern that was identified was the connection between the ball screw and the stepper
motor. The previous team made a modification to the end of the ball screw to act as an extension
for the system. The extension looks to be a piece of steel rod stock approximately 5/8-inch in
diameter and was possibly welded onto the end of the ball screw to allow the ball screw to be
connected to the stepper motor through a coupling. It was noticed that the extension was not
mounted straight and when the ball screw rotated the extension was off by approximately two
hundred thousandth of an inch as shown in Figure 5: Runout measurements of added extension
to ball screw. To try and correct this a new Helicoil flexible coupling was selected that would be
able to handle the runout of the added extension.
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Figure 5: Runoff measurements of added extension to ball screw

2.4

BEARING BRACKET MOUNTING

The final concern is that the supports for the ball screw were welded onto the base plate as
shown in Figure 6: Welded bearing mount for ball screw assembly. The problem with this is if
they need to be adjusted or replaced the process of removal would be more rigorous than just
removing a few bolts. To remove the welded supports, it would require the use of power tools
which would not only require more PPE (eye protection, ear protection, protective clothing) but
also would increase the risk of operator injury. Whereas if the supports were bolted in place, it
would not only reduce the time used for replacement or adjustment but would also reduce the
chance of operator injury. To correct this, the entire system would be designed to install every
component with bolts or screws to allow for fast and easy removal and installation of parts.
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Figure 6: Welded bearing mount for ball screw assembly

3

STRUCTURAL COMPONENTS

The structural components involved with redesigning the linear-axis rail system can be separated
into six subsections as seen in Figure 7: Identifying Structural Components: the mounting plate,
base plate, rail risers, bearing riser, bearing support bracket, and motor mount. Each of these
subsections will be discussed independently in this section.
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Figure 7: Identifying Structural Components

3.1

MOUNTING PLATE

The mounting plate is a piece of hot-rolled steel that is 9-inches wide, 12-inches long, and 11/16
inch thick. The purpose of this plate is to affix the robot to the linear guideway and connect the
ball nut bracket which provides the robot with motion, as seen in Figure 8: Mounting Plate
Image.

Figure 8: Mounting Plate Image
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To ensure accurate mounting of the plate to the linear guideway, both sides of the plate were
milled to make near parallel sides. The plate also had holes drilled and tapped into with socket
head cap screws of various lengths and sizes. The last step in the fabrication of the plate was to
file all the edges to reduce the risk of being cut.

3.2

BASE PLATE

The base plate is the main component of this project as it is used to secure all parts of the linear
track. It also provides rigidity to the system while ensuring that all parts are not prone to any
excessive vibrations. The base plate is made of ¾-inch thick hot-rolled steel. It spans a 16-inch
by 45-inch rectangular cross section, as seen in Figure 9: Base Plate Image.

Figure 9: Base Plate Image
The objective for the base plate was the same as the mounting plate which was to mill both sides
of the plate to make them near parallel. Unfortunately, due to the lack of travel on the milling
machines located in the Applied Engineering Center at USI this was not able to happen. To
overcome this, it was decided best next option to sand the base plate down to ensure all the
surface rust and impurities were off the plate. The plate also had holes drilled and tapped into it
with socket head cap screws of various lengths and sizes. The last step in the process was to file
all the edges of the plate to get all the burrs off.

3.3

RAIL RISERS
9

The rail risers for this system were redesigned to span the full length of the rail instead of the
past design which were three short blocks evenly spaced throughout the rail on each side. These
rails were made from 1.50-inch wide, 2-inch tall, and 36-inch-long piece of cold-rolled steel, as
seen in Figure 10: Full Rail Riser.

Figure 10: Full Rail Riser
For the rail riser all sides had to be milled to the proper specification which also made nice
parallel sides for the rail to rest on. Although both these rails were made from the same raw
material there was a slight difference between the two. On one of the rails, a lip was left on the
mounting surface to push the rail up against to ensure that it is perfectly aligned with the riser.
Also, holes were drilled and tapped in the side of the riser to mount a piece of angle iron to apply
pressure to the rail when mounting, as seen in Figure 11: Rail Riser.
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Figure 11: Rail Riser

3.4

BEARING RISER

The bearing riser on the system only had one purpose which was to level the bearing with the
rest of the system components to ensure proper height so that they would be in alignment with
each other, as shown in Figure 12: Bearing Riser. The bearing riser was fabricated out of a piece
of cold-rolled steel that was 1.5-inches wide, 2-inches tall, and 4-inches long.

Figure 12: Bearing Riser
The block had to be milled on all four surfaces to ensure proper dimensions and smooth surfaces.
Furthermore, the surface of the block where the bearing is mounting to have a groove milled into
11

to make sure it is straight with the rest of the system. To finish the block holes were drilled and
tapped for M6x1.0 socket head cap screws for easy mounting capabilities.

3.5

BEARING SUPPORT BRACKET

The bearing support bracket was another piece of the system that had to be redesigned. This is
the bracket that aligns and supports the bearing assembly. The bearing support bracket that was
on the old design was welded to the base plate which made it very inconvenient if someone ever
wanted to take it off and create a new one. To prevent this from happening in the new design it
was decided that using a piece of 2-inch wide, 4-inch long, and ¼-inch thick piece of angle steel
that would be bolted to the base plate instead of welded, as shown in Figure 13: Bearing Support
Bracket.

Figure 13: Bearing Support Bracket
To fabricate this piece of the system the first step was to mill out a slot in the angle steel so that
the ball screw could slip in and be mounted to the bracket. Second holes had to be drilled
through the angle steel to mount to the base plate and ball screw bracket. Finally, to make sure
that proper location and installation was feasible a dowel pin was incorporated into the design for
a more user-friendly system.

3.6

MOTOR MOUNT

12

The last component of the system that was redesigned was the motor mount. The motor mount
secures the stepper motor to the base plate. The design that was decided on was to use a piece of
4-inch wide, 4-inch long, and ¼-inch thick angle steel, as seen in Figure 14: Motor Mount. Since
angle steel was selected for the bearing support bracket it seemed like a viable option for the
motor mount as well.

Figure 14: Motor Mount
To create the motor mount, mounting holes had to be milled into the piece to secure the bracket
to the base plate and for the motor to be mounted as well. Also, a larger hole had to be milled out
in the center of the bracket to compensate for the stepper motor spindle that must pass through to
reach the coupling of the system. A dowel pin was included on the motor mount also to ensure
proper location and installation. Lastly, all sides of the angle steel were filed to prevent the risk
of being injured.
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PROGRAMMING

The end goal is to have the rail system to be linked with the robotic arms programming so that
once the robotic arm completes its task at its current location it can tell the rail system to move to
the next location and so on. In term of the programming for this system it is straight forward. A
signal from the robot is sent to the motor driver/controller. Once the driver/controller receives
the signal it then determines what the command was for then runs the calculations to determine
the needed pulses to move the robotic arm along the rail system at the predetermined velocity,
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acceleration, and deceleration. Once the calculations are complete the driver/controller then
outputs the signal to the stepper motor as pulses. The stepper motor receives the pulses and then
begins to rotate the ball screw to move the robotic arm along the rail system to the specified
location.

Robot/PLC+HMI

Motor
driver+controller

Stepper motor

Figure 15: Input signal flowchart
The stepper motor that was chosen by the previous team was purchased as a package along with
a programmable motor driver/controller combo. The motor driver/controller that was purchased
was a RKSD507-AD Driver/Controller from Oriental motor. A good feature of this
driver/controller is that it can be programmed and then disconnected from a computer and can
store the program onboard. This allows the drive rot to be programmed and then installed
wherever needed.
To drive the system an IDEC FT1A-C14SA programmable logic controller (PLC)+ human
machine interface (HMI) was used initially to send signals to the motor controller/driver to send
pulses to the stepper motor to move the robotic arm up and down the track. The IDEC
PLC+HMI was not only used as the HMI for this system, but it was also used to supply the
required twenty-four volts direct current (VDC) to power the stepper motor’s electromagnetic
braking system. Without the twenty-four VDC being supplied to the electromagnetic braking
system the motor does not work. This is because the electromagnetic braking system is engaged
when not supplied the needed voltage to prevent it from rotating the spindle.
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Figure 16: IDEC PLC+HMI

5

CONCLUSION AND RECOMMENDATIONS

5.1

CURRENT PROGRESS

Project information such as the engineering drawings and bill of materials can be found in
Appendix A and Appendix B, respectively. The following is a comprehensive summary of tasks
that were accomplished on the linear axis system.
•

The base plate, mounting plate, rail risers, bearing riser, bearing bracket, and motor
mount were all redesigned using CAD.

•

There is a complete full assembly file on SolidWorks with a functioning linear axis rail
system.

•

Fully defined engineering drawings were created for use of making more systems in the
future or for replacing existing parts.

•

All parts of the system were machined and fabricated together to make an actual design
of the system.

In the table below is a brief breakdown of the cost of this project. The material costs are broken
down into four categories the motion system, the motor and components, the control system, and
the structural components. The materials cost for this project is approximately $2,730.10. The
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next section of the table below is the breakdown of the labor and machining costs. These
numbers are as of 04/07/2022, which will change once we complete the project and final report.
As of 04/07/2022 we have approximately two hundred and thirty-two hours in labor at a rate of
fifteen dollars per hour totals out to be $3,480.00. For the machine costs we have approximately
forty-eight hours at a rate of seventy-five dollars per hour, which totals $3600. After totaling all
the subtotals this project has a total cost of approximately $8,910.10.

Material Costs

Item
Motion System
Motor and Components
Control System
Structural Components
Sub-Total:

Total
$800.10
$627.00
$553.00
$750.00
$2,730.10

Labor and Machining Costs

Item
Labor
Machining

5.2

Sub-Total:

Total
$3,480.00
$3,600.00
$7,080.00

Total:

$9,810.10

FUTURE RECOMMENDATIONS
•

As mentioned previously in Section 3.2, the base plate was unable to be milled on both
surfaces due to lack of travel with the milling machines we have on campus. Ideally, it
would be sufficient to mill both sides of the plate so all imperfections could be removed
from it. This would lead to proper fastening of all components of the system and lead to a
better overall design.
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•

In addition to the design, it would be valuable to incorporate proximity sensors at the end
of the rail system to reference end of travel of the robot. Also, add a home sensor for the
system to know when it arrives at its resting position. These sensors could be significant
in the overall design to implement safe proof so users can not bind up the track.

If these issues can be investigated and properly addressed, the linear axis system should have
a very good chance of performing at maximum capability.
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APPENDIX
Appendix A: Drawings for Redesigned Parts
Appendix B: Bill of Materials
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APPENDIX A

Figure 1: Base mounting plate
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Figure 2: Rail mounting plate
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Figure 3: Rail riser fixed
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Figure 4: Rail riser
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Figure 5: Bearing block riser
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Figure 6: Bearing support bracket
25

Figure 7: Motor mounting bracket
26

Figure 8: Rail support fixed bracket
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APPENDIX B
Project Costs

Item
Ball Screw
Fixed End Support
Simple End Support
Ball Nut Bracket
Stepper Motor
Motor Driver
Shaft Coupler
Programming Cable
RS-485 Cable
Elec. Mag. Brake Cable
Bearing Block
Slide Rails
Base and Rail Mounting
Plates
Rail Risers
Rail Riser Fixed Bracket
Bearing Block Riser
Motor and Bearing Bracket
Labor
Machining Costs

Unit
Price

Quantity

Total

$129.60

1

$129.60

$64.00
$39.00
$19.60
$435.00
$404.00
$134.00
$120.00
$29.00
$58.00
$72.09
$129.77

1
1
1
1
1
1
1
1
1
4
2

$64.00
$39.00
$19.60
$435.00
$404.00
$134.00
$120.00
$29.00
$58.00
$288.36
$259.54

N/A

$500.00

1

$500.00

N/A
N/A
N/A
N/A
N/A
N/A

$100.00
$10.00
$20.00
$20.00
$15.00
$75.00

Part Number
BSFU1610-0950FS
FK12
BF12
HD16
PKE5913MC
RKSD507-AD
MCS551416
CC05IF-USB
CC001-RS4
CC020VPFB
EGH25C
EGR25R900

Figure 1
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2
$200.00
1
$10.00
1
$20.00
1
$20.00
232
$3,480.00
36
$2,700.00
Total: $8,910.10

