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Executive Summary

This project is a first iteration of an automated foosball table designed and created using servomotors
provided by Yaskawa to create an interactive tradeshow display where guests can play against the
algorithms developed in the PLC (programmable logic controller) controlling the servomotors. There will
be a second iteration of the project done by a different team directly following this one. The motion
components were selected with the intent to be able to surpass the reaction times and speeds of expert
human players. There are a total of eight servomotors, four controlling linear actuators for translation of
rods, and four controlling the rotation of rods. The table is equipped with a vision system that will
output the location of the foosball, calculate the velocity, and predict the future ball location. Using the
inputs from the vision system, the algorithms in the PLC decides how to move each rod.

In addition to the motion and vision system, structures were designed and built to support the
components. There is a scoreboard made from sheet metal parts that was intended to automatically
keep score of the game. A vision arch was designed and manufactured using Aluminum extruded parts
to support the scoreboard and camera of the vision system. A display case was designed and
manufactured to house all the motion components and electrical components to ensure guests can not
touch any moving or electrical parts while being able to see all the motion components of the system. A
playfield cover was designed to prevent guests from touching the foosmen while the system is in
motion.

For the first iteration, motion system, display case, vision arch, and the scoreboard was completely
designed and built. The motion system includes basic algorithm that only used position input to decide
the positions of each rod individually in both rotation and axial directions to block or shoot the ball.

The vision system, scoreboard, and playfield cover was not finished. Parts for the vision system was
selected and purchased, but programming was not finished to output correct position and communicate
with the PLC. To compensate, an HMI interface was created to simulate continuous ball position inputs
to the PLC. Lighting issues with the vision system was not resolved. The scoreboard structure was built,
but the electronics were not assembled and programming not finished due to time constraints. The
playfield cover structure was designed, but the covering material (acrylic, wire mesh, etc) was not
selected due to interference with the vision system.

The second iteration of the project should finish the parts that are incomplete from this first iteration,
such as the implementing the vision system, scoreboard, and playfield cover. The structural and motion
components should be sufficient, but changes and improvements can be made as well. The major
improvements would be to the programming of the PLC to include foosball strategies to better simulate
a player.
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Chapter 1: Introduction

Sponsor needs and Background

Yaskawa America, one of the foremost companies in motion technology, wants to attract people at
tradeshows by using an interactive display where the Yaskawa motors can be seen in operation.
Yaskawa has requested an automated foosball table to bring to the tradeshows. This foosball table will
have Yaskawa motors and servo drivers to automate one side of a foosball table so that a person can
play against a computer. Yaskawa will benefit from the completion of this project by having an
interactive display to attract potential customers who will be able to see Yaskawa motors working.
Other people that will use the table will be the people at the tradeshows who will be playing with the
table, the technicians in charge of putting the table together and transporting the table, as well as
people at Cal Poly Open Campus events where the table (the one left at Cal Poly) will be displayed.

Problem Definition

The purpose of this project is to design and produce two foosball tables (one for Yaskawa, one for Cal
Poly) that have an automated side with two degrees of freedom per rod. Yaskawa motors must be used
to facilitate the automation of the table. The table will be equipped with a sensor system allowing it to
pinpoint the location of the Foosball, calculate the velocity, predict the future ball location and control
the motors. Several algorithms will be created to control the foosmen figurines via the motors to
produce motion to intercept and push the ball towards the opposing goal.

Objective and Specifications

The overall goals for the project are to create a foosball table able to track the foosball and use basic
motion to push the ball forward by actuating the rods. In the QFD (quality function deployment), we
listed customer requirements, as well as engineering requirements that will be tested in our final design.
The QFD can be found in Appendix AEach of the customer requirements were weighted based on
importance to the customer as well as how they relate to the end users. Then, we rated the
relationships of the customer requirements to the engineering requirements to determine tests needed
to meet our specifications. We also compared our design specifications to those of similar existing
products (discussed in the next chapter) by benchmarking how they meet our engineering requirements
based on their publications. That information was then used to create targets for engineering
requirements of our project. On page two of appendix A, each engineering requirement was compared
to the others to determine if any of them correlated. This allowed us to determine if any of the
requirements were unnecessary due to being fulfilled by others. Table 2, on the next page, is a list of the
specifications and the targets for this project determined from the QFD.
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Table 1 Automated foosball table formal specifications.
Spec # Parameter Description Requirement or Target Tolerance Risk | Compliance
1 % of Components Visible 80 % Max L I, S
2 Motor response time 30 ms 5 ms M AT S
3 Sensing Response Time 30 ms 5 ms M T
Max speed of ball after
4 being struck by motor 8 m/s Min M AT
controlled rods
Time to assemble from .
5 base components 180 min Max L I
6 V|brat|9ns experl'enced low Max M AT
during operation
7 System'detec'tlon of ball 8 m/s +1m/s H AT
in motion
No direct contact
8 between player and yes Min M I
moving parts
9 Well documented yes Min L |
software code
10 Reliability of the 99.99 % Max L A
mechanical system
Measurements of the
11 total space required for 1.50x1.50 m? +0.25 x 0.25 m? L I, T
operation
12 Display that shows score yes Min L I
13 New player or user 30s +10's L T
learning time
Aesthetic Assessment .
14 Scale 1-10 (Sponsor) ! Min M 'S
15 Alm_lng _(h|tt|ng ball in +60 degrees Max H T
direction of goal)
Cost analysis (our target
16 does not include $5,000 Max L A
donations)
17 Fatigue Analysis (Unable 100 hours Min M A
to test)
Risk:  H=High Compliance: A = Analysis
M = Medium T =Testing
L= Low | = Inspection

S = Similarity to Existing Designs
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For each specification shown above we have a target goal, an estimated tolerance, a risk association,
and a compliance. The target goal is what we plan to achieve with our system. The tolerance is the range
of deviation from those targets we will accept in the final design. The risk is an assessment of how vital
to the project the design requirement is. A low risk requirement will not completely invalidate the
project if it is not met, while a high risk requirement is crucial to the success of the project. Compliance
is how we plan to test the design requirements to ensure that each has been appropriately met.

Some more details of each specification are:

e Percentage of components parts visible is a requirement for this project because the purpose of
the end product will be to demonstrate the performance of the motors and how well they work
with the system.

e The response time of the sensing and motor systems is directly related to demonstrating high
performance of the motors and how well they work with the sensing equipment. This is based
on the time is takes the foosball to travel one half the length of the foosball table at our
estimated fastest speed.

e The power delivered to the ball is needed to select the appropriate equipment that will match
and exceed human capabilities. After some review and calculations, the actual torque required
to accelerate the ball may be far lower than we had originally estimated. Therefore 15Nm may
be over specified.

e The time to assemble is a requirement due to the end product needing to be transported.

e Vibrations on the product should be low in order to increase system life and overall quality to
the player.

e The system must be capable of sensing the ball at a high velocity in order to demonstrate high
system performance. This requirement is critical as it will be one of the more difficult to setup
and develop and the end product will be completely inoperable without it. The goal was set to
the high end of testing performed by other groups with similar projects, specifically the Kiro
and Eindhoven University projects ',

e Due to safety of those using the product and those being near the product being of the utmost
importance there must not be any contact between the users and the moving parts of the
product.

e  Well documented software code will allow easy understanding and modification of our code for
future fine tuning.

e The mechanical system must be reliable in order to be of quality and have consistent
performance.

e The total size of the project is important as transportation and storage as well as space allocated
at trade shows may be limited. The requirement listed is our current best guess and may be
subject to change as the project requires.

e Adisplay showing the level of difficulty and the current score of a game played with the product
will show the players information about the game.

e New player learning time should be as low as it takes for a player to learn to use a normal
foosball table.
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o Aesthetic assessment of the product will be done by Yaskawa Employees to ensure trade show
quality presentation.

e Aiming the ball is important to ensure that the machine will correctly engage with and impress
the player. This will be a very hard requirement to meet because it requires the motors and the
sensing equipment to work together with a small error margin. This will likely require a lot of
efficient programming. Our goal is to obtain a working prototype that can be improved on and
fine-tuned at a later date, thus our requirement has a large range of +60 degrees from the
intended target direction.

o The cost of the product should be as low as possible but quality is the most important. The
$5000 listed does not include the donated motors, actuators, and controllers from Yaskawa and
currently does not reflect the cost of a vision system.

e Fatigue of the system is not expected to be a very significant problem but we will still perform
analysis to ensure that the table will at the very least remain intact for 100 hours of operation.
Since testing this would require running to failure we will only be performing theoretical analysis
not actual tests.

To ensure the system will perform to specifications, a DVPR (design verification plan and review) can be
found in Appendix A. To ensure the system will not fail, a FMEA (failure mode and effects analysis) was
performed and can be found in Appendix A.

Project Management Plan
The following is a summary of who is in charge of which parts of the project. This includes testing,

programing, and subsystem fabrication. A detailed timeline can be found in the Gantt chart in Appendix
F.

Table 2 Time table of deliverables.

Deliverable Due Date Lead
Design Report May 21, 2013 Larry Huang
Critical Design Review with
Week of May 20, 2013 Jesse Graham
Sponsor
Project Update Memo October 4, 2013 Larry Huang
Senior Project Expo November 21, 2013 Larry Huang

Final Report December 6, 2013 Juan Gutierrez-Franco
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Chapter 2: Background

Existing products

Research into the project has shown that several tables have been created that have one side
automated and can at least perform basic movements needed for playing Foosball. These movements
include rotation of the rods of the table (See figure 1 for parts of a Foosball table), lateral movement of
the foosmen (human-like plastic figure on the rod that hits the ball), aiming, and shooting of the ball.
These tables have been made at different universities across the world. The tables use a combination of
linear and rotary motors to actuate the rods containing the foosmen ®'®77)_ Some tables have more
control of the foosmen than others and have different level of skill from the computer . There are also
different ways of detecting the position of the ball and players '*.. Some teams have used a grid of
lasers but there has been concern in their accuracy since they must be placed far apart so that they do
not illuminate several optical detectors. Another method used is the implementation of cameras (high
speed, pin-hole). This method can have certain difficulties. If the cameras are located on top of the
table, the foosball can be hidden from the camera underneath the rods or players. Also there is a lot of
image processing required to follow the ball with the camera and there is the possibility that the ball will
not be detected because the foosball is not picked up appropriately by the camera, although
experimentation with different color foosballs can be done to find the best color for the camera used.

Handles

Foosmen

Figure 1: Foosball table parts

One table found was developed by students in the University of Adelaide, Australia. This table uses a
laser grid to detect the ball (seen in Figure 2 along the edges of the table) B). The rods are controlled by
linear and rotary motors to create accurate movement of the players and a fast response. Telescopic
rods are used on the table as a safety feature to not injure the person playing against the computer. The
rods and motors are covered in acrylic glass housing so people cannot get hurt with moving parts but
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can observe the motors in action . The table is covered in acrylic glass Bl most likely a safety feature so
the ball does not fly out of the table and people do not get hurt with the moving players. There are
added parts on the rods which are believed to be an accelerometer to calculate the position of the
players. It was noted that this table has metal gears and there was heavy use of CNC machining ®\. The
table has two different levels of skill, one with basic motion and another with rapid movements of the

rods .

Figure 2: Robotic Foosball Table from the University of Adelaide, Australia

Another table was made by students at the University of Akron. This table has basic motion of the rods,
and the motors are sitting at an adjacent table (see figure 3A). This table has regular rods (not
telescopic), it has no safety features, and it is slower than the table made in Adelaide .. This table uses a
vision system consisting of infrared lights and phototransistors.

The Eindhoven University of Technology in Netherlands built a table using a camera vision system. The
camera was suspended on top of the table by a structure added to the table and an algorithm was used
to follow the ball from the camera image. The machine controls the yellow foosmen while the user
controls the black foosmen. This is to improve visibility of the players and the ball by the camera .. This
table also has telescopic rods and the motors are in a plastic housing.



Automated Foosball Table Final Project Report 17

Figure 3: A. Foosball table from the University of Akron, Ohio. Notice motors and actuators on
adjacent table. B. Foosball table form the Eindhoven University of Technology, Netherlands ..
Notice the motors on the left side of the pictures are in a plastic housing.

A table in Denmark used telescopic rods but had slow motion and it was not at the level of the tables
mentioned above 2. This table used linear actuators and rotary motors for motion. Students at the
Georgia Institute of Technology created a table with a low budget to show proof of concept. This table
had slow motion possibly due to the trouble they had with gear sizes . Rotary motors were used for
motion. A rotary motor would rotate the rod and another rotary motor with a rack and pinion attached
to it moved the rods linearly ! The gears were made out of plastic. The motors were placed on a table
adjacent to the foosball table and no safety features were added. A low resolution camera was used to
track the ball.

Figure 4: Foosball table from the Georgia Institute of Technology. Notice
the plastic gearing and set up on an adjacent table. This table only
needed to show proof of concept.

Programming seen in other projects use software such as MATLAB®. This code is used to control the
motors to actuate the shafts. When the location of the ball is near a certain player, the computer
registers the position of both the foosball and the player and commands the right motor to push the ball
forward with the closest player .
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The tables discussed above give insight on what can be done and how well have these tables been

developed by others. Tables such as the one created at the University of Adelaide are very complex,

have rapid and accurate response, and have clear housing around the table to make it aesthetical and to

show motors and other parts used. The table made at the University of Adelaide is a good example of

what this project and its later improvements will be aiming for. To finish the comparison, Table 1 below

compares the 3 top tables found during the research phase.

Table 3 Comparison for top three tables from other universities.

University of Adelaide

University of Akron

Eindhoven Int. of Tech.

Vision

Laser grid

Infrared light +
phototransistor

Camera on top of table +
image processing

Safety

Housing covers table

No features

Housing covers motors;
telescopic rods

Motor selection

Rotary + gears

Linear actuators and
rotary motors

Rotary motors

Motor mounting

On adjacent structure

On adjacent table

On table

Motion level Complex and accurate Slow and few errors Complex and accurate
Machining required CNC No Little
Aesthetics High Low Medium
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Chapter 3: Design Development

Design Concepts

The following will be a discussion of our top concepts for the automated foosball table that we believe
will meet the above design requirements. There are 6 major categories that our concepts fit into:
Sensing systems, , motor housing structures, safety, logic rules, motor attachment/ assembly, and
aesthetic features. For a complete list of our ideas and basic selection process see Appendix C.

Sensing Systems

One of the Primary concerns for this project is ball tracking. The Automated Foosball System must be
able to detect the ball in near real time, and from that be able to calculate the ball’s position and
trajectory. There are many different options for the tracking of objects in industry and similar projects.
The main tracking methods we investigated were acoustic tracking, laser tracking, laser grid, magnetic
tracking, radio frequency tags, and vision tracking. Of these systems, the two that seem the most
feasible for this project are the vision and laser grid systems. For a brief discussion of the other systems
see appendix B.

Vision

The vision system concept is a design where a high quality camera is positioned over the top of the

foosball table’s playing surface so that the entire top of the table is within the camera’s field of vision.

The camera will then be used to detect the ball based on the ball’s color and/or

Camera =3 . .
/1 shape. By comparing the sequential camera frames to one another we can

calculate the ball’s trajectory and predict its future location.

We see two current draw backs to this concept. The first is that the ball can be
occluded by the rods and foosmen figurines on the rods. The second is the

Figure 5: Sketch of  computing power necessary to analyze the photos quickly will require a good
vision system. CPU.

Laser Grid

A Laser grid system is another concept that could work for this project. This design consists of several

lasers and photo sensors aligned in a grid pattern on the surface of the table. As the ball moves across

the surface of the table it will trip the lasers which will give the balls current location. Velocity can be

determined by comparing which lasers are tripped now to the lasers that were tripped finite amount of
time before. This gives us a change in position over a change in time,

/KWWWNWM ..« allowing us to predict the balls future location. Since there is space
e Ag40 Al between the figurines and the ground the figurines should not cause
e 5 5 0 1 ] I confusion for the sensing system.
EEeeRSEE1NNNN . .
F 7 v The system has some foreseen draw backs to it. How precisely we can

|
G n\\ o
/ 7 Nganal . , e . e
Lasers find the ball’s position is directly related to how many lasers we can
set up around table. employ and how close together we can place them. To prevent the lasers
from interfering with one another we have to space them to some
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amount which can limit our resolution. The system will also be unable to track the ball during a bounce
which could possibly cause some issues.

Motor Housing Structures

One of the primary things that we will be fabricating from scratch will be the motor housing structure
that will be attached to the table itself. The purpose of this structure will be to provide a way to secure
the motors to the table, protect both the motors from outside interaction and the people nearby from
the moving parts. It must also allow the motor workings to be visible by the people nearby. We have
two concepts which we are confident will protect the motors while allowing vision of moving parts.

Motor Display Box

This idea is to attach a large rectangular case to the side of the foosball table. A representation of the
concept is presented below. The sides and top of the case will be made of a transparent material that
will allow easy visibility of the motors as they work. For easy access to the motors the case’s top and
sides should be easy to open and take apart. This will allow for easy viewing of the motors and protect
them. If additional support is needed for the case, which we believe is likely, legs can be attached to it.

One possible draw back to this idea is the heat generation of the motors may cause the temperature
inside of the box to increase to unacceptable levels. We think this will be easy to overcome with proper
ventilation.

Figure 7: Display box sketch
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Individual Housing

This is similar to the display box idea above. The primary difference will be that each motor will have its
own unique case. A simple sketch of the idea is provided below. This should allow for easy and quick
assembly/disassembly. It does have the same draw back as the display box idea above, which is that the
enclosure may cause the systems to overheat if not vented properly. Limited space can be another
foreseen disadvantage to this idea.

M\
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Figure 8: Sketch of individual motor housings.

Safety
Safety is a concern of every product every produced and this project is no different. The following are
concepts dedicated to protecting the people around the table from the automatic parts of the table.

Transparent Flip up Cover

With the use of motors, some risks arise. The risk of a ball flying out
<2 of the table, if hit too hard, is always present. The use of motors
G T allows for hitting the ball with great amounts of force. The ball can
fly out of the table at a high speed and hit the player or any
bystanders watching the game or simply passing by. To avoid this
from happening, an acrylic glass flip up cover can be placed on top
i of the table. The cover can be hinged so that it can be opened by
" the user (using a handle). If the cover is opened, the motors can be
programmed to not activate. This is will prevent any injuries if the
motors activate when the user is moving a dead ball or any other

o reason has to manually set the game. The acrylic glass will keep the

Flip Cover

foosball from flying out of the table while allowing the user and the

Figure 9: Sketch of Flip up covef camera vision of the game.
idea.
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Motor Axial Force Sensing

Keeping track of the axial force can be used to set a threshold value after which the motors would
deactivate. If the motor senses a force that is not expecting, it should realize that it has hit something
and should stop as quickly as possible.

Rod Covers

The ends of rods activated by motors can be covered with cylindrical plastic covers to avoid people
walking into the path of the rods. This will keep bystanders and users from getting hit by the moving
rods. These rod covers come with the table chosen as a standard feature.

Motor Housing Transparent Wall
See motor housing concept section above.

Control of Motor Torque

It should be possible to stop the ball from flying out of the table by controlling the torque outputted by
the motors. This can also affect the performance of the table since less torque means less speed which
gives the opponent more time to react.

Logic Rules

There are rules that the system will follow based on the given ball position in order to move the ball
toward the opposing goal. Without sufficient data concerning the movements a human makes during a
normal game, we cannot know many of the specific rules that the system must follow. However, we can
determine some of the general rules of the system from the project specifications.

e The system must block the movement of the ball toward its own goal
e The system must not obstruct the movement of the ball toward the opposing goal
e The system must continuously position itself in order to move the ball toward the opposing goal.

N PLAYER
L
* *
* *
] * ® *
* *
* *
%
Al

Figure 10 Foosball table coordinate system
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e Given coordinate system above, the sensing system calculates the position of the ball on the
field formatted as (x, y).

e Given a position y all rods will move so that one foosman on each rod will occupy the samey
position as the ball.

e Forevery rod, a possible block zone is determined, and each foosman will guard an equal
portion of the possible block zone.

e Given a position x, if x is greater than the position of a rod, then the feet of the foosmen will
block, otherwise the foosmens feet will be raised.

e Given a position x, if x is within kicking distance of a rod, then the foot of the foosman will kick
the ball.

Motor Attachment Rotational
The following is a list and discussion of the different motor possibilities that can be used for the
rotational control of the rods for our system.

Direct Drive Motors

To make the rods rotate, direct drive motors were first considered. It offers direct coupling of the table
shaft and motor shaft, eliminating some efficiency losses, and lowering the complexity of the power
transmission system. It also is able to put out high torque at a low spin speed, which is desired for our
application. The disadvantage is the size of the motor. In order to reach the high torque needed to spin
the rods at a high acceleration without a transmission system, the size of the direct drive motor must be
big. It may be possible that the motors are too big to fit side by side, resulting in the need for a complex
mechanical system for rotation. More will be known once the table is assembled and accurate
measurements can be taken.

Rotary Motor

The other option to rotate the rods is rotary motor. Yaskawa motors typically run in the 3000 rpm range,
while outputting relatively low torque compared to direct drive motors. However, a power transmission
system can be used to increase the output torque as necessary to reach the desired rod rotational
acceleration. An advantage of the power transmission system is that the motors can be much smaller
than the direct drive motor, resulting in better space efficiency and overall lower weight of the system.
The disadvantage of a rotatory motor is that it may add complexity to the power transmission system.
This may be overcome with gears, or if possible directly attaching the motors to the system.

Spline

Attachment of the motor and linear actuator was then considered. The first option is to mount the rod
and its coupling and/or power transmission system to the rotary or direct drive motor, which is
mounted on the linear actuator. The advantage of this system is the simplicity of design. The
disadvantage is the added weight of the rotary will cause the linear actuator to experience more load.

A second option of attachment is to attach a spline or coupling to the rods to engage the rotary or direct
drive motor and at the same time allow axial movement by the linear actuator. The goal of this
configuration is to have rotation and axial motion be decoupled from each other, allowing the rotary or
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direct drive motor to be directly mounted onto a stationary object like the table, lowering the load on
the linear actuator.

Motor Attachment Linear
This is a brief discussion of the different linear actuators that are available to use for the linear motion of
the rods for our system.

Linear Actuators
To move the rods axially, a linear actuator was considered. Within linear actuators there are four
choices:

e Rack and pinion

e Ball screw

e Beltdriven

e Yaskawa’s servo linear actuators

If using a rack and pinion, ball screw, or belt driven actuator, a rotary motor would be used to drive it,
while Yaskawa’'s servo linear actuators will already have motors attached to them. Some rods such as
the goalie and defending rod may experience high accelerations depending on the type of algorithms
used to respond to the ball. High accuracy and speed is required for this application. Different types of
actuators have different levels of speed and accuracy.

Gearing
To lower the motor speed and increase output torque, a gearing system must be implemented. There
are several choices:

e Gears
e Pulleys and belt
e Gearbox

Of the three choices, gears and pulleys will be the least expensive. However, they have the disadvantage
of having low aesthetic value and may have backlash and alignment problems. Pulleys will be easier to
align than gears. The gearbox is the most expensive option, but is the best in aesthetics, simplicity of
implementation, and very low backlash.

Features

In order for the table to be exceptional, extra features not directly related to its performance can and
should be added. The following are a few of the concepts that could be included with the table to give it
more ability to grab the attention of the players and audience.

Score Board Arch
Attach a structure on the table so that things such as the camera or a possible score board could be
mounted on it. This arch will be over the table, attached to the short walls of the table to allow players
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to have a full view of the table. The arch can be two pipes running diagonally on the table and crossing
at the top in the center, or it can be a single pipe that splits in two at the ends to allow for stability.
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Figure 11: Sketch of scoreboard and scoreboard arch

Angled Board Score Board

A score tracking mechanism is necessary to easily keep track of the score. The score can be outputted in
a scoreboard. This score board is composed by three screens, set up in such a way that it forms an
equilateral triangle and attached at the top of scoreboard arch. This way, the score can be seen from all
angles. All wires can be tucked into the pipe or neatly placed on the structure of the scoreboard arch.

Preprogrammed motions

Some motion at the beginning and end of the game can be integrated as a neat way to get people at the
tradeshows more interested in the demonstration. These motions can be different for the start and end
of the game and should demonstrate the speed and precision of the motors (such a movement, for
example, could be a quick spin of the rods where the foosmen start vertical and end vertical).

Lighting

In order to allow for a better view of the game, lights can be mounted on the table to better illuminate
the field. This can be beneficial because it will not only allow for a better view for the user, but it can
also allow for better view of the vision system. If there is not enough light at the location where the
foosball table is placed, the camera may not be able to pick up the foosball and it will not be able to
track it. By providing its own lighting, vision and tracking of the ball will not be hurt by the environment
of the table. This lights could be placed in the inside walls of the table or on an overhead structure.

Location of Extra Equipment

Needed equipment such as computer(s), motor controllers, heat sinks an others, need to be both
functional and out of the way of motors, moving parts and people walking around. A structure can be
built underneath the table to neatly place all the equipment needed to run the table properly. Air flow
for cooling of equipment should be a primary concern to avoid overheating of any component. Also if
any component is expected to get too hot (as in heat sinks), it should be placed away from all other
equipment to avoid overheating of components, and away from people’s reach to avoid burns.
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User Interface

The players will need to interact easily with the machine. Controls such as reset game score, or stop
game can be input with buttons. Ideal positions for these input buttons would be under the player
controlled rods. Each player will have their own set of controls. There may be more controls added if
needed for safety or additional features.

Concept Analysis and Selection

We are confident that the above concepts would work for this project. Many these could be combined
into different systems. The best combination of concepts listed above has been chosen to create our top
design. Below we will compare and contrast the conflicting ideas, show why the chosen concept was
selected, and describe how our top concepts together meet the design requirements.

Sensing system
In order to determine the best sensing system for the automated foosball table project we compared 6
factors between the Vision and Laser Grid systems:

e Cost

e Velocity Calculations

e Reaction time

e Resolution

e Ease of Implementation
e Ease of programming

Cost is determined by the amount and price of the main components that would be needed to make the
sensing system viable. For a camera vision system to be able to function it mainly would need a high
speed camera that can be used for capturing images of the playfield. The sensing system will require a
camera and a CPU for picture analysis, this brings our cost to about $1200.

The cost of a laser system is based mainly on the laser or laser diodes that would be required to detect
the ball as it moves over the playing field, and possibly a micro controller to monitor the changes in
voltage from the phototransistors. We looked at several LEDs and Lasers, phototransistors, and ball
parked a micro controller to come up with a price that is likely going to be somewhere around $800 and
$1000 in total. This is based on a brief calculation of the number of lasers, phototransistors we would
need in order to cover the play field in a grid at a spacing of 1 cm and the cost of one micro controller.

Velocity calculation is going to have a lot to do with predicting the balls future location and would be
done slightly differently in each system. A camera system will estimate the center of the ball by the
nearest pixel in one frame, and then comparing it to the nearest pixel to the center of the ball in the
next frame. If we assign each pixel to an x-y coordinate on the table, the velocity can be found by using
the Pythagorean Theorem, dividing by the time between frames, and trigonometry.
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With a laser system, since the ball is only detected when it crosses a laser it is not necessarily true that it
will always be detected by an x and y laser at the same time. Therefore every time the ball crosses a
laser oriented in the x direction a timer will start until the ball hits a second laser in the x direction, then
the distance between the lasers can be divided by the time the ball took to travel between them giving
us a velocity in the x direction. This can be repeated in the y direction which allows us to obtain the
velocity of the ball in vector form, which we can convert into any other form needed.

Reaction time is directly related to one of our design requirements and the faster the system performs
the better. A camera system is limited by its frame rate, and the time it takes to process the image.
While it is impossible to say exactly how long it will take to process the images from the camera system
some estimations can be made. Using a 200 fps camera a new frame is generated every 5 ms. The
processing of the image would take the longest amount of time, and is not constant. It depends on the
images and the algorithm used. However, our best guess is about 15 ms or more as a worst case
scenario. This brings the total worst case time to analyze an image to 20 ms.

A laser system detects the ball by a simple voltage change. Either a laser is hitting the phototransistor or
it is not. Since the location of each laser would be preprogramed into the computer it would be
extremely fast for the computer to figure out which lasers are interrupted and from that know the
location of the ball, likely on the order of micro seconds. This brings the sensing systems reaction time
down to practically nothing.

Resolution is defined as how precisely we can determine the balls location on the playing field. A camera
system with 640x480 pixels, once matched with the ratio of width to length of the foosball table’s play
field, will approximately have a pixel for every 3.34 mm?®.

A laser system is limited by how close we can place the transistors and lasers together both physically
and without them interfering with one another. It is not certain how far apart they will exactly be but
other similar projects have spaced the lasers about 1 cm apart. Some laser diodes were looked at to
determine physical size and we calculated the distance between adjacent lasers to be anywhere from
10mm to 5mm, which would make the resolution anywhere from 100mm? (1 cm?) to 25mm?>.

Ease of implementation is directly related to the number and difficulty of table alterations that would
need to be made in order to implement the sensing system. A camera system would not require a lot of
internal alterations. A structure would need to be built that attaches to the outside of the table and
allows a place to put the camera where it can see the playing field. This could be a relatively simple
structure and the biggest challenges would be getting the camera aligned optimally and making sure
that the vibrations from the table do not interfere with the camera.

A laser system would be very hard to implement. It would require holes to be drilled into the table for
each of the lasers and each photo resistor. An outside cover would likely be needed to cover the holes
made as well to meet our aesthetic requirement. It would also have to be ensured that the lasers are
properly aligned and not interfering with one another. There would be a very large of amount of extra
wiring that would need to be sorted and parts to manage



Automated Foosball Table Final Project Report 28

Ease of programming is based mainly on how difficult it would be to write a program that runs the
equipment used for the sensing system. A camera system would need a program that captures the
camera image, processes the image with a criteria of color, brightness, etc., determines the position
through processed image, calculates velocity from previous position, and sends output commands to
the motors based on position, direction, and velocity. A vision system would also need a way to separate
other objects on the field from the ball which could add complication.

A laser system would require a micro controller with a program to configure its input and output pins,
calculate position from monitoring pin voltage, calculate velocity from previous position, output to
motors based on direction position and velocity.

Using these criteria and calculations we compared each category to the other categories in order to
assign weights and then put them into a decision matrix. The best choice is the vision system. Both the
decision matrix and the normalized weight tables are listed in Appendix A.

Motor Housing Structures

The motor display case was chosen over the individual housing because it is simpler to attach and
support a single compartment to the table rather than four individual ones. In addition, the
compartment could be made to have space which will make the motor systems easier to get to and alter
without taking the case completely apart. In addition, having a large attached compartment will help us
with possible ventilation and organization of the motor assemblies and wiring.

This will allow for the motors to be easily seen which will help meet the aesthetics and visibility of
moving parts design requirements. This should also be easy to take apart and store, thus helping to
meet our design requirement of 180 minutes to assemble the system.

Safety

In terms of safety, we have chosen the transparent flip up cover, transparent motor housing walls and
rod covers. The rod covers come with the Warrior table. Since we already have them, it would be best to
use them. To avoid the ball flying out of the table, the transparent flip up cover was chosen. With a
cover over the table, the ball cannot escape, no matter how hard the ball is hit. If the cover is made of
acrylic glass, the vision of the game is not obstructed and will be more resilient than standard glass.
Furthermore, having the housing for the motors be made of acrylic glass will allow easy vision of the
motors in action. It will also keep the motors away from bystanders that may try to touch them. This is
in accordance with our design requirements to have 80% of the inner workings visible and no contact
between players and moving parts respectively.

Features

The scoreboard arch has been chosen because the structure needed for the camera can be used to
mount the scoreboard. The three screen scoreboard is chosen so the score and any possible outputted
message can easily be seen from any angle. Pre-programmed motions would be a nice touch to the
table, further showing the capabilities of the Yaskawa motors. The lighting option will be implemented if
needed in such a way that vision of the camera is improved. Finally, the location of the necessary
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hardware and equipment will be placed below the table since in that location it will be out of the way of
walkers, bystanders and the user. These features fulfill the need for a score and difficulty display as well

as our aesthetic requirement.

Motor Attachments

To rotate the rods, a rotary motor was chosen over a direct drive motor. From the Yaskawa Sigma V
catalogue, even the largest available rotary motor has mass in the 2.7 kg range while the smallest direct
drive motor has a mass of 4.8 kg. The direct drive motor also has a large width, 135 mm while the rotary
motors have an upper width size of around 80 mm. The 135 mm width of the direct drive motor may
become a problem for the two adjacent rods where their spacing is only around 150 mm. A rotary motor
also has a slightly larger range of speeds depending on power transmission gearing.

A rotary motor was selected to be the best choice to control the rotation of the rods based on size, mass
and possible motor speed considerations. First, a sizing analysis was performed on a direct drive motor,
and then compared to a rotary motor using Yaskawa’s Sigma V product catalog.
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Figure 12: Direct drive motor from Yaskawa catalogue

From our design requirements, a peak torque of 15 N-m was required to perform the fastest shot in
foosball. As such, the smallest direct drive motor to meet the requirement is the SGMC-05B, with rated
torque of 5.0 N-m, peak torque of 15 N-m, rated speed of 200 rpm and a max rated speed of 500 rpm.
From figure 12, the diameter of the motor is 135 mm and a weight of 5.8 kg.
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Figure 13: Rotary motor from Yaskawa catalogue

In order to meet the same 15 N-m peak torque requirement with a rotary motor, a power transmission
system must be used. A typical 10:1 gear ratio is assumed for this analysis. In order to meet the 15 N-m
peak torque on the rod, only 1.5 N-m peak torque is needed from the motor due to the gear ratio. The
smallest rotary motor to meet this requirement is the SGMJV-C2A. It has a rated torque of 0.477 N-m,
peak torque of 1.67 N-m, rated speed of 3000 rpm and max speed of 6000 rpm. From the chart on figure
12, it can be seen that this motor has a width of 40 mm, and a weight of 0.5 kg.

A direct drive motor would need to be mounted directly to the rod. Referring to figure 13, the space
between each rod is only 5.875 in. or around 149 mm. It would be a close fit to mount a direct drive
motor on the two adjacent rods, but would not be a problem for the remaining two rods. However, a
rotary motor will fit very easily with only 40 mm width. Length was not considered in the comparison
because it does not affect the space requirements.

Another distinct advantage of the rotary motor is the mass. The direct drive motor is 5.8 kg while the
rotary motor is only 0.5 kg. This puts a much smaller load on the linear actuator, allowing it to be more
accurate and possibly of a smaller size. Lastly, the direct drive motor has a rated speed of 200 rpm and a
max speed of 500 rpm, while the rotary motor has a rated speed of 3000 rpm and max 6000 rpm. After
accounting for the assumed 10:1 gear ratio, the rod will have a “rated” speed of 300 rpm and a “max”
speed of 600 rpm. It offers a slightly higher range of angular velocity, which may be useful for future
algorithm development.



Automated Foosball Table Final Project Report 31

This analysis does not include calculation of RMS torque, which will be better estimated when
algorithms for control of the rods are developed. To size the motors for the final design, RMS torque will
be calculated from anticipated movement patterns. Maximum torque and acceleration required will be
measured to get a more realistic load. A torque and speed profile will also need to be estimated and
inertia ratio will be calculated to determine the best size.

A decision has not been made whether to make the rotary motor stationary or move with the actuator.
More research needs to be done to find available options for splines and shaft couplings and their
advantages and disadvantages. This decision will affect the load on the linear actuator, and the best
choice will be chosen after proper research and experimentation is done during the detailed design
phase next quarter.

Linear Actuators and Rules

Some preliminary analysis was needed to get a better idea of the kind of linear actuators and motors to
use as required by rules followed by each rod. Figure 13 shows typical dimensions of a foosball table
used for this analysis, but we will take our own measurements of the actual table for the actual
calculations.

One reaction considered is a defensive move that required the fastest response time. The fastest
response time needed is when the ball is shot from rod 3 (see figure 13) and it needs to be blocked by
the goalie, rod 1. A ball velocity of 10 m/s is assumed, which we estimate as the top speed possible by
the best foosball players. The distance between rod 3 and rod 1 is 11.75 inches or 0.29845 meters. The
ball will take around 30 ms to reach rod 1 from rod 3.
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Figure 14: General Foosball table dimensions. Black holes represent rods
controlled on close side of the table. Rod 3 is the closest attacking rod, rod
1is the defending goalie rod and rod 2 is another defending rod.

For this analysis, the goalie foosman is assumed to start from rest at next to the middle of the goal,
accelerate to block the ball, and does not decelerate until after blocking. The foosman foot is assumed
to have a 1 in width in the above diagram. By similar triangles, the distance needed to be covered by the
goalie foosman is 3.2 in. However, when factoring the foosman foot width into account, the foosman
only needs to move 2.2 in or 0.05588 m.

To move rod 1, a constant acceleration is assumed. By the kinematics equation, x = 0.5at?, the
acceleration needed to move the rod 0.05588 m in 30 ms from rest is 124 m/s>. Such acceleration is
likely not easily possible with linear actuators, and is far beyond the reaction and power of a human
player. It also does not take into account the load on the actuator.

To compensate for the goalie not directly blocking the fastest shot possible, rules governing rod 2 can be
used to help defend, reducing the distance needed to be covered by the goalie rod. Since this analysis is
based on the upper limit of ball speed, and reaction time far faster than a human, a more realistic goal
would be to use a lower ball speed and longer reaction time or shorter distance covered. Similar analysis
will be done for every other rod depending on rules anticipated in order to select proper linear actuators
for each rod and find realistic rules.

This part of the concept design is incomplete as we are not sure what type of linear actuator to use: rack
and pinion, ball screw, belt driven or Yaskawa’s servo linear actuator. Any of these could work but more
research and analysis of what accelerations and speeds are needed before we can precisely select the
best motor for the application. This will be done in the detailed design stage next quarter.
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Chosen Concepts Summary

In this report we have shown our top concepts and from them created a final concept that should work
for this project. The chosen concepts are summarized in table 4 below along with what design
requirements they meet. A design layout drawing is shown below in figure 15 which depicts how the

final system should look.
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Figure 15: Design layout of foosball table.
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Table 4: Concept design summary. All features chosen are listed with reasons why the feature was
chosen and what requirement does it meet.

Category

Chosen Concepts

Reason

Requirement Met

Sensing

Camera Vision

e Better resolution
e Simpler
e Cost effective

e System response time
e Assembly time
e Sensing ball in motion

e Aiming
Motor Housing Display Box e Simple to buildand |e Assembly time
attach and allows |e Space required
easy observation e Aesthetic
Safety Flip Up Cover e Allows vision e Inner workings visible
e Easy attachment e Space required
e Aesthetic
Rod Covers e Come with the e Nodirect contact with
table moving parts
e Assembly time
e Space required
e Aesthetic
Logic Rules e Function of table e Documented software
e User learning time
e Aiming
Motor Attachment Rotary e Reduce size and e Power delivered to ball

Linear Actuator

load on linear
actuators

e Vibrations
e No collisions

e Reliability

e Space required
e Aesthetic

e Fatigue

Other Features

Score Board

e Integrates well

with vision arch

e Display difficulty/score
e Aesthetic

Location of equipment

e Reduce table size

e Inner workings visible
e Assembly time

e Space required

e Aesthetic
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Preliminary Vision Testing and Concept Verification

A preliminary experiment to verify the feasibility of vision and possible unforeseen problems was
conducted. A webcam was suspended above the Warrior Foosball Table and connected to a laptop that
ran a custom ball detection program written by John Inlow that detects the ball based on hue. We
monitored how well the system was able to follow the ball in different conditions. Below are some
photos of the experimental apparatus and experiments being performed:

during normal play.

(c.) (d.)

Figure 16 Preliminary vision experiment photos. 16a: overall view. 16b: computer. 16c: camera
attachment. 16d: monitoring

Four tests were run: occlusion under the rods and foosmen, ball in rolling controlled manner, ball in
normal play, and ball at high speed.

It was found that the ball occlusion only occurred when the camera was directly beneath the foosman’s
body and only remained undetectable when the ball was stationary. The camera was quickly able to
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reacquire the ball once it was visible again without problems. During normal play the ball is only ever
completely occluded for fractions of a second. It is not anticipated to be a serious problem. Future
testing should allow for the system to count how many time the ball is lost during a normal foosball
game to determine whether this is an issue or not.

The camera had no trouble following the ball as it rolled across the field in a slow, 3 meters per second,
controlled manner.

The vision system was able to detect the ball during normal play and only had issues when the ball was
hit at a high speed.

All but one goalie rod was removed from the table and each team member took turns hitting the ball as
hard as they could which obtained a speed of about 8 meters per second. The camera was only able to
capture the ball twice as it traveled across the play field. We believe this was limited due to the
webcams slow frame rate.

The conclusion of this experiment is that a vision camera system is possible and will work.
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Chapter 4: Final Design

Overall System Description
The following is an overall description of the final design of the Automated Foosball Table. The final
design was split up into 7 different subsystems shown blow in figure 17.

Scoreboard & Camera

Vision Arch

Playfield Cover Motor Assembly

Warrior
Foosball Table

Display Case

Figure 17 Overall System

The motion sub system is what will be responsible for moving and actuating the foosman rods. The bulk
of the design time went into specifying this system as it is the most crucial system. The vision system will
be responsible for detecting the ball position and communicating the Programmable Logic Controller
(PLC) the appropriate commands to send to the motors. Vision Arch, playfield cover, and display case
are mainly support or safety structures where static load analysis was used to ensure proper function.
The scoreboard and user interface are tertiary subsystems mainly there to enhance the player’s
experience. The following sections will go into the details of each sub section.
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Detailed Design Descriptions of Subsystems

Motion

Description

To automate one side of the table, motion will be provided to each of the four rods on one side of the
table. The motions include rotation and translation of the rods with necessary shaft attachments to
decouple rotation and translation. The following section will describe each axis of motion. Figure 18
shows the exploded and full assembly of each axis.

Figure 18 Exploded view and full assembly of each axis of motion.

Rotation

Rotation will be achieved by using Yaskawa motors. The requirement is to be able to hit the foosball to
the maximum speed of 8 m/s without doing a full rotation to simulate a pro player’s fastest shot. The
load will consist of the foosball rod and gearbox.

Translation

Translation will be achieved by a linear actuator driven by Yaskawa motor. The requirement is for the
goalie to be able to block a shot from the center of the table moving at maximum ball speed of 8 m/s.
The translation must also be able to simulate a player quickly moving the rods back and forth to block a
shot. The motor and corresponding power transmission system to control the rotation of the rod will be
mounted onto the actuator. The actuator load will consist of the foosball rod, rotation motor and its
gearbox, and any mounts necessary.

Gearing

To get the motion components to achieve required performance, the motors will have to be geared for
higher torque and lower speed. This will be achieved using gearboxes. Both rotation and translation will
be using the same gearbox.
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Attachments

To compensate for the geometry differences in the design and the standard parts, brackets will be made
to accommodate them. Each gearbox will have its own 90° bracket that mates with its mounting
geometry and attach to the display case to drive the linear actuator or attach to the carrier of the
actuator to drive the rotation of the rod. There will also be a shaft coupling to attach the gearbox output
shaft to the foosball table rod for rotation and to the actuator shaft for translation.

Analysis Results (Details in Appendix E)

The following is analysis used to calculate specifications needed for the motion components of the
system. Many of the analysis used an iterative process to determine viability of available standard parts
in order to calculate loads. As such, the analysis will use the selected components for load calculations.

Rotation

In this analysis, rotation requirements are defined to determine specifications needed for gearing. The
rod must rotate fast enough to get the ball to move at maximum speed.

Requirements:
e Ball speed: 8 m/s.
Assumptions:

e To move the ball at maximum speed of 8 m/s, the contact point of the foosman foot must be
also moving at 8 m/s at impact.

e Constant angular acceleration using kinematic equations for rotation.

e Rod starts at rest.

Results for foosball rod:

e Angular displacement: 150 degree.
e Max angular velocity: 142.35 rad/s.
e Angular acceleration: 3870 rad/s’.

Detailed calculations can be found in Appendix E.

Motor - Rotation

The following analysis defines the specifications needed for the motor to drive rotation of the rods
(maximum torque, operation speed, RMS torque). The load consists of the foosball rod, gearbox, and
impulse of striking the ball.

Requirements:

e Max motor speed: 6000 rpm.

e Rod starts from rest.

e Ball starts stationary.

e Maximum rod angular velocity of 142.35 rad/s
e Shotis repeated every 2 seconds.
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e Triangular speed profile — rod will reach maximum angular velocity and hit ball, and then slow
down.

Assumptions:

e 90% efficiency for gearing.
e 10% additional torque from friction.
e  Gear ratio of 4.

Loading Parameters:

e Foosman contact radius: 0.0562 m.
e Foosball mass: 26 g.
e Load inertia referred to motor: 3.861E-5 kg-m”.

Results for motor:

e Maximum torque: 0.819 N-m.
e Maximum speed: 5440 rpm.
RMS torque: 0.129 N-m.
Inertia ratio: 5.81

e  Maximum angular acceleration: 15480 rad/s’.

The motor calculations were done using the results of the rotation analysis with MATLAB. Detailed
calculations can be found in Appendix E.

Translation

In this analysis, translation requirements are defined to determine specifications for the actuator. The
requirement is to be able to intercept the ball when shot at maximum speed from the middle of the
table.

Requirements:

e Total distance traveled by ball: 23.35".
e Goal width: 8”.

e Foosman foot width: 0.995".

e Ball speed: 8 m/s.

Assumptions:

e Constant acceleration.

e Foosman starts at rest.

e Foosman starts at center of goal, and moves to block the ball and does not decelerate until
reaching end of goal.

e Total rod movement length is 3.005"’ due to only needing to move half the goal length and foot
width.
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Results for translation:

e Max acceleration: 27.8 m/s’.
e Maxspeed: 2.06 m/s.

Detailed calculations can be found in Appendix E.

Actuator

Based on translation requirements, specifications were defined for the actuator. The actuator load
consists of the foosball rod, rotation motor and its gearbox, and a mounting plate. Table 5 summarizes
the loads on the actuator. The actuator will carry this load when moving at the required translation
speeds and accelerations.

Table 5 Loads on actuator

mass (kg)
Gearbox 0.75
rod 1.506
motor 0.4
foosmen 0.3
mounts 0.127
sum 3.083

Requirements:
e Move 3.2 kg load at 27.8 m/s’
Assumptions:

e 90% efficiency for input power to output motion.
e 10% additional force for friction.

Results:
e Max force: 109 N

Detailed calculations can be found in Appendix E.
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Motor - Translation

The following analysis defines the specifications needed for the motor to drive actuator (maximum
torque, operation speed, RMS torque). The load consists of the actuator belt and pulley, load, and
gearing of the motor. Table 6 summarizes the loads referred to the actuator shaft.

Table 6 Inertia of actuator.

Inertia (kg-m?)
belt 2.153E-05
pulley 1.154E-05
load 9.773E-04
gearbox 3.20E-4
sum 1.330E-03

Requirements:

e Max motor speed: 6000 rpm.

e Maximum actuator speed of 2.06 m/s’.

e Maximum actuator acceleration of 27.8 m/s’.

e Triangular speed profile — actuator will reach maximum angular velocity, and then slow down.

e Action is repeated every 2 seconds.
Assumptions:

e 90% efficiency for gearing.
e 10% additional torque from friction.
e Gear ratio of 4.

Loading Parameters:

e Inertia of system referred to actuator shaft: 1.330E-3 kg-m”.
e Displacement constant for actuator shaft: 0.105 m/rev.

e Pulley radius for actuator: 33.42mm.

e Breakaway torque: 0.226 N-m

Results for motor:

e Maximum torque: 0.732 N-m.
e Maximum speed: 4710 rpm.
RMS torque: 0.17 N-m.
Inertia ratio: 11.5

Maximum acceleration: 6650 rad/s>.

The motor calculations were done using the results of the translation analysis with MATLAB. Detailed
calculations can be found in Appendix E.
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Motor - Translation with continuous operation

To simulate players moving the rods back and forth to be unpredictable and block shots, a continuous
operation analysis was performed. The load consists of the same components before, and the only
difference is actuator speed, acceleration and cycle time. This analysis uses the same MATLAB code as
previous translation analysis and can be found in Appendix E.

Requirements:

e Rod displacement: 5” (includes deceleration distance).
e Cycletime: 0.333s.

e Maximum actuator speed of 1.52 m/s’.

e Maximum actuator acceleration of 9.14 m/s’.

Results for motor:

e Maximum torque: 0.279 N-m.

e Maximum speed: 3500 rpm.

e RMStorque: 0.216 N-m.

e Maximum acceleration: 973 rad/s>.

Gearbox

To achieve the correct speed and torque, a 4:1 planetary gearbox will be used. For each gearbox, there
are several requirements to ensure the correct size is used. The motor speed must be less than the
maximum input speed of the gearbox. The maximum output torque of the gearbox must be less than
specified by the specification sheet. In addition, the radial and axial force on the output shaft must be
less than rated by specifications.

Requirements:

e Maximum motor speed: 5500 RPM
e Maximum output torque: 3.3 N-m
e Maximum axial force: 120 N

Specifications:

e  Maximum input speed: 8000 RPM
e  Maximum output torque: 13 N-m
e Maximum axial force: 700 N

Component Selection

Rotation
To meet the motor requirements, Yaskawa’s 100W motor (SGMJV — 01A) was selected. The following
summarizes the selection parameters at maximum speed of 5440 rpm:

e Continuous torque: 0.17 N-m.
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e Intermittent torque: 0.87 N-m.
e Rated angular acceleration: 47800 rad/s’
e Inertia: 0.0665E-4 kg-m”.

To ensure the motor will work, the RMS torque must be less than the above continuous torque and the
maximum torque must be less than the above intermittent torque. In addition, the inertia ratio must be
less than 20, and should be close to 10 or less for high performance. From previous analysis, our results
were:

e Maximum torque: 0.818 N-m.

e RMStorque: 0.129 N-m.

e Maximum angular acceleration: 15480 rad/s
e Inertia ratio: 5.81

From this comparison, our motor selection will work. More detailed specifications of the motor can be
found in Appendix D.

Translation
To provide translation, an actuator driven by a motor will be used.

Actuator

To meet the actuator requirements, Macrondynamics MSA-PSC actuator was selected. Detailed
specifications of the actuator can be found in Appendix D. The rated speed of the actuator is less than
specified by motion requirements, 1270mm/s and 2.06 m/s respectively. However, the next step up in
actuator size is more expensive by several factors, and the manufacturer has said due to the low
loading, the actuator can be pushed to a higher speed. A detailed drawing can be found in Appendix B.

Motor
To meet the motor requirements to drive the actuator, Yaskawa’s 100W motor (SGMJV — 01A) was
selected. The following summarizes the selection parameters at maximum speed of 4710 rpm:

e Continuous torque: 0.19 N-m.

e Intermittent torque: 1.0 N-m.

e Rated angular acceleration: 47800 rad/s>.
e Inertia: 0.0665E-4 kg-m>.

To ensure the motor will work, the same comparison with motor specifications at operating speed as
previous motor selection was used. Below is a summary of the results from previous analysis.

e Maximum torque: 0.732 N-m.

e RMS torque: 0.17 N-m.

e |nertiaratio: 11.5

e Maximum acceleration: 6650 rad/s>.

Again, this shows the motor selection will work based on the analysis.



Automated Foosball Table Final Project Report 45

One more check has to be done to check expected continuous operation of the motors to simulate
players moving the rod back and forth to be unpredictable or block shots. From previous analysis, below
is the summary of the requirements and the rated torques at the operating speed.

e Maximum torque: 0.279 N-m.

e Maximum speed: 3500 rpm.

e RMStorque: 0.216 N-m.

e Maximum acceleration: 973 rad/s’.

e Continuous torque: 0.19 N-m.
e Intermittent torque: 1.0 N-m.

In this analysis, it RMS torque is more important, and again it shows the selected motor will work.

Gearbox

To increase the output torque and decrease output speed of the motors, planetary gearboxes were
selected because of its ease of use, m maintenance, and implementation. Both the motors used to drive
the rotation and translation motion can use the same gearbox. The gearbox will be from Wittenstein.

Detailed specifications of the gearbox can be found in Appendix D. A drawing with dimensions can be
found in Appendix B.

Foosball rod

To attach the planetary gearbox to the foosball table rod, a rigid shaft coupling was selected. To do so,
the two shafts must be the same diameter. As a result, a step will have to me machined onto the 14 mm
diameter foosball table rod. Since the diameter of the gearbox output shaft is 12 mm, the step needed
will be 12 mm diameter. A detailed drawing of the rod can be found in Appendix B

Attachments

Brackets

To mount the motor and gearbox to the carrier, a 90° bracket will be used. It will be made of 0.25” thick
6061 Aluminum from McMaster-Carr, and machined to fit the output side of the gearbox. The bracket
will be able to mount onto the actuator. A detailed drawing of the bracket can be found in Appendix B.

Fasteners

Fasteners will be needed to attach all the mounts to its mating components. All the fasteners used are
metric socket head cap screws with low head from McMaster-Carr. The following summarizes the
fasteners used.

e Motor mount

o M4 12mm length to attach motors to gearboxes and gearboxes to brackets.
e Carrier mounting plate

o M6 16mm length to attach to carrier
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Wiring for Motors
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Figure 19 Wiring diagram for drives

To supply power to the drives, a wiring diagram was created, shown in figure 19. All drives (SGDV-
2R1F21A and SGDV-R90F21A) are powered by 120 VAC from the wall. The power from wall goes to a
20A circuit breaker, and then branches off to four on-off toggle switches. Each switch controls to one
rod (rotation and translation motor). From each switch, power gets branched off from terminal blocks to
provide enough leads to power the drives. It is optional to have fuses between the terminal blocks and
the terminals of the drive, since the drives have their own current protection internally. All power

wiresfor the SGDV-2R1F21A drives are to be AWG14. All power wiresfor the SGDV-R90F21A drives are to
be AWG16. All ground wires are to be AWG 14.
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Figure 20 Rough locations of wiring components, switches not shown

Figure 20 shows the location of wiring components. The toggle switches are not shown, but they will be
on a side panel to be accessed from outside without opening the case.

Logic Rules

Description

To implement the logic outlined in Chapter 3, the motion controls will be programmed in MotionWorks
for the Yaskawa MP3200iec controller. Each motor will act independently of eachother. The x location of
the ball will determine whether the foosman is vertical, horizontal, or shoot. The y location of the ball
will determine each rod’s axial position. If the ball is within the possible block zone of a rod, it will try to
block it with a foosman. In the program, there is also a function that can zero all the rods or each rod
individually. Currently, the rods have to be moved manually to their zero position first before sending
the command.

Implementation

The following shows the development of equations that define logic for motion controls for the PLC.
Zero for the ball position is defined as the lower left corner of the field in following figures. Zero position
for rotation is when the foosman is vertical. Zero position for translation is when the rubber stopper for
the rod is butted against the bottom wall in the following figures. All move commands are in absolute
coordinates.
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Figure 21 Definition of measured values along X direction for foosball table

To control rotation of the rods, the physical parameters shown on figure21 are measured and used. The
logic for rotating the rods only depend on the x position of the ball, BALL X_POSITION. SHOT DISTis a
value defined to be 30mm which is the distance away from the rod that the foosman can still hit. A
summary of the measurements used for rotation logic is in the following table.
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Table 7 Summary of measured values along X direction

ROD1_BAK_DIST 74.612mm
ROD1_FWD_DIST | 85.725mm
ROD2_BAK_DIST 220.662mm
ROD2_FWD_DIST | 238.125mm
ROD3_BAK_DIST 511.175mm
ROD3_FWD_DIST | 525.463mm
ROD4_BAK_DIST 803.275mm
ROD4_FWD_DIST | 819.15mm
SHOT_DIST 30mm

Rod 1 Rotation:

o If BALL_X_POSITION is less than ROD1_BAK_DIST, then ROD 1 moves to 0°.

e If BALL_X_POSITION is between ROD1_FWD_DIST + SHOT_DIST, then ROD 1 performs a shot
command.

e If BALL_X_POSITION is greater than ROD1_FWD_DIST + SHOT_DIST, then ROD 1 moves to 90°.

Rod 2 Rotation:

e If BALL_X_POSITION is less than ROD2_BAK_DIST, then ROD 2 moves to 0°.

e If BALL_X_POSITION is between ROD2_FWD_DIST + SHOT_DIST, then ROD 2 performs a shot
command.

e If BALL_X_POSITION is greater than ROD2_FWD_DIST + SHOT_DIST, then ROD 2 moves to 90°.

ROD 3 and ROD 4 follows the same logic as ROD 1 and ROD 2, except with their respective distances.
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Figure 22 Definition of measured values in Y direction for foosball table

To control translation of the rods, the physical parameters shown on figure 22 are measured and used.
The logic for linear motion of the rods only depend on the y position of the ball, BALL_Y POSITION.

For each rod, the travel is measured. Then, the length each rod can block (ROD#_COVER_LG) is
determined. Each foosman on their respective rod will take an equal portion of the block length to

guard. The following table summarizes the measured values used.
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ROD#_COVER_LG is defined by ROD#_FT_DIST and the travel length. Using ROD 1 as an example, the
possible block zone for the single foosman is determined to be from Y = ROD1_FT_DIST to
Y = ROD1_FT_DIST + ROD1_TRAVEL. Therefore, the length that ROD 1 can cover is:

ROD1_COVER_LG = (ROD1_FT_DIST + ROD1.TRAVEL)- ROD1_FT_DIST

Similarly for ROD 2, the possible block zone can be determined to be fromY = RODZ2_FT_DIST to
Y = (ROD2_FT_DIST + ROD2_FT_WD + ROD2_TRAVEL). Therefore, the length that ROD 2 can

cover is:

ROD2_COVER_LG = (ROD2_FT_DIST + ROD2_FT_WD + ROD2_TRAVEL) — ROD2_FT_DIST

Similar calculations can be done for ROD 3 and ROD 4 to find their respective length they can cover.
Since each foosman takes an equal portion of the cover length for their respective rods, the equations

Table 8 Summary of measured values in Y direction

ROD1_TRAVEL 239.0mm
ROD1_FT_DIST 220.662mm
ROD1_COVER_LG | 239.0mm
ROD2_TRAVEL 363.0mm
ROD2_FT_DIST 38.0mm
ROD2_FT_WD 241.4mm
ROD2_COVER_LG | 595.249mm
ROD3_TRAVEL 121.5mm
ROD3_FT_DIST 38.0mm
ROD3_FT_WD 120.65mm
ROD3_COVER_LG | 607.06mm
ROD4_TRAVEL 235.0mm
ROD4_FT_DIST 38.0mm
ROD4_FT_WD 184.15mm
ROD4_COVER_LG | 603.3mm
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that governs the move command will be different depending on BALL_Y_POSITION. For each foosman to

block the ball, first the BALL_Y_ POSITION has to fall within its guard zone, then it will follow its own

equation that defines the position the motor needs to move.

Rod 1 Translation:

e IfBALL_Y_POSITION is between ROD1_FT_DIST and (ROD1_FT_DIST+ROD1_TRAVEL), then ROD

1 move to (BALL_Y_POSITION — ROD1_FT_DIST)

Rod 2 Translation:

e IfBALL_Y_POSITION is between ROD2_FT_DIST and (ROD2_FT_DIST+ROD2_COVER_LG/2) then
ROD 2 move to (BALL_Y_POSITION — ROD2_FT_DIST)
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e IfBALL_Y_POSITION is between (ROD2_FT_DIST+ROD2_COVER_LG/2) and
(ROD2_FT_DIST+ROD2_COVER_LG) then ROD 2 move to BALL_Y_POSITION-
ROD2_FT_DIST+ROD2_FT_WD)

Rod 3 Translation:

e If BALL_Y_POSITION is between ROD3_FT_DIST and (ROD3_FT_DIST+ROD3_COVER_LG/5) then
ROD 3 move to (BALL_Y_POSITION — ROD3_FT_DIST)

e If BALL_Y_POSITION is between (ROD3_FT_DIST+ROD3_COVER_LG/5) and
(ROD3_FT_DIST+2*ROD3_COVER_LG/5) then ROD 2 move to BALL_Y_POSITION-
ROD2_FT_DIST+ROD2_FT_WD)

e If BALL_Y_POSITION is between (ROD3_FT_DIST+2*ROD3_COVER_LG/5) and
(ROD3_FT_DIST+3*ROD3_COVER_LG/5) then ROD 2 move to BALL_Y_POSITION-
ROD2_FT_DIST+2*ROD2_FT_WD)

e IfBALL_Y_POSITION is between (ROD3_FT_DIST+3*ROD3_COVER_LG/5) and
(ROD3_FT_DIST+4*ROD3_COVER_LG/5) then ROD 2 move to BALL_Y_POSITION-
ROD2_FT_DIST+3*ROD2_FT_WD)

e IfBALL_Y_POSITION is between (ROD3_FT_DIST+4*ROD3_COVER_LG/5) and
(ROD3_FT_DIST+5*ROD3_COVER_LG/5) then ROD 2 move to BALL_Y_POSITION-
ROD2_FT_DIST+4*ROD2_FT_WD)

Similar equations can be listed for ROD 4. Details of the entire program used can be found in Appendix
H.

Scoreboard

Description

The purpose of the scoreboard is to automate scorekeeping and hide the camera. The scoreboard will
be a triangular shape with the player and Al score displayed using seven segment LED displays controlled
by a microcontroller. The scoreboard will be automated with only a reset score button available to
players. It can also be painted with any logos or desired aesthetics. The full scoreboard will have each of
its three sides displaying the same information with the camera in the middle. Figure 23 shows the
exploded and full assembly.
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Figure 23 Exploded view of scoreboard with only one panel and its full assembly.

Panels

Each panel be a vertical plate showing the score for the A.l. (artificial intelligence or computer) and
player using a total of four seven segment displays, allowing the score for each side to go up to 99 unless
reset by a player. The seven segment displays will be glued or caulked onto rectangular slots of the
panel. Aesthetics of the panels will be important, as it will be a feature displayed to players and guests.
In addition to score, the panels will display the logos for Yaskawa and Cal Poly using paint, engraving,
decals, stickers, or any other method of showing an image. Additional displays can be added, and any
sharp corners and gaps where the adjacent panels meet will be filled in with caulk.

Top and bottom plates
The bottom plate will be supporting all the circuitry, microcontroller, and camera hidden by the outer
three panels. The top plate will be attached to the vision arch.

Electronics

The seven segment displays will all be controlled by a microcontroller that takes input from the player
for reset to zeros or from a laser sensor to increase the score. The laser sensor consists of a laser diode
and photocell mounted inside the goal of each side. The microcontroller will read the voltage across the
photocell for changes in voltage in a voltage divider circuit. When the ball passes the laser, the photocell
will change resistance, and therefore voltage across it, indicating a goal was scored.

Since each panel displays the same information, the LEDs controlling the player score for each panel can
be controlled by the same output connected in parallel, same can be done for the Al score. Since the
LEDs will draw more power than available from the microcontroller, there will be an external power
source to power the LEDs and the microcontroller will control transistor switches to turn the LEDs on
and off.
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Scoreboard Analysis Results

Power

A brief circuitry analysis was needed to calculate the power needs of the system. The total current
needed is the sum of the operating currents required for all the individual LEDs (84 total). Total power is
calculated with P = ligia*Vis.

Requirements:

e All LEDs must be able to turn on at the same time.
e 84 LEDs total (12 displays with 7 segments each).

Operating specifications of each LED:

e Forward voltage: 8.4 V.
e QOperating current: 30 mA.

Results:

e Total power: 21.17 W.
e Total current: 2.52 A.

Based on these results, an AC to DC adapter must be selected that will provide at least 8.4V and a
power rating of at least 21.17 W.

LED Circuit

When powered, each LED of the seven segment display must have its current regulated to be its
operating current. Each circuit will be a LED in series with a resistor, which will be found in this analysis
using Ohm’s Law. Since this is a simple series circuit, R = V/I, where V is the voltage source subtracted by
the forward voltage of the LED and | is the operating current.

Requirements:
e Currentin series circuit is 30 mA.
Operating conditions:

e Voltage source: 12 V.
e LED forward voltage: 8.4 V.
e QOperating current: 30 mA.

Results:

e Resistor: 120 Q.
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Component Selection
The following is a description of parts used for the scoreboard. Specifications for each component can
be found in Appendix D.

Panels

The panels will see minimal load, so they will be machined to size from a 1/16”’ thick Aluminum plate
from McMaster-Carr. Each panel will have a small 90° bent tab on the top and bottom to bolt onto the
top and bottom plates respectively. Each panel will be rectangular in shape, with two rectangular holes
cut out for the LED displays. Detailed drawings of the panel can be found in Appendix B.

Top and bottom plate

The top plate will be made out of 1/8” thick aluminum and will be removable from the rest of the score
board assembly to allow access to the electrical components for maintenance. There will also be
aluminum spacers that will allow easy attachment to the vision arch. The design and assembly drawings
for the top plate are located in Appendix B.

The bottom plate will be supporting a small load from the camera and electrical components, so it will
be machined to size from a 1/8" thick Aluminum plate from McMaster-Carr. The bottom plate will be
triangular in shape, and on each side will have holes to mate with the corresponding holes of each panel
and secured by bolts. A detailed drawing of the bottom plate can be found in Appendix B.

Electronics

To control the entire score system, an Arduino microcontroller will be used. It was selected based on
ease of use and many available instructions and guides found on the internet. Due to the many required
output pins to drive the LED displays, shift registers will be used to increase the outputs of the
microcontroller (one for each unique LED display, 4 total)

To sense the ball going into a goal, a photocell connected to a microcontroller input in a voltage divider
circuit will be used. This will consist of a laser diode and a mini photocell connected to the Arduino. Each
sensor circuit will be connected to an audio plug and mate with an audio jack connected to the Arduino
for easy modification and replacement.

To ensure guests can see the score from a few meters away, relatively large 7 segment LED displays will
be used (2.25” digit height). Since they are large and do not see very widespread use, circuitry will have
to be constructed to drive it.

For each LED of the displays, it will be a simple series circuit with the LED and a current limiting resistor.
Every LED circuit will be identical and connected in parallel to ensure the same voltage and current. At
one end of the parallel circuit, it will be connected to ground. The other end will be connected to the
power supply and a transistor switch controlled by the Arduino. Since there are only 4 unique 7 segment
LED displays with others being repeats, the Arduino will only be controlling 28 outputs.

To ensure the circuitry is easy to modify, it will be built on breadboards. Each panel will have its own
breadboard for a total of 3. To ensure the LEDs and its circuits are easily replaceable and modifiable,
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each LED display will have its pins connected to a RJ45 plug, which will connect to a RJ45 Keystone jack
on its corresponding breadboard.

Since RJ45 jacks and plugs will be used, the wiring will consist of Cat5 networking cable for all the
circuitry. A 12V AC DC adapter with maximum current of 5A will be used as a power source.

Refer to the cost analysis section for a detailed list of the components and Appendix D for detailed
specifications.

Sensing System

The sensing system we are using for this project is a vision system that will capture images of the
playfield from a camera and transmit them to a CPU that will process the image and determine the
position of the ball and use that to calculate the position to which the rods should move.

The system consists of a color network camera with Gigabit interface that captures frames at a rate of
120 fps that is connected to a Gigabit network interface card installed in a computer operating with an
Intel i5 processor.

The camera (Basler acA640-120gc) was chosen due to the Gigabit interface, the capture formats that
support color, and the frame rate. The Gigabit interface allows the propagation time of the image from
the camera to the CPU to be negligible as part of the software response time. We are currently planning
to use a color detection algorithm to determine the position of the ball from the image thus the camera
support color format is necessary. The frame rate of the camera is high enough to discount itself as a
limiting factor as compared to the image processing time. At 120 fps the maximum processing that
would take full advantage of the frame rate of the camera is 8.33 milliseconds. Since the projected
image processing time is greater than that the software response time is not limited by the camera.

The CPU (Dell Inspiron 660) was chosen due to the PCle interface that would accept the Gigabit network
interface card, the Intel i5 processor, and its relative cost effectiveness. The network interface card is
necessary to interface with the IP camera which is why a laptop was not an option. The processor of the
CPU needs to be fast in order to lower image processing time of the system. The Intel i7 processor is
both newer and faster than the i5, but the computers that carry the i7 are expensive and would cost too
much.

The current camera selection necessitates the vision arch to be 1.46 meters above the playfield. This
height was lowered to approximately 1 meter by adding a 2.8mm lens to the camera.

Display Case

In order to house all the components needed for the actuation of the table, a structure adjacent to the
table is needed. The display case was designed to have the motors and actuators for the rods secured at
the appropriate height for proper functioning of the table. Keeping all parts (motors, actuators,
controllers, etc.) visible was an important requirement in the design of the display case. All the
components needed to be away from the reach of bystanders both for their safety as moving parts can
cause injury, but also to keep the components from being handled inappropriately causing damage to
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the system. To comply with these requirements, clear PETG (Polyethylene Terephtalate Glycol-modified)
panels are used as a clear barrier. Front doors were added for ease of access to the interior of the
display case for assembly purposes. The controllers, computer, and other parts sit at the bottom of the
case on a wooden base. This wooden base is painted black to match the color of the table. The
controllers can be bolted or screwed onto the board. The motors and actuators sit on top of bars higher
in the structure at the level of the rod of the foosball table. There is no other platform at the higher level
so that the motors, actuator, and attachments can be easily reached from the level below. This is
necessary since the top level is 157.75 mm tall. An isometric view of the display case can be seen below
in Figure 24.

Actuator Support Bars

Panels

Doors

Wooden Base

Figure 24 Display Case Isometric View

Actuator Attachment

The actuators sit on the support bars attached to the middle transverse bar. A set of brackets hold the
actuator to the support bar (see figure 25). The actuator is held in place due to the friction created when
the bolts are tightened. There is a gap between the support bar and the actuator body; this occurs
because the actuator’s lowest point is at the pulley case (shown as a black box at the end of the
actuator). The attachment bracket does not create a bending force on the actuator by trying to decrease
the gap. The motor and gearbox that power the actuator need to be held as well. These components are
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held by a modified gusset (bottom T-slot guide was removed) and two screws (see figure 26). The motor
support is mainly for holding the motor, not to take axial (actuator axes) loading.

Pulley Case Actuator
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Safety Considerations

The Display case weights an estimated 45 kg without actuators and other components. If carried, it
should be done by two, ideally by holding it by the gussets and profile faster cubes. Lift by bending at
the knees and keeping the back straight. Make sure the doors will not open while lifting the display case.
During assembly and disassembly, use caution when installing the motors and actuators so that they do
not fall before they are attached properly to the structure. Avoid hitting the PGET panels. Although
unlikely, if the PGET panels are hit, they may crack and possibly shatter. In order to reduce waste on the
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panel support, the 790 mm and 720 mm strip are cut to half their length (395 and 360 mm respectively)
This allows to have less waste and order less material thus saving some money (see copy of analysis on
Appendix E).

Analysis Results

For the stress analysis of the bars of the structure it was assumed that the mass of the actuator, motors,
brackets, etc. is about 7.5 kg and the mass of the components at the bottom of the case is 20 kg.
Analysis was done for the actuator support, middle transverse, bottom support, bottom transverse, and
vertical bars. Table 6 below displays the factor of safety yielded from the calculations for yielding and
fatigue loading. The worst case of loading is seen in the middle support bar since it holds all the
actuators thus supports loads due to weight and actuation forces. However, even for worse case loading
(all the actuators activating at max force at the same time), the safety factor is of about 2.34 for fatigue,
which shows the structure will not fatigue during the expected life of the table. Fatigue analysis was only
done for the actuator support and the middle transverse bar since these bars see cyclic loading.

Table 9 Yield and Fatigue safety factors for 40x40 bars used in structure of display case.

Bar Yield Safety Factor Fatigue Safety Factor
Actuator Support 143.7 57.6

Middle Transverse 5.8 2.34

Bottom Support 87.7 N/A

Bottom Transverse 36.1 N/A

Vertical 8.2 N/A
Material Selection

In order to keep the weight of the display case low, aluminum was selected for the structure. Due to

their widespread use in industry, aesthetic level, and ease of assembly, extruded aluminum profiles

were selected. For the panels PGET was selected. A clear, affordable material was needed to keep the

actuation components out of the reach of the bystanders while allowing for vision of the parts. Glass

could easily break and shatter so it was eliminated. Acrylic and PGET were left. Since both materials are

machinable the decision came down to cost. PGET is slightly cheaper and thus was selected. All other

parts of the display case (such as fasteners) were chosen to better function with the profiles chosen and

the actuators.

Special fabrication/Assembly Considerations
The middle transverse bar has gussets on top and bottom. This may seem too conservative since the

forces are small compared to the claimed max force for the gussets. However, the moments are high

enough to justify using more gussets (see Appendix E for gusset information. 40x40 gusset used). For the




Automated Foosball Table Final Project Report 60

motor support gusset use, the T-slot guide at the bottom faces need to be removed since the gusset will
be placed at 90° of its designed position.

The attachment bracket that joins the actuator to the structure is in the form of a z bar. However, it is
too small to buy a standard part. Aluminum sheets were chosen for the bracket. Bend the metal so that
the faces in contact with the bar and the actuator are 6 mm offset. Forming an actual z (square corners)
is not important. However, it is important that the holes for the screws are 48 mm apart. For this
reason, bend the sheet metal first then drill the clearance holes.

The dimensions for the position of the actuator support bars should be taken more as a guide of where
to start positioning. It is far more important to make sure the motors, shaft coupling, gearboxes and
actuator do not feel a bending stress or other kind of undesired stresses. To assemble, put up all part on
the structure and tighten fasteners for the support bars a bit. Move the bars as needed to ensure the
best alighment of the motion components. When best position is found, tighten all loose fasteners.

Playfield Cover

Description

The play field cover is the evolved form of the flip cover from the concept design section. Its purpose is
to keep the moving parts on the playfield completely separate from the player while the system is
running. This includes stopping the ball from flying out of the play area. There were a few challenges to
overcome with this sub system. The primary challenges were attaching the cover to the table, lifting the
cover above the feet of the foosmen as they stick up outside of the play area when inverted, and
creating a way so that the cover will stay open when opened and stay closed when closed. In addition
the playfield cover needs to have an appropriate aesthetic value and be easy to disassemble.

Figure 27 Model of the flip cover system created in solid works.
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The system consists of two layers, a bottom layer that anchors the cover to the table and lifts the
polycarbonate sheet of the cover above the reach of the foosmen feet and a top layer that houses the
clear poly carbonate cover that will keep the ball in the play area. The two layers are joined by hinges at
the back that allow for opening and closing of the cover. The system also incorporates two gas spring
pistons at a 15 Ib. setting from McMaster Carr that will assist in opening the play field cover and holding
it open. In addition a magnetic switch from McMaster Carr has been added which will be used as a kill
switch that will prevent the motors from running when the play cover is open. The complete list of
drawings including the assembly is in Appendix B on pages 80-83.

Material Selection

In order to meet the above requirements a structure was designed out of standard Bosch aluminum
extruded parts. Bosch provides a large selection of parts that can be easily fitted together to form
structures. They are also heavily used in industry and would not be out of place in an industry trade
show environment. The down side to using Bosch parts is the extra cost. The total cost of the system is
approximately $500. One alternative would be to construct the cover out of a less expensive material
such as wood but the system may suffer aesthetically. This is weighed against the fact that the entire
playfield cover can be made with little to no fabrication with Bosch parts. In the interest of aesthetics
and ease of implementation Bosch Parts were chosen.

Analysis and Results
The two main critical design concerns on the playfield cover are the impact of the polycarbonate from
the ball and the force needed by the gas spring pistons to assist lifting the play cover.

The impact energy of the 25 gram ball traveling at 8 meters per second was calculated and compared to
the Izod impact rating listed in the McMaster Website. It is assumed that ball will impact the poly
carbonate at a 60° angle and transfer all kinetic energy into impact energy. The details of these
calculations are in Appendix E.

In order to determine the appropriate gas spring piston size and settings to open the playfield safety
cover a minimum of 45°, the geometry of the playfield cover and the gas spring piston fully extended
length was used. Then using a simplified geometry in order to make calculation iteration quicker, the
geometry of the playfield was determined for every increment of 5°. Assuming the piston puts out a
constant force, the force needed by the user in order to hold the cover stationary was calculated for
every piston force setting and every 5° from 0° to 50°. The setting that minimized the force input of the
user while holding the cover open when the cover is fully open and closed when the cover is fully closed
was found to be the minimum force setting of 15 Ib. The details of the calculations are presented in
Appendix E.

Special Considerations

One issue to consider with this design is the possibility of light reflected off the of the polycarbonate
surface. This light may interfere with the detection of the ball by the camera. Testing needs to be done
to decide whether this is a legitimate concern or not. An experiment to explore this is talked about in
Chapter 5, Reflection of Polycarbonate section.
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There are two possible alternatives that may fix this should it become an issue. The first is using in place
of the polycarbonate, a wire mesh. This will eliminate the reflection issue completely, however this may
interfere with ball detection since the wire mesh would be have to be dense enough survive pressure
from a person and be able to keep a person’s fingers from sticking through the mesh.

The other possibility is to put lights in the play field that will emphasize the light coming out of the field
over the reflected light. Due to limited room this may have to be done with LED lights that could be
placed in the bottom layer of the play cover.

The playfield will also be attached to the table using non-permanent hook and loop attachment. This
means that over time the holding capabilities of the hook and loop will wear. According to McMaster
the Velcro will lose 50% of its holding strength after 1000 attachments. Since the playfield should not
see any significant forces this should not be an issue. However Velcro replacement over a long time
period may be required.

Vision Arch

Description

The vision arch is the structure that will support the scoreboard and Vision sub systems. The ultimate
goal is to provide a solid structure that will be sturdy enough to support the loads but light enough that
it will not over stress the side panels of the foosball table.

Material Selection

The materials for the vision arch are mainly from Bosch Extruded Aluminum parts. The reasoning for this
is the ease of assembly and the aesthetic value and the relatively light weight. The extruded parts also
allow for any electrical wiring between the scoreboard, camera and the rest of the system to be hidden.
The model structure is shown below with the scoreboard attachment.

Figure 28 Model of the Vision Arch system created in solid works.
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The vision arch will be attached to the sides of the table via aluminum brackets shown below in figure
29. These brackets will be made from Aluminum U-channels from McMaster Carr. The U-channels will
need to be machined to the appropriate inner width, and the holes 6 M8 bolts that will be used to hold
the bracket and vision arch to the table. The drawings for the vision arch and brackets are in Appendix B.

Figure 29 Aluminum Bracket model.

Analysis and Results
The following are a discussion of the analyses and results of the vision arch system. The results are
summarized in table 7 at the end of the section.

The height of the vision arch required by the vision system was calculated using the camera’s field of
view and dimensions of the playfield. The minimum height was calculated to be 1.46m above the playing
field. This made the total height of the system approximated 2.56m. The detailed calculations are
present in Appendix E.

Stress analysis was performed on the structure and the sides of the table. The arch structure was
analyzed assuming that the scoreboard and camera would way 20 |b. This is an over estimate as the
actual weight of the scoreboard is closer to 10 |b. The horizontal beam of the arch was analyzed using
bending stress and deflection assuming simple supports. The vertical supports were analyzed assuming
an axially loaded beam and Euler Buckling criteria. The details of these calculations are available in
Appendix E.

The aluminum brackets were analyzed using bending and axial stress analysis due to the weight of the
Vision Arch. The bracket is going to consist of a 1/8 inch thick U-channel with a flat 1/8 inch thick plate
welded onto the end of it using a corner weld. In order to be conservative the bracket was treated as a
90° with no sides and the force was assumed to be acting on the very edge of the bottom support. The
maximum bending and axial stress will be located at the corner of the bracket and increased by the
stress concentration there which requires a high factor of safety to ensure the bracket will not fail. The
details of these calculations are available in Appendix E.

The side panels of the table were analyzed using bearing stress due to the shear stress on the bolts from
the weight of the vision arch and a 50 Ib. force applied to the side of the arch at a height of 5.5 feet. This
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was done to simulate the weight of a person leaning against the vision arch. The calculations were done
with the assumption that only one bracket was seeing the torque and shear and only the 2 of the 6 bolts
were seeing the stress. Under this condition the factor of safety was found to be 0.48. This is an
unacceptable result and thus extra reinforcement has been added to the table. The detail of this
calculation is presented in Appendix E.



Automated Foosball Table Final Project Report

Table 10 Vision Arch Analysis Results Summary

Calculation Result Factor of Condition
Safety

Camera Height 1.46m X Acceptable
Horizontal Beam Bending Stress 5.76 MPa 34.72 Acceptable
Horizontal Beam Deflection 0.654 mm X Acceptable
Vertical column Axial Stress 0.116 MPa 1724 Acceptable
Vertical Column Buckling Force 9.84 kN 93.76 Acceptable
Aluminum Bracket Stress 62.4 MPa 3.87 Acceptable
Table Bearing Stress 19.6 MPa 0.48 Unacceptable

Special Considerations

One of the special considerations concerning the vision arch structure is the height. Due to the narrow
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field of view of the camera, the system is 2.46m tall. This may cause issues depending on the amount of

vertical room where the table is to be displayed. This could be lowered if an appropriate lens was added

to the vision system which is discussed in the sensing section of this chapter.
In order to help prevent the table from being torn up the bracket is going to be made permanent.

Extra support is needed to ensure that the side panels of the table will not break. These have been
added into the final assembly but calculations still need to be done before ordering those parts.

User Interface

The user interface allows the user to control certain aspects of how the system operates. There is a
power switch that turns the system on and off, a play/pause switch that switches the system between
play and pause states, and a reset score button that allows the user to reset the score to begin a new
game. The playfield cover controls a switch that will put the system into a state where the other user

controls are disabled as well as the motors and will not re-enable until the cover is down.

User Interface Components

e POWER - switch (on, off)

e  PLAY/PAUSE - switch (play, pause)
e RESET SCORE — button

e COVER - switch(up, down)

User Interface States
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e COVERUP

o Motors disabled

o Automatic scoring disabled

o Userinterface disabled

o Motors disabled

o Automatic scoring disabled

o Userinterface enabled

e PLAY

o Motors enabled

Automatic scoring enabled

O
o Userinterface enabled
o RESET SCORE disabled

Bill of Materials & Cost Analysis
The following is a list of all the equipment needed for the project and their costs. The list is split up into
subsystems. Everything in the list has a corresponding part number that is listed in the parts list of the

drawings in the drawing packet in Appendix B.
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Motion
Cost
Description Source Part Number QTy. Uf"t Total
Price Cost
Servomotor 100W Yaskawa SGMJV-01A 4 X donated
Servomotor 150W Yaskawa SGMJV-C2A 4 X donated
Programmable Logic Controller Yaskawa MP3200iec 1 X donated
100V, 100W Servopak Yaskawa ?? 4 X donated
100V, 200W Servopak Yaskawa ?? 4 X donated
Belt Driven Linear Actuator Macm”dy”ianr:'cs/ Isotech | \1isa-psc 4 412 1648
4:1 Planetary Gearbox Wittenstein LP 0:_%;1\/“:1_ 8 X donated
M4 Sockethead Cap Screw 12mm McMaster-Carr 93070A103 1 792 | 7.92
length x50
M8 Sockethead Cap Screw 16mm McMaster-Carr 93070A145 1 9.63 | 9.63
length x50
90" Angle 6061 Al 3" x 3" 1/4 McMaster-Carr 8982K62 1 5299 | 52.99
Thick 4ft Length
3/8" to 12mm Shaft Coupling Misumi CPO321'29'525' 4 23.19 | 92.76
12mm to 12mm Shaft Coupling McMaster-Carr 2469K4 4 36.29 145.16
TOTAL | 1956.46
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Electrical for Motors
Cost
— . Unit Total
Description Source Part Number | Quantity Price Cost
WIRE AWG 16 BLK 100 FT McMaster Carr 7587K84 1 24.79 24.79
WIRE AWG 16 WHT 100 FT McMaster Carr 7587k421 1 24.79 24.79
WIRE AWG 14 BLK 50 FT McMaster Carr 7587k65 1 19.545 | 19.545
WIRE AWG 14 WHT 50 FT McMaster Carr 7587k451 1 19.545 | 19.545
WIRE AWG 14 GRN 50 FT McMaster Carr 7587k614 1 19.545 | 19.545
QUICK-DISCON'\:EET 0.25" FEMALE McMaster Carr 7243k21 1 11.62 11.62
CONN TERM BIC;KRXAYOD 26-10AWG Digi-Key 277-2027-ND 40 1.16 46.4
DIN RAIL 35X7.5MM SLOTTED 29.7" Digi-Key 277-5375-ND 1 8.77 8.77
END BRACKET TERM BLOCK SNAP ON Digi-Key 277-2112-ND 4 1.01 4.04
CONN TERM BLK PARTITIN PLATE GRY Digi-Key 277-2040-ND 7 0.66 4.62
BRIDGE TERM BLOCK 4PQOS Digi-Key 277-3234-ND 15 1.808 27.12
BRIDGE TERM BLOCK 2POS Digi-Key 277-2504-ND 10 0.567 5.67
FUSE BLOCK 3AG 4P0OS 1/4" QC Digi-Key F4929-ND 10 4.08 40.8
FUSE 250V FAST 3AG 2.5A Digi-Key F4791-ND 20 0.36 7.2
FUSE 250V FAST 3AG 8A CART Digi-Key F2515-ND 20 0.38 7.6
SWITCH TOGGLE SPST 10A 125V Digi-Key 451-1182-ND 4 3.75 15
SWITCH ON-OFF PLATE .025" Digi-Key 451-1190-ND 4 0.33 1.32
CIR BRKR MAG-HYDR 20A LEVER Digi-Key 288-1229-ND 1 45.36 45.36
Battery 9V Ace Hardware ?? 1 3.59 3.59
Term Rng Ins16-14G8-10SD Ace Hardware ?? 1 3.59 3.59
Term Rng Ins16-14G4-6ST Ace Hardware ?? 1 3.59 3.59
Digital Multimeter Ace Hardware ?? 1 29.99 29.99
Term Rng Ins16-14G8-10SD Ace Hardware ?? 1 3.59 3.59
Terminal and Crimping Tool Kit Home Depot 032076038755 1 5.95 5.95
Rosin Solder 30Z Home Depot 070042196665 1 7.97 7.97
3/4" x 30' Vinyl Carded Elect Tape Home Depot 813848010052 1 1.97 1.97
22-16 AWG Red Butt Splice 75pk Home Depot 032076075187 1 5.59 5.59
16-14 AWG Butt Splice 75 pkk Home Depot 032076074708 1 6.59 6.59
16/3 25' Extention Cord Home Depot 756847000443 1 9.97 9.97
Wire 16 AWG 24' Red Home Depot 048243001200 1 5.2 5.2
D'SC°””‘2FC;;§|':‘;SA\F’)\I/(G 0.250" Home Depot | 032076075385 1 537 | 537
Ring Terminal Assortment 22-14 AWG Home Depot 032076074760 5.34 5.34
9' Black Power Tool Cord Home Depot 781756626323 13.97 13.97
SWITCH, TOGGLE, DPST, 20A, 250V Newark 32M5239 19.73 59.19
TOTAL | 505.195
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Scoreboard
Cost
[ Total
Description Source Part Number QTy. Uf"t ota
Price Cost
Green 1 Digit 27 ggﬁme”t Display Digikey/Lumex LDS-CD12RI 12 9.09 | 109.08
Mini Photocell Sparkfun SEN-09088 2 1.50 3.00
Laser Diode 5mW Digikey/ US Lasers Inc D6505I 2 9.00 18.00
1/16" 24"x24" Al sheet Mcmaster-Carr 88685K18 1 27.02 27.02
1/8" 12"x24" Al sheet Mcmaster-Carr 8973K79 1 25.03 25.03
Arduino Mega 2560 R3 Sparkfun DEV-11061 1 50.98 50.98
Red Arcade Button Switch w/3 Sparkfun COM-09336 1 1.95 | 1.95
Terminal Microswitch
Shift Register 8-bit-74HC595 Sparkfun COM-00733 4 1.50 6.00
Breadboard - Translucent Self- Sparkfun PRT-09567 3 595 | 17.85
Adhesive
Heat Shrink - Black 5' x 1/4" Sparkfun PRT-08830 1.95 1.95
Audio Plug - 3.5mm Sparkfun COM-11143 0.50 1.00
Audio Jack - 3.5mm Sparkfun PRT-08032 1.50 3.00
RJ45 Keystone Jack Cat5 D'g'kexgxma“” DN-93501-U/WH 12 239 | 28.68
RJ45 Plug Cat5e Digikey/Stewart $5-37000-002 12 050 | 6.00
Connector
RJ45 Crimp, Cut, Strip Tool Amazon/TRENDNET TC-CT68 1 15.75 15.75
Permatex 81158 Black Silicone
Adhesive Sealant, 3 oz. Tube Amazon i ! 4.84 4.84
AC DC Wall Adapter R-Series - _ .
12V 60W Digikey/Phihong USA PSA60R-120-R 1 35.10 35.10
Adapter Wall R-Series Clip Kit | 0 o phihong UsA RPBAG 1 3.06 | 3.06
(All countries)
DC Barrel Jack Adapter -
Breadboard Compatible Sparkfun PRT-10811 1 0.95 0.95
120 Ohm Resistor x100 Digikey/Yageo CFR-25JB-52-120R 1 2.42 2.42
N Channel MOSFET 60V 400ma | D'8ikev/Fairchild BS270 28 050 | 14.00
Semicond
M6x16 Low Head Hex Screw x25 Mcmaster-Carr 92855A616 1 8.47 8.47
RJ45 Networking Cat5e Patch L
Cable - 50ft Amazon/Mediabridge - 1 9.49 9.49
Standard Duty Hot Melt Gun Mcmaster-Carr 7518A22 1 2336 | 23.36
(uses 1/2" dia sticks)
1/2" Dia Glue Stick 4" Length Mcmaster-Carr 7518A731 1 15.74 | 15.74
1lb pkg
1 uF Capacitor Digikey/TDK FK28X7R1C105K 4 031 | 1.24
Corporation
TOTAL | 433.96



https://www.sparkfun.com/static/rohs/
https://www.sparkfun.com/static/rohs/

Automated Foosball Table Final Project Report 69
Vision System
Cost
Description Source Part Number QTy. Uhit Total
Price Cost
Basll\lee"t\fl'ffkb'ctaihe‘i;”et GrafTek acA640-120gc 1 538.00 | 538.00
Dell Inspiron 660 Dell Inspiron 660 1 579.99 | 579.99
Gigabit ET Dual Port Server Intel E1G42ET 1 72.00 | 72.00
Adapter
14ft Cat6 Molded Shielded
Patch Cable - Gray C2G 31218 1 19.99 19.99
TOTAL | 1209.98
Display Case
Cost
Source Unit Total
Description Part Number QTy. Price Cost
40x40 Aluminum Extruded Bar (6 m) Bosch Rexroth 3842529340 5 103.58 517.9
Handle Bosch Rexroth 3842536556 4 25.27 101.08
Hinges Bosch Rexroth 3842544504 8 11.02 88.16
3S Corner Cubes Bosch Rexroth 3842529397 4 12.36 49.44
2S Corner Cubes Bosch Rexroth 3842529395 8 11.34 90.72
Gusset Bosch Rexroth 3842528967 40 4.23 169.2
Panel Support Insert (2 m) Bosch Rexroth 3842518351 10 3.46 34.6
10MM, M8 T-bolt fastening kit, L=14 Bosch Rexroth 8981021342 84 0.79 66.36
10MM, M8 T-bolt fastening kit, L=19 Bosch Rexroth 8981021343 4 0.79 3.16
8MM, M6 T-bolt fastening kit, L=14 Bosch Rexroth 8981019577 16 0.84 13.44
M6 x 1 x 20 Bolt (X100) McMaster Carr 91280A330 1 10.9 10.9
M6 flange nut (X100) McMaster Carr 92461A300 1 5.37 5.37
Magnetic Catches McMaster Carr 1101A12 2 8.97 17.94
PGET (1/8*48*96 in) McMaster Carr 85815K85 1 98.96 98.96
PGET (1/8*48*48 in) McMaster Carr 85815K65 1 54.73 54.73
Actuator Attachment Material (Al 2024) | McMaster Carr 88835K81 1 34.68 34.68
Plywood (0.25*4*8ft) HomeDepot 431178 1 13.27 13.27
TOTAL | 1369.91
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Playfield Cover
Cost

Unit Total
Description Source Part Number | QTY. Price Cost
Poly Carbonate Clear Plastic Cover McMaster Carr 8574K83 76.09 76.09
DC Rated-SPST-NO-Magnetic Switch | McMaster Carr 65985K11 12.14 12.14
Gas Spring Lift Assist-15 Ib setting McMaster Carr 4138758 15.12 30.24
General Purpose Hook and Look
Velcro McMaster Carr 9273K28 29.80 29.80
Rubber sheet for Cushsions McMaster Carr 8463K42 9.14 9.14
40x40 Aluminum Extruded Profiles
1.2m Bosch Rexroth 3842993191 4 30.05 120.20
40x40 Aluminum Extruded Profiles
0.7m Bosch Rexroth 3842993191 4 18.55 74.20
Bosch Heavy Duty Hinges Bosch Rexroth 3842544504 2 11.02 22.04
Panel Insert Bosch Rexroth 3842518351 2 3.46 6.92
PlayField Handle Bosch Rexroth 3842536556 1 5.73 5.73
Corner Connector Kit Bosch Rexroth 3842529395 8 11.34 90.72
10mm T-Nuts M6 Bosch Rexroth 3842530283 4 0.52 2.08
M8 bolt-16mm Metric High-
Strength Steel McMaster Carr 91310A530 1 11.31 11.31
Cover Supports (Made from wood
board) Home Depot - 1 10.00 10

TOTAL 500.61
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Vision Arch
Cost
Part Unit Total
Description Source Number QTY. | Price Cost
45x90 Extruded Aluminum Horizontal
Beam (1487 mm) Bosch Rexroth 3842993450 1 49.8 49.8
45x90 Extruded Aluminum Vertical
Supports (1782 mm) Bosch Rexroth 3842993450 2 50.76 | 101.52
Beam Gusset Connections (M8 screws &
nuts included) Bosch Rexroth 3842523561 4 4.9 19.6
Table Side Panel Support Bracket McMaster Carr | 16307332 2 15.33 30.66
Profile End Caps Bosch Rexroth 3842511783 4 0.85 3.4
M8 Hex Nuts (DIN 934) McMaster Carr | 90592A022 1 4.51 4.51
M8 Bolts -40mm (Metric High Strength
Steel Class 10.9) McMaster Carr | 91310A542 1 7.19 7.19
Metric Large-Diameter Washers—DIN
9021 McMaster Carr | 91116A160 1 1 4.29
M8 T Nuts (Vision Arch to Table
Attachment) Bosch Rexroth 3842530287 4 0.52 2.08
M8 T-Bolts L18 (score board
attachment) Bosch Rexroth 8981021342 4 0.79 3.16
U channel Spacer (score Board) McMaster Carr | 16307292 1 5.53 5.53
TOTAL 231.74
User Interface
Cost
Description Source Part Number | Quantity | Unit Price | Total Cost
Toggle Switch | Sparkfun | COM-09276 1 1.95 1.95
TOTAL 1.95
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Extra Parts Bought
Cost

— . Unit Total

Description Source Part Number Quantity Price Cost

3/8" to 12mm Shaft Coupling Misumi CP032-9.525-12 1 19.56 | 19.56
CROSS CONN BRIDGE TERM BLK 4POS Digikey 277-3235-ND 18 1.86 | 33.48

CROSS CONN BRIDGE TERM BLK 3POS Digikey 277-3230-ND 4 1.19 | 4.76
9' Black Power Tool Cord Home Depot 781756626323 1 13.97 | 13.97

Wire 14 AWG 17' Black Home Depot 048243000012 1 5.2 5.20

Solder Iron Weller 40W Home Depot 037103266910 1 23.97 | 23.97

Wire 16 AWG 24' Red Home Depot 048243001200 1 5.2 5.20

Rosin Solder 30Z Home Depot 070042196665 1 7.97 7.97

Bag Home Depot ?7? 1 0.1 0.10

Hex Key Set Ace Hardware 2127124 1 29.99 | 29.99

Fasteners Ace Hardware ?? 10 0.42 4.20

Fasteners Ace Hardware ?? 10 0.18 1.80

Toggle Switch Med Duty Ace Hardware 31507 1 5.99 5.99

Fuse Block O'Reilly Auto Parts OMN4BP 1 3.69 3.69

2A Fuses O'Reilly Auto Parts AGC2BP 1 3.09 3.09

7.5A Fuses O'Reilly Auto Parts AGC7.5BP 1 3.09 3.09

2A Fuses O'Reilly Auto Parts AGC2BP 1 3.09 3.09

7.5A Fuses O'Reilly Auto Parts AGC7.5BP 1 3.09 3.09

Fuse Block O'Reilly Auto Parts OMN4BP 1 3.69 3.69

M4-0.7X12 BHSCS Fastenal ?? 100 0.0932 | 9.32

M6 X 16 FHSCS Fastenal ?? 93 0.0405 | 3.77
TOTAL | 189.02

Total Cost

System Cost
Motion 1956.46
Electrical for Motors 505.20
Scoreboard 433.96
Vision System 1209.98
Display Case 1369.91
Playfield Cover 500.61
Vision Arch 231.74
User Interface 1.95
Extra Parts Bought 189.02
SUBTOTAL 6398.83
Tax (~8% estimated) 511.91
Shipping (estimated) 250.00
TOTAL 716.74
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Chapter 5: Product Realization

This section describes the manufacturing processes used in the fabrication, programming, and building
of the final product.

Motion

Fabrication

To create the brackets (shown in figure 30) for the motors, a vertical band saw and mill was used to
ensure accurate positioning of mounting hole patterns. Each shaft coupling that attaches the gearbox
shaft to the rod was machined with a lathe to ensure proper fits. The following is the procedures used to
create each bracket.

Figure 30: Motor brackets. Left attaches to the 150W motor, right attaches to the 100W motor.

e A stock piece of angled aluminum was cut to rough size using a band saw

e The sides were milled to be flat and parallel

e Bottom mounting holes were drilled on a mill using standard drill bits

e Front mounting holes were drilled on a mill using standard drill bits

e Front motor shaft bore was first drilled to 1” using standard drill bits then a boring head was
used to expand hole to correct size

After creating the brackets, they were tested for fit on the motors before proceeding. Afterwards, the
brackets were mounted onto the actuators and display case as shown in figure 31.
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Figure 31: Top view of motors and actuators mounted on display case

All the drives and controller was then mounted to the %” aluminum backing plate. Then, wiring for the
system was started using the wiring diagram in wiring section of Chapter 4. A power plug was purchased
and wired to the 20A circuit breaker. From the breaker, the wires lead to four toggle switches, each
controlling power for one rod. From the switch, the wire leads to terminal blocks that branch the wires
to provide power to all the terminals needed for the drives controlling the rod. Figure 32 shows a top
view the wiring for the system, which is located on the wooden base on the bottom of the frame. Black
wires are 120VAC, white wires are neutral, green wires are ground. The terminal blocks and circuit
breaker were mounted in 35mm DIN rails, and then hot glued onto the wood. The fuse holders were hot
glued to the wood.

s

, A““.i.

Figure 32: Top view of wiring
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After power was wired to every terminal of the drives and controller, Mechatrolink Il cables were
connected to all the drives and controller by cascade configuration. Encoder and motor power cables
were then connected, as shown in figure 33. All wires and cables were zip tied together to keep
organized.

Figure 33: Front view of drives and wiring with axis number labels

After wiring was completed, the axis numbers was configured for each drive on dials on the drives. Since
MP3200iec starts the network node numbers at 3, the numbers used for this project was 3 to 10. The
odd numbered axis numbers correspond to the SGDV-2R1F21A drives. The even numbered axis numbers
correspond to the SGDV-R90F21A drives. For example, rod 1 (1 foosman) is controlled by axis 3 and 4,
rod 2 (two foosman) is controlled by axis 5 and 6, and so on as labeled on figure 33. Figure 34 shows the
drives for one rod and the controller that controls the entire system.
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Figure 34: Left: a pair of drives for one rod. Right: MP3200iec controller

Then, power was turned on for the system. Then, the config DIP switch for the controller was turned on
to automatically configures each axis before starting MotionWorks. Then, MotionWorks was started and
verified communication to the motors by running the test move function. After verifying all the motors
worked, the hardware configuration for each motor was defined as shown in figures 35-38. Torque
limits were set to 100% to ensure motors do not damage parts if they run into anything.

Limits |Canﬁgumtion I 1/0 I Tuning I Test Move I Absolute Encoder I Hardware I Alam I Brake I Dual Encoder I Al P, |

Parameter # |Parameters |Current Value |Unih3 |Min |Max |Defau|t Value

: Limit Position Negative -1.797693E+308 mm -1.797 1.797) -1.797693E+308
Limit Position Positive 1.797633E+308 mm -1.797 1.797) 1.797693E+308
Positive Torgue Limit 100 % 0 200 80D
Megative Torgue Limit 100 0 200 80D
Emergency Stop Torgue/Thrust 200 % 0 200 800
Speed Limit during Torgue Control 10000 per minui 0 10000 10000
Speed Limit 0 - Use Smaller of Motor Maximum Speed or Speed Limit during 0 - Use Smaller of Motor Max
Excessive Position Error Alarm Level 5242880 ref units 1 10737 5242880

Figure 35: Hardware configuration, limit settings for all motors
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Graphical View | Data View
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1/0 Task Assignment Fast Tek (1 ms) -

Parameters

|Current Value

Units

[Min  [Max | Default Value

| Parameter #

Pr50A3
Pn50BE.0
Prn50E.0
Pr50E.1
Pr50E.2
Pr50E.3
Pn50F.0
Pr50F.1
Pn50F.3
Pn511.0
Pn511.1

Pn511.2
Pn511.3
Pn512.0
Pn512.1

Pn512.2
Pn31E.0
Pn21E.1

Pn31E2
Pn31E.3

Qutput state when PLC stops
Positive Over Travel
MNegative Over Travel
COIN Output

W-CMP QOutput

TGON Output

S-RDY Output

CLT Output

WLT Output

WARN Output

DEC Input

EXT1 Input

EXT2 Input

EXT3 Input

1012 Signal Mapping
10132 Signal Mapping
1014 Signal Mapping
1015 Signal Mapping

Retain last state

8 - Set Signal OFF
8 - Set Signal OFF
0 - Disable

0 - Disable

0 - Disable

0 - Disable

0 - Disable

0 - Disable

0 - Disable

3 - OM When Terminal CM1-42 for Sigma Il or CH1-% for Sigma Il &
4 - ON when Terminal CMN1-44 for Sigma Il or CHN1-10 for Sigma 11l ¢
5 - ON ‘when Terminal CM1-45 for Sigma Il or CHN1-11 for Sigma 11l ¢
& - OM When Terminal CM1-46 for Sigma Il or CN1-12 for Sigma [l
Reverse Output on Terminals CN1-25 & 26 for Sigma | 0 - Normal Output Signal
Reverse Output on Terminals CN1-27 & 28 for Sigma | 0 - Normal Output Signal
Reverse Output on Terminals CN1-25 & 30 for Sigma | 0 - Normal Output Signal

1 - Menitors CM1-13 input terminal.
2 - Monitors CN1-7 input terminal.
3 - Monitors CN1-8 input terminal.
4 - Monitors CN1-9 input terminal.

Retain last state

1- ON when Terminal CH1-41-
2- ON'when Terminal CN1-42-

0- Disable
0- Disable
0- Disable
0- Disable
0 - Disable
0- Disable
0- Disable

2 - ON'When Terminal CN1-43-
4- ON'when Terminal CH1-44-
5- ON'when Terminal CH1-45-
&- ON'when Terminal CH1-46-

0- Normal Output Signal
0 - Normal Output Signal
0- Normal Output Signal

1- Monitors CM1-13 input termi
2 - Monitors CN1-7 input termin:
3 - Monitors CN1-8 input termin
4 - Monitors CN1-9 input termin:

Limits | Configuration ||,."0

Figure 36: Hardware configuration, 1/0 settings for all motors

I Tuning I Test Move I Absolute Encoder I Hard

| lam | Brake | Dual Encoder | Al P |

Machine Cycle 1
Feed Constant Gear Ratio
s T Output Position Scale User Units
T H—— = Ea—
1 Rev Input
Parameter # | Parameters Current Value Units | Min | Max | Default Value
1300 Moving Lwverage Filter 1 Enable Falze Falze
1301 Moving Awverage Filter 1 Time Constant 01 5 0 5 01
1807 Load Type Linear 0 1 Linear
1831 Logical Axis Number 3 1 512 1
2028 Enable Timeout 300 ms 5 10000 300
Pn205 i Multi-Turn Limit Setting i 65535 Revolutic 0 65535 65635

Figure 37: Hardware configuration, configuration settings for translation motors
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Limits | Corfiguration | 140 I Tuning ITest Move IAbsoILrte Encoder I Hardware I Alam I Brake I Dual Encoder | All P

Machine Cycle 360
Feed Constant Gear Ratio
360 Ut 1 Output Position Scale User Units
1Rew X ——— X = 90 Degrees -
1Rev 4 Input

Parameter # | Parameters Current Value Units Min |Max |Default Value
1300 Moving &verage Filter 1 Enable Falze Falze

1301 Moving &verage Filter 1 Time Constant 01 5 0 5 01

1807 Load Type Fotary 0 1 Linear

1831 Logical Axis Number 4 1 512 1

2028 iEnable Timeout : 300 ms 5 10000 300

Pn205 Multi-Turn Limit Setting 65535 Revaolutic 0 65535 65535

Figure 38: Hardware configuration, configuration settings for rotation motors

After hardware configurations were done, programming was started for the system according to the

logic rules specified by Chapter 4. The basic functionality was tested using manual inputs of ball position.

The following summarizes the functions created. Screenshots of the entire program can be found in

Appendix H.

e Function block to power the motors was created

e Function block for reading position, velocity, and torque was created

e Shot function was created and integrated as part of rotation logic for each rod

e Logic calculations for rotation and translation was created for each rod

e Rotation and translation motions were created for each rod

e Zero function was created to set the absolute encoders when necessary

e Return home function was created to reset all motors to home position

In addition to the basic logic needed, additional functions were made for the senior project expo for

demonstration purposes. A manual move function was created to easily control each motor if wanted.

Since the vision system was not able to communicate with the PLC, an OPC server was set up for the

controller, and a HMI interface was created using Visu+ to simulate a ball moving across the table. In the
HMI interface, a rectangle represents the field of the foosball table, and a circle represents the ball. The
position of the ball on the HMI is directly linked to the position inputs used for the logic for the motor
movements. The ball is only able to move within a set range defined by the rectangle. To simulate a ball
moving, the circle can be dragged around, closely resembling a ball moving. This resulted in the motors
providing very smooth motions, since the position input was continuous. Sliders were also created for
the HMI to control X and Y position of the ball individually. Figure 39 shows the HMI in Visu+.
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Figure 39: Ball coordinate generating HMI in Visu+

Design Changes

In the prototype, the brackets that mount the motors to the actuator were slightly changed. They were
wider and have two additional holes for future mounting of e-chains, as shown in figure 40.
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Figure 40 New bracket design for 100W motors (SGMJV-01A)

Currently, all the motors are set to 100% torque limits, as additional work needs to be done in the

programming by the next team. The translation speed is set to 0.5 m/s, since higher speeds can cause

large vibrations in the frame when using the HMI to quickly input ball positions.

Fuses were used for the terminals of the drives, however they are optional.

Scoreboard

Fabrication

The scoreboard structure was fabricated out of two aluminum sheets. A 1/8” thick 12”x24” sheet was
used to create the bottom and top of the structure while the walls were made of a 1/16” thick 24”x24”
sheet. The entire process included the use of the following machines:

e Bridgeport Mill

e Sheer
e Corner sheer
e Drill Press
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e Band Saw
e Finger Brake

The spacers were machined from a small 1’ long aluminum U-channel. The channel was first cut to a 4”
section and then milled down to 3.54”. The bolt holes were made on a Bridgeport mill with a drill chuck
setup.

Figure 41: Left, Bridgeport mill, Right Vertical Bandsaw

First the top and bottom plates were cut out of the 1/8” thick sheet using a band saw. The screw holes
were added to the plates with a drill press. The center holes were made on the Bridgeport Mill by
clamping them down and then drilling into them with a 1” drill bit. The bottom plate center hole for the
camera was later widened with a step drill to 1-1/8” as the 1” hole was too small for the camera lens to
fit through.
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Figure 42: Left, sheer, Right, finger brake

The side plates were created by using an aluminum sheer to cut the 24”x”24x1/16” plate into
rectangular 200x340mm sections. A corner sheer was then used to create the tabs that would later be
bent back 90 degrees. The plates were clamped to a drill press and each M6 bolt hole was drilled into
the tabs one a time. The next step was to take the plate and mill out the square holes that would hold
the 7 segment LCD Displays. The corners were made with a file. Lastly, the tabs were folded back 90
degrees using the finger brake.

The structure was cleaned with mineral spirits and given a brushed look with a scotch bright pad before
being assembled. The completed scoreboard structure is shown below in figure 43.

Figure 43: Completed scoreboard structure
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Design Changes

Due to time constraints the scoreboard circuitry, programming, and 7 segment LCD displays were not
added to the system. It was also not painted and gaps were not filled in The structure itself matches the
design drawings in Appendix B save for the size of the center camera hole in the bottom plate, which is a
little smaller then design spec.

Fabrication recommendations

The fabrication of the structure could have been significantly reduced in both time and effort if
automated plasma cutter could have been used to cut out the initial shape of the aluminum plates. This
was not done with this prototype because the plasma cutter at Calpoly was inoperable at the time of
fabrication.

Sensing System
The sensing program was uploaded onto the computer and integrated with the Basler camera. It ran at
about 13 frames per second in its last iteration and was never integrated with the PLC.

Display Case

Fabrication
The display case consisted of 5 major features that had to be fabricated.

e The Frame

e The Wooden Base

e The Aluminum Drive Mounting Plate

e The PGET Protective Panels & Cabinet Doors
e The Actuator Mounting Brackets

The machines involved in this fabrication were:

e Bridgeport Mill

e Metal Chop Saw
e Table Saw

e Vertical Band Saw
o  Drill Press

The frame for the display case was created using the 6m 40x40mm Bosch Rexroth extruded aluminum
bars. The bars were first cut to a more manageable 3m length using a hack saw and then cut down to
within a half inch of their final length using the metal chop saw. In order to get a more perpendicular
and refined finish, the bars were then milled down to their final lengths. Due to the extreme length of
certain bars the mills could not accurately measure the length when cutting so this was done manually
with a tape measure. This caused the bars to be slightly different lengths with differences of about 2mm
maximum. The frame was then assembled using the T-bolts, gussets, and Corner attachments that were
purchased from Bosch Rexroth.
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The wooden base was created from a 48”x56”x5/8" piece of pine plywood. The plywood was cut to size
using a Saw Stop Table saw and then the corners to cut so that the wood piece would fit comfortably
inside the frame and rest on the bottom supports.

An aluminum plate that was %"”x6'x1’ was selected as the mounting plate for the M3200iec PLC and
SIGMA drives. This was fabricated by cutting the plate to length using a horizontal band saw and then
drilling the mounting holes with a drill press and tapping the mounting holes with M4 threads. The
drives and PLC were then mounted onto the plate with M4 screws. See APPENDIX B for the drawing of
the Mounting Plate.

The PGET sheets were cut to size using the Sawstop table saw. The side panels had a shape in one
corner that was cut with a band saw. These sheets were fit into the display case frame and doors and
supports with the panel support inserts. Cabinet doors were created the same way as the frame and
attached to the frame using Bosch Heavy Duty hinges.

The actuator mounting brackets were fabricated from a 12”x12”x1/8” aluminum plate. Although initially
designed with a bend to properly fit the actuator, the brackets were manufactured straight due to the
difficulty of making the bend precise and aesthetically acceptable. Washers were added to the screws as
spacers so that the straights brackets could properly grab the actuator without bending.

For assembly of the door frames were attached using Bosch Corner Cube Kits. These came with self-
tapping screws. If these elements are disassembled, the screws should be placed back very carefully to
avoid destroying the existing thread.

Design Changes

Some parts of the system had to be changed from the original design presented during the Critical
Design Review. One of the first changes was the creation of a top door. This top door is held up by two
gas pistons which aid in the lifting of the door and keep the door open. It also closes on its own when it
reaches a small enough angle. The top door is large enough to cover the whole display case. Due to its
size, it is heavy and this is where the need for the gas pistons is born. The top door, like the rest of the
display case has a large PGET sheet to protect the motors and bystanders while allowing visibility of the
components. During manufacturing, the door had to be made 15 mm shorter than initially planned. The
top PGET sheet was accidentally cut too short depth wise, forcing the change in dimensions.

Another change to the display case is the implementation of two large front doors rather than 4 front
doors. These doors have large clear PGET sheets to allow for visibility of all parts. They are kept closed
by a magnetic latch, which was also implemented after the Critical Design Review. The PGET sheets
originally had square corners coming into the sheet to fit the square corner cubes. Once the cubes were
delivered, it was noticed that a 45 degree corner could be used, which would simplify manufacturing.
The panel holders were cut into equal pieces and placed into the bars rather than using longer strips
that ran the whole length of the bars. This was done to save material.

As mentioned above, the actuator attachment bracket was changed from a bent shape to a straight
piece. This change was made to facilitate manufacturing. Washers were used as spacers. Finally, the
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back top corners of the display case the changed to fix interference between the playfield cover and the
display case. The way the model was before, if the playfield cover was opened, it would run into the
back of the display case. To fix this, 45 degree angle connector kits for 40 mm aluminum bar profiles
from Bosch were used. The connectors allowed the movement of the back corner away from the play
field cover and terminate the interference. There is one drawback to this change. There is a hole in the
back of the display case were someone could fit a hand in. Due to the timing of the project during the
quarter, this problem as not correctly addressed. A mesh was placed to cover this space for the Senior

Expo as a temporary solution. A picture of the completed table is presented below in figure 44.

Figure 44: Completed Display Case

Fabrication recommendations

It may have been unnecessary to mill the 40x40mm bars used for the frame to their final lengths. This
process gave a very nice finish to the ends of the bars, but because the bar ends are not normally visible
seen it may have been better to cut them with a band saw which would have saved about 20 hours of
work. However, it is desired to have the end face be perpendicular to the length of the bar. This will
allow for better fit of all the bars.
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If possible, smaller stock pieces could be ordered to make initial manufacturing and transport easier.
This is especially important for the aluminum stock which were 6 meters long at first and the PGET sheet
which was 4’ x 8'. Lastly, the position of the bars supporting the actuators is meant to be more of a
starting position. Alignment should be done every time the table is transported. The exact position may
change from place to place.

Playfield Cover

Fabrication
The playfield cover was fabricated using the parts bought from Bosch Rexroth. The bars were bought
pre-cut to length and all the components were standard parts.

There was difficulty with attaching the gas spring pistons from McMaster. The T-Nuts bought from Bosch
that the pistons were to screw into were the wrong size. The nuts were M6 threaded but the piston’s
ball stud threads were 5/16”-18. This mistake occurred due to a misreading of the McMaster gas spring
piston technical sheet. It was corrected by using left over material from the Aluminum Drive Mounting
Plate to create Aluminum T-Nuts that fit the Bosch Extruded Aluminum bar slots and had female 5/16”-
18 threads that matched the gas spring pistons ball studs.

The T-nuts were created by cutting small 1.5x1.5cm squares from the %" thick plate. These were then
grinded down on a grinding wheel until they fit the slots in the aluminum bars. A 5/16” through hole was
then drilled and tapped with 18 TPI through the center of each T-nut. This allowed the gas spring pistons
to be assembled to the playfield cover.

Once assembled, the playfield cover was attached to the table using Velcro. A figure of the system is
shown below.

Figure 45: Playfield cover
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Fabrication Recommendations
Better parts need to be found for the gas spring pistons so that the ball stud screws actually match the
standard M6 T-nuts. This combination was not sold by McMaster.

Vision Arch

Fabrication
The vision arch frame was fabricated using the parts bought from Bosch Rexroth. The bars were bought
pre-cut to length and all the components were standard parts.

To attach the vision arch to the table two brackets were fabricated out of an aluminum U-channel and a
1/8” aluminum plate. The machines used were:

e Bridgeport Mill

e Horizontal Band Saw
e TIG welder

e Vertical Band saw

The Arch Brackets were fabricated by cutting the U-Channel to
two 6” lengths on the horizontal band saw. The inner corners of
the brackets were originally rounded. To ensure a nice fit to the
45x90mm aluminum bar that made up the vision arch, the inner
corners were milled square. The six M8 bolt holes for the
bracket were then drilled on the mill using a mill chuck. 1/8”

thick aluminum plates were cut to the size of the bottom of the
Arch Bracket using a band saw. The plates were then welded
onto the brackets (this was done by hiring a Machine Shop Tech
to do the work). Lastly, the weld on the back of the bracket was
grinded down flat so that the bracket would fit flush against the
side of the foosball table.

The Arch Brackets were attached to the foosball table by drilling
six holes on either side of the foosball table that matched the

hole pattern of the Arch Brackets. The two middle holes were
then used to bolt the brackets to the Table. Figure 46 to the left
shows a close up of the brackets with the arch attached.

Figure 46: Arch Bracket attached to table

Lastly, the vision arch structure was set into the brackets and using M8 T-nuts pre inserted into the
vision arch, it was bolted to the table through the remaining four holes in each Arch Bracket and side of
the table. The scoreboard was then attached to the vision arch using 4 T-Bolts. The completed arch can
be seen below in figure 47.
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Figure 47: Completed Vision Arch assembly

Fabrication Recommendations

Pre inserting the T-nuts was largely a guess and check way of ensuring they were in the right position to
accept the M8 bolts through the table. In the future these T-nuts need to be position and permanently
attached to the arch to make attaching to the table a quicker process.

User Interface

Due to time constraints an appropriate user interface as was discussed in the Chapter 4 was not
implemented. The current user interface consists of 4 power switches on the right side of the display
case that can turn the power to an individual rod system off.

In order to interact with the system and display motor movements, a simple HMI interface created on
the computer. See Motion section above on page 78 for a discussion on this.
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Verification

ign

Figure 48 DVPR

Des

The following is a discussion of Design Verification Plan, an in depth look at the testing that was involved
lidating the automated foosball table’s performance. These will be experiments designed to see
how well the final product meets the original design specifications listed on page 6. The DVPR shown

below summarizes the results of the tests performed and is located in Appendix A.
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Motion Tests

To determine if the motors given to us have the correct torque output to perform the motions required,
they were run with the position, velocity and acceleration specified in motion analysis of Chapter 4 while
connected to the rods. For rotation, the SGMJV-01A (100W) was used, and for translation, the SGMJV-
C2A was used (translation). The feedback position, command position, feedback torque, feedback
velocity, and command velocity were recorded for both rotation and translation motors. The following
section shows the results of the motor tests. If the torque is lower than 350% rated, the test was passed.
A picture of the testing system is shown below in figure 49.
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Figure 49: Motor testing system
Rotational Axis results:
The requirements for the rotational axis motors are as follows (from Chapter4):

e Displacement: 150 degrees
e Speed: 5440 RPM
e Acceleration: 221734 deg/s’
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Velocity - Rotation
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Figure 50: The velocity profile of the rotational axis motor when loaded with the rod.
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Figure 51: The position profile of the rotational axis motor when loaded with the rod.
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Figure 52: The torque profile of the rotational axis motor when loaded with the rod.

The requirements for the linear axis motors are as follows (from Chapter 4):

e Displacement: 6 inches (Approximately 152 millimeters)
e Speed: 2.06 m/s
e Acceleration: 27.8 m/s*

Translational Axis Results:
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Figure 53: The Velocity profile of the translational axis motor when loaded with the rod.
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Figure 54: The position profile of the translational axis motor when loaded with the rod.
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Figure 55: The translation profile of the translational axis motor when loaded with the rod.

As shown by the result data, the motors can output enough torque to get the fastest motions required.
For rotation, the motor sees 350% rated torque only for a short amount of time, which is acceptable
according to Yaskawa. For translation, the torque is far below 350% rated, showing the motor will be
able to perform to specified speeds. This test also showed that the motors need to be tuned, as shown
by the offsets in the command and feedback values of velocity and position.
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Reflection of Polycarbonate Test

Experiment Description

The purpose of this experiment is to determine if the camera and program for sensing the foosball on
the surface of the foosball table will have issues when varying amounts of light are reflected off of the
polycarbonate playfield cover between the camera and the foosball. In order to accomplish this, a
webcam was suspended over the foosball table and connected to a laptop with a hue detection
program. A 12” by 12” polycarbonate sheet was hung over the edge of the foosball table’s play area
directly under the camera and the foosball was placed beneath it. Then using 5 different light sources
(along with just ambient light) light was reflected off of the poly carbonate sheet in various ways. If
the camera lost track of the ball the conditions were recorded. The equipment used to shown in the

figure below:
Mag Flash Light ' /

Flood Light

B

Flash Light

— acam

12”x12” Polycarbonate
Sheet S

Logitech
Webcam

\’

>
A

!

A '

LED Flash Light

LED Light Strip

Foosball

Figure 56: Equipment used for the light reflection test

The foosball was placed under the polycarbonate sheet. The ability of the camera to detect the ball
through the poly carbonate sheet in ambient light was determine and then each light source was used
to reflect light off of the polycarbonate sheet into the camera. The light sources started a few inches
away from the poly carbonate sheet and if the camera lost track of the ball the light source was backed
away until the ball was detectable again. This was done with each light source.

In an attempt to overcome the reflection while one light source was reflecting light off the
polycarbonate sheet, a second source was placed under the poly carbonate sheet and shined directly
onto the foosball. The effect this had on detection was recorded. Some pictures of these tests being
performed are below.
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Figure 57: Flood Light Test

Figure 58: Flash Light Test

Figure 59: LED Flash Light Test

95
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Results & Discussion:
The following are the results of the reflection tests performed.

Table 11: Light source distances from polycarbonate cover before ball is detectable

Test Light Ball Detection Approximate Light Source Distance at Detection
Ambient Light Detected N/A
LED Flash Light Not Detected N/A
Mag Light Test Not Detected N/A
Flash Light Test Not Detected N/A
LED Light Strip Detected 6 inches
Flood Light Not Detected N/A

When light was shined directly onto the ball without passing through the polycarbonate cover it was
found that it actually washed out the color of the foosball rendering the hue detection program in
effective.

The foosball had serious issues detecting the foosball due to the reflections of the lights shined on the
polycarbonate. The reflections from the directional lights used in this test were able to overpower the
colored light reflected off the ball. This experiment assumed worst case scenario in which the lights
were shined on the ball through the poly carbonate and reflected directly into the camera lens. The
flood light was of particular interest since it shined light in a wide band instead of a small spot. However,
the light still interfered with the camera’s detection of the ball. One thing to note is that the lights used
also had a tendency of washing out the color of the ball.

Under normal ambient Lighting conditions or the soft LED lights in the strip, the foosball was detected,
however this is only of a stationary ball. It is possible from the reflections of just the room may interfere
with ball detection. Bright lights directly above the foosball table will almost certainly interfere with the
table creating holes in the camera’s detection ability. The figure blow shows how this would occur.
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Figure 60: Diagram showing how the ball would be occluded by bright reflections, creating dead zones

in the playfield area where the camera could not detect the ball.

Under the current conditions the reflection of light off the polycarbonate is a serious issue that needs

to be resolved.
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Time to Assemble & Disassemble Test

Discussion

Disassembly and assembly of the system was performed at senior project expo when it became
necessary to move the product from the senior project build room to the Expo floor. The following steps
were taken for disassembly and assembly.

Disassembly

The playfield cover was removed

The scoreboard was removed from the vision arch

The vision arch was unbolted from the table and removed

The main power plug was unplugged

The motor couplings that connected the 100W motors to the foosmen rods were removed.
The foosmen rods were removed from the table

The display case was transported to the expo with a mini forklift

©® NGk WN R

The table and other components were transported to the expo
Assembly

The foosmen rods were reattached

The scoreboard was reattached to the vision arch

The display case was moved into position next to the table and aligned
The motor couplings were reattached to the foosmen rods

The Playfield cover was replaced on the table

The Vision arch was re-bolted to the table

The main power was connected to a new outlet.

© N oA wWwN e

Test the motions

The entire disassembly and assembly process took approximately two and a half hours. It should be
noted that the display case was treated as one major component with none of the actuators, motors, or
drives removed for transportation. From the build itself, if these components were removed they could
be reattached in an hour.

Aesthetic Value Test

In order to ensure that the system meets the aesthetic requirements a survey sheet was constructed
and our sponsors were asked to judge each individual structure and then the overall system’s looks on a
scale from 1 to 10. A photo of the entire system is shown below in figure 61.
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Figure 61: Completed Foosball Table at Expo

(Note: At the time of this report the sponsor has not gotten back to us)
Vibration Test

Description

This experiment was a qualitative experiment to test whether or not the vibrations experienced by the
system cause disruption, damage, or render the camera sensing inoperable. Due to the incomplete
camera system, the experiment was only performed to examine the effect on the structures.

In order to test this, the translational motors were run quickly back and forth are differing speeds while
the system was observed. The test was performed at 3 speeds. 0.7 m/s which we determined was near
normal play speed in the design phase and matched the motor specifications, 1.0 m/s which was
decided to be the high end of normal play, and 2.0 m/s which was considered to be an extreme motion
such as a block and was the maximum limited movement speed specified by our design.

Using an HMI interface for each speed setting all four motors were moved their full range of motion one
way then the other. The motors were then actuated back and forth quickly over a small distance in the
center of their range. The vibrations levels of the table were then recorded qualitatively as very light,
light, medium, heavy, or dangerous where:

o Very light is classified as not loud and wouldn’t draw attention
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e Light is noticeable visually and audibly but not disruptive

e Medium is easily heard and seen

e Heavy is loud, disruptive, and possibly putting strain on the system

e Dangerous is classified as likely to cause system damage if continued

Results & Discussion

Table 12: Qualitative vibration test results

Speeds | Vibration level at full range oscillations | Vibration level at small range oscillations
0.7 m/s Very light Medium

1.0m/s Light Medium

2.0m/s Light Heavy

The above results show the system has some issues with noticeable vibration when repeatedly oscillated
within a small range of 4 to 5 inches. Full range motions do not seem to cause as much of a problem as
quick small movements. When listening to the sounds of vibration they seemed to be coming from the
case and the foosball table plastic bushings. This seems to suggest that the case may not be rigid enough
and the bushing either have a lot of friction or the rods are not properly aligned.

It should be noted however that the issue doesn’t start becoming a real problem unless the motor is on
its highest specified speed setting and actuated over a small area quickly. It is unlikely that the motors
would have a reason to move like this during a real game so this may not be a big issue. In normal games
it is unlikely for these quick oscillatory motions to occur for more than a few seconds.

Ball Speed Test

Description
To determine the maximum velocity of the foosball when hit by a motor actuated rod.

Equipment

e Foosball table with Yaskawa motors (system)
e Pasco Interface 750

e Photogates

e Power and connection cables

e Pasco DataStudio

Procedure

Set up the photogates in the playfield one after each other at a known distance. The rod used for testing
is the middle rod since it has the most foosmen and thus the highest mass and moment of inertia. The
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distance used in this experiment was 7.7 cm. The first photogate was placed close to the rod but far
enough so it was not hit by the spinning foosmen. The ball was placed in front of one of the foosmen in
the middle rod. The data acquisition system (DataStudio) was activated to measure velocity in between
photogates. The system was activated making the middle rod spin and hit the ball. The data was
recorded in an Excel file. Figure Expl below shows the experimental set up

Figure 62 Experimental set up

Results & Discussion

Table 13: Photogate distance measurement

d d error | %error
[m] [m]
0.077 0.001 1

Table 14: Ball velocity measurements

\")
[m/s]
895 | 906 | 917 | 906 | 917 | 906 | 895 | 1069 10.69
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Table 15: Reduced results and errors

v v error | % error %diff
[m/s] [m/s]
9.4 0.7 8 18

The average ball velocity achieved was 9.4 m/s. The minimum ball velocity recorded was 8.95 m/s and
the maximum velocity was 10.69 m/s. The error in the measurement was estimated to be 0.7 m/s
yielding a percent error of 8%. The target velocity is 8 m/s. The system is able to exceed this value by
18% (using average value). The values at around 9 m/s were obtained with different settings than the
velocities at 10 m/s. Table Exp4 shows these differences in set up. The torque was not recorded
however, the motors are expected to be maxed out even when the ball speeds reach 10 m/s.

Table 16: Different inputs into motors used during testing.

v=9m/s v=10m/s
] [deg] 150 150
[deg/s] 8156 10000
a [deg/s’] 221734 300000

The DataStudio software output velocity between photogates by recording the time between gates and
using the distance between gates input by the user. The main source of error in this experiment is the
measurement of the distance (1% error). The error in time measurement are considered negligible.
However, approximating the error by using the standard deviation gives a percent error of 8%.

Experiment Conclusions & Recommendations

The system is able to meet and exceed the target ball velocity. With an average maximum velocity of
9.4+0.7 m/s, the system exceeds the target value by 18%. It is expected that all the other rods can give
better performance. This is due to the smaller moment of inertia in all other rods (since there are less
foosmen to spin in all other rods).

To improve the results, better measurement of the distance between photogates could be done. Maybe
by taking off all other rods so they are not in the way, the distance between gates can be accurately
measured. Also, placing the ball in the same spot with respect to the foosman is suspected to give more
uniform velocities. Ideally, the vision system should be implemented to calculate ball velocity.
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Chapter 7: Conclusions and Recommendations

The final Product of the system was not fully completed in the time allotted. The vision system was not
integrated with the PLC and thus there is no ability for the system to react to a ball in the play field at
this time. The scoreboard functionality was not completed due to time constraints and prioritization of
other systems and structures. The playfield cover frame was created but the poly carbonate sheet was
deemed unfeasible through testing. However, the motion system, display case, vision structure and
attachment, all work to within their own specifications.

For future iterations, e-chains should be added for all motors that mount on the actuator to minimize
stress on cable connectors. It might be beneficial to use spline or hex shafts to have decoupled rotation
and translation, so the motors sitting on the actuator can be mounted in a stationary position this would
result in a lower load for the translation motor.

Most of the improvements for motion would be on the programming. Currently, the shot command
does not wait for rotation to finish before issuing a move command, resulting in jerky rotations when
the ball position is near the shot distance, which is not good for the motors. The current code can be
simplified, as there are some redundancies and inconvenient variable declarations, for example,
measured physical quantities should be declared as global variables instead of local variables in the
functions they are used in.

With the current logic, each foosman tries to block the ball individually regardless if the ball is behind
them. This results in wasted movements. For example in figure 62 the ball is moving to the left. All the
rods would try to move a foosman to the ball position to block it. However, rods 3 and 4 have no chance
of actually blocking the ball from moving into the goal, but it still moves anyway, but with the foosman

1 2 3 4

' O

Figure 62 Example position of ball relative to rods

rotated horizontal so it does not block the ball moving to the right. There should be additional logic that
dictates which rod will try to block the ball.

Trajectory planning would be extremely beneficial to the movements of the motors. Trajectory planning
should include predicting the time it takes for the ball to reach a rod, therefore the velocity and
acceleration of the motor should be adjusted so that the foosman arrives to block the ball just before it
reaches the foosman.

Basic foosman strategy should also be implemented in the design. For example, rod 1 and 2 in figure 62
can guard the goal while leaving only a very small opening for the opponent. They do not need to move
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their full travel unless the ball is not being controlled by the opponent. Fine motion controls such as
passing the ball between foosman on the same or different rods should be implemented. Aiming where
the foosman shoots the ball is also extremely important in normal play.

Since vibration is a problem at higher speeds and smaller movements, more support structure may be
helpful. More investigation is needed but a good place to start would be the supports holding the
actuators, both the long horizontal bars and the small bars directly under the actuators. The current
bearings on the foosball table are also contributing. Better lubrication and alignment should alleviate
some of the vibration problems there.

The display case has three ways it could be improved. First, the back part of the case, behind the flip
cover is currently open which would allow someone to possibly put their hand in a place where they
could be hit by the moving motor. This needs a clear cover that matches the odd angles of that corner
and does not interfere with the display case flip cover. Second, reference pieces for aligning the motors
would be very helpful for maintenance. Third, the current brackets that hold the 150W motors that drop
the linear axis to the display case frame should be redesigned so that they are more user friendly. Right
now it may take upward of 20 minutes to get the motor placed and tighten down to the display case
appropriately.

A proper HMl interface would also be recommended, to easily manipulate inputs and see system
performance values in real time. With the HMI, additional I/O modules would be necessary for the
controller to take inputs from parts such as switches or other sensors in addition to vision.

The vision arch can be improved in one major way that will make attachment to the table far easier. The
T-nuts that are used to bolt the legs of the arch to the table and the T-bolts that connect the scoreboard
to the arch should be made permanent or semi-permanent parts of the arch. It would make attaching
those systems much easier.

While the system is not as far along as was originally hoped there is a solid foundation here for a second
project team take over.
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APPENDIX A

Quality Function Development
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% of Inner workings \isible X 3
System response time X 2 1
Power delievered to ball (or motor torque) 1 X 2 2
Time to assemble from base components X
Vibrations the table experiences during operation 2 X 1 2
System sensing of the ball in motion 3 X
No direct contact between player and moving parts X
Well documented software code X
Reliability of the system X 2
Measurements of the total space required for operation X
Display that shows difficulty and score X 2
New player or user learning time X
Aestetic Assesment (Sponsor) 3 2 X 2
Aiming (hitting ball in direction of goal) 2 2 X
cost analysis X
fatigue analysis 1 X
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Sensing Decision Matrix
Table 17 Comparison of categories and normalized weight
E f Veloci R i E f E f
Factors o ase o e. ocity Resolution ea-ctlon ase 0 . ase o .
Calculations time Implementation | programming
Cost X 0 1 1 1 1
AL 1 X 1 1 1 1
Calculations
Resolution 0 0 X 1 1
Reaction time 0 0 0 X 1 0
Ease of 0 0 0 0 X 0
Implementation
Ease of 0 0 0 1 1 X
programming
Weight 2 1 3 5 6 4
Normalized ), 0.05 0.14 0.24 0.29 0.19
Weight

The above table compares each factor to the others. The factor that is in question is in the column, the

factor it is being compared to is in the row. If the factor is determined to be more important than the

one it is being compared to, it is assigned a 1. If it is less important it is assigned a zero. The ones in each

column are all added together and a 1 is added uniformly to all weights to prevent a weight of zero. The

weights are then normalized by dividing the weight of each factor by the sum of all weights.

Table 18 Calculated weights and scores of each sensor system.

Factors Weight Vision Laser | Vision (weighted) Laser (weighted)
Cost (low) 0.10 3 4 0.30 0.40
Velocity Calculations 0.05 3 3 0.15 0.15
Resolution 0.14 5 3 0.70 0.42
Reaction time 0.24 2 5 0.48 1.20
Ease of Implementation 0.29 4 1 1.16 0.29
Ease of programming 0.19 1 2 0.19 0.38
Total 1 18 18 2.98 2.84

The above decision matrix shows the calculations used to determine the best system. Each sensing

system is scored on a scale from 1 to 5 for each factor based on our research, calculations, and opinions.

Those scores are then multiplied by the weights and then summed together. The system with the

highest weighted score is the best choice.
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Failure Mode and Effects Analysis (FMEA)
FMEA NO.: 1 Prepared By : Foos-Ro-Dah Team Foos Ro Dah Page 1 of 1
Machine Name : Automated Foosball Table Product/Senice Application : Automated Foosball Table 5/20/2013
Design Responsibility: Review Date : 5/25/2013
X
I 2
2 S
Function and z 2 £
Performance g 3 I5)
Requirement Potential Failure Mode Potential Effects of Failure 3 Potential Cause of Failure 8
Motor overheat shut off, damage to motor 7|improper ventilation 1 7
shaft breaks motor does not function 10(fatigue 1 10
yield 1 10
impact 1 10
motors seperated from rod, impact on other 8
Power transmission bracket breaks components, projectile 8|fatigue 1
yield 1 8
poor manufacturing 3 24
motors seperated from rod, impact on other 8
rod breaks components, projectile 8|fatigue 1
yield 1 8
Gearbox fails can not transmit pow er 9|yield 1 9
fatigue 1 9
poor alignment 2 18
) . . damage to actuator, damage other . 16
Linear actuator guide rails break components 8|yield 2
fatigue 2 16
misalignment 3 24
belt breaks no translation motion 10|yield 3 30
fatigue 3 30
Scoreboard screen breaks scoreboard doesn't display properly 4|impact 2 8
electronic failure 2 8
electronics fail does not display score 7|wiring loose 5 35
components fail 1 7
Vision system system does not detect ball properly |w rong ball position 8|dirty lense 4 32
misalignment 4 32
camera break system does not work 9|vibration 2 18
insecure mounting 3[ 27
w iring/connections system does not w ork 7 |improper connections 1 7
_ _ _ Motors and actuators fall on pc and other . 70
Display case Middle Structural Bar breaks/yields components 10| high stresses 7
fall over, components fall ou_t, .damage . 30
legs break table, damage components, injury 10|yield 3
components fall out, damage table, damage . 63
bottom of case breaks components 9|yield 7
hinges cabinets w ont open/close, doors fall off 4| high loading 7 28
improper motor mounting excessive load on motors and actuators, 7| misalignment 8 56
cant_hit_ ball, debris on field, vision detects . 42
Foosball table foosmen break debris instead of ball 6|impact 7
_ misalignment of c_or'rponent_s, e)_(cess load . 90
rod bearings break on components, impacts, vibrations 9|yield 10
overheat 2f 18
rod covers break hit player 10|impact 10 100
yield 3[ 30
Playfield Cover crack impairs vision of player and camera 4limpact 7 28
. mot-ors w ont stop .w_hen cover opens . . 10
safety switch break w hich can cause injury 10|improper connections 1
impact 7 70
o Damage tg s§n§ing system, scoreboard, _ 70
Vision Arch Structure Collapses and possible injury. 10(Bolts not tightened correctly 7
. Hard to repair damage to table and possible 40
Side Panels of Table Break structure collapse 10| Over stressed 4
7 70
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APPENDIX C

Vendor List and Contact Information

Amazon
http://www.amazon.com/

Bosch Rexroth Corp
http://www.boschrexroth-us.com
1-800 - 739-7684

C2G
http://www.cablestogo.com

Dell
http://www.dell.com
1-800-WWW-DELL

Digikey
http://www.digikey.com/
1-800-344-4539

Graftek Imaging Inc.
http://www.graftek.com/
1-800-441-2118

Home Depot
http://www.homedepot.com
1-805-596-0857

Intel

http://www.intel.com

McMaster-Carr
http://www.mcmaster.com/
1-562-692-5911

Macrondynamics
http://www.macrondynamics.com/
1-800-622-7661
Steven Evers - severs@macrondynamics.com
Joe Baird - JBaird@isotechinc.com

Misumi
http://us.misumi-ec.com/
1-800-681-7475
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Sparkfun
https://www.sparkfun.com/
1-303-284-0979

Wittenstein
http://www.wittenstein-us.com/
1-888-534-1222

Yaskawa
http://www.yaskawa.com
Edward Nicolson - edward_nicolson@yaskawa.com
Eric Kelley - eric_kelley@yaskawa.com
Craig Latimer - craig_latimer@yaskawa.com
Paul Zajac - Paul_Zajac@yaskawa.com

144



Automated Foosball Table Final Project Report 145

APPENDIX D

Vendor Specification Sheets

Scoreboard
Arduino Mega 2560

0 B 2
v,

- ()2
MEGA) | ]
5!901!0 SR o ‘ g

<’ C

\
Arduino Mega 2560 R3 Front Arduino Mega2560 R3 Back

Arduino Mega 2560 Front Arduino Mega 2560 Back
Buy From BuyFrom
Distributors

Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560 (datasheet). It has 54 digital input/output pins (of which 15 can be used as PWM outputs), 16
analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed
to support the microcontroller; simply connect it to a computer with a USB cable or power it with a AC-to-DC adapter or battery to get started. The Mega is compatible with
most shields designed for the Arduino Duemilanove or Diecimila.

The Mega 2560 is an update to the Arduino Mega, which it replaces.

The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it features the ATmega16U2 (ATmega8U2 in the revision 1
and revision 2 boards) programmed as a USB-to-serial converter.

Revision 2 of the Mega2560 board has a resistor pulling the 8U2 HWB line to ground, making it easier to put into DFU mode.

Revision 3 of the board has the following new features:

e 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins placed near to the RESET pin, the IOREF that allow the shields to adapt to the
voltage provided from the board. In future, shields will be compatible both with the board that use the AVR, which operate with 5V and with the Arduino Due that
operate with 3.3V. The second one is a not connected pin, that is reserved for future purposes.

® Stronger RESET circuit.

e Atmega 16U2 replace the 8U2.

Schematic, Reference Design & Pin Mapping
EAGLE files: arduino-mega2560_R3-reference-design.zip
Schematic: arduino-mega2560_R3-schematic.pdf

Pin Mapping: PinMap2560 page

Summary

Microcontroller ATmega2560

Operating Voltage 5v

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/0 Pins 54 (of which 15 provide PWM output)
Analog Input Pins 16

DC Current per I/0 Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB

EEPROM 4 KB

Clock Speed 16 MHz
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WWW.PHIHONG.COM

60W Interchangeable Clip Wall Plug Series
PSAG60R Adapter Series Meets EISA and Ecodesign Regulations

‘0 CEW-

PHIHONG

.

E EISA =

N136

Features

e (Class B EMI e Efficiency Level V
e Very low leakage e EISA Compliant
e Ecodesign ErP Directive Compliant e Interchangeable AC Clips
e Double Insulated e No load power saving
Applications
e Portable Equipment e Networking
e Gaming Machines e Peripherals
Safety Approvals
e CE e cUL/UL
e SAA e C-Tick
Mechanical Characteristics
e Length: 103mm (4.06in) e Height: 40mm (1.57in)
e Width: 66mm (2.59in) e  Weight: 270g (9.50z)

Output Specifications

Model DC Output Load Ripple Efficiency
Voltage Min. Max. P-P (max.) Level
PSAG60R-120 12V 0A 5.0A 150mV
PSA60R-240 24V 0A 2.5A 240mV
PSA60R-560 56V 0A 1.07A 560mV

Note (1): Measured with by-pass capacitors 0.1uf/10uf at output connector terminal and oscilloscope set at 20MHz.

Phihong is not responsible for any error. and reserves the right to make changes without notice. Please visit our website at www.phihong.com for the
most up-to-date specifications and contact information.
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PSA60OR Characteristics
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WWW.PHIHONG.COM

Input:
AC Input Voltage Rating
100 to 240V AC

AC Input Voltage Range
90to 264V AC

AC Input Frequency
47 to 63Hz

Input Current
1.5A (RMS) maximum at 120V AC

Leakage Current
0.25mA maximum

Inrush Current

<60A for 100V AC at maximum load
<100A for 240V AC at maximum load
(Cold start at ambient 25°C)

Input Power Saving
0.3W maximum at no load

Rise Time
100mS maximum at full load, 120V AC

Output:

Efficiency

87-92%;, meets requirements for Level V efficiency
marking

Environmental:

Temperature

Operation 0 to+40°C
Non-operation -25 to+70°C
Humidity 0 to 90%

Dimension Diagram Unit: mm

Emissions
FCC Class B
EN55022 Class B

Immunity
IEC61000-4-2  Level 4
IEC61000-4-3
IEC61000-4-4
IEC61000-4-5
IEC61000-4-6
IEC61000-4-8
IEC61000-4-11
EN61000-3-2

Over-Voltage/Over-Current Protection
Auto restart without damage

Short-Circuit Protection
Output can be shorted without damage

Dielectric Withstand (Hi-pot) Test
Input to Output: 3000V AC for 1 min., 10mA

Insulation Resistance
Input to output: 7M ohm, 500V DC

DC Output Connector (Barrel Type)
2.1x 5.5 x 9.5mm Center Positive Standard

DC Cord Length
1.25m for 12V Model, 1.5m for 24V & 56V models

AC Input Clips (sold separately)

RPA: US RPI: India

RPRB: Brazil RPK: UK

RPC: China RPN: Argentina
RPE: Europe RPS: Australia
RPH: Korea RPX: IEC320 C8

N - 1500 - 24V & 56V
\ 1250 - 12v

PE TIE

Jaa=t | S =

ﬁ:" =
N —r 25 ]

140REF 100

5
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US-Lasers: 650nm-5mW - Red Laser Diode

Back to | aser

Diodes

RED LASER DIODE DATA SHEET ABSOLUTE MAXTMUM RATINGS - (Tc=25 °C)

TECHNICAL DATA
Visible laser diode light
output

1 laser cathode
650nm 2 common case

Optical power output SmW CW AMONInr: (Rode
Package Type 5.6mm
Built-in photo diode for monitoring laser output

Ttems Symbols Values Unit
Optical output power Po 5 mW
Laser diode reverse voltage V 2 v
Photo diode reverse voltage Vv 30 Vv
Operating temperature Topr -10 ~+60 °E
Storage temperature Tstg 40 ~+85 °«C

OPTICAL and ELECTRICAL CHARACTERISTICS - (Tc=25 °C)

Ttems Symbols  Nin. Typ. Max. Unit Test Condition

Optical output power Po - 5 - mW -
Threshold current Ith - 20 40 mb -
Operating current Top - 40 60 mb Po=5mW
Operating voltage Vop - 2.7 - V Po=5mW
Lasing wavelength 645 650 655 nm Po=5mW
Beam divergence - 5 11 deg Po=5mW
Beam divergence - 25 37 deg Po=5mW
Monitor current Is - 10 20 ud Po=5mW
Astigmatism As - 11 - um Po=5mW
MTTF 10000 hes Po=5mW
Emitter Size 10 x 60 Microns - Emitter Distance to Cap Lens = 0.3mm

Structure Index Guided
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RFP30NO6LE, RF1S30NO6LESM

Absolute Maximum Ratings T, =25°C, Unless Otherwise Specified

RFP30NO6LE, RF1S30N06LESM UNITS
Drain to Source Voltage (Note 1) . . ... ... ... ... ... .. ... ... ... Vpss 60 \
Drain to Gate Voltage (Rgs =20kQ) (Note 1). . ... ... .. ... ... .. .. ... ... VbGr 60 \%
Galelo-Source Vollage - scsoissmanrsisiuaseaisms solSumussasses Vas +10, -8 \%
Continious Drain Conent - ... vonvemssomrsmmmesossss sovaeorse s Ip 30 A
Rulsed Brain' Guimrent (NOte:3) st ssiiuas v issinn S s Iom Refer to Peak Current Curve
Pulsed Avalanche Raling. .- :-coissmasssissmnseisss sossisssarsss Eas Refer to UIS Curve
POWEEDISSIPAON vomvvas sovammsesisi s oo ess SoNae e Pp 96 w
Derate Above 25°C . . ... ... ... 0.645 wiec
Electrostatic Discharge Rating, MIL-STD-883, Category B(2). . .. ... ... ... ... ESD 2 kv
Operating and Storage Temperature .. ... ... ... .. ... .. .. Ty, TsT1G -55t0 175 °c
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm) from Casefor10s. ... . ... .. ... .. ... ... .. .. .. T 300 %
Package Body for 10s, See Techbrief334. ... ... .. .. . . .. .. ... . _ .. Tpkg 260 %

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. T; = 25°C to 150°C.

Electrical Specifications T =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX |UNITS
Drain to Source Breakdown Voltage BVpss Ip = 250pA, Vgg = 0V, Figure 11 60 - - \%
Gate to Threshold Voltage VesH) | Ves = Vs Ip =250uA, Figure 10 1 - 2 \
Zero Gate Voltage Drain Current Ipss Vps = Rated Bypss, Vgs = 0 - - 25 pA

Vps = 0.8 x Rated Bypss, Vas = 0, T¢ = 150°C - - 250 pA

Gate to Source Leakage Current lgss Vgs = +10, -8V - - #0 pA
Drain to Source On Resistance (Note 2) os©N) | Ip=30A, Vgs =5V, Figure 9 - - 0.047 Q
Tum-On Time ton Vpp =30V, Ip =30A R =1Q, Vg =5V, = = 140 ns
Tum-On Delay Time taon) ISigSr:sz‘-l%%G, 47 - 1 = ns
Rise Time t - 88 - ns
Turn-Off Delay Time taoFF) - 30 - ns
Fall Time tf - 40 - ns
Turn-Off Time torF - - 100 ns
Total Gate Charge Qqtom) | Vas =0Vto 10V Vpp =48V, - 51 62 nC
Gate Charge at 5V Qgs) | Vas=0Vio5V IF?L_:310_QQ - [ 8 [ 3 | nc
Threshold Gate Charge QgH) | Ves=0Vio 1V Figures 18, 19 - 1.8 26 nC
Input Capacitance Ciss Vpg =25V, Vgg = 0V, - 1350 - pF
Qutput Capacitance Coss Egmﬁzz - 290 - pF
Reverse Transfer Capacitance Crss - 85 - pF
Thermal Resistance Junction to Case Raic - - 1.55 | oc/w
V;I'hermal Resistance Junction to Ambient I Reja I = s | 80 ' o°cw
Source to Drain Diode Specifications
‘ PARAMETER SYMBOL TEST CONDITIONS MIN TP | MAX | UNITS
J Source to Drain Diode Voltage (Note 2) Vsp Isp = 30A - - 15 \
} Diode Reverse Recovery Time trr Isp = 30A digp/dt = 100A/ps - - 125 ns

NOTES:
2. Pulse Test: Pulse Width =300ms, Duty Cycle =2%.

3. Repetitive Rating: Pulse Width limited by max junction temperature. See Transient Thermal Impedance Curve (Figure 3) and Peak Current
Capability Curve (Figure 5).

©2004 Fairchild Semicondudor Corporation RFP30NOGLE, RF1S30NOSLESM Rev. B1
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CdS PHOTOCONDUCTIVE CELLS

153

GL5528

A Epoxy encapsulated
A Quick response

A Small size

A High sensitivity

A Reliable performance
A Good characteristic of

spectrum
Light Resistance at 10Lux (at 25°C)  8~20KQ Outline
Dark Resistance at 0 Lux 1.0MQ(min)
362
Gamma value at 100-10Lux 0.7 s
_43z02 <
Power Dissipation(at 25°C 100mw
p (o ) . 0\ -
Max Voltage (at 25°C) 150V S 0
i <
Spectral Response peak (at 25°C) 540nm e .
Q
Ambient Temperature Range: - 30~+70C o —

Measuring Conditions

1. Light Resistance:
measured at 10 lux with standard light A (2854k color
temperature) and 2h pre-illumination at 400-600 lux prior
to testing.

2. Dark Resistance:
measured 10 seconds after pulsed 10 lux.

3. Gamma Characteristic:

between 10 lux and 100 lux and given by

log (R10/R100)
log (100/10)

R10, R100 cell resistance at 10 lux and 100 lux.
The error of Tis +0.1.

T= log (R10/R100)

4. Pmax:
Max. power dissipation at ambient temperature of 25°C.

5. Vmax:
Max. voltage in darkness that may be applied to the cell
continuously.

Illuminance Vs. Photo Resistance

(%) AnAnisuag aaney

KQ
1000

100

10

: |

1 10 100lux

Spectral Response

ENATAY,

,C

e AN

d$e

ol LY

L Cd($.Se)

\

.
MUVZVAANN

N

74 N
/ \

0 400 500 600 700 800

Wavelength (nm)

900 1000
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Discover the simple Network Installation
with toolfree Keystone Jacks from DIGITUS®

4 N N
30MM
2 1 6 3 T568A T568B
. A . 4 A Pin 1 White / Green Pin 1 White / Orange
- B 48 4 B rinscreen Pin 4 Orange
Pin 1 White / Orange Pin 1 White / Green
5 4 7 8 Pin 2 Blue Pin 2 Blue
Pin 3 White / Blue  Pin 3 White / Blue
A 4 . ‘ . Pin 6 Orange Pin 6 Green
g
) ) B 48 4B 7 whie/Bown Pin7 White / Brown
Strip approximately 30MM of the cable Pin & Brown Pin & Brown
jacket, and seperate to 4 pair each. Colored Sticker
Attn: Suitable for 23~24 AWG Solid Wire
. /L _J
Unshielded type
4 N\ N 7 fable Tie
Tool
3 A 4 ] 5 -
| S _
s A YA AR il
1 - g~ _;‘ Q) \u {1 \5_
i & ‘
L—
Follow the direction on the plastic lid .
color-coding 1o position T568A or T568B Plug the easy tool into upper
wiring, seperate a little space on proper hole, then press down to close
%ii'gggf;g{”eem“e wire:pair: by:pair plastic lid to connect the wires. Complete the installation.
. J / J
Shielded type
é N\ f Half Shiclded __ Cable Tie

Follow the direction on the plastic lid
color-coding to position T568A or T563B
wiring, seperate a little space on proper
position an dinsert the wire pair by pair

k into each slot

\

Plug the easy tool into upper
hole, then press down to close
plastic lid to connect the wires.

Fully Shielded

Insert the cable tie to tight up the cable

k jacket. Then complete the installation J
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Playfield Cover, Vision Arch, and Display Case

8981 500 201 08/11 | Aluminum Framing Linear Motion and Assembly Technologies | Bosch Rexroth Corp.  9-3

Section 9: Caps and Finishing Elements

End Caps and Covers

Use with Profile

2] Goto
Features:

+ Provide clean, finished appearance
Available in several colors

Conductive ESD-safe versions avail-
able in several sizes

+ Easy installation—no tools needed

Material:
+ Standard end caps: polyamide 6
+ ESD-safe end caps: polyamide 12

EsD

Thickness (mm)

Description L1 L2 L3 Color ESD-Safe Lot Size Part Number

End cap 1 x 20 3 Black 1 3 842 513 584

End cap 15 x 225 3 Black 1 3842 537 594

End cap 20 x 20 2 Black 1 3842 517 243 05
End cap 20 x 20 2 Gray 1 3842517 614

End cap 20 x B0 2 Black 1 3842523 354

End cap 225 x 45 4 Black 1 3 842 501 577

End cap 225 x 180 4 Black 1 3842 503 844

End cap 30 x 30 3 Black 1 3842 501 232 M
End cap 30 x 30 3 Black Ed 1 3 842 517 057

End cap 30 x 30 3 Light Gray 1 3 842 516 506

End cap 30 x 45 3 Black 1 3 842 521 19

End cap 60 x BOBS 3 Gray El 1 3 842 535 586

End cap 40 x40 4 Black 1 3 842 528 968

End cap 40 x 40 4 Gray Z 1 3842 536 437

End cap 40 x BO 4 Black 1 3 842 529 036

End cap 40 x BO 4 Gray 1 3 842 536 436

End cap 45 x 45 (& 45x45H) 4 Black 1 3842502674 M
End cap 45 x 45 (& 45x45H) 4 Black rz 1 3 842 517 058

End cap 45 x 45 (& 45x45H) 4 Light Gray 1 3 842 517 059

GoTo boschrexroth-us.com/framing to get these in stock items FAST from your local distributor
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Section 9: Caps and Finishing Elements

Square and Rectangular End Caps

for Structural Profiles (continued)

(£ Golo

Aluminum Framing | 8981 500 201 08/11

ESD
Use with Profile Thickness (mm)
Description L1 L2 L2 Color ESD-Safe Lot Size Part Number
End cap 45 x 60H 4 Black 1 3842 515122
End cap 45 B60H 4 Black 1 3 842 517 855
End cap 45 x 90 (&45x00H) 4 Black Eil 1 3842511783 Golo
End cap 45 x 90 4 Grey 1 3842 536 438
End cap 45 x 180H 4 Black 1 3842 503 845
End cap o0 x B0* 4 Black 1 3842 528 969
End cap 50 x 180 4 Black |?| 1 3 842 529 052
End cap B0 x B0 (& B0x60H) 4 Black 1 3842511874 m
End cap B0 x 90H 4 Black 1 3842 510293
End cap B0 x B8O 4 Black @” 1 3 842 529 039
End cap B0 x 120 4 Black 1 3 842 529 053
End cap 80 x 90 4 Black 1 3842516 14
End cap 90 x 90H 4 Black 1 3842 242 400
End cap 100 x 100 4 Black |?|"= 1 3842529042
* Use two end caps for 50 x 100 applications
Heavy-Duty End Caps
Features:

Description

Material:

» Guide pin aids in alignment

» Center expander securely locks end
cap in place when self-tapping screw
(included) is inserted

» End cap: Die cast zinc

» Screw: Zinc plated steel

*» Shockproof—suitable for heavy usage

Lot Size

Part Number

30x30 heavy-duty end cap, 3mm thick

1

3842 518204

45x45 heavy-duty end cap, 4mm thick

1

3 842 518 205

GoTo boschrexroth-us.com/framing to get these in stock items FAST from your local distributor
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Section 5: Doors and Door Components

Doors and Door Components

ESD

Strap Handles 565 85195 |Z| @’b

Features:
Ideal for sliding doors and panels; also

Small 2.5 * ‘
1819'9/'1 excellent for material trays, etc.

+ Sturdy design and solid grip
+ Small handle fits 6mm T-slots

* Medium and large handles fit both
8mm and 10mm T-slots and are avail-
able in standard or ESD formats

+ Use with the handle mounting plate
(below) for wire mesh applications

* Hardware not included
Material:

« 6mm handle: black polyethylene

* 8mm and 10mm handles: black poly-
amide 8

Description

Lot Size

158

Linear Motion and Assembly Technologies | Bosch Rexroth Corp.  5-9

Part Number

Small strap handle &

1 3842518738

Medium strap handle ¢85 105

1 3 842 525 480 GolD

Medium strap handle, ESD 87105 (Z]

1 3 842 525 481

Large strap handle (85 (19,

1 3 842 525 766

ESD

Large strap handle, ESD ¢85 107 Z]

1 3 842 525 767

Safety Handle 195

Features:
+ Ergonomic

+ Easy assembly without profile finishing

+ Variable handle lengths (D28 round
- tube)

* Includes mounting hardware

80

Material:

* Round handle: aluminum anodized
+ End pieces: PA, black

EYd
@28

200

235

17ee

Description

1

Lot Size Part Number

Safety handle

1 3 842 536 556

GoTo boschrexroth-us.com/framing to get these in stock items FAST from your local distributor
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Section 5: Doors and Door Components

Linear Motion and Assembly Technologies | Bosch Rexroth Corp. 5-11

Doors and Door Components

Heavy-Duty Hinges 6 850

Features:

+ For swinging and folding doors

+ Style 1 20-series hinges are
self-centering and are suitable
for clean room use. F,,,, = 300N

+ Style 2 and 3 hinges include centering
pins and connect profiles with 8Bmm
and 10mm T-slots, including different
sized profiles, such as 30-series to
45-series. F,,, =150 N

+ Style 2 and 3 hinges can be used in
both parallel and perpendicular profile
connections

+ Style 3 hinges uses a slotted hole to
allow use in several applications

+ Installation hardware included

Material:
+ Style 1: stainless-steel Siyr:]?nl
+ Style 2 and 3: black polyamide 6 with i g -1
galvanized steel hinge pin H ‘i Fhaax MAX
opo
o ; o
i

Profile 1 Profila 2 Profile 1 Profile 2

Centering Pin
Description Lot Size* Part Number
Profile | Profile] order [ Style] pimension , , ,
series | series| Hinge in mm a Style 1 hinge, 20-series to 20-series 2 3 842 535 684
1 to 2 Al B b  Style 2 hinge, 30-series to 30-series 2 3 842 535 687
20 20 a 1 20 | 20 ¢  Style 2 hinge, 30-series to 40-series 2 3 842 535 660
30 30 b 2 30 | 30 d  Style 2 hinge, 30-series to 45-series 2 3 842 535 688
30 40 C 2 30 39 - - -
20 y d 5 20 | a5 e Style 2 hinge, 30-series to 60-series 2 3 842 535 689
30 50 e 5 30 | 60 f  Style 3 hinge, 40-series to 40-series 2 3 842 535 6591
40 40 f 3 39 | 39 g Style 3 hinge, 40-series to 50-series 2 3 842 535 6591
40 50 9 3 9] 39 h  Style 2 hinge, 45-series to 45-series 2 3 842 535745
45 45 h 2 45 45 . - - -
. i Style 2 hinge, 45-series to 60-series 2 3 842 535 746
45 60 i 2 | a5 | 60 : : : :
50 50 i 3 3o | 39 j  Style 3 hinge, 50-series to 50-series 2 3 842 535 6591
60 60 Kk 2 60 | 60 k  Style 2 hinge, 60-series to 60-series 2 3 842 535747

t The slotted hole in the hinge allows it to be used in multiple applications

* For smaller quantities, please contact your local distributor.
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Section 4: Fasteners

Fasteners

T-Nutsc®; (8,9 @ 607('?

6mm T-Nut

3

-

e

= >
«s';(} 2

8mm T-Nut

Die-cast nut gives
maximum material
thickness for more
thread engagement.

Tapered design is
self-aligning and
locks in T-slot.

Ridges bite through the anodized
surface for the best possible ESD
connection and vibration resistance.

Features:

+ Installs anywhere along the profile's
T-slot and rotates into position

+ Ridges “bite” into profile to lock the
T-nut into position, and provide ESD
protection and resistance to vibration

+ Large contact surface improves grip-

Helpful Hint —_—

ping strength

+ Tapered neck simplifies assembly;
T-nut is self-aligning in T-slot

+ M4 & M5 threads have 2 ridges

+ M6 & M8 threads have 4 ridges

+ 8-32 & 10-32 have 2 ridges

+ 1/4" & 5/16" have 4 ridges

Material:

+ Zinc-plated 8.8 steel (except as

noted below)

Aluminum Framing | 8981 500 201 08/11

Tightening Lot
Description Torque (£ 5%) Size Part Number
6mm T-Nut Lﬁj
Ma 2.5 Nm 1 3 842 523 135 (FOIO
8mm T-Nuts 84
M4 2.5 Nm 1 3 842 501 751 GOID
M5 5 Nm 1 3 842 501752 oo
M6 10 Nm 1 3 842 501753 GolD
M8, nickel-plated 10 Nm 1 8981 020 861
1/4"x20 UN.C. 10 Nm 1 8981016 124
8-32 UN.C. 10 Nm 1 8981016 122
10-32 UNF. 10 Nm 1 8981016 123
10mm T-Nuts (10,
Ma 2.5 Nm 1 3 842 530 281 OO
M5 5 Nm 1 3 842 530 283 GO
M6 10 Nm 1 3 842 530 285 GO/
M8 26 Nm 1 3 842 530 287 GOJD
M8, nickel-plated 25 Nm 1 8 981 019 580
1/4™x20 UN.C. 10 Nm 1 8981021 323 GolD
8-32 UN.C. 10 Nm 1 8981 021 321
10-32 UNF. 10 Nm 1 8981 021 322
5/16"x18 UN.C. 25 Nm 1 8981 021 324 Go/D

GoTo boschrexroth-us.com/framing to get these in stock items FAST from your local distributor
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Section 4: Fasteners

T-Bolt Fastening Kits 85 1%; |Z| Go/lo

Features:

\|M& * Installs anywhere along the profile's
S

* T-slot and rotates into position

8 « Grooves “bite” into profile to lock the

P T-bolt into position, and provide ESD
L

protection and resistance to vibration

3__

« Large contact surface improves grip-
ping strength

Tapered neck simplifies assembly;
T-bolt is self-aligning in T-slot

YT
L
CUELEEL

[
!

« Alignment groove on the end of the
bolt shaft shows when it is properly
aligned in the T-slot

Material:

+ Zinc-plated industrial grade 8.8 steel

Tightening Lot
Description Torque (£ 5%) Size Part Number

8mm T-Bolt Fastening Kits 8>

L="5/g", 1/4-20 T-bolt fastening kit 10 Nm 1 8 981 021 556

L= ", 1/4-20 T-bolt fastening kit 10 Nm 1 8 981 021 557

L= 14mm, T-bolt fastening kit 10 Nm 1 8981019577 GolD
L = 18mm, T-bolt fastening kit 10 Nm 1 8981019 578 m
L= 23mm, T-bolt fastening kit 10 Nm 1 8981019 579

M6 flange nut only 10 Nm 1 3842 523 925

1/4-20 flange nut only 25 Nm 1 8 981 021 465

10mm T-Bolt Fastening Kits 105

L= ", 5/186-18 T-bolt fastening kit 25 Nm 1 8 981 021 554
L=1",5/16-18 T-bolt fastening kit 25 Nm 1 8 981 021 555

L= 14mm, T-bolt fastening kit 25 Nm 1 8 981 021 342 D
L= 19mm, T-bolt fastening kit 25 Nm 1 8 981 021 343 m
L= 24mm, T-bolt fastening kit 25 Nm 1 8 981 021 344 GriD>
L= 34mm, T-bolt fastening kit 25 Nm 1 8 981 021 345 /D
L= 44mm, T-bolt fastening kit 25 Nm 1 8 981 021 346

L = 54mm, T-bolt fastening kit 25 Nm 1 8 981 021 347

M8 flange nut only 25 Nm 1 3842 345 081 Gl
5/16-18 flange nut only 25 Nm 1 8 981 021 464

GoTo boschrexroth-us.com/framing to get these in stock items FAST from your local distributor
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Automated Foosball Table Final Project Report

Section 6: EcoSafe™ Guarding and Machine/Safety Enclosures

Panel Support Inserts 85 (8519 m

(17,1 9m,
18+
& to“‘l

1 /BI,)

10'%1\\

\N]
L

Heavy-Duty
for 1/4” Panels

Features:

+ Securely fasten panels from 2mm to
8mm thick in profiles with 6mm, 8mm,
or 10mm T-slots

* Sturdy design prevents panels from
shifting within the T-slot

+ Easy snap-in installation

+ Can be inverted for use as a black
T-slot cover strip

* When using heavy 1/4" panels in a
10mm T-slot, the heavy-duty panel
support is recommended

Material:

+ Black polypropylene

Aluminum Framing | 8891 500 201 08/11

6mm, 8mm, and 10mm
panel support inserts
can also be inverted for
use as cover strips.

Description Lot Size Part Number
8mm panel support insert, 2000mm long 1 3 842 518 343 GOJO
8mm panel support insert, 2000mm long 1 3 842 518 347 GOl
10mm panel support insert, 2000mm long 1 3 842 518 351 m
Heavy-duty 10mm panel support insert, 1 3 842 146 906

2000mm long

o 50
Ej{-@@ _
@7\

L2

0
sl

Panel Sizing Dimensions

L2 (mm) S (mm)
K5} L1+7.7* 1-4
87 | L1+144 2.6
YO0 Lena 2-8
10
CJ | Li+16* 6 (1/4<)
Heavy Duty
90| L1+248 28
SeeMote!

*Tolerance is +0.0 -0.1
Note: 45x45 and 45x90 only!

GoTo boschrexroth-us.com/framing to get these in stock items FAST from your local distributor
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Section 2: Profiles

Technical Specifications

Linear Motion and Assembly Technologies | Bosch Rexroth Corp.  2-3

40x40 | 40x40 | 40x40| 40x | 40x40 | 40x80 | 40x80 | 40x80 | 40x80 | 40x | 40x |45x45
25 | 2SA 35 | 40R | HR 3SA | 4S | x80 | 120 | 160
Ilem4 | 1034 | 971 | 9.07 | 720 | 810 | 63.40 | 67.81 | 6517 | 96.60 | 203.20|466.70 | 11.00
" . (in*)  l0.248) |(0.233)| (0.218) | (0.175) | (0.194) | (1.522) | (1.627) | (1.564) | (2.319)| (4.877)|(11.219)|(0.264)
omen

ofinertia {4 rcme] | 008 | 971 | 970 | 720 | 760 | 1780 | 18.99 | 19.05 | 9660 = 27.80 | 37.20 | 11.00
(in9)  J(0.218) |(0.233)|(0.233) | (0.175) | (0182) | (0.417)|(0.456) | (0.457)| (2.319)| (0.667) (0.887)|(0.264)

Wylem?] | 517 | 4.85 | 453 | 360 | 4.00 | 15.90 | 16.95 | 16.29 | 24.10 | 33.90 | 58.30 | 4.89
Section (in?)  |(0.315) |(0.295)| (0.276) | (0.219) | (0.243)| (0.974) | (1.034) | (0.994)| (1.469)| (2.075)| (3.551) |(0.298)
modulus 1w om3) | 454 | 485 | 485 | 3.60 | 3.60 | 870 | 9.50 | 9.91 | 2410 | 1390 | 18.60 | 4.89
(in3)  K(0.277) | (0.295) | (0.235) |(0.219) | (0.219) | (0.532)|(0.580) | (0.605)| (1.469)| (0.851)| (1.137) |(0.298)

Profile Alcm?2] | 596 | 536 | 579 | 5.00 | 550 | 9.90 | 10.56 | 10.39 | 1540 | 15.50 | 20.50 | 5.70
surface (in2)  }(0.924) [(0.924)| (0.897) |(0.776) | (0.853)| (1.533)| (1.637) | (1.610) | (2.388)| (2.405)| (3.180) |(0.884)
Weight mikg/ml | 161 | 161 | 156 | 1.30 | 150 | 270 | 2.85 | 2.80 | 410 | 4.20 | 550 | 1.50
(Mass) (bs/ft) (1.083) | (1.083) | (1.050) |(0.873) | (1.009) | (1.815) | (1.918) | (1.882) | (2.757)| (2.824)|(3.696)|(1.009)
10 10 10 10 10. 10. 10 10 10 10 10 10

T-slot mm] JC | C0D | OO OO OO || OO |0 0 OO | CY | O
Page 2.01 | 291 | 299 | 2-99 | 2.23 | 2-28 | 2-24 | 224 | 224 | 2.25 | 295 | 2:26

163



Automated Foosball Table Final Project Report

2-4 Bosch Rexroth Corp. | Linear Motion and Assembly Technologies

Section 2:

Profiles

Aluminum Framing | 8981 500 201 08/11

45x45H | 45x45 | 45x45 | 45x45 | 45x45 |50x50T | 45x45R |45x45HR|45x30°R |45x45°R |45x60°R |45x60H | 45x90 |45x90SL|
1S 25 2SA 3S
13.83 11.75 11.54 | 11.80 | 11.79 | 15.14 8.56 11.02 | 12.70 | 13.40 | 11.40 | 3720 | 81.84 | 73.36
(0.332) ((0.282) | (0.277) | (0.283)| (0.283) |(0.384) | (0.204) |(0.264) |(0.305) |(0.322) | (0.274) |(0.894) | (1.967) | (1.761)
13.83 | 12.06 | 11.38 | 11.80 | 11.68 | 15.16 8.56 10.73 | 16.20 | 21.40 | 1700 | 22.67 | 23.40 | 18.09
(0.332) |(0.290) | (0.273) | (0.283)| (0.281) |(0.364) | (0.204) | (0.258) |(0.365) | (0.514) |(0.409) |(0.545) | (0.562)|(0.434)
6.15 5.20 5.10 5.20 5.20 | 6.70 5.00 4.40 5.00 5.20 4.40 12.40 | 1818 | 16.30
(0.375) [(0.317) | (0.311) | (0.317) | (0.317) | (0.410) |(0.306) | (0.270) |(0.306) | (0.319) |(0.270) |(0.757) | (1.109) | (0.994)
6.15 5.30 5.00 5.20 5.20 770 5.00 4.70 5.30 6.40 5.20 10.08 | 10.40 | 8.04
(0.375) [(0.323) | (0.305) | (0.317) | (0.317) | (0.471) | (0.306) |(0.288) |(0.325) |(0.392) | (0.319) | (0.615) | (0.635) | (0.490)
7.50 5.90 5.80 5.90 5.90 | 4.60 4.90 6.60 6.90 7.60 6.80 11.00 | 11.20 | 9.04
(1163) |(0.915) | (0.899) | (0.915) | (0.915) [(0.698) | (0.760) | (1.023) | (1.070) | (1.178) | (1.054) | (1.705) | (1.736) | (1.401)
2.00 1.60 1.60 1.60 1.60 1.20 1.30 1.80 1.80 2.00 1.80 2.90 3.00 2.44
(1.345) | (1.075) | (1.075) | (1.075) | (1.075) |(0.807) | (0.874) | (1.211) | (1.211) | (1.343) | (1.211) | (1.950) | (2.018) | (1.642)
10 10 10 10 10 10 10 10 10 10 10 10 10 10
o O O O O WO | OO | O OO | O O O
2-27 2-27 2-28 2-28 2-29 | 2-29 2-30 2-30 2-31 2-31 2-31 2-32 2-33 2-34
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Section 2: Profiles

40-Series Profiles

Features:
* Ideal for medium-duty construction

« Closed T-slot provides neat, finished
appearance

(1.57)

* Has three 10mm T-slots

Non-Machined End Finish Options Part Number
Profile 40x40 38, pkg. of 20, 6000mm long 3 842 529 367
(1.57) Profile 40x40 3S, single, 6000mm long 3 842 529 368
Machined Options End Finish Part Number
Profile 40x40 33, —/—, specify length >30mm<6000mm 1 3842993 191/_mm
Profile 40x40 3S, M12/M12, specify length >110mm<6000mm = 3842993 192/_mm

Please contact your distributor for other machining options.

Features:
r,'%";:» i + Curved edge provides neat, finished
BN (‘ph appearance
gm\/] -y 4 o = + Has two 10mm T-slots
o5 e
(AR E b
:\i.' : '-_d_*f Non-Machined End Finish Options Part Number
405?—1_-_ Profile 40x40R, pkg. of 20, 8000mm long 3 842 529 359
(1.57) Profile 40x40R, single, 6000mm long 3 842 529 360
Machined Options End Finish Part Number
Profile 40x40R, -/, specify length >30mm<6000mm 1 3 842993 184/__mm

Please contact your distributor for other machining options.
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Section 2: Profiles

45x90 SL %

Features:
« Lighter duty applications
= Has six 10mm T-slots

Non-Machined End Finish Options

Part Number

Profile 45x90 SL, pkg. of 12, 6000mm long

3 842 537 102

Profile 45x90 SL, single, 6000mm long

3 842 537 103

Machined Options End Finish

Part Number

Profile 45x90 SL, /-, specify length >50mm<6000mm ]

3 842 993 450/__mm

Please contact your distributor for other machining options.

45x90 25 9

Features:

+ Closed profile sides for cleanliness
| . and aesthetics
* Has two 10mm T-slots

>

|

i
90

[i | ﬂ Non-Machined End Finish Options

Part Number

45 Profile 45x90 285, pkg. of 12, 6000mm long

3 842 538 299

Profile 45x90 235, single, 6000mm long

3 842 538 303

Machined Options End Finish

Part Number

Profile 45x90 25, /-, specify length >50mm<6000mm [

3842993 644/_mm

Please contact your distributor for other machining options.

166
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Section 3: Profile Connectors

Gussets
45x45 Gusset Ma When connecting two profiles with 60mm side dimen-
sions, order offset blocks to help align gusset with
| [1£j outer edge of profiles.
95 19
817 ™
@l 10
b
YN | [ /K _)
43 —
Offset block 5
Description Lot Size Part Number

45x45 gusset only 1 3 842 523 558 OIO
) g
45x45 gusset with fasteners ﬁ %g 1 3 842 523 561 Go’o

45x45 gusset kit with fasteners (includes cover cap) designLINE I 2% 1 3 842538719

/7
45x45 round cover cap ./ 1 3 842 523 563 m
Offset block 10mm T-slot—-5mm offset @ 1 3842 523 593

45x90 Gusset

8.7
7% )
u 2
o™
(=]
0
! i
)
> Mo
@™
43
Description Lot Size Part Number

45x90 gusset only 1 3 842 523 567 Golo
10 asas

N £

45x90 gusset with fasteners ‘ 444 1 3 842 523 570 m

AiiiL /8
45x90 gusset kit with fasteners (includes cover cap) designLINE i;gg > 1 3 842538720

/ =~

45x90 round cover cap \; 1 3 842 523 572

GoTo boschrexroth-us.com/framing to gst these in stock items FAST from your local distributor
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Section 3: Profile Connectors

ESD

Corner Cube Kits 565850, |Z|

Features:

+ Use 28 version to connect two pro-
files, or 38 version to connect three
profiles

* Includes self-tapping screws and
cover caps to provide neat, finished
appearance

Material:

+ Corner cube: die-cast aluminum

+ Cover caps: black polyamide

+ Screws: steel

Description

Aluminum Framing | 8981 500 201 08/11

Lot Size

H [V

Part Number

20mm corner cube kit 2S

Qv

3 842 524 484

20mm corner cube kit 3S

@y

3842 524 478

30mm corner cube kit 25

Py

3 842 524 485

30mm corner cube kit 38

kAt

3 842 524 479

40mm corner cube kit 2S

Dy

3 842 529 395

40mm corner cube kit 3S

@ e

3 842 529 397

45mm corner cube kit 25

D7

3 842 524 486

45mm corner cube kit 35

Brev

3 842 524 480

D77

3 842 529 399

Brev

;
;
;
;
]
;
:
;
]
;

3 842 529 401

Lot Size

Part Number

Soki1

3842538725

Dimension 50mm corner cube kit 2S
Cube inmm Screw 50mm corner cube kit 3S
Size A B C Size
20mm 20| 20 | 10 56x16 designLINE
30mm 30| 30| 15 S8x25 Description
40mm 40 | 40 20 512x30 . .
25mm 2 25 (225 512330 20mm comer cube kit 2S designLINE
50mm 50 | 50 | 25 $12x30 20mm corner cube kit 3S designLINE

@y

3842538726

30mm corner cube kit 2S designLINE

Qv

3842538727

30mm corner cube kit 3S designLINE

@rey

3842538728

40mm corner cube kit 2S designLINE

Qv

3842538729

40mm corner cube kit 3S designLINE

@ vy

3842538730

45mm corner cube kit 2S designLINE

D

3842538731

45mm corner cube kit 3S designLINE 3 757

3842538732

50mm corner cube kit 28 designLINE §) ¢

3842538733

50mm corner cube kit 3S designLINE @ ¥F7

;
]
]
;
;
]
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;
;
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Polycarbonate

Forinformation about plastics, see page 3552,

Impact-Resistant Polycarbonate

At only half the weight of glass, this material maintains
excellent clarity and impact strength owver a wide
temperature range. It's comparable to Lexan, Hyzod, Tuffak,
and Makrolon. Use it for windows, instrument gauge
covers, machine guards, and signs.

View detailed performance properties for plastics.
Standard Sheets
m— = Color: Clear
— « Temperature Range: -40%to 180° F
» Tensile Strength: Good
« [mpact Strenagth: Excellent

=
S

Width and length tolerances are +1:4". Can be used
autdoors. All sheets are UL 972 rated as burglar resistant.
118" to 21g” thick sheets meet UL 84Y2 for flame
retardance. 1/¢" to 27 thick sheets meet UL 94V0 for flame
retardance.

48" = 43"
1/18" +0.003" 574K 41.87
322" +0.005" 8574K82 G4.18
178" +0.006" 8574K83 T6.09
ae” +0.010° 8574K34 111.36
1ra” +0.013" 8574K85 140.08
g" +0.019° 8574Ka6 23063
172" +0.025" 85T74K87 30731
24" +0.075 g8574K88 2176.38
1" +0.100 2574K89 280481
1 104" +0.125" 8574K121 359052
112" +0.1507 8574K171 418545
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Magnetically Actuated Switches

With no maoving parts to wear out, these switches provide long-term,
trouble-free service. When the magnet comes within the sensing
Bl-—r \/A B distance of the switch, the switch actuates. When the magnet moves
i) ‘ A «(B away, the switch resets. The switch is usually mounted in a
A ‘ LY stationary location such as a door frame while the magnet is
1 4

5 5 mounted on a movable object such as a door. Switches with
mounting slots do not include hardware; switches with mounting
threads include two hex nuts.

Standard switches are designed for proximity-sensing applications

such as detecting when a door or window is open. Magnet included.

B They are not for use on safety-guard doors found on machinery.

‘}-. AC-rated switches have a 3-ft cable. Rated MNEMA 4% for

Ay \{B " washdowns and corrosion resistance. DC-rated switches have two
‘\&)\Cw

\g"\f)\(a wire leads except SPDT switches have three. UL and C-UL
ko recognized.
ACY g
Tamper-resistant switches require coded magnets (sold
5 6 (Coded Magnet Sold Separately) 7 (Coded Magnet Sold Separately) separately) that prevent bypassing with a simple or improperly
coded magnet. They have a 3-ft. cable. Meet IPG7 for temporary
water submersion. UL listed, CSA certified, and CE approved. Note:
In safety applications (such as machine guarding) these switches
must be used with a safety relay.
Switch with safety relay constantly checks for faults in safety
circuits, components, and wiring. Relay operates on 24 valts DC.
Safety relay accepts 10-30 volts DC input signals and a control
voltage of 24-230 AC and DC. It has three output contacts rated &
amps @ 250 volts AC, two auxiliary semiconductor outputs that
provide 100 mA for signaling purposes, and screw terminal
connections. Mount on 35 mm DI rail.
Max. Sensing
Amp Rating Vaoltage Distance (A) (B) (C) Housing Mounting Information Each
Standard
AC Rated—Switch One Circuit from Off to On (SPST-NO)
1 Rectangular 830 mA @ 120V AC 280 AC 0.g" 318" 0.59" 0.79" Mylon 0.17" Dia. Slots 65985KT5 $99.27
2 Mini Rectangular 80 mA @ 120V AC 280 AC 04" 113" 0.25" 071" Nylon 0.13" Dia. Slots 65985K72  T79.45
3 Cylindrical 80 mA @ 120V AC 250 AC 06" 1.26" 031" o Stainless Steel WM& = 1 Threads 65985K73  T3T73
4 Mini Cylindrical 80 mA @ 120V AC 280 AC 01" 1127 0.24" o Mylon o 65985K71  69.89
DC Rated—Switch One Circuit from Off to On (SPST-NO)
2 Mini Rectangular 2amps @ 24Y DC 400 DC 0.25" 113" 0.25" 0.75" Palyester 0.13" Dia. Slots 65985K11 1214
3 Cylindrical 2amps @ 24YDC 400 DC 0z 15" 031" o Paolyester g1&™-24 Threads 65985K13 1347
4 Mini Cylindrical 0.4 amps @ 24V DC 170 DC 0.15" 0.43" 0.18" o Palyester o G5985K15  11.38
5 Mini Cylindrical 1.7 amps @ 24V DC 400 DC 013" 1.25" 031" o Stainless Steel 518™-24 Threads 65985K21 2671
5 Mini Cylindrical 2.5 amps @ 24V DC 400 DC 0.19° 1.25" 0.31" o Aluminum ) 65985K23  29.91
DC Rated—Switch One Circuit from Off to On or On to Off (SPDT)
2 Mini Rectangular 1amps @ 24Y DC 150 DC 0z 113" 0.25" 0.75" Palyester 013" 65985K12  20.28
3 Cylindrical 1amps @ 24V DC 150 DC 013 1.5" 0.317 o Polyester 5 65985K14 2027
5 Mini Cylindrical 0.8 amps @ 24V DC 150 DC 02" 1.25" 0.31" o Stainless Steel 5 65985K22  35.33
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Gas Springs with Ball-Joint Fittings
- A -
— E ._i_. ‘: -
E (]
Shown with Remaovable Fittings Attached
§mem———)
I I
End Fod
Thread Thread
Shown with Fittings Removed
We've coupled our most popular gas springs with the most versatile fittings:
ball-joint fittings consisting of a ball socket and ball stud that rotate in any
direction to compensate for misalignment. The ball-joint fittings can be
easily removed. The ball diameteris 10 mm. All gas springs have a rubber
seal. To Order: Please select force from those listed. If you don't see the
exact force you need, round up to the closest available force.
Steel—The cylinder, piston rod, ball socket, and stud are all made of steel.
Temperature range is -30° to +180° F.
Type 316 Stainless S5teel—The choice for corrosion resistance. The
cylinder and pistan rod are Type 316 stainless steel, the ball socket is
nylon, and the stud is 300 series stainless steel Temperature range is
-10% to +130° F.
Extend. Comp. Stroke ) Rod Cylinder Ball Stud Thread Ball Stud Rod and End
Lg. (A) La (B) Lg (C) Available Force, lbs. Dia. () Dia.(E) Lg. (F) Lg. (G) Thread Size Thread Size Each
Steel
701" 504" 197" 15, 20, 40, 60, 90 021" 075 1" 0.55" M& 4138751  $1512
T4 504" 236" 15 20, 30, 40, 50, 60, 80 0.24" 059 1 0.55" ME 4138752 15.12
965" 617 364" 15,20, 30, 40, 50, 60, 80 024"  0A9 1" 0.55" ME 4138T53 1512
122" 8.27"  3.04" 15, 20,30, 40, 50, 60, 90, 120 0.21" 07y 1" 0.55" ME 4138T54 1512
1524 976" 547 15,20, 30, 40,50, 60,90, 120 0.31" 079 1 0.55" ME 4138755 15.12
17.13" 1083" 63" 15,20, 30, 40, 50, 60, 90, 120 031" 075 1" 0.55" ME 4138T56 1512
19.72" 11.85"  7.87" 15,20, 30,40, 50, 60, 90, 120 031" 07y 1" 0.55" ME 4138757 15.12
2012" 1185  B27" 15,20, 30,40, 50, 60, 90, 120 021" 075 1" 0.55" ME 4138T58 15.12
27.87" 1764 10.24" 50,100, 150, 200, 250 029" 08w 1 0.55" Mg 4138761 21.65
29.49" 669" 128" 50,100, 150, 200, 250 039" 087 1" 0.55" Mma 4138T62 2165
3543" 1929 16.14" 50,100, 150, 200, 250 0.39" 087 1" 0.55" Me 4138TE3 21.65
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General Purpose Hook and Loop

Acombination of moisture and chemical resistance makes this heok and loop the choice for most applications. Made of nylon.
Adhesive back has acrylic adhesive. Plain back can be sewn, stapled, or screwed to your surface.

Hook and loop temperature range is —20° to 200° F. Elastic loop temperature range is 35% 10 120° F.

Hook and Loop—Adhesive Back

— 5-ft. Lengths — ~10-ft. Lengths —154t. Lengths — — 30-ft. Lengths — —50-t. Lengths — — 75-ft. Lengths —

Wd. Ayailable Colors Length Length Length Length Length Length
14" Beige, Black, Blue, Gray, Green, Red, White 9273K1  §4.62 9273K2  §7.29 9273K3  $10.53 9273K4  B20.25 9273K5  $31.58 9273K6 540.49
12" Beige, Black, Blue, Gray, Green, Red, White  9273K11 578 9273K17 1111 9273K24 1511 9273K31  28.89 9273K37 4445 9273K83 58.10
2" Beige, Black, Blue, Gray, Green, Red, White  9273K12 673 9273K18 11.15 9273K25  14.97 9273K32  29.21 9273K38  47.33 9273K44* 5843
Beige, Black, Blue, Gray, Green, Red, White 9273K13  7.30 9273K19 11.90 9273K26  17.20 9273K33  31.93 9273K39  49.49 9273K45 63.45
Beige, Black, Blug, Gray, Green, Red, White 9273K14 7.55 9273K21 12.82 9273K27  18.92 9273K34 3430 9273K41  51.46 9273K46 68.61
12" Beige, Black, Blue, Gray, Green, Red, White 9273K15 10.84 9273K22 19.63 9273K28 29.80 9273K35 53.13 9273K42  B85.84 9273K47  105.98
Beige, Black, Blue, Gray, Green, Red, White 9273K16 13.62 9273K23 25.41 9273K29  36.28 9273K36 66.26 9273K43 9916 9273K48  133.05
Beige, Black, Blue, Gray, Green, Red, White 9273K98 34.27 9273K84 54.10 9273K86  78.15 9273K88 15029 9273K91 234.45 9273K94  300.58
Beige, Black, Blug, Gray, Green, Red, White 9273K83 44.49 9273K85 70.25 9273K87 101.48 9273K89 195.15 9273K92 304.43 9273K95  300.29

A
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173

Ultra-Strength Neoprene Rubber
« Colar: Black

« Temperature Range: -40° to +220° F

« Tensile Strength: 2,500 psi

« se indoors and outdoors

A wirtually pure neoprene, this resilient material combines increased strength with good flame
resistance and oil resistance. Also known as chloroprene, its frequently used in shock-absorbing

applications due to its excellent recovery from compression.

Sheets—Smooth Finish

Curometer tolerance is +5.

Rubber only (not adhesive) meets ASTM D2000 BC. Adhesive is acrylic and has a
temperature range of -20° o +220° F. Width and length tolerances are +1:47.

To Order: Flease specify durometer hardness: 50A (medium), 604 (medium hard), or

704 (hard).

Plain Back BB 12" %12 12" = 24"
Thick.

Thick. Taolerance Each Each Each

Plain Back
/64"  +0.008" _ O0013K43 $2.44  0012K45 $16.68
132" +0.0127 ~ O013K44 878 O013K46 1757
118" £0.016"  9013KS1 5522  9013K11 965  9013K21 1928
. ve” 0020 9013KE2 657  9013K12 1666  9013K22 3331
Adhesive a” 00317 9013KE3 1116 9013K13 3306 9013K23  BA.11
Back 8" +0.047°  9013K84 1432  9013K14 4500  9013K24 8998
12" +0.047°  9013KS5 1946  9013K15 5893  9013K25 117.83
34" +0.093° 9013KS6 2564  9013K16 7974  9013K26 159.42
1" +0.100"  9013K87 2955  9013K17 9929  9013K27 19852

Adhesive Back

118" £0.016"  B3463K41  7.99  8463K11 1546  8463K21 30.89
ve”  +0.020"  B8463K42 914  B4R3K12 2388 8463K22 4771
114" +0.031" B2463K43 1347  8463K12 4035  8463K22  80.60
8" +0.047"  B8463K44 1918  2463K14 5357  8463K24 107.02
12" £0.047°  BS463K45 2098  8463K15 6841  8463K25 13666
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U-Channels—Unpolished (Mill) Finish

Bhsre
b | _g

M :__ —-—L

.,

+ Hardness: 95 Brinell
+ Yield Strength: 40,000 psi
+« Temper: TG

174

Meet ASTM B308. Inside corners and leg edges are rounded; outside corners are squared. Base and leg thickness tolerances are

not rated. Straightness tolerance is 0.01257 per foot. Length tolerance is £1:27,

T 11t 1T JfL 1T 51t 1

Base BaseWd. Leg Leglg. Base Leg
‘Wd. (A) Tolerance Lg. (B) Tolerance Thick (C) Thick (D) Each Each Each
2 +0.034" 1 +0.012° 017 013 16307292 $5.53 16307291 $1291 1630711 §18.44
2 +0.034" 1e” 0012 0y 0.2g" 16307473 957 16307472 2281 1630T471 3258
cy +0.034" 12" =0012" 013 0.20° 16307312 1065 16307311 2485 1630712 35.50
3 +0.034" 1xe™ 00127 047 0.28" 16307322 1419 16307321 3310 1630715 47.29
4" +0.034" 2" +0.024" 015" 023 16307332 15.33 16307331 3578 1630713 5111
4" +0.034" 2u4” 00247 07197 0.29° 16307342 2017 16307341 47.08 1630718 67.23
5" +0.034" 214" 0024 0.5 0.2g" 16307352 19.65 16307351 4585 1630714 65.50
5 +0.034" 2x¢” 00247 0197 0.3z 16307362 26.08 16307361  G60.82 1630719 86.88
g" +0.054" 2uz" 0024 07 0.29° 16307372 2391 1630T371 5579 1630T16 7970
g" +0.054" JIe” 200247 0217 0.35" 16307382 3238 16307381 7558 1630723 107.95
7 +0.054" g™ 00247 07 0.29° 16307392 27.04 16307391 G310 1630717 9014
7 +0.054" 3z #0024 0217 0.38" 1630T412 37.88 16307411 B840 1630724 126.28
g” +0.054" 3 +0.024" 0197 0.35" 16307422 33.32 16307421 7775 1630721 111.07
g” +0.054" g™ 00247 0257 0.41° 16307432 4342 16307431 10131 1630725 14473
9" +0.054" 4 +0.044" 0297 0.44" 16307442 50.05 16307441 11677 1630T27  166.82
107 +0.084" JIwz” 00247 025 0.41° 16307452 46.02 16307451 107.39 1630726  153.41
107 +0.084" 414" 0044 0317 0.50° 16307483 5542 16307482 12932 16307481 18474
127 +0.084" 4" +0.044" 0297 047" 16307512 5370 16307511 12531 1630728 179.01
127 +0.084" 5" +0.044" 035" 0.6z 16307493 7258 16307492 169.34 16307491 241.92
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Sheets—Unpolished (Mill) Finish

- « Hardness: 120 Brinell
« ield Strength: 42,000 to 50,000 psi
« Temper: T3, except 0.250"to 1.500" thicknesses

S

-

are T341

hMeet ASTHM BZ209. Width and length tolerances are

+116". Flathess tolerance is not rated.

Thick.

Thick, Tolerance Each
g" = g"

0.2a0" +0.014" 904051 F359.61
n.ara" +0.0148" q040K52 411
0aon” +0.023" 9040K53 F4.24
nyan £0.031" S040K54 730
1.000" +0.0359" 4040K55 111.44
1.2a80" +0.0359" S040KA6 141.28
1.800" +0.0359" S040KaT 1583.35
12" = 12"

nozo" +0.0025" Ba835KM 917
n.oza" +0.0025" Ba83akE1 981
no3z +0.002" aaa3aK1z 11.84
o040 £0.002" aa83ak13 14.30
0.oan" +0.003" Ba835K14 17.589
0.og3" +0.003" aa83ak14a 21.81
o.oan” +0.0035" aaa3akT 30.30
.oant £0.0035" aa83ak16 31.65
oAon +0.0035" Ba835KE 3468
0.1z258" +0.0035" ga83akY 42 81
060" +0.007" aaa3ake 47.08
o1an” +0.007" aa83akET a0.74
0.z2a0" +0.014" 9040KT1 7769
n.ars" +0.015" Q040K7T2 10768
0aon” +0.023" 9040KT3 126.24
0.yan” +0.031" S040KT4 176.88
1.000" +0.0359" Q040KT5 207.09
1.280" +0.0359" Q040KTE 264.81
1.800" +0.0349" S040KTY 287.43
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Magnetic Catches

Style 6 has adhesive on the back for easy installation.

Style 8 strike is a permanent tack far maunting to a doar.
Style 9 mounts with the strike on the inside ofthe cabinet rather than on the daoor,

—— Screw Holes,——

T Catch . —— Sirike— Center-to-Center
Pull
Povaear, Screw Case
bs. (A) By o9 (D El Zatch Strike Size laterial Each
1 fi 248" 1 amE" et Tamg" T 188" o Included  Tan Plastic TET4ATT 51.249
1 7 2ma" 1" 30" 1 1" 1zMe" 1 118", 7" Included  Aluminum TETEATT 246
1 13 2ams" 1" 2" T am" 1zm8" 1 am", TE" o Included  Aluminum TETEATZ 2IT
1 14 21" Tre" o/E" 1" 1zme" 1 &s" o Included  Tan Plastic  1672AT4 a7
1 34 Fat 156" 2 4ME" 2" 21ane", et 2 EsmeE" Included  Brass 131041 359
(Satin
Finish)
1 34 Fat 156" 2 4ME" 2" 21ane", et 2 EsmeE" Included  Brass (Dull  1310A2 BaAT
Chrome
Finish)
10 ERET ST THE" T 4" T 27" o Included  Aluminum T101A12 a.a7
11 37ae" me" ang” 1Tane"  7iaE" 3 101a" 1zMe"  Included  Wwhite 1101413 Q.00
Flastic
212 4aMe" qzME" A" T " aMg" ERRETS 1" Included  White T101A14 10.00
Flastic
3 4 171" as" aME" T48M8" 1 aHs" 188" 1l 3 Steel 1748A187% 438
f 1 ze" 152" 18" T " A 1" 1" Included  Steel 1748412 8.37
(Mickel
Finizh)
Machinable and Bendable PETG
« Color: Clear
« Temperature Range: -40° to 140° F
« Tensile Strenath: Good
« Impact Strength: Good
You can form this material into complex shapes without sacrificing durahility, butit has
less impact resistance than polycarbonate. Applications include shelving, display
racks, and signs. Made from FDA compliant resins.
View detailed performance properties far plastics.
Sheets
= Width and lenoth tolerances are z18". Meet UL 94HB for flame
retardance.
2T A2 2R A 24t 24U w48t 48U 48— 48" 06" ——
Thick.
Thick. Tolerance Each Each Each Each Each Each

1" x0.006" a5t 5kt §1.97 85015K21 $3.94 a5015k32  §r.a8 85015K42  $15.47 95015KE2  $20.49 5015K082  $51.56
a54' 20008 85815kK12 262 85818kK22 524 85815K33 1033 85815kK43 2008 85815KE3  37.50 8581583 BA96
amzt 20,009 85815K13 392 85815K23 780 85815K34 1337 85815kK44 2656 85815K64 4621 85815KE4  B356

18 +0.013" 8581514 479 85815K24 924 85815K358 1630 85815K45  31.50 BEE15KES 5473 85815k 9896
zme" 20019 85815K15  6.24 85815K25 1230 85815K36  23.50 85815K46 43189 85815KEE  70.37 85815KE6 14286
14" +0.025" 85815K16 834 85815K26 16.43 85815K3T  31.42 85815K4T 5753 85815KET  106.04 85815KET 190.86
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Metric Medium-Strength Steel—Class 8.8

Lg., Thread L., mm, Pka. Per
mrm bin. 1o hlax, iy, Fla.
DIN 933

M3I—Pitch: 0.5 mim; Head: Wd. 5.5 mm; Ht. 2 mm
200 Fully Threaded Tl H1A8UATTH Y.

28 Fully Threaded 100 912808121 11.11

Ma4—Pitch: 0.7 mim; Head: Wd. 7 mim; Ht. 2.8 mm
f Fully Threaded 100 912804127 595
8  FullyThreaded 100 912804128 616
i 10 Fully Threaded 100 912804132 4831
Parially Threaded 12 FullyThreaded 100 912304134  B.209
16 Fully Threaded 100 912804136 642
20 FullyThreaded 100 912804140  B.98
25  Fully Threaded 100 912804144 783
a0 Fully Threaded 100 912804148 796
35 Fully Threaded 100 912804150  8.82
40 Fully Threaded 100 912804152 10.09

M5—Pitch: 0.8 mm; Head: Wd. 8 mm; Ht. 3.5 mm

G Fully Threaded 100 912804221 910

8  FullyThreaded 100 912804223 911
10  Fully Threaded 100 91280A222 BES
12 Fully Threaded 100 912804224 825
14  Fully Threaded 100 912804225 923
16 Fully Threaded 100 912804226 972
20 FullyThreaded 100  91280A230 10457
22 FullyThreaded 100 91280A232 1487
25  Fully Threaded 100 912804234 11.33
a0 Fully Threaded 100 912804238 13.53
35 Fully Threaded a0 91280A240  TAA
40 Fully Threaded a0 91280A242 BTE
45 Fully Threaded a0 812808244 Q.00
a0 Fully Threaded an 912808246 11.20
G0 Fully Threaded 256 91280A248 GGG

ME—Pitch: 1 mm; Head: Wd. 10 mm; Ht. 4 mm

8  Fully Threaded 100 912804321 1269
10  Fully Threaded 100 912804322 437
12  Fully Threaded 100 912804324 591
14  Fully Threaded 100 91280A325  7.08
16 Fully Threaded 100 912804326 963
18  Fully Threaded 100 912804328 1472
20 Fully Threaded 100 9122304220 10,90
22 FullyThreaded 100 91280A332 11.62
28  Fully Threaded 100 912804334 11.39
a0 Fully Threaded 100 912804338 13454
28 Fully Threaded al 912804340 244
40 Fully Threaded a0 91280A342 933
45 Fully Threaded a0 912804344 TEH
a0 Fully Threaded a0 9128083468 T3T
G0 Fully Threaded al o 912804349 1091
65  Fully Threaded 10 91280A361 3.23
70 Fully Threaded 28 91280A366  T.81
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Vision System

acA640-120gc

ace Series

Specifications Dimensions Downloads Software

Resolution horizontal /vertical 658 pixels ¥ 492 pixels

Pixel Size horizontal/ vertical .0 pm x 5.6 pm

Frame Rate 120 fps

rono,/ Color Colar

Interface (zigabit Ethernet

Video Output Format Wono 8, Bayer B B, Bayer BG 12, Bayer BG 12
Facked, "\.W 4:2:2 Packed, "V 4:2:2 (nUvY)
Facked

Pixel Bit Depth 12 bits

Synchronization s external rigger
= free-run

s Ethernet connection

Exposure Control » programmable via the camera AFI
s external rigger signal
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Housing Size {L x W x H) in mm 42 % 29 % 29
Housing Temperature 0= -50°C
Lens Mount = C-mount

= CS5-mount
Digital Input 1
Digital Dutput 1
Power Requirements FoE or 12 %D
Power Consumption (typical) 2.0
Power Consumption PoE 2.3 W
Weight (typical) 90g
Conformity = CE

= FoHS

= GenlCam

= IF20

= L

= FCC

= POE 302.3 af

Sensor Yendor Sony

Sensor Name IC¥E18

Sensor Technology Progressive Scan CCD, global shutter
Sensor Size {optical) 1/4 inch

Sensor Type ZCh

Sensor Size (mm) 369 mm x 2,77 mm

Item Number 104844
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Intel® Gigabit ET Dual Port Server Adapter

SPECIFICATIONS

Essentials

Hetworking Specifications
Package Specifications
Advanced Technologies

Intel® Virtualization
Technology for Connectivity

COMPATIBELE PRODUCTS

ORDERING [ SSPECS !
STEPPIHGS

SPECIFICATIONS

180

Status

Launch Date
Yertical Segment
Cable Medium
Cahling Type
Bracket Height
Max TOF

Fecommended Custamer Price

Product Brief

Supported Operating Systems

Networking Specifications

Launched

21308

Server

copper

Category-5 up to 100m
Low Profile & Full Height
28w

$145.00- $160.00

Link

Windows Server 201 2%,
Windowes 8% Windows Server
2008 R2*, Windows TF,
Windows Server 20087,
Windows Vista® Windows
Semer 2003 F2* Windows
Semer 2003*, Windows XP
FProfessional, Linus® Stahle
Kernelversion 3% 2.6% Red
Hat Enterprise Linux™ &, &, SLISE
Linux Enterprise Servert10, 11,
FreeBSD 8% | Whware
ESHIESHI™

#of Parts

Systermn Interface Type

Intel@firtualization Technology for Connectivity

{vT-c)
Speed & SlotWidth

Cantraller

Caal

PCle w2 .0 (2.5GTIS)

Wi D, WD

2.5 GTE, x4 Lane

Intel 82576
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Inspiron 660 Desktop

Processor

3rd Generation Intel® Caore™ i5-3330 processor (up to 3.20 GHz)

Operating System

Windows® ¥ Home Premium, B4Bit, English

Memory

56" Dual Channel DDR3 S0RAM at 1800MHz

Hard Drive

1TE Hard Drive, 3.5", 7200rpm, SATA,

Video Card

Intel® HD Integrated Graphics

Optical Drive

DVD+H-RW Tray Load Drive, 16X, SATA

Keyboard

Dell KBE113 USE Wired Entry Keyboard - LS

Wireless

Dell Dvw1506 (802,11 bigdn) WLAN half mini-Card
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Security Software

Mcifee SecurityCenter, 15-Months

Warranty

90 days Premium Phone Support +1 Year In-Horme Service after Rermote Diagnosis

Weight

17.4 |bs
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Yaskawa Servomotors

| Ratings and Specifications

Time Rating: Continuous Withstand Voltage: 1500 VAC for one minute

Vibration Class: V15 Enclosure: Totally enclosed, self-cooled, IP65

Insulation Resistance: 500 VDC, 10 MCQ min. (except for shaft opening)

Ambient Temperature: 0 to 40°C Ambient Humidity: 20% to 80% (no condensation)

Excitation: Permanent magnet Drive Method: Direct drive

Mounting: Flange-mounted Rotation Direction: Counterclockwise (CCW) with forward run

Thermal Class: B reference when viewed from the load side
Voltage 200V
Servomotor Model: SGMJV-[JIC] A5A 01A C2A 02A 04A 06A 08A
Rated Output" w 50 100 150 200 400 600 750
Rated Torque™: "2 Nem 0.159 0.318 0477 0.637 1.27 1.91 2.39
Instantaneous Peak Torque'' Nem 0.557 1.1 1.67 223 446 6.69 8.36
Rated Current”! A 0.61 0.84 16 1.6 27 42 47
Instantaneous Max. Current” s 21 29 5.7 5.8 9.3 14.9 16.9
Rated Speed" min’ 3000
Max. Speed’! min’' 6000
Torque Constant Nem/A_ 0.285 0413 0.327 0435 0512 0.505 0.544
otommatinate |wotigm | gout | oo | o | o | e [ osen | e
Rated Power Rate"' KWis 6.1 15.2 25.8 15.7 365 54.7 36.3
Rated Angular Acceleration” rad/s? 38400 47800 54100 24600 28800 28600 15200
Applicable SERVOPACK sepv-CI0O00 R700] R90[] 1R6A2RIF | 1RBAZRIF 2R8[] 5R5A 5R5A

" These items and torque-motor speed characteristics quoted in combination with an SGDV SERVOPACK are at an armature winding temperature of 100°C. Other
values quoted are at 20°C

2 Rated torques are continuous allowable torque values at 40°C with an aluminum heat sink of the following dimensions attached
SGMJV-ASA, -01A: 200 mmx 200 mmx6 mm
SGMJV-02A, -04A, -08A: 250 mmx250 mmx6 mm

Note: The values in parentheses are for servomotors with holding brakes

® Torque-Motor Speed Characteristics 4 : Continuous Duty Zone - Intermittent Duty Zone =

SGMJV-ASA SGMJV-01A SGMJV-C2A SCMJV-02A
~ 6000 1—— ~ 6000 { ~ 6000 wm——| = 6000 —r__
£ 5000 lx 1 £ 5000 \ e £ so00 & . £ so000 A
E E LN E E
B 4000 y B 4000 \ > B 4000 T 4000 AN
8 3 8 8
& 3000 I & 3000 A\ & 3000 & 3000
5 A B A B 5 A 8 A B8
3 2000 I 2 2000 8 2000 g oo
2 | 2 2 g
1000 I 1000 1000 1000
0 0 0 0
0 015 03 045 06 0 025 05 075 1 0 05 1 15 2 0 05 1 15 2
Torgue (N+m) Torgue (N+m) Torque (N+m) Torque (N+m)
SCGMJV-04A SCMJV-06A SGMJV-08A
~ 6000 ~ 6000 I ~ 6000 ]
; n " : g
£ sonof—t AL £ 5000 | > £ so00 B
£ NNE | 3 £ \
T 4000 31 3 4000 T 4000 N
8 8 8
& 3000 & 3000 & 3000
g o0 A B £ 2000 |2 N 2 2000 A B
g 2 B
1000 1000 1
0 0 0
0 1 2 3 4 0 2 4 6 8 0 2 4 6 8
Torque (N-m) Torque (N+m) Torque (N+m)

Notes: 1 The solid, dotted, and dashed-dotted lines of the intermittent duty zone indicate the characteristics when a servomotor runs with the following combinations:

+ The solid line: With a three-phase 200 V or a single-phase 230 V SERVOPACK
« The dotted line: With a single-phase 200 V SERVOPACK
* The dashed-dotted line: With a single-phase 100 V SERVOPACK
An SGMJV-A5A servomotor has the same characteristics in combination with three-phase 200 V and single-phase 200 V SERVOPACKSs.

2 The characteristics of the intermittent duty zone differ depending on the supply voltages

3 When the effective torque during intermittent duty is within the rated torque, the servomotor can be used within the intermittent duty zone.

4 When the main circuit cable length exceeds 20 m, note that the intermittent duty zone of the Torque-Motor Speed Characteristics will shrink as the line-to-line
voltage drops
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Macrondyanamics Actuator

MSA-PSC OPTIONS
PLEASE SELECT FROM THE FOLLOWING:

SHAFT TYPE
| singee | | Doule |

DRIVE SHAFT LOCATION
([21[3][4]

2 4
[ |
1 3

‘STANDARD TRAVELS (MM)

(271 21 (77 (102 ][] (77

DOWNLOADS
MSA-PSC (PDF)

CAD Drawing

PART NUMBER AS CONFIGURED
MSA-PSC-0-GB-xx-x
= e REOUESTOVOTE
| ! o
. A3
SPECIFICATIONS FEATURES
Specifi Extruded aluminum actuator body with T-slots for
cations ease of mounting
Motion Horizontal or Vertical Easy to adjust belt tensioner
One piece, machined and stress proof shafted
Mevimum Speed 1270 mmvsec pulley )
Zero backlash belt to pulley design
Maximum Load 20 Ibs. Corrosion resistant components
Repeatability +/- 0,025 mm
Moment Load 5# at 150 mm off CL
Acceleration Exceeding 5G's
Beam Dimensions 38 x 28 mm
Motor Sizing Information
Weight of Drive Pulley 4.7 oz.
Weight of Ider Pulley 430z
Weight of Cart 0.4 Ibs.
Weight of Belt 0.17 Ibs. (271 mm), 0.23 Ibs. (521

mm), 0.28 Ibs. (721 mm), 0.35 Ibs.
(1021 mm), 0.41 Ibs. (1271 mm), 0.46
Ibs. (1521 mm), 0.52 Ibs. (1771 mm)

Travel per Revolution 105 mm

Puley Pitch Diameter 33.42mm
Puley Material / Width steel / 12 mm
Breakaway Torque 12-14 oz.-in
Coefficient of Friction 0.25mm
Weight

First meter of travel 6lbs.

Additional per meter 31lbs.

Travels

Standard Travels 271 to 1771 mm

RELATED JOB STORIES

Macron Actuator and Motor
Drive Utilized for Vision System
Quality Control

Macron Low Cost, XY Gantry
Selected for Automated
Packaging Adhesive Dispensing
Solution

ALL JOB STORIES

RELATED VIDEOS

Hgh Speed, Extra Long Bett
Driven Linear Actuator

ALL VIDECS

184
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Wittenstein Gearbox

LP+* 050 MF 1/2-stage

1-stage 2-stage
Ratio i 5 20 35
Max. acceleration tarqus v nm 14 13 14
(A 1000 ¢ ks pat i ®  linke 120 120 120
Nominal output torqus v Nm ©5 e 55
(with > linlb 54 58 58
Emerasncy stop torque v Nm % 2. 26
IpamiNd 1000 Ve duiing e sarvics Fe ol e geaitead | AN 230 230 230
Nominal input spasd
R 723 P A @ i pen 4000 4000 4000
Max input spead o N 2000 /oo 2000
Mean no load uinning terque r Nm 045 0.05 0.05
Gont by =000 rpem aret 20°C cma e L st o " indb 04 [ 04
Max. toesional backlash 1A arcmin =10
Torsional nigiaH c il 1.2 09 15
orsional rigdiy o~ s 7 5 1
2l fial 1 ) £, N i
tl
ax. axial foree o o
N 650
Max, radial forca ® F.
b 1o, 150
Efficiency atfull load n % o7 S
Sawice Ita
(rsabion soaihe e i L h 20000 - 20000
kgt 0.75 035
Weightincl. standard adapter plate m
ight. PELP b, 17 21
Gperating neise
teeith o, = 3000 rpm o bad| L" d8t4) <82
Maﬂ Had b o 1 Py Qc +gu
. P 3 tsmp F Rty
G 15t +40
Ambient 1 i
mbient {smparatura r P
Lubrication Lubncated for life
Paint Blus RAL som
Diraction of ratation Aotor and gearhead same direction
Protaction chiss IP&4
2
Maiment of ineitia 8 1 g, kgem a0s 0.05 0.6
(sl 10 e chivs) 1tinpa aod 004 oo
m* a2 0.2 0.2
Clampmg kb devmeter (mmy c 14 |J, L
(ST 0.2 02 0.2
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Aluminum bracket material

Multipurpose Aluminum (Alloy 6061)

A combination of good strength, corrosion resistance, and machinability ma
this the most widely used aluminum. It has less strength than Alloys 2024
7075, but better corrosion resistance and weldability. Its heat treatable
resists cracking due to stress. Commonly used for vehicle parts and pipe fittir
Nonmagnetic. Temperature range is -320° to +300° F.

Warning! Hardness and yield strength are not guaranteed and are intended
as a basis for comparison.

90° Angles—Unpolished (Mill) Finish
* Hardness: 95 Brinell

o * Yield Strength: 35,000 psi
* Temper. T6

Meet ASTM B221. Inside corner and leg edges are rount
outside corner is squared. Straightness tolerance is not ra
Length tolerance is +1/4" for 4-ft. lengths and +1,2" for 8-ft. lengt

I 4ft- 1 T 8ft._

Qutside Leglag.

LegLgs. Tolerance Each Ez

1/4" Thick (x0.008"}

3"x3"  +0.024" [8982K62| $52.99  8982K41 $91.
Catalog Page | Bookmark [x]

Multipurpose Aluminum (Alloy | | Each
6061) 90 Deg Angle, 1/4" Thick, 3"

X 3" Legs, 4’ Length

More About Aluminum and Aluminum In stock
Alloys

186
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APPENDIX E

Detailed Analysis

Motion

Rotation

First, the angular velocity of the foosman, acceleration of the foosman, and time to accelerate the
foosman must be found.

Assume:

e To move the ball at maximum speed of 8 m/s, the contact point of the foosman foot must be
also moving at 8 m/s at impact.

e Constant angular acceleration using kinematic equations for rotation.

e Rod starts at rest.

e 150 degrees to accelerate up to speed.

e Ball speed: 8 m/s
e Foosman contact radius: 0.0562 m

Define variables:

r - foosman contact radius

0 - angular displacement

vy, = 8 m/s, velocity of ball

v; - velocity of foosman foot

w - angular velocity of foosman

o - angular acceleration of foosman
e t—time to accelerate foosman

Governing equations:

e v;=v,, by assumption
e Kinematic equations assuming constant acceleration
o w=vr
o wr=we?+2xax0O
" = (‘)2/2 «p Startfromrest, w, =0
0O W= Wwg+ ax*xt
. = W/ start from rest, wy = 0

Motor Specifications
From these results, the necessary motor specifications can be determined given a selected gear ratio. In
this case, the Wittenstein gearbox has a gear ratio of 4.
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Assume:

Given:

90% efficiency for gearing.
10% additional torque from friction.
Gear ratio of 4.

188

Triangular speed profile for motor —reach maximum angular velocity and hit ball, and then slow

down.
Shot is repeated every 2 seconds.

Angular velocity from previous analysis.
Mass of foosball: 26 g

Foosman contact radius: 0.0562 m
Gearbox inertia: 0.2 kg-cm®

Rod inertia: 4.44E-05 kg-m”

Foosmen inertia: 2.53E-4 kg-m*

Define variables in addition to previously defined variables:

m — mass of foosball

r —footman contact radius

Jg—gearbox inertia

J,—rod inertia

J; = foosmen inertia

J —inertia referred to motor

F — force on ball during impact

Toan — torque required to shoot ball referred to motor
T — torque to accelerate rod referred to motor
T; — friction torque referred to motor

Trvs — RMS torque of motor

gn — gear ratio

€ — efficiency of gearbox

teye — cycle time

wm — motor angular velocity

Governing equations:

e J =]g +(Urt+ ]f)/gnz

Wy, = W*gn

mdv = F dt impulse momentum equation
o F=mug/t

Tpau = F *r/gn*s

Tm=axgnx]/¢

Tr =T, *0.1

Thax = Tm + Tpau + Tf

Tems = [(T1° xty + T2 %ty + Ty * ty + "')/(tcyc)]o's
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o Where T is the torques of the profile and t is the time the torque is held

Using the above equations and givens, MATLAB code was generated and a speed and torque profile was
plotted. Attached are the MATLAB code and profile plots along with the maximum torque, RMS torque,
and maximum motor speed.

%Rod rotation with motor specifications
clear;
clc;

SNOTE: gn, I MUST MATCH EXCEL SPREADSHEET

r = 0.0562; %$foosman contact radius, m

m = 26%10"-3; $foosball mass, kg

gn = 4; %gear ratio

%inertias refered to motor, kg-m"2

%I = 6.7577E-05; %macron gearbox

I = 3.7227E-05; %Using 1045 m=1 steel gears

I = 3.8610E-05; $wittenstein 4:1

vb = 8; %ball velocity, m/s

theta = (173-23)*pi/180; $rod rotation angle (150deg), rad
vf = vb; $foosman contact velocity at impact, m/s

$vf must be vb at impact
w = vi/r; %$foosman angular velocity, rad/s

%assume const angular accleration from rest, calculate time
gwr2 = w0"2 + 2a(dth)

alpha = w"2/(2*theta); %angular accleration foosman

t = w/alpha; $time to spin

$ m dv = F dt
= m*vf/t; $force on ball
all = F*r/gn/.9; $torque on rod impact refered to motor

o

%assume triangular velocity profile, max velocity at tip of triangle

w m = w*gn; $max motor speed (at impact), rad/s
w p = [0, w_m, 0 01; $motor velocity array, rad/s

t p= [0, t, 2%t 21; $time array, sec

figure (1)

plot(t p, w p*60/(2*pi)) $plot motor velocity profile

xlabel ('time, sec')
ylabel ('motor speed, rpm'")

Smotor torque profile
Tm=wp(2)/(t)*I/.9; $motor torque to accelerate rod, N-m
T £f=Tm*0.1; $friction torque, assumed 10% of motor torgque, N-m



Automated Foosball Table Final Project Report 190

Tmax = T m + T ball + T £ $max torque on motor (rod + impact +
friction), N-m

storque profile and time array

T = [T m+T £ T m+T_f T max T max -T m+T £ -T m+T f 0
01;

t T = [0 t t t+0.001 t+0.001 2%t

2%t 21;

T rms = sqrt ((T(1)"2*t T(2) + T(3)"2*(t _T(4)-t T(3)) + abs(T(5)"2*(t _T(6)-

t T(5))))/(t _T(end)))

wm=w m*60/2/pi

figure (2)

plot(t T, T)
xlabel ('time, sec')
ylabel ('motor torque, N-m')

T_max =0.8188
T_rms=0.1286
w_m =5.4373e+003

6000 T T T T T T T T T

5000 !

T

4000 -

T

motor speed, rpm
w
o
o
o
T
1

2000 !

T

1000 s

T

0 r r r r r r r r r
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
time, sec

Figure 63 Speed profile of motor, speed is 0 from 0.2 to 2.
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0.8~ s

0.6~ -
0.4~ s

0.2~ -

motor torque, N-m

0.2~ -

r r L r r r r r r
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
time, sec

-0.6

Figure 64 Torque profile of motor, torque is 0 from 0.2 to 2.

Translation

For translation, the kinematics of the ball was first analyzed to find the time the ball takes to reach the
goal from the second closest attacking rod moving at maximum speed. Using that time, the goalie rod
will move and intercept the ball. From this analysis, the speed and acceleration of the rod translation
(same as actuator) needed can be found.

Assume:
e Constant angular acceleration using kinematic equations.
e Foosman starts at rest.
e Foosman starts at center of goal.

Ball moves at constant speed

Given:

e Ball speed: 8 m/s.

e Goal width: 8in.

e Foosman feed width: 1in.

e Distance ball travels: 23.35 in (second attacking rod to goalie)

Define variables:

e t—time toreach goalie

e d—distance ball travels

e v, =8m/s, velocity of ball
e w—goal width

e f,—foosman feet width

e x—rod movement length
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e v, —linear actuator speed needed
e 3 —linear actuator acceleration needed

Governing equations:

° t = d/vb

o x=w-—f, Since foosman starts at middle, it only needs to move until the closer feet is at
the edge of the goal

e Kinematic equations assuming constant acceleration

o x= i + Ua)/z *t  actuator start from rest, v; = 0. Actuator must move its

required distance within time the ball reaches the goalie rod.
" oy, =2x*xx/t
o Vg=vitaxt actuator start fromrest, v; =0
" a=v,/t
O W= Wwo+ axt
= Wy start from rest, w, = 0

Actuator sizing
From the results of this calculation, speed and acceleration of the actuator was found. Using the
acceleration, a force profile of the actuator can be generated.

Assume:

e 90% efficiency for actuator.

e 10% additional force from friction.

e Triangular speed profile for actuator —reaches maximum angular velocity and hit ball, and then
slow down.

e Shot is repeated every 2 seconds.

Given:

e Velocity from previous analysis.
e Mass of load: 3.2 kg.

Define variables in addition to previously defined variables:

e m—mass of load.

e F,—Force to accelerate rod

e F¢—Friction force

e F...— Maximum force on actuator
o ¢ — efficiency of gearbox

e ty.—cycletime

Governing equations:

e F,=m=xa/e
e Fr=F,+01
o Fpax= K+ Ff
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Using these equations, a speed and force profile was generated for the actuator on MATLAB. The code
can be found in the next few pages. Using the same MATLAB file, a motor sizing analysis similar to the

rotation section was done as well.

Motor specifications

Using the velocity and accelerations of the actuator along with the actuator parameters, a motor sizing

analysis was performed.

Assume:

Given:

90% efficiency for gearing.
10% additional torque from friction.
Gear ratio of 4.

Triangular speed profile for motor —reaches maximum angular velocity and hit ball, and then
slow down. (Profile should match times with actuator profile)

Shot is repeated every 2 seconds.

Actuator velocity from previous analysis.

Actuator acceleration from previous analysis

Actuator displacement constant: 105 mm/rev

Actuator pulley diameter: 33.42 mm

Belt inertia referred to actuator shaft: 2.153E-05 kg-m?’
Pulley inertia referred to actuator shaft: 1.15E-05 kg-m?
Gearbox inertia referred to motor shaft: 2E-05 kg-m?
Load inertia (load mass * pulley radius?®) : 8.66E-05 kg-m
Breakaway torque referred to actuator: 0.226 N-m

2

Define variables in addition to previously defined variables:

deonst — displacement constant for actuator

r — pulley radius

o — actuator shaft angular acceleration
Jg—gearbox inertia referred to motor

Jp — belt inertia referred to actuator

Jp— pulley inertia referred to actuator

J. —load inertia referred to actuator

J —inertia referred to actuator

T, — torque required to move actuator referred to motor
T; — friction torque referred to motor

Toreak — breakaway torque referred to motor
Trvs — RMS torque of motor

gn — gear ratio

wm — motor angular velocity

€ — efficiency of gearbox

teye — cycle time



Automated Foosball Table Final Project Report 194

Governing equations:

o J=lgrgn*+)ht It
—a

y a= /dCOTlSt * 27T

_Va*xgn
© Om = T g+ 60

* o
e Tp= J [gn + e
e T;=T,%0.1
* Threax = 0.226/gn
Thax = T + Tf + Tpreak

o Taus=[(T2*t+ T2 xt; +Ty% xt; + "')/(tcyc)]o's

o Where Tis the torques of the profile and t is the time the torque is held

Using the above equations for translation, actuator and motor sizing, a MATLAB file was generated.
Speed and force profiles were plotted for the actuator and speed and torque profiles were plotted for
the motor. Attached are the MATLAB code and profile plots along with the maximum torque, RMS
torque, and maximum motor speed.
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%$Translation, actuator and motor specifications
clear;

clc;

%% Actuator Requirements

m = 3.2; %actuator load, kg (assumed)

d = (5.7+6.15+5.75+5.75) *0.0254; %distance from goalie (2nd closest
attacking rod), m

x = (4-0.995)*0.0254; $rod movement length (defending), m
x = 5*0.0254; %rod movement for continuous

tf = 2; scycle end time

%rod movement length based on starting from middle of goal to end of
%goal for defending. goal width = 4in, feet width = 0.995in. movement
$length = 3 10/16in for ball shot from goalie and intercepted by 2nd
%attacking rod.

vb = 8; $ball speed, m/s
t = d/vb; %time to get to goalie at const ball speed, sec
t =1/3/2; %2 times per sec for continuous

%assume const accleration from rest, calculate actuator final speed

va = x*2/t; %actuator speed, m/s
a = va/t; %actuator acceleration, m/s”2

%assume triangular velocity profile, max velocity at tip of triangle

v p = [0, va, 0 0]; $motor velocity array, rad/s

t p= [0, t, 2%t tf]; %$time array, sec

figure (1)

plot(t_p, v_p) $plot actuator velocity profile

xlabel ('"time, sec')
ylabel ('actuator speed, m/s')

%actuator force profile

F a = m*a/0.9; $force to accelerate rod, N
F f=Fa*0.1; $friction force, assumed 10% of force to acc rod, N
Fmax = F a + F _£; $max force on actuator (rod + friction), N

$force profile and time array

F = [F max F max -F a+F £ -F a+F £ 0 0l; &N

t F = [0 t t 2%t 2%t tf]; Ssec

F rms = sqrt ((F (1) 2%t F(2) + F(3)*(t F(4)-t F(3))/(t F(end)))); srms
force, N

v_avg = (v p(2)*t p(3)/2)/(t_p(end)); %average speed, m/s
figure (2)

plot(t _F, F)
xlabel ('time, sec')
ylabel ('actuator force, N'")

%% Motor requirements for actuator

SNOTE GN AND I MUST MATCH EXCEL SPREADSHEET
gn = 4;
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%load inertia refered to actuator input shaft, kg-m"2

%I = 1.2587E-03; %unguided
%I = 1.5137E-03; %guided
%I = 1.0104E-03; %macron
I =1.030E-3: %macron using gears

I = 1.330E-03; Swittenstein 4:1

%displacement constant, m/rev for input shaft

d const = 0.105; smacron
%d _const = 0.080; stolomatic

%pulley radius

r = 0.03342/2; Smacron
$r = 0.0255/2; $tolomatic

alpha = a/d const*2*pi; %angular acceleration for actuator input, rad/s”"2

%speed profile of motor

w a = v_p/d const* (60); %angular velocity vector for input shaft,
w m = w_a*gn %angular velocity vector for motor, rpm

t a= [0, t, 2%t tf]; $time array,

figure (3)

plot(t_a, w _m) %plo362t actuator velocity profile
xlabel ('"time, sec')

ylabel ('motor speed, rpm')

%torque profile for motor

T a = I*alpha/gn; storque of actuator refered to motor, N-m

T tot = (T _a)/0.9; $totol torque refered to motor 90% eff, N-m
T £ =T tot*0.1; $friction torque 10% total, N-m

T break = 0.226/gn; $macron

$T break = 0.565/gn; $tolo

T max = T tot+T f+T break

T min = -T tot+T f+T break;

Tp= [T max T max T min T min 0 0]; 3N-m
t p= [0 t t 2%t 2%t 2*t]; %sec
figure (4)

plot (t_pl T_p)
xlabel ('"time, sec')
ylabel ('motor torque, N-m')

smotor RMS torque

%plot actuator velocity profile

T_rms = sqrt((T_p(1)"2*t_p(2) + abs(T_p(3)"2*(t_p(4)-t_p(3))))/(t_p(end)))

196

rpm
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w_m =1.0e+003 *4.7065
T_max=0.7319

T_rms=0.1702

25 T T T T T T T T T

L
o
1

1

actuator speed, m/s
-
]
1

0 r r r r r r r r r
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
time, sec

Figure 65 Actuator speed profile, speed is 0 from 0.2 to 2.

150 T T T T T T T T T

100~ f
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100 r r r r r r r r r
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

time, sec

Figure 66 Actuator force profile, force is 0 from 0.2 to 2.
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Figure 67 Motor speed profile, speed is 0 from 0.2 to 2.
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Figure 68 Motor torque profile, torque is 0 from 0.2 to 2.

Continuous operation analysis

To approximate a player moving the rods back and forth quickly to be unpredictable and block shots, a

continuous operation analysis was also performed for the translation motors. Only minor changes had

to be made to the already existing MATLAB code. The new distance the rod travels was now defined to
be 5” and the time to move was defined as 0.333 s to simulate a player moving the rods 5”, 3 times per
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second. In addition, the cycle time for RMS torque calculation became the 0.333 s. As a result, a new
RMS torque was calculated and compared to the motor specifications in the catalog.
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Motor Support Bar Analysis

g 9.81 m/sn2 accelergtion due to gravity
wp [kg] 3.5 kg mass pavioad [rod motar, gears, etc]
walkg] 3.822 kg weight actuaior
L 0.15 m length beam
F 120 M axialload from thrust
E 71700000000 Pa
Sy 172 WMpa
sf £8.95 hipa fatigue strength
W 7322 kg total mass on structure
F 71.82882 M welght on structure
R 3591441 M reaction at beam
M 5.3871615 MNm max moment occuring at base of heam
M 1049 cycles figa-11
Bar
Size side [mm side[m] & [cm™2] Alma2] I [ecm®4] | [ma4]
20%20 20 0.02 1.6 0.00016 067  6.7E-09
30x30 30 0.03 3.1  0.00031 2,75 2.73E-08
40x40 40 0,04 53,6 0,00056 9 SE-08
Actuatar
Carrier Belt Base VWaight/ Stroke length
Assembl Tensione Actuator length stroke 40 [cm]
0.38 0.07 1.38 0.0248
factor of safety
oh ymax yiL n

Pa IApa mm % yield
20%20 8040540  8.04054 -8.41061E-05 -0.08411 -0.05607 21.2916
30x30 2938452 2,938452 -2,04913E-05 -0.02049 -0,00014 5853423
40x40 1157147 1.197147 -6.26123E-06 -0.00626 -4.2E-05 1436749

0.4
0.g
1.5

8.5752951 72
23.46473803
57.59526608

weight [kg/m] Price [5/m]

B.72
10.21
17,26
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Middle Transverse Bar Analysis

209

weight [k Price [57m]

R1 Goalie  Defense Mid Strikers  RZ2
1 023 0.35 .65 0.95 149 [m]
n 23 ] ] a5 149 [crn])
230 380 &0 30 1490 [rmm]
Bar
dize side [mm side [m] A [cm®2] Am*2] | [em™d] | [m*™4]
2020 20 0.0z 16 0.0001& ne? &7E-09 04
30x30 30 0.03 31 000031 275 275E-05 08
40x40 40 0.04 56 000056 a QE-05 15
0 0 0
2040 20 0.0z 29 000029 462 462E-05 0.8
40 0.04 12 12E-05
¥ direction
m load FTO22 kg
L 1.39 [rm]
F F1E2882 M | 275 [crm™d]
R1 17785845 M 275E-08 [rm*4]
Rz 1094305 M E 717E+10 [Pa)
a b Mt YIax
Rod [rn] [rn] [Mrn] [rn] [rntn]
Goalie n2s 116 15737 -0D00062 -0.621385
Def 035 101 19833502 -000129 -1.28683
Iid nes 071 2494580 -000204 -203632
Strike nos 041 2076513 -000141 -1.41036
79.33209 -5.35535
ymax [m] -0.00536
v [%] 0.35942
Mreact 3966604 Nm
ab n v 172 Mpa
Pa Wpa vield fatizue 5 62895 Mpa
2020 115406104 1154061 1452625 0.552315
3030 45272049 43 27205 3974852 1503407

4040

17629353 1762935 9758455 3.911091

g.72
1031
1726

1550
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Hdirection
F 120 M
Rl 2971812 N
R2 158251838 N
a b Mrmax Ymax

Rod [rn] [rn] [Mrn] [rn] [rnrmn]
Goalie 0.23 116 2303309 -0.00104 -1.03555
Def 0.33 101 3313381 -0.00215 -2.14933
id 0.68 071 4163055 -00034 -3.40195
Strike 0.93 041 34653777 -000235 -2.35621

1325353 -5.946586

ymax [m] -0.00895
L A | 0.643659

33135381

rmorent per gusset

35 limit add more gussets to middle bar

ab [yl Sy 172 Mpa
Pa Mpa vield fatizue if 62895 Mpa

2020 197513809 197581358 0569505 034856
3030 72291956 7229196 2379241 0953771

4040 20452278 20452258 5839956 2341075

B oHoim of St 235.55.\,,\/5, >~ 196.2 N

(ulb‘ be

F——7"  w qean

A vane “r/l-uj o |
M(ddk 1
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Bottom Support Bar Analysis

|oad 20 [kg]
F 196.2 [M]
bars P

per bar 98,1 [M]
R 43,05 [M]
L 0,72 [rn]
hArm ax 17.658 [Mm]

h_reactio 8.829 [Mm]

Sy 172 [Mpal
ah r
Pa IApa yield

20%20 13177612 13,1771 1305244

30x30 4315818 4.815818 35 71563

A0x 40 1962000 1.962 8766365

Size side[mm side[m] &[cm®2] A[m~2] |[cm~4] |[m*4] weight [kiPrice [5/m]
20%20 20 0.0z 1.6 0.00016 0.67 6&6.7E-09 0.4 8.72
30x30 a0 0.03 3.1 0.00031 275 2.75E-08 n.a 10.31

40x40 40 n.04 5.6 0.00056 9 9E-08 1.5 17.26
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oxf1i/t3
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o: 3¢.97 M
- )
n: S, 172 MY h: 7. 32

a 3].‘”/"“
Bottom Transverse Bar Analysis
Rz 49,05 M
L 1.31m
it 21,4185
M _reactio 10,70925
E T.17E+10 Pa
Sy 172 [Mpal
Size side [mm side [m] Afcm®2] &m»2] |[cm*8] [[m~4] weight [kgfm] Price [5/m]
20x20 20 0.0z l.e 0.0001e 0.e7¥ 6.7E-09 0.4 8.72
30x30 30 0.03 3,1 0.00031 2,73 273E-08 0.8 10.21
40x 40 40 0.04 2.6 0.00035& £ 9E-08 1.5 17.26

oh ymax ¥/l

Pa Mpa m mm Yo n

20x20 31967310 31,9791 -0.00815 -8.14726 -0.62193 5.380335
30x30 11682818 1l.68282 -0.001%% -1.98437 -0.15152 1472243
4040 4739667 4733667 -0.00061 -0.60632 -0.0463 3613693
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Vertical Bar Analysis

Top Bar

Size

20x20
30x30
4040

Size

2020
30x30
40x40

rrbar 1,965 [kg]
macrylic 11.318 [kg]
L 1.21 [m]
Pt 47,03405 [M]
Ml 15,40365 [Mm]
Rl 2351702 [N]

Mreactior 7.701825 [Mm]

R2 180.35 [N]
Ireactior 76,18 [Nm]

R3 49.05 [NM]
reactior 10.71 [Nm]

F 252,917 [M]
il 94,59182 [Nm]
Sy 172 [Mpa]

side [mm_side [m] &[cm®2] &[ma2] | [cma4] | [m*d]

20 0.0z 1.6 0.00016 0.7 6.7E-03
a0 0.03 3.1  0.00031 2,73 Z.73E-08
40 0.04 5.6 0.00056 9 9E-08
oa oh o
Fa Mpa Fa Mpa Mpa i

1580731 1.580731 141181828 141.1818 141.1907 1.218211
915861.4 0.815861 51595541 51.59554 51.60199 3,333205
451637.5 0.451638 21020406 21.02041 21.02526 8.180637

weight [kiPrice [5/m]

0.4
0.8
1.5

8.72
10.31
17.26

220



Automated Foosball Table Final Project Report 221

Playfield Cover & Vision Arch - Hand Calculations

7N P’ay [h;/c[ Covcf Hanc[ b4 Sam)w/c Ca/cm/cf//’om"
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Date: Y/20/2013
=
. . ] / ¥ 7 o
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My, = Pass HOxYO Aluminars bar = /.56 éj/m
spurce; gagcé /ex}‘o}‘A Alwrmtin ary
/-_f-.mz'nj [a"ﬂ/fj
Goal: Determine #he L/ ring force /rr?ﬂ/'r«/
To open the /p/ay Lreld coven
D/\aj roam ;
Yomm
a klx 1 174, Z5mm ;
2 T 40mur
Y0x40 Aluminu m Bar
éé = e /)o"?"(arjonm‘c
e Shee
RS
Solution: Step 1: Detevmine center of macs
& F/ind Wc/y/rf force.
Sinte The play Cover 75 | symmetrie t he
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~ Stepl: Use statics to Find requived to force to
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ik H) LitE  Assist Fonee L Dimensson Calealations
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P Fully Open

o 22 mm

PR e _ g I/:Zh\e&;

\CX 5
765.8rmm

pi. AT

So /lA 7L/‘0ﬁ: This will be an /Fera £/ ve process
Pl Where we assume an X to find
'FA erest ok the Geome Fry /G::/Z/A

Step [= Determine ¥ jn < term's 0 f X.

’booﬁ x’

)

=

&~ 3
T\\ e ] I o
| %
\ X
795 L
K 4 B

) 755.?mm"‘(}(+ \/7300.772 _L/L/Z)
- )(/::: 765-4?;«», *—X-— 277‘7€h«m
st = U s =X
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8 We mus /Jﬂmfyzc fhe h/'kfe area To detcimne
the angle )

A

Need L ju terms
ot X

but D: D/+ 2.2 mm

= 22mm +22mng

Cos )
Sub st tating  fhe abeve pelafron §hips

| = L4 pai
Cos )° mm

Tun &

B= /D2+ LZ_ Tah)/<22m~1>

B+ (n;n)a(ziy +22)1 —Tand (22m%)

(o5

Tang

i (ﬁ:%nz)i(z&*zzy R 0N

oy

Tanf
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Now Se'/‘u/v /*/16 frue ’h//'anj/e.

227

2.2
Cosy
Tan y

Fhrs rs WO & r/‘y//f fi/'ah;/e

Since
We wse Laws of (os/nes.

Cl= g ¢b2-2ubeosy

Due To Fhe mascive amount of Alzebra
Re?u/’reo/ to bltain a simple Ex) =Y relatim,

W é W/'// R e 8 (7 & Solve for X. as

a /vl [/‘c{/Mt‘, 4//&:/1/60/,

B ((os 452 4—22) ( 50 +22 —_ Tancfsa(ZZMM)

Tarn 75°

B 2

2
z e 22
os4S

Ton 40

L= §3 lmm
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) Mow we Have:
\G'2. 15 sy ~X
i
CB\\, e
I\
21817 —X

US/'ny Law of CosineS?

(5//’05'””7)2 % (X/(g. 7/—)()2 +(5‘2/. /5 ’*X)z -2 (2/47. ?/“)()(52/./5')()
Coziys°

0% N7 = ¢ 70819 - §37.81x +X*+ 771597, ~/092.3x +X*=
— 2 (426775 - 1340.06x +Xx*)cos45°

ik 16.1170= 338440 ~ 784.99x + 0-58x?

X2~ |33%.57x #/32232 =0
US//17 Buedrakre Leymela |
= - €1332.57)1 /1337.572—H(/32232)

z_ B e

X

[X= 1073 mm|

[he gea’ 9/,,,-;7 //'i‘bn pus it  he /d/c/{\fo/

107.3 mm away (rom fhe play cover ront
edge fo wllow jt fo open Y57

& We will [ef x=[]0wmn

228



Automated Foosball Table Final Project Report

To defermine Force Settring we will

—~ ;
S/m/z//‘(y Fhe 7egm(’*’/y for: easy calcala sy
& | Ferafion.
A'ISU) S/'HCC ’07,3”1». 'S o mirurmamr X disiaacSs
We will /ncrease X n order allow ) to open
larger, Assame X = ||Omm 8
/\/6‘4/ &CoMcf/yi

N\

" From Lau of cos/nes e ﬁe?‘f

— =/ 111524 g55.9% — 2(41145)(555.8) COS &

o L/a,#:'/;ﬁ//g— 5372649 cos ¥

B e (z,,,-,ﬁc 41145 %~ 45587
2 Y108 Lpist

@ ox= 150-p~y
— @ E=—p-m*
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Mow U s/ng  ZMoments we will determrne

The /14/5//'/77 Yorce necessary to hold fhe
//qy f/‘C/(/ Cover 0/¢(i7 a* /.H(‘y(Mt,,ffg 07[
e fer U /ossz'é/( gas spring Lokl 8
Sfﬂ/‘nyg‘

Y

!
= 2(C05 E) Faist (358.05mm) + Whotal (3 92.9mm)os &
5 L- (755-9;41/‘1) =P

Wieral (382.7mm) COS ¥ = Fpist (354-05mm)fcos £)2.
765.8 mim

Bl

Mow we calculate 1= Trevative /}/ for
cvery f/'mf listed in t+he MeMYaster Corr (;,,(,,/aj

(ncrements of 5° fop X

The Tables on the mext Two pages «re
Generated (Asr‘hg s 5 P?ua//'aks ler/ved above,
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Y B € Loist (MM) | Wigra (Ib-mm)
5.00 166.72 76.72 248.81 7583.09
10.00 154.12 64.12 260.86 7496.41
15.00 142.64 52.64 279.69 7352.68
20.00 132.44 42.44 303.93 7152.99
25.00 123.47 33.47 332.23 6898.86
30.00 115.56 25.56 363.46 6592.23
35.00 108.53 18.53 396.71 6235.43
40.00 102.21 12.21 431.30 5831.17
45.00 96.47 6.47 466.69 5382.53
50.00 91.18 1.18 502.48 4892.93
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Lid open 5°
Foist (Ib) Foist' (Ib) | User Force (Ib)
15 3.45 6.64
20 4.59 5.57
30 6.89 3.42
40 9.19 1.27
50 11.49 -0.88
60 13.78 -3.02
90 20.67 -9.47
120 27.57 -15.91
Lid open 10°
| Fpist (Ib) Foist' (Ib) | User Force (Ib)
15 6.55 3.52
20 8.73 1.48
30 13.10 -2.61
40 17.46 -6.69
50 21.83 -10.77
60 26.19 -14.85
90 39.29 -27.10
120 52.39 -39.35
Lid open 15°
Foist (Ib) | Fist' (Ib) | User Force (Ib)
15 9.10 0.76
20 12.14 -2.08
30 18.21 -71.75
40 24.27 -13.42
50 30.34 -19.10
60 36.41 -24.77
90 54.62 -41.80
120 72.82 -58.82

Lid open 20°
Foist (Ib) Foist' (Ib) | User Force (lb)
15 11.07 -1.57
20 14.76 -5.02
30 22.14 -11.93
40 29.52 -18.83
50 36.90 -25.73
60 44.28 -32.63
90 66.42 -53.33
120 88.56 -74.03
Lid open 25°
| Fuist (Ib) Fuist' (Ib) | User Force (lb)
15 1251 -3.54
20 4.59 -9.42
30 6.89 -19.93
40 9.19 -30.72
50 11.49 -41.49
60 13.78 -51.99
90 20.67 -84.16
120 27.57 -112.21
Lid open 30°
Fpist (Ib) Foist' (Ib) | User Force (lb)
15 3.45 -5.20
20 4.59 -9.42
30 6.89 -17.85
40 9.19 -26.29
50 11.49 -34.73
60 13.78 -43.16
90 20.67 -68.47
120 27.:57 -93.78
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Lid open 35°
Fpist (Ib) Foist' (Ib) User Force (Ib)
15 3.45 -6.63
20 4.59 -11.06
30 6.89 -19.93
40 9.19 -28.80
50 11.49 -37.66
60 13.78 -46.53
90 20.67 -73.13
120 27.57 -99.73
Lid open 40°
Foist (Ib) Foist' (Ib) User Force (Ib)
15 3.45 -7.88
20 4.59 -3.31
30 6.89 -7.88
40 9.19 -12.45
50 11.49 -17.02
60 13.78 -21.59
90 20.67 -35.29
120 2757 -49.00
Lid open 45°
Fpist (Ib) Foist' (Ib) User Force (lb)
15 3.45 -8.97
20 4.59 -13.61
30 6.89 -22.90
40 9.19 -32.20
50 11.49 -41.49
60 13.78 -50.78
90 20.67 -78.65
120 27.57 -106.53
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Seovr e Pourd Atoc hmeent Colcelafrons

7N\
4 Camera /’8/'7 Lt requrred.
E”’/.”tt!l’: Jercce &rméﬂn
Dute : 5/0/20/3
I) Camera Helg hF /f’eotoa/'rec/ §9 | seg
[Entrve Talle
G/'th" Camra {reld el View =50°
Table dimensions: H6.287 by 277
Goaﬂ c/t’/c’rl‘v'//“'e verded minimam
heloht oF Camera:

Dra 7,«;(,.4: g

e X
3 250‘ 250\
/ { \
74 ' h \
I
/ : \\
« | \
L max 7
v
k— Lu.zs’____,‘
\,v\,\a.fx 27”
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Sa/a//'an) Step |7 Determrrne =N

P
By =0 2SEF Wy
Vi
e s B
Step 20 Use trio to defermive h
lq & LM?%
Ton @
Vid
h = 53.(A - 0-0257‘"“/’
Toin. 287 1%
l h = /. Y6 m ,6"‘ /4//4V€ //Qy /}t/c/,
I) g(are bourd 5//0«6(/‘ Stress &9 bo lF Ceuloule Prons,
P
Gilven: pé BBl s Recli bailts:
§/¢a<{» ﬂ/‘;wgf,s/'ons
Alaresnecim E0E6L //ﬂ//‘df%"ff
6’04(/ ¢ D(f(rm/ne o oior— o/ §w/c’¢y /n bolFs
& S/&’C(V
D TL,\lf
/e 7/'4”"— d /)r‘“a[/'/c
[+ 7T e
= /,a(er\ Vg//f/v(ck
L gy PR g of Score
i l Boar d. ’/P//fé,'c,f
N Wscore hourd.

Assamplion: W, . hoprd = 20"
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— So lution” 5*:/4 | : Stress [n Specer
F & D, Each cpacer takes hall the load.
r Flod FLoa/ = 2/— W el d— 10 lhy

Max [oao//zafuf 'EZao!J: /0 e = Yy su
i Tomex = |/ Onwal * f“bm-zéz

sy ntinn = U5 M0 15m) (15 9m0)
e 7 Lo 22l (HTF )
iz -
10,16 mser
[ forr Exhinds gL120m G = . 15 My
(nfe page + _E‘;ﬁ/: ‘/_‘/,i’i_.— = 0,156 M/Vx
0—;(_)("0{/ = (27_7276./6’mw>
Gner = |5t ts 277 W%
e ;
Opex= 2.98 MPa Taxial /s neyligrite,
Sy
”1& 3 07»/4)(

Yo ksy £.89C Mbe  Sowrce dor

2(7g M/)Q /K’S/' Sy: (‘/O /(9/
Me Wasiter

Vl‘c:
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\/if/'om AVCA Stress CalcalaFlons

Engineer : Tesce CGralam
Diakes:+ B/ 2643
I> H"’"’.Z”’/’f"/ Beam  Stress and Deflection
Calculatsons.
Given: Length= I-487m Pl Aoh
Profile & Y5x90 8L Weryht = 2.4 ks,
Sy= 200 Mle Spurce: Bosch Cetolog
6‘00:/: Obtarn maximum ¢Fress Z pg,[/e“(,bn
ot the Leam
D/'agram.’
) l )"I87""" AR
r K“‘—‘_775.5m‘n.——ﬁl
|

|
Lw
ASSMM/HOMS: Siomple 54«/9/70/‘7(5

20/é"" Load ap///'t’éj to cenfer
ok FLeam.

S‘o/y/'/'ah: gfcﬂ 1: Deterrisne Wc/j/rf of  leasm

aand | i o P Soai,

Wre = Wit * Waean,
W= 10", L!%'/V i (? ol %)(2.97 K2)(1.407m)

ey Wr: ’2.‘7'5? VN <—
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P 5*’6,0 L Determine Max \mam Stress.
F50
I 1 )
Ik, Lizu.sow [ Ra
By Symmetry R, = Rp= /zz.gyn/: £2.30W
Shear D/'Gyrcz/«\
g2,
VAT /L F o
-£2-3 W
A~ Mo s et D/‘ﬂj/am
_el44. 32 e
// refs /78

Max stress afr center 0t team.

= _M)i
&
O—: (L[{—BZ A/ﬂ?)(zz-gmm) ; (/000’77 : [ #e

| £.0Fcw 7 /(/»«/W [ DO yorves

2 5. 78 e

s
§a/€7(/ Factor N, = o
N Ve 200 mp,
i

Ne= 39.72] <—— Acceplat/e
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Deffoettss lce o £/0nm.

From Los ekl 7(6(/09 3
Wran--Deflectidm=ELL
Yeerl .,
3 e :
y = (129.5% 1) (1-1877) (ool RS e
* o > _,_————x -
g (76 6P)(15.000a%) ([ HHE L
,[y: J,7L/K/O-J/M ?A(cf//aé/é}
H’) De*e""’/;’c the Max/mam sfress n frhe
Veritical cupports and cheek Lor buckling.
A~ Given: Length= |7P2mu PE R
A pon = 9. 0%cm? ) Carelog.

P 1.0%cw ¥

bl - vid Puckliny  and £ fross éa/’i/

Factors.

Re
D/ﬁ yam, ‘L
v 7

A

\\\\\

//
77t

As;um/f/'oﬂ§-'—f Free end £ | £ixed end.
= Eu/(?/" 11-0//'74-‘/&{,

- We/'gﬁf’ of column i3 added [nto
to Fal Laao/, ((anserwn(/'ve)
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~ Colg Lioh: Step 11 Determsna Max Skrecs
gﬂ/ﬁ /‘)/ Lac tor

On/y Axial Forces are /aé/ny applied.
’Vl/fo/am”: L <2'[/Vg) 73/_';“12

Weetinn=(17€21) (141 2)/ .01 5)

VV(OA{W/n =G LALS M

\/I/Tofa/ = N W(o/um,] Ko Wy (tf/cu/c«)‘ea/
(n  previous /'bioé/tkq

Wi tel =#2.30 + 42.65) N

W+c“a/" /0 ('/.?6 /V

&x;\a/ Stre¢s
% Wfpf-&f/

- ——

A

2
L !ﬂﬂ_/\/ : [lﬂﬁtm)
?-DYCMZ (/M)Z

O = 0116 mp <—
ilg= =L
G
M= 200 M/
0.1l Ml

[‘ﬁ;: [704 <= Very $ofe]
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57‘(,@2: PL(C,é//"/j §o/e7‘,v Lee Xor

~ram l'\a/e/s /:oVML(/ﬁ tor onec //"fd end
lé [ Lixed end

= /72 EbIm}
F;,,— B S5 B ... s 05
L’@

E = (0 67)(1509em9) ( 1! 1xidh v
crii— ¢ _ .

Wéerc =g

vy

(2 (- 782))* Qoo 1672 7

FZV = ?‘ g L/ k,V < !:JVQ e V€7&z/}e .(j /(0
Caws e bu(,é//”y

n = e Fer
pﬂ(“'///f? = Wfofq/
—~ W8 d 1000 MV
y R LN E S
Buckling= “ipygs 00 T KN

Npuekling= 9376 | < Vertical Column

) Wont Puc Fle
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B | ‘S/Q/C /ﬂﬂf/ Vs rore /4}’6// ﬁ/acfef
Stress Calculations

Eng/’né'e/"’ Jecce Gra borin
Pate; 5//'//20/5

I.) Determ ' na ;L/‘d// of the glafic Shrecses
on the Pracket and e [foosball Fekle

6/,d e ,wme/. |

G/’V&hl Drvobat Volbwe = [H{L/?L/.mmg

&é f(f/.’/ ed ,Z/ou»» 54 //'«/ wor fc S

{/l-/d(/é’/-
/ Load = [04.95 NV
Calenlated v Vision Arch
& cec Flon
Bult Srees: AL
Bolt Grade: 8.0 steel
Goal: Defermine sa/ﬁ%y Luckors for cfres
/n 7L/1C l/f&(fé'f‘ j Efa//.ﬂj Strecs
on 7"46 fdé/é S/‘0/€ /aoﬂé/
D f‘fﬁ/farm s
Vz SIJe F“”G/
TiRBEEE o
-f*/z/cl( /"'/kln/‘;[qm 6 bo/'/S MSec/.
S Bl‘aﬁc'/‘—

1016 0mm
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o, Colution: §F§/¢ 157 BEracke?l stress

We will sassume the Eracket 15 a
Peusm Qﬂ/ /’5/40/6 Fle srdes.

}é/f;/
E xfends .' i T7 /07,75 N
'0'/'60/44 wr é’;’;;‘i :(
{ 1‘0 TeRmmY,
Board. P 17 (3-175mm)

50,8 mm s .
S/7€62/” Pie Qree N\ M
2 F
J/ Loao/'
| I :
A A Ve
loYy.95 W '
E=di-44°
WMo wen f- ﬂflﬂg/am 12
3
5.33 Nm I= é@owo,@(g_ V5
/// R I-= 2 Zdmn ¥
' \ W= eyt
My
Oz_enc/r'lzj = T
3 Groing- L)
T 1 T T AT T 1000

O—benz//'/rj & Ll LZ/ V2%
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o
) 02)(/'6;/ b A

= 10Y.95 M
Axial - (Qorg w3 1T5w)

O—Ax/'cz/: 0.325. /M Fe

i =/0. YT

P . . s e
: /:/‘5/ /' ﬁ /‘é/e,

n = _i{ /:ra/m /MC‘ /qufek (ak/‘ fcf ’(a/oj
- 7 O Sy= 755 Kov = 2413 Ml
N,= 24}, > MbPaq
= g2y mp

Y
£1d lo.

[Vhﬁ 3£7J i Ueiap

Step 27 Bearrihg slress - on Fhe Table

§/'</e /am,‘/
e - wrill. eSSt nge an/y Fwo [Bolts Take
the Load as T s it M/z//((év f%e}/

will all /7’0/)6//}/ aliyn-

’ : ra / <, °/€ /ﬂé"%e/
Qm(l 73
/'

Ei <—4 75 /n,

.
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—~ For ﬁ’eanhﬁ stress wheve Polts awe comcerned
M= # ok BPolts,
o ZEI—V— Where £= menbep thictness

d= bolt drome fer
566 gb"9/€7 )j M@Gﬁtﬂ/i?(«/
Ehj/ﬂdcr/'ﬁ_g Q/e;/‘ﬁh Lo

re Leresice,
F /ucludes brackef wel'ght

M/lvrac ket = \/bracfpf)(/o/q/) From 5/7"9 /ey
1= 246 Al

PV’3
Wobar keir =it wwmﬁ)(zg,g kY, () 000

e re

Wbracfcf: 3.?0 4/
- Wi ket F i a
F= 390N+ |0995W
E = \ogg8 N
_ 102.95 M | in
/6759(5700,«4;0(2) 25,(1”4/”
O = 0.257 MVa
S\/ W/?CVC Q)/ Vs #ﬁe ('0#}/;/359/}6
N nf i F Streugth of the MPF
e Mﬂ Slde porel
387 Mla Sy= LAk = 9.65 Mla

Cource! Ma/(e I'{‘ fl’al’hc&ml
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iy sz 970 E— Acceptable
; [he | Y

H) Pear ‘ng Strecs Dwe 4o a for7«e

frens  a  force caused by leanshg
aqarst Fhe viciou Arch,

Civen' Force Auplicd = 50 "
Distance from the £loor= §.5¢+
NMumber of ackive byolte =2
bol T)’p<: Mz

Static load: 104. 85 \/

Goal: Deternive the pax posscble

A,
ﬁf/‘fgg Vaoll 4 7(116 )f/'/e /ﬁ/re’/
a/éf(f 7(0 74 Fof(e Lreone o /_4&/!/}/?
) €r s/ 07,
Dl'ﬂj /"a}ﬂhs; e
' Fa,,p/fﬂ:/’fﬂ % _T—
(222.5 V)
e T 5.5¢+
0«0 |
0 013.00/%(7/.2mm} (I.é'?'é;n)
& Frus=108-25 1
2.33 4+ (. 710m)

~— Flosp
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o Bk
207
: =
{1 &5 4
(45=)
ik SA/WZ/D//-' §7‘f’/ 1: Determine  Torque and

Forces c.///////:’/ fo the bolfs

Lever Arm‘/enj/'é-‘-‘ |6 76m = .7/0m= 0. 076lm

Lever Arn length= 0.890m <—
Torque i (/:d/’//’f J)(./.zéwr /@m)
Torqut = @.22,5 /V)(ﬂ.?fﬂm)
Torque = 18508 W ==

S/‘t’/;.?f DN}W & ﬁ/'qjk«wz ot
Bolts and Farces A};W/r'eo/.
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e : Sfcf 32 Perform Zhrees £ = lorques to

Deterrmime  Max force a/////'fc/ fo the

Pp/f‘A Ao/?‘.

r/'
& C"IHC“{ ASSMM/&ﬁ bolts | shore Load szf,o//,

FO//OW/“j Anu/y;/; s fx/,/cz/’nec/f'h
Mgclzqh/'cq/ f'nyf_'necr'/'ftj D(’f/yﬂ

Shigley.
F//—“—Vi( F”/= _\_/_y where /VK & VZ Ll
& n g hews Aorees:
,_—//_ JigE W F e 108.85 N Ae B b Al
5 R i
g NS e =ly
" 4 }')"7-{»}”02
5, Flept 5N 1+ P25 wW
‘ F/— TrA
Lnd
R A
ir,
Ve 14 7.03 A/M
1 (0.0255m)
F/= 3.92 kN

We cdd fagef/(é’/“ the fForce Vectors.

3 N — —>
7/ Vi ’
— / =
Ffo feeel F i

F;;m/ 2 L TGP+ SYHD Tt VIR0 si66.01°) +
i 3000 cos 65.0(°(

Fhorel = - 16350 35985
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i BY ~
AR o~
D
F//
A £ > D
A
. -
N\ / F/
o )
- 2.6 M
'FB/ X % 5 F///
E
R R &n
p F// =re .\\ E =5 P E
F//I \
'9 /118,03 M R
/ e S >
,rc”/ g S F-
e .
F
/7 |
o i . (é—é
P

We assanme 0////}/ tu o Lo [*3 o i resisT
at f/“: caume Time. The criticel ﬂo/fg

are Bolt A & Bolt D.

Fpo b 4
17—4/// 2 &/ [—D X
L
Fa

N s /-A- 7
N
R log.%‘} N
o % £

,/ 923.% N

Y e——
192.03 Men
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—h

~ Frpiad] = 16 087 3577

—p

3976’” 1/

0- 3 6759( ,"002;@) 5 028 Yo

e (R F M.

Sy
Nn,= —
SR
Vl#: ?.S{M/’q
|76 M/ls

= 0.9¢) =—— Mot Accopfable,

$ Froce ture needs exftra Sappor i~

[omMé'ﬂ?(Sr' Th (s az//a/yfx's Assamed

a [urge pote in Ube applred fo Fhe
oL the Miks T g i onpa v s i) 5 assumed Fhe
ofher bolts and o [fher srle o f +4e
/,/ang no prole I'n Fhe Support. Thrs also

assumed no other  halt chaved Fhe /oart,/,
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Gantt Chart and Schedule
Table 19 Gantt Chart, list of activities.

Marne

E automated Foosball Senior Project

Letter of Introduction

Team Contract

Project Proposal

Conceptual Design

=l petailed Design

E Analysis
Experiments

Tahle Geometry and Measurements
SolidwWorks Model of System

E sensing system

Research and Selection “Wision vs

Lazer

Determining Takle Alterations

needed
El pesign Vision Arch
Design iteration
Determining parts

Deflection and Static stress

Analysis
Solid warks model
E playing Field Cover
Design lteration
haterial Selection
Solid warks Model

Calculate/manufacturer impact

failure mode
E Linear Actuactors

Dynamics of Linear hotion

Define Load on Actuator

Selection from manufacturers

Solidworks Model
E Rotary Motors

Determine Dynamics of hitting

hall
Gear Selection
Load Inertia

APPENDIX F

Duration _  Start - Finish

162 days ThulM0A3  Fri12/6/13
A days Thu 11013  Tue 1/15/13
& days Tue 1/15/13 Thul/24/13
11 davs Thu 1/24/13 Thu 2/7/13
24 days Thu2/14/13 Tue3f19/13 13
46 days sat3f23f3 Frisf24/13
38 days sat3f23f13  TueSfl4f13
7 days Tuedf2f13 Weddf10f13
4 days Wed 473713 Sun 477713
20 days Wed 44313 Tue 4/30,/13
27 days wied 4/3f13 Thusfof13
9 days wed 4/3/13  Sat 4/13/13
15 days Sat 4/13/13  Thu5/2/13
6 days Thu 42513 Thusf2f13
3 days Thu 4/25/13  Sat 4/27/13
2 days Sat 4/27/13  Sun 4/28/13
3days Sun 4/28/13 Tue 4/30/13
3 days Tue 443013 Thu 5/2/13
12 days Fridf12/13 Sun4/f28/13
2 days Sat 4/13/13  Maon 4/15/13
4 days hon 4/15/13 Thu 4/18/13
1day Sat 4/27/13 Sat 4727713
11 days Sat 4713713 Sun 4/28/13
18 days Wed4/3/13  Fridf26f13
7 days wed 473713 Thu 4/11,/13
10 days Wed 47313 Tue 4/16/13
3days Tue 4/16/13  Thu 4/18/13
9 days Tue 4/16/13 Fri 4/26/13
15 days wedd4/3f13  Tued[f23f13
7 days Wed 44313 Thu 4/11/13
7 days wed 473713 Thu 4/11,/13
7 days Wed 4313 Thu 4/11/13

Suce Resource Marmes
- -

lesze
21
lesse,lohn

Jesse

Larry, Juan

Larry
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Matne

Generate speed and taorgque
Profiles

Calcualte RMS torque
Selection
Check with ¥Yaskawa
Salid warks hModel
= Display Cabinet
Structure & Frame
Cahinet Doors
Motor attachment
Wentilation
Solidworks Model of Cahinet
Lighting
= User Interface
Design lteration
Find parts
Plan &ssembly (Solidworks)
= Score Board
Determine Design
Find Parts
Plan &ssembly (Solidworks)

= Algorithm Design and development

Defense & Offense
Safety
= Testing Plan
= Design Verification {design
functions)
Motor movement
YWision system

= Product Evaluation (Meeting
Design Requirements)

Plan for testing our design
reguirements

Cost Analysis
Report Outline
Report Writing
Final Design Report

Duration

7 days

Fdays
Fdays
G days
ddays
27 days
25 davs
27 days
9 days
14 days
25 days
G days
9 days
ddays
2 days
Sdays
9 days
ddays
4 days
Sdays
19 days
19 davs
13 days
11 days
4 days

ddays
4 days
4 days

4days

20 davs
3 days
Fdays
£ days

itart
b

wed 4/3/13

wed 4/3/13
Wwed 4/3/13
Thu 4/11/13
Thu 4/18/13
wed 4/3/13
wed 4/3/13
wed 4/3/13
Thu 4/18/13
Thu 4/18/13
wed 4/3/13
Thu 5/2/13
Wed 4/24/13
wed 4/24/13
Sat 4/27/13
Sun 4/28/13
Mon 42213
wed 4/24/13
wed 4/24/13
Sun 4/28/13
wed 4/3/13
Wed 4/3/13
wed 4/3/13
Tue 4/23/13
Tue 4/23/13

Tue 4/23/13
Tue 4/23/13
Tue 4/23f13

Tue 4/23/13

Man 471,13
Tue 5/7/13
Fri 5/10,/13
Mon 5/13/13

Finish
-

Thu 4/11,13

Thu 4/11/13
Thu 4/11/13
Thu 4/18/13
Tue 4/23/13
Thusfof13
Tue 5/7/13
Thu 572413
Tue 4/30/13
Tue 5/7/13
Tue 5/7/13
Thu 579413
Mon 5/6/13
Sat 4727713
Sun 4/28/13
Thu 572413
Thu5/2/13
Sun 4428713
Sun 4/28/13
Thu 572413
Sun 4/28/13
Sun 4/28/13
Sun 4/28/13
Tue5f7f13
Fri 4/26/13

Fri 4/26/13
Fri 4/26/13
Fri 4/26/13

Fri 4/26/13

Fri 4/26/13
Thu 5/9/13
Mon 5/20/13
Mon 5/20/13

74

iuycc Resource Names
- -

Juan

John,lesse
John
John
lesze
John,lesse
lohn,Jesse
John,lesse
lesze
John,lesse

Al
Larry
Al
All
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Matne

Critical Design Presentation with
Sponsor

El Stage One Construction
COrdering Parts for One Axis
Building Table Structure Addons
El Single Asxis Testing
hotor - Rotation
Motor - Translation
Poly Carbonate Reflection
Lighting Required
Orcler Parts for Entire System
manufacturing and Test Plan

El System Building, Performance Testing
and Documentation

Fabricate brackets

Build Structure

Assemble System

System hModification

= §ystem Testing

Accuracy of Ball Detection
Sensing Response Time
hotor - Rotation
hotor - Translation
Fatigue
vibration
Timeto Assemble

Senior Project EXPO

Report Outline

Report Writing

Final Project Report

Duration

1 day

10 days
1day
S days
10 days
10 days
10 davs
10 days
10 days
S days
1 day
54 days

£ days
G days
11 davs
43 davs
33 days
S days
S days
8 days
8 days
Sdays
8 days
ddays
1 day
2 days
6 days
0 days

itart
b

- Finish

Fri 5/24/13 Fri 5/24/13
kon 5/27f13 Friaf7f13
Mon 5/27/13  Mon 5727713
hon 5/27/13 Fri 5/31/12
kdon 5/27f13 Fri 6713
hon 5/27/13 Fri 6/7/13
bAon 5727713 Fri 6/7/13
hon 5/27/13 Fri 6/7/13
bAon 5727713 Fri 6/7/13
hon 5/27/13 Fri 5/31/12
Thus/30/13  ThuS5/30/13
kon9/23f13  Thul2fsf13
bon 9723713 hWon 9/30/13
hon 9/23/13  Mon 9/30/13
bon 9723713 Mo 1077713
Tue 9/24/13 Thull/21/13
Tue10/8/13 Thuil1/f21f13
Tue 10/8/13 Mon 10714713
Tue 10/8/13 Mon 10/14/13
hon 10/14/13 wed 10/23/13
hon 10714713 wed 10/23/13
Thu10/24/13 wed 10/30/13
hon 1071413 wed 10/23/13
Tue10/8/13  Fri 10/11/13
Thu11/21/132 Thu11/21/13
Tue 11/26/13 wed 11/27/13
Thu11/28/13  Thul12/5/13
Thul2/5/13  Thulz/5/13

102

iuycc Resource Names
- -

All
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Marme

Duration
-

Critical Design Presentation with Sponsor 1 day

= $tage One Construction
Ordering Parts for One Axis
Building Table Structure Addons
= Single Axis Testing
hotor - Rotation
Mator - Translation
Poly Carbonate Reflection
Lighting Required
Order Parts for Entire System
Manufacturing and Test Plan

= system Building, Performance Testing and
Documentation

Aluminurm Extrusion Cutting

= Motion
Mation Warks Pro Learning
Single Axis Testing
Machine Motor Brackets
Aszsemble Components
Yaskawa Component Wiring
Machine Motor Couplings
haotor Frogramming
Algarithm Developrment
Wiring Diagram

= Vision
Machine Brackets
Weld Brackets
Orill Bolt Holes in Table
Assemble arch
Attach &rch to Table

= Display Case
Cut Aluminurm Bars
mMill Aluminum Bars
Machine Actuator Brackets
Cut Acrylic Sheets
hachine connectors
Add Gas Pistons
Assemble Structure

=/ Scoreboard

10 days
1day
S days
10 days
10 days
10 days
10 days
10 days
Jdays
1day
54 days

12 days
47 days
34 days
9 days
15 days
Jddays
Jddays
1day
ddays
8 days
2days
14 days
Jddays
9 days
14 days
Jddays
14 days
35 days
16 days
16 days
Tdays
10 days
13 days
S days
20 days
24 days

Start
-

= Finish

Fri 5/24/13 Fri 5/24/13
hon 5727 f13 Fri6/7f13
Mon 5/27/13  Maon 5/27/13
Won 5/27/13 Fri 5/31/13
Mon 572713 Fri6/7f13
Won 5/27/13 Fri 6/7/13
hon 5/27/13 Fri 6/7/13
hon 5/27/13 Fri 6/7/13
Mon 5/27/13 Fri 6/7/13

han 9,/30,/13
Wed 10/2/13
Mon 9/23f13

Sat 10/5/13
wed 10/2/13
YWed 1072713

Fri 1074713
Sat 1019713

Fri11/1/13

Fri11/1/13

Fri 10/23/13

wWed 11;/20,13

Fri1ll/1/13

YWed 1274713
woed 10/23f13
Wed 10,/23,/13
Wed 10,/23,/13
YWed 10,/23,/13
Yed 10/23,/13
Wed 10,/23/13
hon 973013
Won 9/30/13
hon 9/20/13
Tue 11,/5/13
Tue 11,/5,/13
Sun 10,/20,/13
Tue 11,/5,/13
Sun 10/20/13
Tue 10£15/13

Wed 10,/2/13
wWed 10/2/13
Thu12/5/13

Sun 10/20/13
Thu12/5/13
Sun 11/17/13
wed 10/16/13
Thu 11/7/12
Wed 11/6/13
wed 11/6/13
Fri 10,/25,/13
hon 11/25/13
Tue 11/12/13
Thu 12,/5/13
Mon 11/11/13
Sun 10/27/13
Sat 11/2/13
Mon 11/11/13
fAon 10/28,/13
fon 11;/11/13
sat11/16f13
Sat 10/19/13
Sat 10/19/13
wed 11,/13/13
Sat 11,/16/13
Tue 11,5/12
Mon 11/11/13
Thu 11,/14/13
Fri 11/15/13

Succ Resource Mames
- -

Al
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Mame

Single &xis Testing
hachine hMator Brackets
Azsemble Components
Yaskawa Camponent Wiring
Machine Motor Couplings
Motor Programming
Algarithm Development
Wiring Diagram
= fision
Machine Brackets
Weld Brackets
Drill Balt Holes in Tahkle
Aszemble Arch
Attach Archto Table
= Display Case
Cut Aluminum Bars
R Aluminum Bars
Machine Actuator Brackets
Cut Acrylic Sheets
Machine connectors
Add Gas Pistons
Assemble Structure
= Scoreboard
Machine Plates & Spacers
Aszemble
= Playfield Cover
Assemble the Level Two Levels
Install Gas Pistons
Apply velcro & Attach to Table
Make Temparary Cover
* §ystem Testing & Programming lteration
Expo Preperation
Seniar Project EXPO
Report Outline
Report Writing
Final Project Report

Duration

9 days
15 days
ddays
ddays
1day
ddays
8 days
2 days
14 days
A days
9 days
14 days
ddays
14 days
35 days
16 days
16 days
Tdays
10 days
13 days
Sdays
20 days
24 days
24 days
24 days
15 days
16 days
16 days
16 days
16 days
16 days
3days
1day
2 days
6 days
0 days

tart
-

-

Fri 10/4/13
Sat 10/19/13
Fri 111,13

Fri 11/1/13

Fri 10,/25/13
Wed 11,2013
Fri 11/1/13
wed 12/4/13
woed 10/23/13
VWed 10/23,/13
Wed 10/23,13
Wed 10,/23,13
Wed 10,/23,13
Wed 10,/23,13
kon 973013
o 9/30,/13
hion 9/30,13
Tue 11,/5/13
Tue 11,/5/13
Sun 10/20/13
Tue 11,/5/13
Sun 10420413
Tue 10f15/13
Tue 10/15/13
Tue 10,/15/13
Sun 10/20/13
Sun 10/20/13
Sun 10420413
Sun 10420413
Sun 10/20/13
woed 10/30/13
Fri 11,/15/13
Thu 11721713
Tue 11,/26,13
Thu 11/28,/13
Thu 12,/5/12

Finish

wed 10/16,13
Thu 11/7/13
wed 11,/6/132
wed 11/6/13
Fri 10/25/13
hon 11/25/13
Tue 11/12/13
Thu 12/5/13
Mon11/11/13
Sun 10,/27/13
Sat 11/2/13
hon 11/11/13
fon 10/28/13
hon11/11/13
sat11/16/13
Sat 10,/19,/132
Sat 10/19,/13
weed 11,13,/13
Sat 11,/16/12
Tue 11/5/13
hon 11711713
Thul11/14/13
Fri11/15/13
Fri 11/15/13
Fri 11/15/12
Fri11/8/13

Fri 11,/8/132

Fri 11/8/13

Fri 11,/8/13

Fri 11/8/12
Wed 1172013
Tue 11719413
Thul1l/21/13
wed 11/27/13
Thu 12/5/13
Thu1z/5/13

Succ Resource Names
- -

132
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May 19, '13 [May 26, '13 [lun 2, '13 Jun g, '13 [Jun 15, '13

s | w | s |1 [ F | wm | T | s | w [ s | T

E&d Critical Design Presentation with Sponsor
=== Stage One Construction
Ed Ordering Parts for One Axis
3 Building Table Structure Addons
===y single Axis Testing

E d Motor - Rotation

E d Motor - Translation

E d Poly Carbonate Reflection
E d Lighting Required
B3 Order Parts for Entire System

Ed Mamufacturing and Test Plan

256

Sep 15, '13 [sep 23,'13 [Oct13, 13 [Oct27,'13 [Mev 10,13 [Mew 23,13 [Dec s, '13 [Dec 22,13

[Jan 12

drlsIwls[rImlIe[r[s[w]s[T[m[r]T[s[wls[T[M[F][T][s[w[s][T[Mm[r[T][s[wW][s]

===y System huilding, Performance Testing and Documentation

Ee————J Fabricate brackets
Ee———d Build Structure
B Assemble System
E d System Modification
=== System Testing
E=—d Accuracy of Ball Detection
E=———3d Sensing Response Time
Ee——————d Motor - Rotation
B Motor - Translation
Eeed Fatigue
B Vibration
E==d Time to Assemble

H Senior Project EXPO

ﬂi Report Outline
Report Writing

Final Project Report < 12/9

Figure 69 Gantt Chart, Schedule for major parts of project.
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APPENDIX G

Discussion of Different Sensing Systems

In addition to those used prior projects that are similar to our own, we also researched different sensing
systems used for tracking objects. Each of these has their own pros and cons and their own applications
where they excel. The four major types of tracking besides a vision and laser grid system we considered

were Radio Frequency Identification, Laser Tracking, Magnetic Sensing and Acoustic tracking.

Acoustic tracking relies mainly on using the speed of sound as a way of locating an object. An ultrasonic
pulse is generated by a source and the system senses the echoes of the pulse that are reflected off the
object trying to be tracked. While useful in some applications this system has some serious
shortcomings that make it a nonviable option for tracking a foosball. One is that an acoustic system can
have a slow refresh rate depending on the conditions, anywhere from 5 to 100 ms %, It also would
make trying to pick out the ball from all other moving object on and around the table (such as the
foosmen and rods) a nightmare. Also if we were going to go with a pure acoustic system we would have
to worry about interference from other sound sources as well .

Magnetic Sensing relies on measuring a local magnetic field to obtain its orientation and strength and
from that locate the object generating it. One the prime fields that use this is the medical field. This is
due to the fact that magnetic fields can be detected through human bodies and other nonferrous
materials. One experiment we found dealt with using a magnetic sensor array system to track position
and orientation of a permanent magnet *?. This system had a localization error of about 3.3mm *?. The
issue with this system is that it requires the object were tracking to be magnetic, which would mean
implanting a magnet into the foosball and then putting an array of sensors under the table. We also are
unsure if there would be any sort of interfering ferrous materials.

Laser tracking is a system that is used in a wide array of accurate distance measurement applications,
however is can also be used to dynamically track a moving object. There were two experiments that we
found that dealt with a similar project. One was a system that could track a fingertip as it made gestures

31and another was used for tracking a small object using an array of

in the air using galvano-mirrors
lasers and a photo-detector on a moving head ™. Each of these systems could track an object moving at
about 2.6 m/s ™ depending on the distance of the target from the tracker. Both of these are very
accurate with a fast refresh rate once their target is acquired, however the concerns we have are the
possibility of the lasers losing the ball under a rod or foosman. It would be difficult for these systems to
find the target again if it ever gets completely lost and were concerned that it may not be able to track

the ball at the speeds we need it to.

Lastly we considered Radio Frequency ldentification (RFID) tracking methods. The main application
when used for object tracking is indoor environment object tracking such as robotics. There are many
examples of using RFID technology for position sensing. However, most of them are for tracking objects
in a large room. We looked at two experiments in particular that dealt with using four RFID readers in
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the four corners of a rectangular area. However, neither dealt with tracking a moving object and both
had errors in the 10s of centimeters when dealing with static conditions ™ 6],

If we were to consider any of the tracking methods used above an extremely large amount of time
would be needed to develop and test them for viability. Trying to use any one of these systems to track
a fast moving object such as a foosball could be a full fledge project in and of itself. Our goal is to obtain
a working prototype which means it is best suited for us to use tracking methods that we know to have
worked. The two that we know are a Laser grid system and vision system.
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Ideas List
Sensors
e Laser grid
e Vision
e RFID
e Magnetic

e Laser tracking
e Combination of vision and laser
e Acoustic

Camera Position
e One camera above center of table
e Two cameras on different side of table
e Camera under table

Motor Housing Structure
e Hinged display box
e Individual housing
e 90 degree bracket support
e Hovering platforms

Safety
e Transparent flip up cover
e Motor axial force sensing
e Rod covers

Motor housing transparent wall

Control motor torque

Slide out panel

Transparent walls

Robot arm grabs flying balls

Telescoping rods
Soft rod ends

Logic Rules

e The system must block the movement of the ball toward its own goal
e The system must not obstruct the movement of the ball toward the opposing goal

259

e The system must continuously position itself in order to move the ball toward the opposing goal

Motor Attachments - Rotational
e Direct drive to rod
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Rotary motor with power transmission
Spline or shaft coupling to decouple linear and rotational motion

Motor Attachments - Linear

Rack and pinion

Ball screw

Belt driven

Yaskawa’s servo linear actuators
Conveyer belt

Features

Camera and scoreboard arch

Triangular scoreboard

Angled scoreboard

Preprogrammed motions for demonstration
Extra equipment under table

Hang equipment off ceiling

Scoreboard hung from wall or from above
Camera hung from an arm support

User interface with buttons under rods
User interface with pedals

Cheating table — walls pop upon goals, or spray air to deflect ball
Spring loaded shots like pinball machine

Aesthetics

Lights on arch and/or perimeter of table

Speakers for sound — talking table

Music depending on score and game situations

Programmable score display for messages

Wires through hollow parts of structure

Signs or plaques on side of table - list of people involved in project

260
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Appendix H

MotionWorks program
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-] Data Types
w Logical POUs

= F.__ Read_Values

Read_Positi..
[ Read_Veloci,
Read_Torg. ..
-l Rod_1_Logic
[+ Rod_2_Logic
-\ Rod_2_Logic
- Rod_4_Logic
D...m Home
= m Manual_Mave
f-{E] Shoot
(0] OUTPUT
@-(0] Intiglize
&-[0] 10
D...E Main
= m Power_Drives
=3 m Set_Zero

@3 Physical Hardware

_m_@ Corffiguration : eC
=38 Resource : M

ﬁ_ |
..... qmm_owm_.<

(LI L3

m

=

Name & m Type Usage _ Description Address Imit Re ~
= User Globals
BALL_X LREAL WAR_GLOB...
BALL_X_POSITION LREAL WAR_GLOB... BALL X POSITION (MM}
BALL_Y LREAL WAR_GLOB...
BALL_Y_POSMION LREAL WAR_GLOB... BALL ¥ POSITION (MK}
MOWVE_RODM BOOL WAR_GLOB...
MOWE_ROD2 BOOL WAR_GLOB...
MOWE_ROD3 BOOL WAR_GLOB...
MOWVE_ROD4 BOOL WAR_GLOB...
RODM_FT_DIST LREAL WAR_GLOB... ROD 1, DISTANCE FROM RUBBER STOP (SIDE CLOSE TO MOTOR) TO CENTER OF FIRST FOOT 220862
RODM_MOVE_Y LREAL WAR_GLOB... ROD 1, ABSOLUTE POSITION TRANSLATION MOWE COMMAND (MM} -10.0
RODM_ROT AXIS_REF WAR_GLOB... ROD 1 ROTATION, AXIS 4
RODM_ROT_DIR MC_Direction WAR_GLOB...
RODM_ROT_MOWVE LREAL WAR_GLOB...
ROD_ROT_POSITION LREAL WAR_GLOB... ROD 1 ANGULAR POSITION (DEGREE)
RODM_ROT_WELOCITY LREAL WAR_GLOB... ROD 1 ANGULAR WELOCITY (DEGREE/S)
RODM_SHOOT BOOL WAR_GLOB...
RODM_SHOOT_ONLY BOOL WAR_GLOB... =
RODM_TRAN AXIS_REF WAR_GLOB... ROD 1 TRANSLATION, AXIS 3
RODM_TRAN_POSITION LREAL WAR_GLOB... ROD 1 LINEAR POSITION (MM}
ROD_TRAN_WELOCITY LREAL WAR_GLOB... ROD 1 LINEAR VELOCITY (|
ROD_TRAVEL LREAL WAR_GLOB... ROD 1 TRAVEL LEGNTH (MK} 239.0
RODZ_MOVE_Y LREAL WAR_GLOB... ROD 2, ABSOLUTE POSMION TRANSLATION MOWVE COMMAND (MM} 10,0
RODZ_ROT AXIS_REF WAR_GLOB... ROD 2 ROTATION, AXIS §
RODZ_ROT_DR MC_Direction VAR_GLOB...
RODZ_ROT_MOWVE LREAL WAR_GLOB...
RODZ_ROT_POSITION LREAL WAR_GLOB... ROD 2 ANGULAR POSITION (DEGREE)
RODZ_ROT_WELOCITY LREAL WAR_GLOB... ROD 2 ANGULAR WELOCITY (DEGREE/S)
RODZ_SHOOT BOOL WAR_GLOB...
RODZ_TRAN AXIS_REF WAR_GLOB... ROD 2 TRANSLATION, AXIS 5
RODZ2_TRAN_POSITION LREAL WAR_GLOB... ROD 2 LINEAR POSITION (K
RODZ_TRAN_WELOCITY LREAL WAR_GLOB... ROD 2 LINEAR VELOCITY (|
RODZ_TRAVEL LREAL WAR_GLOB... ROD 2 TRAVEL LENGTH (MK} 3583.0
ROD3_MOVE_Y LREAL WAR_GLOB... ROD 3, ABSOLUTE POSMION TRANSLATION MOWVE COMMAND (MM} 10.0
ROD3_ROT AXIS_REF WAR_GLOB... ROD 3 ROTATION, AXIS &
ROD3_ROT_DR MC_Direction VAR_GLOB... m
ROD3_ROT_MOVE LREAL WAR_GLOB...
ROD3_ROT_POSITION LREAL WAR_GLOB... ROD 3 ANGULAR POSITION (DEGREE)
ROD3_ROT_WVELOCITY LREAL WAR_GLOB... ROD 3 ANGULAR WELOCITY (DEGREE/S)
ROD3_SHOOT BOOL WAR_GLOB...
ROD3_TRAN AXIS_REF WAR_GLOB... ROD 3 TRANSLATION, AXIS 7 =

LI
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m

Name £ Type Usage Description Address Imit
RODI. TRAVEL LREAL VAR GLOB.. |ROD 1 TRAVEL LEGNTH (M) 238.0
RODZ_MOVE_Y LREAL VAR_GLOB.. |ROD 2, ABSOLUTE POSITION TRANSLATION MOVE COMMAND (MH) 100
3 RODZ_ROT BXIS_REF VAR_GLOB.. |ROD 2 ROTATION, AXIS 6
- RODZ_ROT_DR MC_Direction VAR_GLOB...
[Z| Read_Veloci. RODZ_ROT_MOWVE LREAL VAR_GLOB...
] Read_Tor.. RODZ_ROT_POSITION LREAL VAR_GLOB.. |ROD 2 ANGULAR POSITION (DEGREE)
-3l Rod_1_Logic RODZ_ROT_VELOCITY LREAL VAR_GLOB.. | ROD 2 ANGULAR VELOCITY (DEGREE/S)
[ 4 Red_2_Legic RODZ_SHOOT BOOL VAR_GLOB...
[#- L4 Rod_3_Logic RODZ_TRAN AXI5_REF VAR_GLOB.. | ROD 2 TRANSLATION, AXIS 5
[ Rod_4_Logic ROD2_TRAN_POSITION LREAL VAR_GLOB.. |ROD 2 LINEAR POSTION (MM}
& RODZ_TRAN_VELOCTY | LREAL VAR_GLOB.. | ROD 2 LINEAR VELOCITY (MI/S)
2 RODZ_TRAVEL LREAL VAR_GLOB.. |ROD 2 TRAVEL LENGTH (M) 363.0
& ROD3_MOVE_Y LREAL VAR_GLOB.. |ROD 3, ABSOLUTE POSITION TRANSLATION MOVE COMMAND (WMH) 100
- ROD3_ROT AXIS_REF VAR_GLOB.. | ROD 3 ROTATION, AXIS
[ ROD3_ROT DR 11C_Direction VAR GLOB...
B ROD3_ROT_MOWE LREAL VAR_GLOB...
B ROD3_ROT_POSITION LREAL VAR_GLOB.. |ROD 3 ANGULAR POSITION (DEGREE)
& ROD3_ROT_VELOCTY LREAL VAR _GLOB.. | ROD 3 ANGULAR VELOCITY (DEGREE/S)
S RODZ_SHOOT BOOL VAR_GLOB...
ROD3_TRAN BXIS_REF VAR_GLOB.. |ROD 3 TRANSLATION, AXIS 7
ROD3_TRAN_POSITION LREAL VAR_GLOB.. | ROD 3 LINEAR POSITION (M}
3 ROD3_TRAN_VELOCTY | LREAL VAR _GLOB.. | ROD 3 LINEAR VELOCITY (MM/S)
ROD3_TRAVEL LREAL VAR_GLOB.. |ROD 3 TRAVEL LENGTH (M) 1215
ROD4_NOVE_Y LREAL VAR_GLOB.. |ROD 4, ABSOLUTE POSITION TRANSLATION MOVE COMMAND (MH) 100
ROD4_ROT AXIS_REF VAR_GLOB.. | ROD 2 ROTATION, AXIS 10
ROD4_ROT_DR MC_Direction VAR_GLOB...
=48l Physical Hardware ROD2_ROT_MOVE LREAL VAR_GLOB...
m..@ Corfiguration : eC ROD4_ROT_POSITION LREAL VAR_GLOB.. |ROD 4 ANGULAR POSITION (DEGREE)
m...@ Resource : M ROD4_ROT_VELOCTY LREAL VAR_GLOB.. |ROD & ANGULAR VELOCITY (DEGREE/S)
@ Tasks | ROD2_SHOOT BOOL VAR_GLOB...
[ Fast ROD4_TRAN AXIS_REF VAR _GLOB.. | ROD 4 TRANSLATION, AXIS 8
ROD4_TRAN_POSITION LREAL VAR_GLOB.. | ROD 4 LINEAR POSITION (M}
ROD4_TRAN_VELOCTY | LREAL VAR_GLOB.. | ROD & LINEAR VELOCITY (MM/S)
ROD4_TRAVEL LREAL VAR_GLOB.. |ROD & TRAVEL LENGTH (M) 2350
ROT_ROD1 BOOL VAR_GLOB...
ROT_ROD2 BOOL VAR_GLOB...
ROT_ROD3 BOOL VAR_GLOB...
ROT_ROD4 BOOL VAR_GLOB...
SHOT_DIST LREAL VAR_GLOB... 250
[¥ System Variables
[ User Variables
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: Project Tree Window

1O

“[E PLCopenPlus_v_2_2a
. s Dm»m Types

=-£3 Logical POUs
£-{LJ Read_Values
_M_H Read_Postions
B Read_FPositionsT
m Read_PositionsV
[@] Read_Positions
Read_Velocities

d_2 _uou_n

mon_m ._._m:u_m»_o: _Cale
Rod2_Move_Tran
d_3_Logic
Rod3_Move_Rot
Rod3_Rotation_Calc
Rod3_Move_Tran
Rod3_Translation_Calc
d_4_Logic
Rod4_Rotation_Cale
Fod4_Move_Rot
Rod4_Move_Tran
Rod4_Translation_Cale

gﬁﬁﬁﬁeﬁﬁﬁﬁgmmmmgmmmﬂgmm

S...H me

S...m Manual_Move
(/& Shoot

@-[0] ouTPUT

- _H Initialize
&-[0] 10

(- _H Main

- m Power_Drives
-] Set_Zero
&-[3] HMI

=] _u:,..w_nm_ Hardware

MC_FescimelPosigon_L

RODL_TRAY dods ———
TRY Erama il
Errer |
EmvoriD
Poaon

MC_RezciaiPosi B on_5

RDOE_TRAN s ———

TR

MC_RezcacieiPost on_2 MC_RezcAdielPost on_3 MC_ReacAcielPosi B on_t
1_TRAN FOO1_| Bis ———— 1 _ROT ROCT_TRAN—1 s ———— TRA Rty ———— T
RN Eranie il R Eranie vaid RN Eranie il
Busy |
Erroe| Emor Erroe|
ErroriD) ErroelD ErroriD)
1_TRAN_POSITION Peson) 1_ROT_POSITION Pegmen TRAN_POSITION Peson) T_POSITION

TRAN RODE_ oty ——— _ROT ROCH_TRAN—T s ———— _TRAN FODH, Rty ———— _ROT
TR Enazia vt R Eranie vaid RN Eranie il
Busy |
Error| Error Erroe|
ErrorlD) ErreelD ErroriD)
_TRA_POSITION Posimon) _ROT_POSITION Fogzon _TRAN_POSITION Posizon _ROT_POSITION
+

» Li

NG ]

lo]

& Main:Main _“. Read_Postti...




265

@ MaotionWorks IEC 2 Pro - Foosball Table
m File Edit View Project Build Layout Online Extras Window 7 - E

IR R 4 F A 52 Q& MBEFEMEPSmE - F g E iEE e n b FEE i 2 &>
PR 0 o A Y £01 00 9007 o B2 i g i HE IO HE BT HEGHL g2t P EE e
v_.nunh.p.._.amm Window 1yo Name _ Type _ Usage _ Description _ Address _ Init _ Retain _ _uDD_ OPC
L2 PLCopenPlus_v_2_2a F T
D Data Types WC_ReadActualPosition_1 | MC_ReadActual | VAR O[O0
£33 Logical POUs ¥ WC_ReadActualPosition_2 | MC_ReadActual.. | VAR
&Ll Read_Values WC_ReadActualPosttion_3 | MC_ReadActual.. | VAR 0O [ [mlm|
m . Read_Pesitions MC_ReadActualPosttion_4 | MC_ReadActual.. | VAR O [O[0
[{] Read_PostionsT MC_ReadActualPosttion 5 | MC_ReadActual.. | VAR
lz=| Read_PostionsV 1IC_ReadActualPostion 6 | MC_ReadActual.. | VAR O (O[O
[Z] Read_Postions 1C_ReadActualPostion_7 | MC_ReadActual . | VAR O [Ofm
[T] Read_Velocties IC_ReadActuaFostion_ & | MC_ReadActual | WAR B (BB
7l Read_Torques ROD1_TRAN AXIS_REF VAR_EXTE... O [O[O
=-[L4 Rod_1_Logic ROD1_ROT AXI5_REF AR_EXTE ..
[T] Rod1_Move_Tran RODZ_TRAN AXIS_REF VAR_EXTE... O [O]d
[T] Rod1_Move_Rot ROD2_ROT AXI5_REF VAR_EXTE... O (O[O
[T] Rod1_Transiation_Calc ROD3_TRAN AXIS_REF WVAR_EXTE... O[O0
(Z] Fod1_Rotation_Calc ROD3_ROT AXIS_REF WAR_EXTE.. 0 oo
E=-{Li Rod_2_Logic ROD4_TRAN AXI5_REF VAR EXTE... O [O[O
E] Rod2_Move_Rot £ ROD4_ROT AXIS_REF WAR_EXTE... O (O[O
+ 5] Rod2_Rotation_Calc ROD1_TRAN_POSITION LREAL VAR_OUTPUT ERIEIIE
g [Z] Rod2_Transiation_Calo ROD1_ROT_POSITION LREAL VAR_OUTPUT O OO
) 2] Rod2_Move_Tran ROD2_TRAN_POSITION LREAL VAR_OUTPUT 0 O]
(03 =+[L4 Rod_3_Logic RODZ_ROT_POSITION LREAL VAR_OUTPUT O [0
B [T] Fod3 Move_Fot ROD2_TRAN_POSTION LREAL VAR_OUTPUT O OO
QO (5] Red2 Rotation Cale ROD3_ROT_POSITION LREAL WAR_OUTPUT O (OO
o M_ Rod3_Move_Tran ROD4_TRAN_POSITION LREAL VAR_OUTPUT IR
a [E] Rod3_Translation_Cale ROD4_ROT_POSITION LREAL VAR_OUTPUT O [ O]0
= {0l Rod_4_Logic -
c m Rod4_Rotation_Calc
o M_ Rod4_Move_Rot
Q M Rodd_Move_Tran
o) &] Rod4_Translation_Cale
_..ld _U...m Home |5
— _U...H Manual_Mave
8 -7 Shoot
a @3] oUTPUT
w - (0] Inttialize
L &-{(0] 10
o _U..._M_ Main
..nuu.. _U...H Power_Drives
© &3] Set_Zero
m (0] HMI
- =- @ _u:_..w_nm_ Hardware =
AUn 4 m _! - 3 ] 1 [




266

t:ﬂnnn J_.anm Window

: _@, FLCopenPlus_v_2_7a
. D Dﬂm Types

- 23 Logical POUs

E-{LJ Read_Valuss

_M_W“_ Read_Positions

[i] Read_PostionsT
. Read_PostionsV
HI . @ Read_Postions
_m_ ﬂ_ Read_Velocities

B Read_VelocitiesT
. Read_VelocitiesV
PR @ Read_Velocities
. |“_ Read_Torques

..... E Read_TorquesT
..... 5] Read_TorquesV
..... @ Read_Torques
d_1_Logic
Rod1_Move_Tran
Flod1_Move_Rot

=

m
i)

Fod1_Retation_Calc
d_2_Logic

Rod2_Move_Rot

Rod2_Rotation_Calz

o
=

Rod2_Move_Tran
d_3_Logic
Flod3_Move_Rot
Flod3_Rotation_Calc
Rod3_Move_Tran

o
=

d_4_Logic
Rod4_Rotation_Calc
Rod4_Move_Rot

H Rod4_Move_Tran

o
=

]EIEIllll';:'_-lll'-;:'_.l----';"_.llll';_
%P EF 'a“é“

i

Home
Manual_Move

w
=
o
9..

OUTPUT
Initialize

I W e W W]
153 By BS R RS R E

Automated Foosball Table Final Project Report

n |

1

Flod1_Translation_Calc

Rod2_Translation_Calc

Rod3_Translation_Calc

w-|&| Rod4_Translation_Calc

MC_ReackmoiToroue_L MC_ReacAmoiToroue_2 MC_ReachmoiToroue_3

OO 1_TRAN By — 1L_TRAN RODL_ By — 1_ROT RODZE_TRAN oy ————
TRU Enazie waiic| TRU Eranie waiic| TR Enanie vaiia
B
Eay Eay Cat
EmoriD| ErTorID)| EvorD
Aol Toroe| LTRAN_TORQUE AnaiTorgue| L_ROT_TORQUE Ao Toraes

+

MC_ReadibalTorgue_S MC_ReadibalTongae 5 MC_ReadibalTongae 7

FOO3_TRAN gy ———— _TRAN RODE_ Bty ———— _ROT ROCH_TRAN— s ———— _TRAN
RN Erabie il RN Erabie il TR Erabie el
Error] Error] Error]
ErreriD| ErrorD| Erres1D)|

AT orcue| _TRA_TORQUE AcniTorguel _ROT_TOROUE ActaiTongue _TRAN_

4 L}

> Li

Ll

11




267

Automated Foosball Table Final Project Report

G2 PLCopenPlus_v_2 2a

[C Data Types

=-£9 Logical POUs

T [ [ [

= F.__ Read_Values

_m_m“_ Read_Positions
[ Read_PositionsT
E Read_PositionsV
..... [Z] Read_Postions
Read_Velocities
- Read_VelocitiesT
m Read_VelocitiesV
@ Read_Velocities
Read_Torgues
B Read_TorquesT
[z2] Read_TorquesV
..... @ Read_Torgques

E-{Li Rod_1_Logic

m Rod1_Move_Tran
Rod1_Move_Rot
Rod1_Translation_Calc
m Rod1_Rotation_Calc

=-{Ci Rod_2_ Logic

[E] Rodz_Mave_Rot

m Rod2_Rotation_Calc
m Rod2_Translation_Calc
H Rod2_Move_Tran

=-{L4 Rod_3_Logic

m Rod3_Move_Rot
Rod3_Rotation_Cale
Rod3_Move_Tran

m Rod3_Translation_Calc

=)-1L4 Reod_4_Logic

[&] Rod4_Rotation_Cale
m Rod4_Move_Rot
=

)
o
3
i

T |

m

MName Type Usage _ Description Address Irmit _ Retain _ _uDD_ OPC
= Default
MC_ReadActuaTorgue_1 MC_ReadActual.. | VAR [&] [
ROD1_TRAN AXIS_REF WAR_EXTE ..
RODM_ROT AXIS_REF WAR_EXTE... ] [l
RODZ_TRAN AXIS_REF WAR_EXTE...
RODZ_ROT AXIS_REF WAR_EXTE... [EIIERE]
ROD3_TRAN AXIS_REF WAR_EXTE...
ROD3_ROT AXIS_REF WAR_EXTE... [} [l
ROD4_TRAN AXIS_REF VAR_EXTE... O @lgo
ROD4_ROT AXIS_REF VAR_EXTE... O [@|
RODM_TRAN_TORQUE LREAL WAR_OUTPUT [ 0 | [
RODM_ROT_TORQUE LREAL WAR_OUTPUT & 0| O
RODZ_TRAN_TORQUE LREAL WVAR_OUTPUT 1 01| [
RODZ_ROT_TORQUE LREAL WVAR_OUTPUT 1 1] [
ROD3_TRAN_TORQUE LREAL WAR_OUTPUT [ 0 | [
ROD3_ROT_TORQUE LREAL WAR_OUTPUT [ 0 | [
ROD4_TRAN_TORQUE LREAL WVAR_OUTPUT W 1] [
ROD4_ROT_TORQUE LREAL WAR_OUTPUT [ RN
WC_ReadActuallorgue 2 | MC_ReadActal.. | VAR O (OO
NC_ReadActualorque_3 | MC_ReadActual.. | VAR O [m|
MC_ReadActualorgue_4 MC_ReadActual.. VAR
MC_ReadActuaTorgue_S WMC_ReadActual.. | VAR ] B | =
MC_ReadActuallorgue_85 MC_ReadActual... VAR
MC_ReadActualTorque_7 | MC_ReadActual . | VAR O |00
WC_ReadActuallorque 8 | MC_Readhctual.. | VAR B [m e
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m
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d_1_Logic
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d_2_Logic
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d_3_Logic
Rod3_Move_Rot
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Rod3_Move_Tran
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=l Default
MC_ReadActualVelocity_1 | MC_ReadActual.. | VAR [=] [ERE]
ROD1_TRAN AXIS_REF VAR_EXTE. . ERIEII=
RODT_ROT AXIS_REF VAR_EXTE... EIEII=]
RODZ_TRAN AXIS_REF VAR_EXTE. . EI=EII=
RODZ_ROT BXIS_REF VAR_EXTE... 0O |83
ROD3_TRAN AXIS_REF VAR_EXTE... I
ROD3_ROT BXIS_REF VAR_EXTE... 0O |8
ROD2_TRAN AXIS_REF VAR_EXTE... O (8|
ROD4_ROT AXIS_REF VAR_EXTE. . O [@& |\
ROD1_TRAN_VELOCITY LREAL VAR_OUTPUT ] [ [
ROD1_ROT_VELOCTY LREAL VAR_OUTPUT Il 1 | 2]
RODZ_TRAN_VELOCITY LREAL VAR_OUTPUT [ 1 | [
RODZ_ROT_WELOCTY LREAL VAR_OUTPUT [ 21 | [T
ROD3_TRAN_WELOCITY LREAL VAR_OUTPUT [ 01 | [
ROD3_ROT_WELOCTY LREAL VAR_OUTPUT [ 0 | [T
ROD4_TRAN_WELOCTY LREAL VAR_OUTPUT [ 01 | [0
ROD4_ROT_WELOCTY LREAL VAR_OQUTPUT (=] =]
WC_ReadActualVelocity 2 | MC_ReadActual.. | VAR O [@& |\
MC_ReadActualvelocty_3 | MC_ReadActual.. | VAR I
WC_ReadActualVelocity 4 | MC_ReadActual.. | VAR EI=EII=
WC_ReadActualvelocty & | MC_ReadActual.. | VAR I
WC_ReadActualelocity 6 | MC_ReadActual. | VAR O [BE|E
IC_ReadActualelocity 7 | MC_ReadActual.. | VAR 0 [B[m
1C_ReadActualelocity & | MC_ReadActual . | VAR O [BA
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- _.u-_ Read_Values
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Home
Manual_Maowve

Main

Power_Drives

B Power_DrivesT

5| Power_DrivesV

Power_Drives

[E] Set_Zero

(O] HMI

=% Physical Hardware

: @3 Corfiguration : eC...
_m_@ Resource : MP3]

BEEEEE

m
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m
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MName Type Usage Description Address Init Retain | PDD|OPC| TB | Hi... _zln -
MC_Powier_1 MC_Power VAR 0 B BB M|
NC_Power 2 MC_Power VAR EIENEEN RN
MC_Power_3 MC_Power VAR ]
MC_Power_4 MC_Power VAR 0 B8 8 @\ |
MC_Power_5 MC_Power VAR EIEI=EII===N
NC_Power 6 MC_Power VAR O 08 8m e
NC_Power 7 MC_Power VAR O O Oojom|i|
NC_Power & MC_Power VAR O O8] 0 m | E
ROD1_TRAN AXIS_REF WAR_EXTE. . O B[O 38| |/
ROD1_ROT AXIS_REF WAR_EXTE. .. 0 B8 8 @\ |
RODZ_ROT AXI5_REF WAR_EXTE. .. EIEII=EII==RN=N
ROD3_TRAN AXI5_REF VAR_EXTE... EIEEEEI=EN =N
ROD3_ROT AXIS_REF VAR_EXTE... O O Oojom|i|
ROD4_TRAN AXIS_REF WAR_EXTE... | O | O | [
ROD4_ROT AXIS_REF WAR_EXTE... (=] ERIEEE=RNERNE
ROD1_EN BOOL WVAR_INPUT (=] O 08| @ /||
RODZ_EN BOOL WAR_INPUT (=] EIIEI=RI=ERN=R
ROD3_EN BOOL VAR_INPUT O a8\ lm e
ROD4_EN BOOL VAR_INPUT O 0/ 8\ m |
ROD1_TRAN_STAT BOOL VAR O [O]0]0 [ m
ROD1_ROT_STAT BOOL VAR O |[O]00 3| ;
RODZ_TRAN_STAT BOOL VAR O (OO0 [\
RODZ_ROT STAT BOOL VAR 0 (B Ea[|\[ e
ROD3_TRAN_STAT BOOL VAR 0 (BB E[E[E
ROD3_ROT_STAT BOOL VAR 0 [ E |
ROD4_TRAN_STAT BOOL VAR O [O]/0]0 | []|m
ROD4_ROT_STAT BOOL VAR 1 EIIEEE =
ROD1_STAT BOOL WAR_QUTPUT W O 00| @ /||
RODZ_STAT BOOL VAR_OUTPUT O OO B\
ROD3_STAT BOOL VAR_OUTPUT 0 (BB EE|E
ROD4_STAT BOOL VAR_OUTPUT O 1\ l\m |
RODZ_TRAN AXIS_REF VAR_EXTE... O O8] 0 || E
MC_Reset_1 MC_Reset VAR O (B85 |m|
MC_Reset_2 MC_Reset VAR | [F [ [ |
MC_Reset_3 MC_Reset VAR EIEII=EII==RN=N
NC_Reset_4 MC_Reset VAR O 0@ al|i|
MC_Reset 5 MC_Resat VAR 0 B8 8|m][
NC_Reset 6 MC_Reset VAR O O8] 0 || E
WC_Reset 7 MC_Resat VAR O O/ 80 m]E
MC_Reset_g MC_Reset VAR O OO b0lal;
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Mame Type Usage _ Description Address Imit _ Retain _ _uDD_ O_un_ TE _ Hi... _ _:=..._ ]
E Default
Read_Positions_1 Read_Positions VAR O | O]m| |E |
Read_Torgues_1 Read_Torgues VAR n hh Iﬂllﬂl
Read_Velocities_1 Read_Velocties VAR O B I=IT=R
ROD1_TRAN_POSITION LREAL WAR_EXTE... ROD 1 LINEAR POSITION (MM} | O [ O | |
ROD1_ROT_POSITION LREAL WAR_EXTE... ROD 1 ANGULAR POSITION (DEGREE) ] RN | [ | [
RODZ_TRAN_POSITION LREAL WAR_EXTE... ROD 2 LINEAR POSITION (MM) | [
RODZ_ROT_POSMTION LREAL WAR_EXTE... ROD 2 ANGULAR POSITION (DEGREE) O B I=IT=R
ROD3_TRAN_POSITION LREAL WAR_EXTE... ROD 3 LINEAR POSITION (MM} O [O]m| Ol mE
ROD3_ROT_POSITION LREAL WAR_EXTE... ROD 3 ANGULAR POSITION (DEGREE) O | O]m| | [ [
ROD&_TRAN_POSITION LREAL WAR_EXTE... ROD 4 LINEAR POSITION (MM) O B8 | [
ROD4_ROT_POSMTION LREAL WAR_EXTE... ROD 4 ANGULAR POSITION (DEGREE) O B I=IT=R
ROD1_TRAN_VELOCTY LREAL WAR_EXTE... ROD 1 LINEAR VELOCITY (MM/S) O (O[] Ol mE
ROD1_ROT_VELOCTY LREAL WAR_EXTE... ROD 1 ANGULAR VELOCTY (DEGREE/S) @_ | [ | [
RODZ_TRAN_WELOCTY LREAL WAR_EXTE... ROD 2 LINEAR VELOCITY (MM/S) [ [mHlE] | [
ROD2_ROT_VELOCTY LREAL WAR_EXTE... ROD 2 ANGULAR VELOCITY (DEGREE/S) | [
ROD3_TRAN_VELOCTY LREAL WAR_EXTE... ROD 3 LINEAR VELOCITY (MM/S) O (O[] Ol mE
ROD3_ROT_VELOCTY LREAL WAR_EXTE... ROD 3 ANGULAR VELOCTY (DEGREE/S) @_ | [ | [ |
ROD&_TRAN_VELOCTY LREAL WAR_EXTE... ROD 4 LINEAR WELOCITY (MM/S) O B8 | [
ROD4_ROT_VELOCITY LREAL WAR_EXTE... ROD 4 ANGULAR VELOCITY (DEGREE/S) O \mm alm

L
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ROD1_TRAN.AxisNum := UINT#3;
ROD1 ROT.AxisNum := UINT#4;

|23 Project : C:\Users\Public\Dod
-3 Libraries

ﬁ PLCopenPlus_v_2...
-1 Data Types

=53 Logical POUs

=-{LJ Read_Values

ROD2_TRAN.AxisNum := UINT#5;
ROD2_ROT.AxisNum := UINT#6:

mODwIHE.bMHmZE := TJINT#7:
ROD3_ROT.AxisNum := UINT#E;

ROD4_TRAN.AxisNum := UINT#3;
mODmImOH.u.MMmZﬂB 1= GHZ..—.*HDM_

Fbs 0 e om0 s R b

e =

Main

=- @ Physical Hardware
=8 @ Corfiguration : eC...
@ Resource : MP3]

> L

4 (L L3 4 L}




276

Automated Foosball Table Final Project Report

=23 Project : C\Users\Publich |
-3 Libraries W
ﬁ PLCopenPlus_v_
@[] Data Types

23 Logical POUs
_.H._._.-__ Read_Values

Hﬂ Read_Torg...
- Rod_1_Logic
- Rod_2_Logic
[#- 4 Rod_3_Logic
- Rod_4_Logic
D...m Home

_wm Manual_Move
E Manual_Ma..
2| Manual_Mo..

=
[}
=
=3
3
m

&-[0] OUTPUT

D...E Initialize

-] 10

_U..._M_ Main

_U...m Power_Drives

-7 Set_Zero

=-[0] HMI

=88 Physical Hardware
@8 Corfiguration : el

128 Resourcs : M
_m_@ Tasks

MC_Mov efbsohte_1

T MC_MoveRbsoki Y
S_H 00T HOW ROT_AXE—1 Axis —————————  Msis}—ROT_AXS
1 7] Exerue Daone | —ANGLE DN
SHOOT_ANGLE_UP—] Position Busyf-a
SHOOT_VE—] Velodty Active |
SHOOT_ACC—{ Mcmleration CommandAbored o
SHOOT_ACC—{ Deceleration Emorf—=
] Jark EmorID o
MC_Direction# Shartest_Way—{ Direction
IT »— BufferMaode
MC_MoveAbschte 2
[ MC_MoveRbmht=
o0z >zﬂa%mz..,xm|- Mois ———————————  Misb—ROT_AXE
| T Exsaute Done}—SHOT_DN
SHOOT_ANGIE_DOW N—] Pesition Busyl o
SHOOT_VE—] Welodity Active o
SHOOT_ACC— Acceleration CommandAboned o
SHOOT_ACC—] Deceleration Erorlo
] Jerk Emor ID =
MC_Direction#MNegatv e_Direction—{ Direction
o BufferMode

TROVETY
sHoT_Dh— EN ENOfo
FALSE— —RODL_SHOOT
TRENE Y
=HoT_oh—1 EN Enofe
FALSE—: __RODZ_SHOOT
TWOVE Y
=HOT_Dh—] EN ENOf=
FALSE—: |_ROD3_sHOOT
TMOVE Y
=HOT_Dh— EN ENOf-s
FALSE—: __ROD4_SHOOT

al
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* Project Tree Window
=23 Project : C\Users'Publich, « |
m_w Libraries

- ﬁ PLCopenPlus_v_
H-(] Data Types

2-E9 Logical POUs

£

-1l Read_Values

anual_Move
Manual_Ma..
| Manual_Ma..

AvpQ

Mame Type Usage _ Description Address Irit _ Retain _ _uDD_ O_um_ TB _ Hi... _ _:.;..._ ]

] Default

MC_MoveAbsolute_1 MC_MoveAbsol.. | VAR O (O E e
ROT_AXIS AXIS_REF WVAR_INPUT O D00 ml|l
SHOOT_WEL LREAL VAR 30000.0 [ i | [
SHOOT_ACC LREAL VAR 500000.0 [0 ET ] ET [ E ] E e
ANGLE_DN BOOL VAR O [mem e
MC_WoveAbsolute 2 MC_MoveAbsol.. | VAR O (B8 3| m]|E
SHOOT_ANGLE_DOWN LREAL VAR 50.0 [T IR
SHOOT_ANGLE_UP LREAL VAR 50.0 [ O 03] /||
SHOT_DN BOOL VAR O [ o]
rod1_SHOOT BOOL AR_EXTE... O (O | o]
RODZ_SHOOT BOOL AR_EXTE... ] ANEEN=E
ROD3_SHOOT BOOL VAR_EXTE... O (e
ROD4_SHOOT BOOL WAR_EXTE... Ol Em e
SHOOT_NOW BOOL WVAR_INPUT O 1O EE]FlmE

4

L
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Lv@O

- LE% PLCopenPlus_v_2_Za
=-E3 Dmﬁ Types
223 Logical POUs
_.H._._...___ Read_Values
; m Read_Positions
Read_Velocities

[#-|&| Read_Torques
=-{04 Rod_1_Logic

= . Rod1_Move_Tran
E Rod1_Move_TranT
5 Red1_Move_TranV
@ Rod1_Move_Tran
Rod1_Move_Rot
E Rod1_Move_RotT
5 Rod1_Move_RotV
@] Rod1_Move_Rot
Rod1_Translation_Calc
Rod1_Retation_Cals
d_2_logic
Rod2_Move_Rot
Rod?2_Rotation_Calc
Rod2_Translation_Calc
RodZ_Move_Tran
d_3_Logic
Rod3_Move_Rot
Rod3_Rotation_Calc
Rod3_Move_Tran
Rod3_Translation_Calc
d_4_logic
Fod4_Rotation_Calc
Rod4_Move_Rot
Rod4_Move_Tran
Rod4_Translation_Calc

= FIEIEE z EIEIEIE ;.,ummmm g:

=
3
@

anual_Move

e O O e WO O o O WO e O
H = HE
=3
=4
[N
=
3

um _uoimFD_._qmm

=_. _

4

MG Movetbsdui_1

(T MC_MoweRbsdue
O RODLROT_EN ROT RODI  RODISHOOT RoDL M| AR T AeERODLRAT
T = | I/F T/ = Execite Done}—ROD1_ROT_DN
ROD1L_ROT_MOVE—] Postin Busyle
ROT.VEL—] Velocity Acivelo
ROT_ACC—| Accekmboommandaborted |5
ROT_ACC—] Decekmfion Error -
— Jerk ErmdDf-2
ROD1_ROT_DIR—| Direcion
o BufferMods

> Li
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] ﬁ PLCopenPlus_v_2_2a
[Z] Data Types

=23 Logical POUs

Bl Read_Values

: . Read_Postions

Read_Velocities
Read_Torques

_uan_ 1_Logic

. Rod1_Move_Tran

E Rod1_Move_TranT

2] Rod1_Mave_TranV

@ Rod1_Move_Tran

=[] Rod1_Move_Rot

B Rod1_Move_RotT

m Rod1_Maove_RotV

@ Fod1_Move_Rat

Rod1_Translation_Calc

Rod1_Rotation_Calc

d_2_Logic

Rod?_Move_Rat

Rod?_Rotation_Calc

Rod2_Translation_Calc

=114 Rod_3_Logic

713 Rod3_Move_Rot

m Rod3_Rotation_Calc
m Rod3_Move_Tran

[&] Red3_Translation_Cale
=104 Rod_4_Logic

m Rod4_Rotation_Calc
Rod4_Move_Rot
Rod4_Move_Tran

[E] Rod4_Translation_Calc
Home

Marual_Move

Shoot

QuTPUT

PeaEREn T e e e e o e
[ R S B

]ﬂ@@@@ﬂﬂﬂ

m

Name Type Usage _ Description Address _ Imit _ Retain _ _uDD_ OPC
=l Default
MC_MoveAbsolute_1 MC_MoveAbsol... VAR B |[@]| @\
rodi_rot AXIS_REF VAR EXTE.. |ROD 1 ROTATION, AXIS 4 0 [BEE
ROD1_ROT_DN BOOL VAR O [ [
ROT_ROD1 BOOL VAR_EXTE... O o[
ROD1_ROT_DR WC_Direction VAR_EXTE... EIEIE]
ROD1_ROT_MOVE LREAL WVAR_EXTE... B (B8
ROT_VEL LREAL VAR 12000 0 [O ]
ROT_ACC LREAL VAR 30000.0 IEE
Rod1_Rotation_Calc_1 Rod1_Rotation_.. | VAR IRl
ROD1_ROT_EN BOOL WAR_INPUT [ ]
ROD1_SHOOT BOOL VAR_EXTE... BB

L

m
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=]

! Project ._.qnnls__.-.in___._

[ @ PLCopenPlus_v_2_2a

; [C3 Data Types
m_m Logical POUs

-4 Read_Values

m Read_Posttions
Read_Velocities
[E] Read_Torgues
Rod_1_Logic

m Rod1_Move_Tran

: E Rod1_Move_TranT
: 5 Rod1_Move_TranV
@ Rod1_Move_Tran
Rod1_Move_Rot
Rod1_Translation_Calc
Fod1_Rotation_Calc
d_2_Logic
Rod2_Move_Rot
Rod2_Rotation_Calc
RodZ_Translation_Calc
RodZ_Move_Tran
d_23_Logic
Rod3_Move_Rot
Rod3_Rotation_Calc
Rod3_Move_Tran
Rod3_Translation_Calc
d_4_Logic
Fod4_Rotation_Calc
Rod4_Move_Rot
Rod4_Move_Tran
Rod4_Translation_Calc
me

=8

hysical Hardware

Ll

T |

m

4

S_H ROD1_TRAN_EN MO

MC_Movesbsolute_2

Rod1_Trandation Cak_1
afon Cak

LI

[ WCMoveRbsolute |
ROD1_TRAN—t Axis ——————— Axis}—ROD1_TRAN
ROD1_TRAN_DM
._- Il Execute Done —ROD1_TRAN_DN

ROD1_MOVE_Y—{ Postion Busy f—=

ROD1_TRAMN_CMD_VEL—] Velocity Active -

ROD1_TRAM_CMD_ACC— AcceleratioGommand Aborted

ROD1_TRAMN_CMD_ACC—{ Deceleration Errorf—

o Jerk ErrorlD fo

MC_Direction#Shortest_Way— Direction

| BufferMode

» Li

=
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“.[B PLCopenPlus_v_2 2a
[Z Data Types
2-E3 Logical POUs
£ Read_Values
m Read_Positions
Read_Velocities
[&] Read_Torques
=-{[J Rod_1_Logic
_m_m Rod1_Move_Tran

B Rod1_Move_TranT
Rod1_Move_TranV
@ Rod1_Move_Tran
Rod1_Move_Rot
[&] Rod1_Translation_Calc
[&] Rod1_Retation_Calc
= _.nl_ Fod_2_Logic
; m Rod?_Maove_Rot
Rod2_Roetation_Calc
[&] Rod2_Translation_Cale
. Rod2_Move_Tran
£ Rod_3_Logic
m Rod3_Move_Rat
Rod3_Rotation_Calc
m Rod3_Move_Tran
Rod3_Translation_Calc
=-{L4 Rod_4_Logic
m Fod4_Rotation_Cale
Rod4_Move_Rat
Rod4_Move_Tran
Rod4_Translation_Cale
I Home
[ Manual_Maove
[ Shoot
A OUTPUT
[+ Intizlize
[ 10
[E
[E
[4
[E

=
|
[l
|
_M_ Main
=
|
[

Power_Drives
Set_Femn

-(0] HMI

=-@8 Physical Hardware
4 | o |

m

Name Type Usage _ Description Address Init _ Retain _

= Default

MC_MoveAbsolute_2 MC_MoveiAbsol.. VAR n
WMOWVE_RODA BOOL WAR_EXTE... [} I
RODT_TRAN_DN BOOL VAR ]
ROD1_MOVE_Y LREAL WAR_EXTE... ROD 1, ABSOLUTE POSTION TRANSLATION MOWE COMMAND (M n i
RODA_TRAN AXIS_REF WAR_EXTE... ROD 1 TRANSLATION, AXIS 3 [} I
ROD_TRAN_CMD_VEL LREAL VAR 350.0 1
ROD1_TRAN_CMD_ACC LREAL VAR 4000.0 (]
ROD1_TRAN_EN BOOL WAR_INPUT [} I
Rod1_Translation_Calc_1 Rod1_Translatio... VAR n i

4

L1}




282

Automated Foosball Table Final Project Report

=23 Logical POUs
=14 Read_Values

Rod1_Move_Tran

..... B Rod1_Move_TranT

..... m Rod1_Move_Tran

..... [@] Rod1_Move_Tran
=& Rod1_Move_Rot

..... B Rod1_Move_RotT

..... m Rod1_Move_RotV

..... @ Rod1_Move_Rot
=-[&] Red1_Translation_Cale

..... [i] Rod1_Translation_CalcT
-5 Rod1_Translation_CalcV
Rod1_Translation_Calc
=@ Rod1_Rotation_Calc

..... [i] Rod1_Rotation_CaleT
= Rod1_Rotation_CalcV
..... m Rod1_Rotation_Calc

2124 Red_2_Legic

7-[3] Rod2_Move_Rot
RodZ_Rotation_Cale
m Rod2?_Translation_Calc
m Rod?_Move_Tran

103 Red_3_Logic

[& Rod3_Move_Ret
Rod3_Rotation_Calc
m Rod3_Move_Tran

m Rod3_Translation_Calc

=L Rod_4_Logic

[&] Rod4_Rotation_Cale
Rod4_Move_Rot

m Rod4_Move_Tran
Rod4_Translation_Calc
um Home

um Manual_Maove

= ..

m

o= o 00 bk L RS

Shoot_1(ROT_AXIS:= (ROD1_ROT) ,SHOOT NOW:=(ROD1_SHOOT)) :

IF BALL X POSITION <> PREV_BALL X POSITION_ROT 1 THEN

IF ROD1_BRK DIST >= BALL X POSITION THEN
ROD1_ROT MOVE := LEEAL#90.0;
ROD1_ROT_DIR := MC_Direction#Positive_Direction;
ROT_ROD1 := TRUE;

END IF;:

IF ROD1_FWD DIST| <= BALL X POSITION & BALL X POSITION <= (ROD1_FWD DIST + SHOT DIST) THEN
ROD1_SHCOT := TRUE;
END_IF;

IF (ROD1_FWD DIST + SHOT_DIST) <« BALL X POSITICN THEN

ROD1_ROT_MOVE := LREAL#0.0;
ROD1_ROT DIR := MC Directi on#¥Short est_Way;
ROT_ROD1 := TRUE;

END IF:

PREV_BALL X POSITION ROT_1 := BALL X POSITION:
ELSE ROT_ROD1 := FALSE; ROD1_SHOOT := FALSE;

END_IF;

IRy

L1
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! Project Tree Window

L x|

.82 PLCopenPlus_v_2_2a

(2] Data Types

=53 Logical POUs

m_ _...._ Read_Valuss

H Read_Positions
Read_Velocities

Rod1_Move_Tran

B Rod1_Move_TranT

m Rod1_Move_TranV

..... E Rod1_Move_Tran

EW“_ Rod1_Move_Ruot

..... B Fod1_Move_RotT

..... m Fod1_Move_RotV

..... E Fod1_Move_Rat

_wm“_ Rod1_Translation_Calc

..... B Fod1_Translation_CalcT

m Rod1_Translation_CalcV
- Fod1_Translation_Calc

Em“_ Rod1_Rotation_Calc

..... [i] Rod1_Rotation_CalcT

-Jz5 Rod1_Ratation_CalcV

[ Fod1_Retation_Cale

2|4 Rod_2_Logic

[E Rod2_Move_Rot

[&] Red2_Retation_Cale

|&] Red2_Translation_Cale

H RodZ_Move_Tran

=104 Rod_3_Logic

[&] Rod3_Move_Rot

|&] Rod3_Rotation_Calc

Rod3_Move_Tran

[ m Rod3_Translation_Calc

=104 Rod_4_Logic

m Rod4_Rotation_Calc

Rod4_Move_Rot

Rod4_Move_Tran

m Rod4_Translation_Calc

m Home

m Manual_Move

4 | 1 |

H
H

I

m

MName Type Usage _ Description Address It _ Retain _ _uDD_ QPC
] Default
BALL_X_POSITION LREAL VAR_EXTE.. | BALL X POSITION (MM} O (O]
PREV_BALL_X_POSITION_... | LREAL VAR & 0 [ [
ROD1_BAK_DIST LREAL VAR 74612 & [
ROD1_ROT_MOVE LREAL VAR_EXTE... O Oolma
ROD1_SHOOT BOOL VAR_EXTE... O ol|mE
ROD1_ROT AXIS_REF VAR_EXTE.. | ROD 1 ROTATION, AXS 4 0 [(mlmE
ROT_ROD1 BOOL VAR_EXTE...
ROD_ROT_DIR MC_Direction AR_EXTE... [&] [ ]
ROD_FWD_DIST LREAL VAR 85.725 (=] [ ]
SHOT_DIST LREAL VAR_EXTE... O [OlE
Shoot_1 Shoot VAR O [Oo[E

4

L}
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: Project Tree Windaow

] ﬁ PLCopenPlus_v_2_Za

(3 Data Types
m_m _L..._u_nm_ POUs

=14 Read_Values

m Read_Posttions

[E] Read_Velocities

. Read_Torques
Rod_1_Logic

ﬁ_ Rod1_Move_Tran

..... B Rod1_Move_TranT
- m Rod1_Move_TranV
[@] Rod1_Move_Tran
=& Red1_Move_Rot

..... [{] Rod1_Move_RotT
Rod1_Move_RotV

_wm“_ Rod1_Translation_Calc

..... [i] Rod1_Translation_CaleT
[z5 Rod1_Translation_CalcV
[ Rod1_Translation_Calc
m Fod1_Rotation_Calc
Rod_2_Logic

m Rod2_| __,___oqm Rot

Rod3_Move_Tran
[&] Red3_Translation_Cale
=104 Rod_4_Logic
71 Rod4_Rotation_Calc
Rod4_Move_Rat
Rod4_Move_Tran
[E] Rod4_Translation_Cale
Home
Manual_Maove
Shoot
OUTPUT
Initiglize

I |

1

0 omo-d om0 s L R

e
o] o s R D

MIN POSITION := - (ROD1_TRAVEL-LREAL#10.0);
MAX POSITICH := LEEAL#-10.0;

IF BALL ¥ PCSITION <> PREV_BALL ¥ POSITION TRAN 1 THEN

IF ROD1_FT DIST <= BALL Y POSITION
ROD1_MOVE :=
ROD1_MOVE_Y

END_IE;

Ewﬂ,H.H. ah. POSITION - ROD1_FT_DIST):

PREV_BALL ¥ POSITION TRAEN 1 := BALL ¥ POSITICN:
MOVE_ROD1 := TRUE;
ELSE MOVE_RCD1 :=FALSE;

END IE:

1L}

& BRLL ¥ POSITION <= _DIST + ROD1_TRAVEL) THEN

:=LIMIT FMHN,H._"EHZ m_.OmH..—.HOZ ROD1_MCOVE ,MAX POSITIOCHN):
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: Project Tree Window

L& PLCopenPlus_v_2_%a

3 Data Types
=53 Logical POUs

_.H._ _.._._ Read_Values
I . Read_Positions
Read_Velocities

&) . Read_Torques
-1l Rod_1_Logic
m_ﬁ“_ Rod1_Move_Tran
-[i] Reod1_Mave_TranT
: Rod1_Move_TranV
..... @ Rod1_Move_Tran
_wﬁ_ Rod1_Move_Rot

: Rod1_Move_RotT
E Rod1_Move_RotV
..... @ Rod1_Move_Rot
=& Rod1_Translation_Calc
(1] Rod1_Translation_CaleT
-[z5] Reod1_Translation_CalcV
..... =] Rod1_Translation_Calc
B m Fod1_Rotation_Cale
-1l Rod_2_Logic

=1

m Rod2_Move_Rot

[E] Rod2_Rotation_Cale
[&] Rod2_Translation_Cale
H Rod2_Move_Tran
Rod_3_Logic

m Rod3_Move_Rot

m Rod3_Rotation_Calc
m Rod3_Move_Tran

. Rod3_Translation_Calc

[&] Rod4_Rotation_Cale
Fod4_Move_Rot
Rod4_Move_Tran
. Rod4_Translation_Cale
Home

Manual_Mave

Shoot

OUTPUT

Intialize

il |

m

MName Type _ Usage _ Description Address Init _ Retain _ _uDD_ QPC
[ Default
rod1_FT_DIST LREAL VAR_EXTE... ROD 1, DISTANCE FROM RUBBER STOP (SIDE CLOSETO ... O [Ojm
bal_y_POSITION LREAL VAR_EXTE. . BALL ¥ POSITION (1
ROD_TRAVEL LREAL AR_EXTE... ROD 1 TRAVEL LEGNTH (MM) (=] O | &
MOVE_ROD1 BOOL WAR_EXTE. . 0 B[\
ROD1_MOVE LREAL VAR [ = | [T
MIN_POSITION LREAL VAR 0 [\
MAX_POSTION LREAL VAR 0 e
ROD1_MOVE_Y LREAL VAR_EXTE... ROD 1, ABSOLUTE POSITION TRANSLATION MOVE COMM. .. EIEI=
PREV_BALL _POSIION_.| LREAL VAR =] [l

4

LI}
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: Project Tree Window

E x|

L8 PLCopenPlus_v_2_2a
- @ Dmﬁ Types

=23 Logieal POUs

m__..._ Read_Values

Hm Read_Posttions

; m Read_Velocities
I . Read_Torques

[T] Rod2_Move Rot
Rod2_Rotation_Calc
Rod2_Translation_Calc
Rod2_Move_Tran
d_3_Logic
Rod3_Move_Rot
Rod3_Rotation_Cale
Rod3_Move_Tran
Rod3_Translation_Calc
d_4_logic
Rod4_Rotation_Calc
Rod4_Move_Rot
Fod4_Move_Tran
Rod4_Translation_Calc

gmmmmemmmmemmm

=
3
o

anual_Maove
ulu Shoot
OUTPUT
0] Intiglize
o] 1o
0] Main
| Power_Drives
| Set_Zero
o] HMI
ical Hardware
Configuration : eCLR
@ Resource : MP3200iec
= 423 Tasks
- 2@ FastTek :CYCLIC
1 n _

I;II;II;II;II;II;II;II;IIEI e

m@ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
%

m@

mn

MC Movetbsdui 1

(T MC MoweRbsdue
%1 Rop2ROT_BN  ROTROD2  ROD2SHOOT RODZROTDN. | o o] oRReT
_ = I T T/ = Execite Donsl—ROD2_ROT_DN
ROD2_ROT_MOVE—| Pestian Busy e
ROT_VEL—] Valocity Actvelo
ROT_ACC—| AccekmfcfommandAbort=df o
ROT_ACC—] Decebmificn Errar |
o Jerk ErodDf-=
ROD?2_ROT_DIR—{ Direction
o BufferMode

L]

> L
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: Project Tree Window

- I PLCopenPlus_v_2_?a
[ Data Types
229 Logical POUs
104 Read_Values
" m Read_Postions

Read_Torques
e _1_Logic
(= _2_Logic

Rod2 |
B Rod2_Move_RotT
m Rod2_Move_RotV
: @ Rod2_Move_Rot
[E] Rod2_Rotation_Cale
Rod2_Translation_Cale
m Rod2_Move_Tran
=i Rod_3_Logic
m Rod3_Move_Rot
. Rod3_Retation_Calc
m Rod3_Move_Tran
m Rod3_Translation_Calc
=104 Rod_4_Logic
7-[§] Rod4_Rotation_Cale
[&] Rod4_Move_Rot
m Fod4_Move_Tran
m Rod4_Translation_Calc
Home
Manual_Move
Shoot
QUTPUT
Intialize:
10
Main
Power_Drives
Set_Zero
HMI
)-8 Physical Hardware
=28 Corfiguration : CLR
£1-38 Resource : MP3200isc
m@ Tasks
. E[¢] FastTsk:CYCLIC
< T .|._ -

m

Mame Type Usage _ Description Address Imit _ Retain _ _uDD_ OPC
Tl Default
MC_WoveAbsolute_1 MC_MoveAbsal.. | VAR [ =HNE
ROT_VEL LREAL VAR 1200.0 EIEIE
ROT_ACC LREAL VAR 30000.0 EIERE
RODZ_ROT_EN BOOL VAR_INPUT =] [l
ROT_RODZ BOOL VAR_EXTE... RIIEIER
ROD2Z_ROT_DN BOOL VAR [ 0|3
ROD2_ROT AXIS_REF VAR_EXTE.. | ROD 2 ROTATION, AXIS 6 SR
RODZ_ROT_MOVE LREAL VAR_EXTE... 0 [BEE
ROD2_ROT_DR MC_Direction VAR_EXTE... =R
Rod2_Rotation_Calc_1 RodZ_Rotation_.. | VAR O |[m[E
ROD2_SHOOT BOOL VAR_EXTE... O [\ /

m
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: Project Tree Window

LB PLCopenPlus_v_2_7a

-[Z3 Data Types
=53 Logical POUs

m__...._ Read_Walues
. m Read_Positions

Read_Velocities
m Read_Torques
- 4 Rod_1_Logic
2| Rod_2_Logic
=5 Rod2_Move_Rot

..... [i{] Rod2_Move_RotT

..... m Rod2_Move_RatV

..... @ Rod?_Move_Rat
_wm“_ Rod2_Rotation_Calc

..... [i] Rod2_Reotation_CaleT
..... 2] Rod2_Retation_CalcV
..... [=] Rod2_Roctation_Calc
Eﬁ_ Rod2_Translation_Calc

..... B Rod?2_Translation_CalcT
..... m Rod2_Translation_Calcf
..... [£] Rod2_Translation_Cale
“_ Rod2_Move_Tran

..... [i{] Rod2_Move_TranT
..... m Rod?_Move_TranV
..... @ Rod?_Move_Tran
£-{L4 Rod_3_Logic

@] Rod3_Move_Rot

|&| Rod3_Rotation_Cale

m Fod3_Move_Tran

m Rod3_Translation_Calc
5|4 Rod_4_Logic

m Rod4_Rotation_Calc

[E] Rod4_Move_Rot

H Rodd_Move_Tran

[&] Rod4_Translation_Cale
m Home

Manual_Move

Shoot

-[E] ouTPUT

O
=)

Initialize
10

SO O o O e N e W
1 ol ol o R 4

n

m

001

MC_MoveAbsolute_2

[ MCMoveRbsolute )
ROD2_TRAN—; Axis ———— —  Axis+—ROD2_TRAN
[ xDDP“ .ﬂxmpzlmz _.,.__D.,___“m| JDDM xDDm._._wxmyzbz S Done |—ROD2_ TRAN_DN
ROD2Z_MOVE_Y—{ Posdtion Busy |
ROD2_TRAN_CMD_VEL— Velocity Active p—
ROD2_TRAM_CMD_ACC— AcceleratioGommand Aborted f—
ROD2Z_TRAN_CMD_ACC—{ Deceleration Error p—=
| Jerk ErrorlD o
MC_Direction#Shortest_Way— Direction
+— BufferMode

xon_ulqa:nmﬂozlnm_nlu.

L}

1
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: Project Tree Window

~-{B PLCopenPlus_v_2_2a

HD Data Types
m_m Logical POUs

=L Read_Values

m Read_Positions
m Read_Velocities
=]

=[] Reod2_Move_Rot

..... [i] Rod2_Move_RotT

..... m RodZ_Move_RotV

..... @ Rod2_Move_Rot
=-[F] Rod2_Rotation_Cale

- B Rod?_Rotation_CalcT
m Rod2_Rotation_CalcV
[ Rod2_Rotation_Cale
_wﬁ_ Rod2_Translation_Calc

..... B Rod2_Translation_CaleT
-5 Rod2_Translation_CaleV
m Rod?_Translation_Calc
EW“_ Rod2_Move_Tran

..... [i] Rod2_Move_TranT
- Rod?_Move_Tran
..... @ Rod2_Move_Tran
=-{J Rod_3_Logic

m Rod3_Move_Rot
Rod3_Roetation_Calc
Rod3_Move_Tran

m Rod3_Translation_Calc
=L Rod_4_Logic

71-[@] Rod4_Rotation_Cale

m Rod4_Move_Rot
m Rod4_Move_Tran
[&] Rod4_Translation_Cale
_U...m Home
D...m Manual_Mave
G-[F] Shoot
&-[0] OUTPUT
(0] Initialize
=-[0] 10

m

MName Type Usage _ Description Address Init _ Retain _ _uDD_ OPC
] Default
MC_MoveAbsolute_2 MC_MoveAbsol.. | VAR [=] O ;o
RODZ_TRAN_EN BOOL WAR_INPUT [
WOVE_RODZ BOOL VAR_EXTE... 0O |[Ool0o
RODZ_TRAN_DN BOOL VAR (=] [l
RODZ_TRAN AXIS_REF VAR EXTE.. | ROD 2 TRANSLATION, AXIS § O [BEE
RODZ_MOVE_Y LREAL VAR_EXTE... 0 B8
RODZ_TRAN_CMD_VEL LREAL VAR 350.0 0 O] O
RODZ_TRAN_CMD_ACC LREAL VAR 4000.0 O [O]m|
Rod2_Transiation_Calc_1 | Rod2_Transiatio.. | VAR O O

L1}
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~-{B PLCopenPlus_v_2_2a
(L Data Types

m _hu_nm_ POUs

=110 Read_Values

RodZ_Move_RotV
@ Rod2_Move_Rot
=-[E] Rod2_Rotation_Cale

B Rod?_Rotation_CalcT
Rod2_Rotation_CalcV
£ Rod2_Ratation_Cale
D...m Rod2_Translation_Calc
(]

- Rod2_Move_Tran

=1 _.-_

] m Rod3_Translation_Calc
=L Rod_4_Logic

[&] Rod4_Translation_Cale
Home
Manual_Mave
Shoot
OUTPUT
Initiglize

10

Main
Power_Drives
Set_Zero

HMI

=38 Physical Hardware

_m_@ Corfiguration : eCLR

Ll

m |

m

0o o= om0k L R e

Shoot_1(ROT_AXIS:=(RODZ_ROT), SHOOT NOW:=(ROD2_SHOOT) ) :
IF BALL X POSITION <> PREV_BALL_X POSITICON ROT 2 THEN

IF ROD2_BRK_DIST >= BALL_X_POSITION THEN
RCDZ_ROT_MCVE := LREAL#90.0:

ROD2Z_ROT_DIR := ZOIDMHmnnwoﬁﬁmDmHnwﬁmIDMHmnana“
ROT_RCOD2 := TRUE;
END IF;

IF ROD2_FWD_DIST <= BALL_X_ POSITION & BALL_X POSITION <= (ROD2_FWD DIST + SHOT_DIST) THEN
RCDZ_SHCOT := TRUE;
END IF:

IF (RQD2_FWD DIST + 5HOT_DIST) < BALL X POSITION THEN

ROD2_ROT_MOVE := LREAL#¥0.0;
RODZ_ROT_DIR := MC_Directi on#¥Shorte st_Way;
ROT_ROD2 := TRUE;

END IE:

PREV_BALL X POSITION ROT_2 := BALL X POSITION;
ELSE ROT_ROD2 := FALSE; ROD2_SHOOT := FALSE;

END_IF;

m
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! Project Tree Window Av O

223 Project : C:\Users\Public\Documents'\Mc
223 Libraries T
"L PlCopenPlus_v_2_2a
-2 Data Types

_wm Logical POUs

= H Rod2_Rotation_Calc
¢ +[i] Rod2_Rotation_CalcT
¢ 3] Rod2_Rotation_CalcV
m Rod2_Rotation_Calc
Rod2_Translation_Calz
Rod2_Maove_Tran
[ Rod_3_Logic
- i Rod_4_Legic
_U...ﬁ Home
_U...m Manual_Move
E-[Z| Shoot 1
GE-[0] QUTPUT 3
[-[0] Initislize
&-{[d] 10
[-(3] Main
_U...m Power_Drives
(-3 Set_Zerm
E-(@] HMI
&3 Physical Hardware
=23 Corfiguration : eCLR
_m_@ Resource : MP3200iec
238 Tasks
2@ FastTsk : CYCLIC

@ Main : Main

- [gJio:o

=[] MedTsk : CYCLIC

- -[0] ouTPUT: OUT

[ SlowTsk: CYCLIC

(O] HMIHm

=1 Start : SYSTEM
(O] Initialize : Initia..

..... 7y Global_Variables

L1} . [ 3

=

MName ! _ Type sage Description Address Init _ Rletain _ _uDD_
=] Default
BALL_X_POSITION LREAL VAR_EXTE... BALL X POSITION (MM} ] W
PREV_BALL_X_POSITION_... | LREAL VAR ] &
RODZ_BAK_DIST LREAL VAR 220,662 [ W
ROD2_PWD_DIST LREAL VAR 238,125 ] ]
RODZ_ROT AXIS_REF VAR_EXTE... ROD 2 ROTATION, AXIS 6 B [/
RODZ_ROT_DIR MC_Direction VAR_EXTE... ]
ROD2_ROT_MOWVE LREAL VAR_EXTE... ] =]
RODZ_SHOOT BOOL VAR_EXTE...
ROT_ROD2 BOOL VAR_EXTE... ] ]
Shoot_1 Shoot VAR ]
SHOT_DIST LREAL VAR_EXTE... =] ]

{1}
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plroied Tree Windaw £¥0||i wIm _POSITION := LREAL$10.0; =
L PLCopenPlus_v_2 2a B | = MAX POSITION := (RODZ TRAVEL-LREAL#10.0):
-1 Data Types 3 - -
=23 Logical POUs il IF BALL ¥ PCOSITICN <> PREV BALL ¥ POSITION TRAN 2 THEN
m_.L Read_Values = -~ - - = — —
-[E] Read_Postions & IF ROD2_FT_DIST <= BALL_Y POSITION & BALL Y POSITION < (RODZ_FT_DIST + ROD2_COVER_LG/LREAL#2.0) THEN
Read_Velocities 7 ROD2_MOVE := (BALL Y POSITION - ROD2_FT DIST);
2] Read_Torques 2 RODZ MOVE ¥ :=LIMIT LREAL(MIN POSITICN, ROD2 MOVE ,MAX POSITICHN);
[z _1_Logic i} END IE;
[=E[" _2_Logic 10 -
=[] Rod2_Move_Rot 11 IF (ROD2_FT_DIST + ROD2Z_COVER LG/LREAL$2.0) <= BALL Y POSITICON & BALL Y POSITION <= (ROD2Z_FT DIST + ROD2_
~[{] Rod2_Move_RotT 12 RODZ MOVE := (BALL ¥ POSITION - (ROD2 FT DIST + RODZ_FT WD) ):|
-gg Rod2_Move_RotV 13 RODZ MOVE ¥ :=LIMIT LEEARL (MIN POSITION, RODZ MOVE ,MAX POSITION):
(7] Rod2_Move_Rat 14 END IE; B B B B B
=+[&] Rod2_Rotation_Calc 15 -
(1] Rod2_Retation_CalcT 16 FREV BALL Y POSITION TEAN 2 := BALL Y POSITION:
m Rod2_Roetation_CalcV L 17 - - - - -
--[zZ] Rod2_Retation_Calc T aa MOVE ROD2 := TRUE;
=-[@] Rod2_Translation_Calc 19
(1] Rod2_Translation_CaleT 20 ELSE MOVE RODZ :=FLLSE:
m Rod2_Translation_CalcV 21 -
m Rod2_Translation_Cale 29 END IF:
#-[@] Rod2_Move_Tran B
=-{4 Rod_3_Logic
m Rod3_Move_Rot
[&|] Reod3_Rotation_Calc
ﬁ Rod3_Move_Tran
m Rod3_Translation_Calc
Rod_4_Logic
1[G Rod4_Rotation_Calc
ﬁ Rod4_Move_Rot —
m FRod4_Move_Tran
|| Rod4_Translation_Calc
D...m Home
= m Manual_Move
E=-[=] Shoot
@-(0] OUTPUT
D...E Initialize
-] 10
_U..._M_ Main
D...m Power_Drives
[-[T] Set_Zero i
< — | 3 Fl 1 3
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v_.....unn.p. ._.amm Window

_m__ FLCopenFlus_v_2_2a

D Dﬂm Types
2 23 Logical POUs

£-{J Read_Values
[E] Read_Positions
m Read_Velocities
. Read_Torques
. Rod_1_Logic
=-{L4 Rod_2_Logic
=-[E] Red2_Move_Rat
..... [i] Rod2_Move_RotT
..... m RodZ_Move_RotV
..... @ Rod2_Move_Rot
=-[F] Red2_Rotation_Cale
..... B Rod?2_Rotation_CalcT
..... 5] Rod2_Rotation_CalcV
..... [ Rod2_Ratation_Cale
“_ Rod2_Translation_Calc
[i] Rod2_Translation_CalcT
5 Rod2_Translation_CalcV
..... . Rod2_Translation_Calc

&-[&] Rod2_Move_Tran
2|4 Rod_3_Logic

[#-{&] Rod3_Move_Rot

-|F| Rod3_Rotation_Cale

#-|&] Rod3_Move_Tran

_Um Rod3_Translation_Calc

=104 Rod_4_Logic

7@ Rod4_Rotation_Cale
(@] Rod4_Move_Rot
u Rod4_Move_Tran
H_ Rod4_Translation_Calc
Home

Manual_Move

Shoat

OuUTPUT

Initiglize

10

Main

Power_Drives

Set_Zero

e 0 O o O e O e DO e O O O

IHEEEEEEE

.. |

m

Name & Type Usage Description Address Init _ Retain _ PL
=] Default
ball_y_POSTION LREAL WAR_EXTE... BALL  POSTION (MM) [ E
WMAX_POSITION LREAL WAR [T E
IMIN_POSITION LREAL VAR [ [
MOVE_ROD2 BOOL WAR_EXTE... O |k
PREW_BALL_¥_POSTION_TRAN_2 | LREAL WAR [T E
RODZ_COVER_LG LREAL VAR 595,249 [ £
RODZ_FT_DIST LREAL WAR 33.0 [0 E
RODZ_FT_WD LREAL VAR 2414 [ E
ROD2_MOVE LREAL VAR ] [
RODZ_MOVE_Y LREAL WAR_EXTE... O |E
RODZ_TRAVEL LREAL WAR_EXTE... O |

4

L[}
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4

m

: -
@-[_] Data Types
=3 Logical POUs

51

Aav¥O

Y PLCopenPlus_v_2 Za

L Read_Values

m Read_Positions
Read_Velocities
Hm Read_Torques

5 Rod3_Move_RotV
@ Rod3_Move_Rot
[&] Rod3_Retation_Calc
Rod3_Move_Tran
-{&]| Rod3_Translation_Calc
i Rod_4_Logic

m Rod4_Rotation_Calc
Rod4_Move_Rot
Rod4_Move_Tran
m Rod4_Translation_Calc

m Home
m Manual_Maove
7] sShoot
(o] ouTPUT
ﬁ Initialize
[0 o
_M Main
[E] Power_Drives
[&] Set_Zero
@-[0] HMI
{88 Physical Hardware
=@ Corfiguration : eCLR
=-@8 Resource : MP3200iec

@ Main : Main

o] oo

E-[@] FastTsk : CYCLIC

[€] MedTsk :CYCLIC
(O] OUTPUT : QUTPUT

m

-

3

MC Movetbsdut_1

[ MCMoweAbsdue Y
WL popIROT BN ROT RODE  RODSHOOT RODIROT DN [ fs—ROD3ROT
| [ = I~} N 1/ = Execute Done}—RODI_ROT_DN
ROD3_ROT_MOVE—] Postim Busy |5
ROTVEL—| Velocity Actvel o
ROT_ACC—] AccekEmfofommandibarted | o
ROT_ACC— Decekmiion Error
#— Jerk ErredD =
ROD3_ROT_DIR—{ Diecton
o BufferMode

L}

» L
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Data Types

Logical POUs

=N _.L Read_Values

; H Read_Positions
m Read_Velocities
m Read_Torgues

(e Rod_1_Logic
[~ Red_2_Logic
-4l Rod_3_Logic

Rod3_Move_RotV
@] Rod3_Mave_Rot
& Rod3_Rotation_Cale
m Rod3_Move_Tran

. Rod3_Translation_Calc
=104 Rod_4_Logic

[&| Rod4_Rotation_Calc
[&] Rod4_Mave_Rot

m Rod4_Move_Tran
m Fod4_Translation_Calc
Home

Manual_Maove

Shoot

OuTPUT

Initialize

10

Main

Power_Drives

Set_Zero

EEEEEEEEEE

o = 3 0 )

T
=

Physical Hardware
28 Configuration : eCLR
_m_@ Resource : MP3200iec

_m_@ Tasks
. E-[@] FastTsk: CYCLIC

~~[0] Main : Main

gl 1o:10

- =[] MedTsk : CYCLIC

- “-[O] oUTPUT :OUTPUT

] T | +

Y o e e M

: FTQJect Iree winaow £ ¥

m

-

Name Type Usage Description Address Init _ Retain _ _uDD_ QPC

=l Default

MC_WoveAbsolute_1 MC_WoveAbsal.. | VAR & &
ROT_VEL LREAL VAR 1200.0 0 | O
ROT_ACC LREAL VAR 30000.0 R
ROD3_ROT_EN BOOL VAR_INPUT o .
ROT_ROD3 BOOL VAR_EXTE... O (O]
ROD3_ROT_DN BOOL VAR [
ROD3_ROT_MOVE LREAL VAR_EXTE... O | O]
ROD3_ROT_DR MC_Direction VAR_EXTE... O | O]
ROD3_ROT AXIS_REF VAR_EXTE.. | ROD 3 ROTATION, AXIS & O [0
Rod3_Rotation_Calc_1 Rod3_Rotation_. VAR O (O]
ROD3_SHOOT BOOL VAR_EXTE... O | o]

L

L}
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: Project Tree Window
= ﬁ PLCopenPlus_v_2_2a
-7 Data Types
=59 Logical POUs
m_r‘.__ Read_Values
[&] Read_Postions

m Read_Velocities
m Read_Torques
F- 43 Rod_1_Logic
- 43 Rod_2_Logic
=10 Rod_3_Logic

=-[& Rod3_Move_Rot

..... [i] Rod3_Move_RetT
-[z5 Fod3_Move_RotV

..... @ Rod3_Move_Rot
Em“_ Rod3_Rotation_Calc

..... E Fod3_Rotation_CalcT
..... m Fod3_Rotation_CalcV
..... ] Rod3_Rotation_Cale
_wm“_ Rod3_Move_Tran

..... [i] Rod3_Move_TranT

= m Rod3_Move_TranV
..... @ Rod3_Move_Tran
D...m Rod3_Translation_Calc
E-{Ld Rod_4_Logic

[&] Rod4_Retation_Calc
Rod4_Move_Rot
Rod4_Move_Tran

&3] Rod4_Translation_Cale
#-[F] Home
G..._M Manual_Move
&-[E] Shoot
=-[0] ouTPUT
- [0] Intislize
w=-[0] 10
&[] Main
D...ﬁ Power_Drives
w-[E] Set_Zero
(0] HMI

E@ Physical Hardware
m@ Configuration : eCLR
_m_@ Resource : MP3200iec

‘| m |

m

MC_MoveAbsolute_2

( WMC_MoveAbsolute )
ROD3_TRAN—¢ AXis ———— —  Axis+—ROD3_TRAN
1 xouw.“;mpzlmz zo.,mmlx“oum xou.f_q__xx_“»zbz e ecute Done |_R0D3. TRANDN
ROD3_MOVE_Y—{ Pogtion Busy
ROD3_TRAN_CMD_VEL— Velocity Active -
ROD3_TRAMN_CMD_ACC— AcceleratioGommand Aborted f—+
ROD3_TRAN_CMD_ACC— Deceleration Error |-
o Jerk ErrorlD
MC_Direction#Shortest_\Way— Direction
o BufferMode

Rod3_Trandation_Calc_1

m

1
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: Project Tree Window

-[_1 Data Types
m_.m Logical POUs

=04 Read_Values
[E] Read_Posttions
Read_Velocities
E m Read_Torques

.t Rod_1_Logic

.+ Rod_2_logic
E1-{Li Rod_3_Logic

£-[& Rod3_Move_Rat
[{] Rod3_Move_RetT
m Rod3_Move_RotV
..... @ Rod3_Move_Rot
=-[F Fod3_Rotation_Calc
- B Rod3_Rotation_CalcT
- E Rod3_Rotation_CalcV
..... [£] Rod3_Rotation_Cale
_wﬁ_ Rod3_Move_Tran
..... B Rod3_Move_TranT
[z2] Rod3_Move_TranV
..... @ Rod3_Maove_Tran
_U...m Rod3_Translation_Calc
{0l Rod_4_Logic
[&] Rod4_Rotation_Cale
Rod4_Move_Rot
Rod4_Move_Tran
[&] Rod4_Translation_Cale
Home
Manual_Move
Shoot
QUTPUT
Initiglize
10
Main
Power_Drives
Set_dero
HMI

=458 Physical Hardware

_m_@ Configuration : eCLR
_m_@ Resource : MP3200iec

Al

mo |

m

Mame Type Usage _ Description Address _ Irmit _ Retain _ _uDD_ QPC
= Default
MC_MoveAbsolute_2 MC_MoveAbsol... VAR [l
ROD3_TRAN_EN BOOL VAR_INPUT O o
11OVE_ROD3 BOOL VAR_EXTE.. O o
ROD3_TRAN_DN BOOL VAR R
ROD3_TRAN AXIS_REF VAR EXTE.. |ROD 3 TRANSLATION, AXIS 7 OO
ROD3_MOVE_Y LREAL VAR_EXTE. . oo
ROD3_TRAN_CMD_VEL LREAL VAR 350.0 O | o
ROD3_TRAN_CMD_ACC LREAL VAR 4000.0 [
Rod3_Translation_Calc_1 | Rod3_Translatio.. | VAR O

L

L1




298

Data Types
3 Logical POUs
--{[ i Read_Values

Rod3_Move_RotT
2| Rod3_Move_RotV
Rod3_Move_Rot
d3_Rotation_Calc
[i] Rod3_Retation_CaleT
| Rod3_Rotation_CalzV

DI 2

_Hlum

+ [=] Rod3_Retation_Cale
o (& Rod3_Move_Trn

> &-E| Rod3_Translation_Calc
o =104 Rod_4_Logic

..0.. m Rod4_Rotation_Calc
Q [E] Rod4_Move_Rot

m H Rodd_Move_Tran

o |&] Rod4_Translation_Cale
= D...M Home

c D...M Manual_Maove

i G-{@] Shoot

)] [-[0] OUTPUT

e} (0] Intiglize

e - [d] 10

— (-[0] Main

m D...M Power_Drives

% -{@] Set_Zero

S &[T HMI

[ =83 Physical Hardware

° (-8 Corfiguration : eCLR

..nuu.. _m_@ Resource : MP3200izc
© =438 Tasks

m . E-¢] FastTek: CYCLIC
+ [ @ Main : Main
AUn 4 o .|._.. -

m

Mo~ moEn ok L RS

Snoot_1(ROT_AKIS:= (ROD3_ROT) , SHOOT NOW:= (RODI SHOOT)):

IF BALL X POSITION <> PREV_BALL X POSITION ROT_3 THEN

IF RCD3 BAK DIST »>= BALL X POSITICHN THEHN

ROD3_ROT_MOVE := LREAL#90.0;
mODwImOHIDH R := KnIDH re nnH05%MDmHnM<mIDH rection;
ROT_ROD3 := TRUE:;

END_IF;

IF ROD3_FWD_DIST <= BALL X POSITION & BALL X POSITION <=

(ROD3_FWD DIST + SHOT_DIST) THEN

RCD3_SHOOT := TRUE;

END_IE;

IF

(ROD3_FWD DIST + SHOT_DIST) < BALL X POSITION THEN

ROD3_ROT_MOVE := LRELAL#0.0:
ROD3_ROT_DIR := ZnIUMHmnnHDEﬂmdDHnmunIE_wm“
ROT_RCD3 := TRUE;

END_IF;

PREV_BALL X_POSITION ROT_3

ELSE ROT_ROD3

END_IF;

:= BALL X_POSITION;

:= FRLSE; ROD3_SHOOT := FRLSE;

L1}
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i Project Tree Window

“.IE PLCopenPlus_v_2_2a

m Read_Positions
Read_Velocities

m Read_Torgues

-2 Rod_1_Logic

- 2 Rod_2_Logic

=-{Ld Rod_3_Logic

=-{&] Rod3_Move_Rot

B Rod3_Move_RotT
m Rod3_Move_RotV
[Z] Rod3_Move_Rot
=& Rod3_Rotation_Calc
i[i] Rod3_Rotation_CaleT
m Rod3_Rotation_CalcV
m Rod3_Retation_Calc
[ m Rod3_Move_Tran
/3| Rod3_Translation_Calc
=-{d Rod_4_Logic

[@] Rod4_Rotation_Calc
Rod4_Move_Rot
Rod4_Move_Tran

m Rod4_Translation_Calc

[E] Home
m Manual_Mave
[&] Shoot
_M QUTPUT
ﬁ Initiglize
(o] 10
(3] Main
m Power_Drives
[T] Set_Zero
_M HMI
= Physical Hardware

=38 Configuration : eCLR

£-88 Resource : MP3200isc
m@ Tasks
E-[¢] FastTsk : CYCLIC
“[0] Main : Main

m

MName Type Usage _ Description Address Irmit _ Retain _ PDL
= Default
BALL_X_POSITION LREAL VAR_EXTE... BALL X POSITION (MM) =
SHOT_DIST LREAL VAR_EXTE... ]
Shoot_1 Shoot VAR | 3
ROD3_ROT AXIS_REF VAR_EXTE... ROD 3 ROTATION, AXIS 3 ==
PREV_BALL_¥_POSMTION_ROT_3 | LREAL VAR [ W
ROD3_BAK_DIST LREAL VAR 511.175 B [0
ROD3_ROT_MOVE LREAL VAR_EXTE... ==
ROD3_ROT_DIR MC_Direction VAR_EXTE...
ROT_ROD3 BOOL WAR_EXTE... [&] [&]
ROD3_FWD_DIST LREAL VAR 525.453 0 ||
ROD3_SHOOT BOOL VAR_EXTE... O[O

4

n
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§ Project Tree Window ok MIN POSITION := LREAL#10.0; =
- IE PLCopenPlus_v_2 Za =tz MAX¥ POSITION := (ROD3 TRAVEL-LREAL#10.0); 0
= _v_2_. : .0}
3 Data Types k - -
=8 & Logical POUs =i [ 1§ IF BALL Y POSITION <> PREV BALL Y POSITION TRAN 3 THEN
=1L Read_Values i
[E] Read_Posttions & IF ROD3_FT DIST <= BALL Y POSITICON & BALL Y POSITION < (RCD3 FT DIST + ROD3_COVER LG/LREAL$S5.0) THEN
(8] Read_Velocities 7 ROD3 MOVE := (BALL ¥ POSITION - ROD3 _FT DIST):
[Z] Read_Torques 2 ROD3 MOVE_Y :=LIMIT LREAL (MIN POSITION, ROD3_MOVE ,MAX POSITION) :
Red_1_Logic 9 END_IF:
Rod_2_Logic 10
Rod_3_lLogic 11 IF (ROD3_FT DIST + RODS_COVER LG/LREAL#5.0) <= BALL ¥ POSITICN & BALL ¥ POSITION <= (RODS_FT DIST + LREAL#2.0
-[&| Rod3_Move_Rot 12 ROD3_MOVE := (BALL | m POSITION - (ROD3_FT _DIST + ROD3_FT _WD)):
..... [{] Rod3_Move_RotT 13 ROD3 MOVE ¥ :=LIMIT LREAL (MIN POSITIOHN, ROD3 - MOVE JMEX . POSITICHN):
m Rod3_Move_RotV 14 END IF: -
..... @ Rod3_Move_Rot 15 -
=-[Z] Rod3_Rotation_Cale 16 IF (ROD3_FT_DIST + LREAL#2.0 * ROD3_COVER_LG/LREAL#5.0) <= BALL_Y POSITION & BALL Y POSITION <= (ROD3_FT_DIST
..... [i] Rod3_Rotation_CalcT 17 ROD3_MOVE := (BALL ¥ BOSITION - (ROD3_FT DIST + LREAL$#2.0 * ROD3_FT_WD));
[:5 Rod3_Rotation_CalcV | =||[l1e ROD3 MOVE_¥ :=LIMIT LREAL (MIN POSITICN, ROD3_MOVE ,MAX BOSITION);
..... m Rod3_Rotation_Calc 19 END IF:
Eﬁ_ Rod3_Move_Tran 20 -
..... [i] Rod3_Move_TranT 21 IF (ROD3_FT DIST + LREAL#3.0 * ROD3_COVER LG/LREAL#5.0) <= BALL Y POSITION & BALL Y POSITION <= (ROD3 FT DIST
..... 5 Rod3_Move_TranV 22 ROD3_MOVE := (BALL Y POSITION - (ROD3_FT DIST + LREAL#3.0 * ROD3_FT WD)):
..... [@] Red3_Move_Tran 23 ROD3_MOVE_Y :=LIMIT LREAL (MIN_POSITICN, ROD3_MOVE ,MAX POSITION)
_wm“_ Rod3_Translation_Calc 24 END IF; - - -
[i] Rod3_Translation_Cal... i -
~[¢g Rod3_Translation_Cal... 26 IF (ROD3_FT DIST + LREAL#4.0 * ROD3 COVER LG/LREAL#5.0) <= BALL Y POSITION & BALL ¥ POSITION <= (RCD3 FT DIST
k=] Rod3_Translation_Calc 27 ROD3 MOVE := (BALL ¥ POSITION - (ROD3 FT DIST + LREAL#4.0 * ROD3_FT WD)):
E11L8 Rod_4_Logic 28 RCD3 MOVE ¥ :=LIMIT LREAL (MIN POSITICN, ROD3 MOVE ,MAX POSITICHN):
m Rod4_Retation_Calc 29 END IF: - - - - -
H Rod4_Move_Rat 30 -
[Z] Rod4_Move_Tran R PREV_BALL Y POSITION TRAN 3 := BALL Y POSITICHN;
. Rod4_Translation_Calc 32
(@] Home 33 MOVE ROD3 := TRUE:
- m Manual_Maove 34 -
-] Shoot 35 ELSE MCOVE RCOD3 :=FRLSE;
[-[0] ouUTPUT 36 -
@-(0] Intiglize 37 END IF;
&-[0] 10 B
D...E Main
D...m Power_Drives
[T Set_Zero
(3] HMI il
<« [ B T— : ] I b
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: tnou.nn._.qmml._____m.ini axol|R
L& PLCopenPlus_v_2_7a ~|| |l
Data Types 3
Logical POUs — iz THEN
: _..-_ Read_Walues 5,
[@] Read_Positions & POSITICN < (ROD3 FT DIST + ROD3 COVER LG/LREAL#5.0) THEN
H Read_Velocities 3 I5T): - - - -
|&] Read_Torques 2 OD3_MOVE ,MARX POSITICHN):
#- 4 Rod_1_Logic g
-4 Rod_2_Logic 10
=-{[4 Rod_3_Logic 11 = BALL ¥ POSITION & BALL Y POSITICN <= (ROD3 FT DIST + LREAL$2.0 * ROD3 COVER LG/LREAL#5.0) THEN
=-[Z] Red3_Move_Rot 12 DIST + ROD3_FT WD)):
~[i] Rod3_Move_RctT 13  0OD3 MOVE ,MAX POSITION):
5 Rod3_Move_RotV 14 - -
@ Rod3_Move_Rot 15
=& Rod3_Retation_Calc 16 LREAL#5.0) <= BALL Y POSITION & BALL Y POSITION <= (ROD3_FT DIST + LREAL#3.0 = ROD3 COVER LG/LREAL#5.0) THEN
~[i] Rod3_Rotation_CaleT 17 DIST + LREAL#2.0 * ROD3_FT_WD));
[z Fod3_Rotation_CalcV |=|||lie  ©D3 MOVE ,Ma¥ POSITION);
m Rod3_Retation_Calc 19 - -
=--[E Rod3_Move_Tran 20
~[{] Rod3_Move_TranT 21  LREAL#5.0) <= BALL Y POSITION & BALL Y POSITION <= (ROD3_FT DIST + LREAL#4.0 * ROD3 COVER_LG/LREAL#5.0) THEN
[z Rod3_Move_TranV 22 DIST + LREAL#3.0 * ROD3_FT _WD)):
{3 Rod3_Move_Tran 23 0OD3 MOVE ,MAX POSITION):
=-[&] Red3_Translation_Cale 24 - -
B Rod3_Translation_Cal... 25
g8 Rod3_Translation_Cal... 26 LREAL#5.0) <= BALL Y POSITION & BALL Y POSITICN <= (ROD3_FT DIST + LREAL#5.0 = ROD3 COVER LG/LREAL#5.0) THEN
/] Rod3_Translation_Cale 27 DIST + LREAL#4.0 * ROD3_FT_WD));
=-{[4 Rod_4_Logic 28 OD3 MOVE ,MAX POSITION):
m Fod4_Rotation_Calc 59 - -
[E] Rod4_Move_Rot 20

Rod4_Move_Tran 21 H;
Rod4_Translation_Calc sz
_U...m_ Home e
D...M Marual_Move 24
D...M Shoot o
f-[0] OUTPUT 36
@[] Inttialize 37
(=-[0] 10
_U...H Main
_U...m_ Power_Drives
[-{[F] Set_Zero
E-[0] HMI il
P e — 3 ‘ 1
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Ll nm Jice " 1y Mame Type Usage _ Description Address _ Init _ Retain _ _uDD_ OF

: [E PLCopenPlus_v_2 Za - = Detault

t +( Data Types ball_y_POSITION LREAL WAR_EXTE... BALL ¥ POSITION (MM}
=3 Logical POUs B NIN_POSITION [REAL VAR
=4 Read_Valuss MAX_POSITION LREAL VAR

[E] Read_Posttions ROD3_TRAVEL LREAL WVAR_EXTE...
[@] Read_Velocties PREV _BALL_v_POSITION_TRAN_3 | LREAL VAR

= Read_Torgues ROD3_FT_DIST LREAL VAR 38.0
Rod_1_Logic ROD3_MOVE LREAL VAR
Rod_2_Logic ROD3_MOVE_Y LREAL VAR_EXTE...
il Rod_3 Logic ROD3_COVER_LG LREAL VAR 607.06
E-[Z] Red3_Move_Rot ROD3_FT_WD LREAL VAR 120.65

..... [i] Red3 Move RotT MOVE_RODS BOOL VAR_EXTE..
..... 5] Rod3_Move_RotV

..... @] Rod3_Move_Rot
|uﬁ_ Rod3_Rotation_Cale

..... B Rod3_Roetation_CalcT
- W Rod3_Roetation_CalcV
/7] Rod3_Ratation_Calc
_wm“_ Rod3_Move_Tran

..... [i] Rod3_Move_TranT

| Rod3_Move_TranV

ﬂ'l L] II_|'||I = II_|'||I ==

15 e o
‘I Il ||1]‘| (| ||1]|| [

m

m

=[] Rod3_Translation_Calc

..... [i] Rod3_Translation_Cal...
--tg] Rod3_Translation_Cal...
/=] Rod3_Translation_Calc
2|4 Rod_4_Logic

; [&] Rod4_Rotation_Calc
Rod4_Move_Rot
Rod4_Move_Tran

|&] Rod4_Translation_Cale
Home

Manual_Move

Shoot

OUTPUT

Initialize

(o]

Main

Power_Drives

Set_Zero

HMI

=T 2 g B )

BEEEEEEEEE

i
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i Project Tree Window

ER=)

=-E3
=8

m..@:—u—“—u—u—u—u—“—u—u—\

Libraries

L@ PLCopenPlus_v_2_2a

Data Types
Logical POUs
-1 mmmn_ .._.m__._mm

Rod h _Logic

. - Rod4_Ratation_Calc

(i] Rod4_Rotation_CalcT
m Rod4_Rotation_CalcV
m Rod4_Rotation_Calc
=-[E] Rod4_Move_Ret

[i] Rod4_Move_RotT
z2] Rod4_Move_RotV
@ Rod4_Move_Rat

m

- . Rod4_Move_Tran
[~ . Rod4_Translation_Calc
u Home
H_ Manual_Mave
u Shoot
U QUTPUT
H_ Initialize
(0] 1©
H_ Main
u Power_Drives
8] Set_Zero
(3] HMmI
Phiysical Hardware
@ Corfiguration : eCLR
- @ Resource : MP3200iec
_m_ @ Tasks
LB h FastTsk : CYCLIC
(0] Main : Main

9] oo

@ MedTsk : CYCLIC
{3 outpuT:0UT _

LI} L3

m

E“H ROD4 ROT_EN  ROT_RODA

ROD4 m_.._DD._. ROD4_ROT_DN

MC_MoveAbsolute _1

ROD4_ROT—1 Axis
.ﬁ._ _ Execute

+

Rod4 | moﬁnc: nun 1

Ll

ROD4_ROT_MOVE—] Postion
ROT_VEL—] Velocity

ROT_ACC— AcceleratioBommandAborted

ROT_ACC— Deceleration
o Jerk
ROD4_ROT_DIR— Direction
+ BufferMode

Axicr—ROD4_ROT
Done —ROD4_ROT_DN
Busy f—=
Active =
L o
Error p—=
ErrorID f—e

3l
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i Project Tree Window L x|

=23 Libraries
L8 PLCopenPlus_v_2 2a
e Data Types
229 Logical POUs
B0l Read_Values
; H Read_Positions
m Read_Velocities

5] m Read_Torques
-l Rod_1_Logic
-1 Rod_2_Logic
- Rod_3_Logic
-1 Rod_4_Logic
mm Rod4_Rotation_Calc
[i] Rod4_Rotation_CaleT
m Rod4_Rotation_CalcV
m Rod4_Rotation_Calc
=-[E] Rod4_Move_Rot
[i] Rod4_Move_RetT
- Rod4_Move_RotV
@ Rod4_Mave_Rot
Rod4_Move_Tran
Rod4_Translation_Cale

M- -
(N R g

i

[
-

3

o

:_._m_ Move

%55

o

c._._uc._.
nitialize

6_

EEEEEEEEEE

ical Hardware

Corfiguration : eCLR

@ Resource : MP3200iec

@ Tasks

@ FastTsk : CYCLIC

@ Main : Main

: O] 0:10

m E MedTsk : CYCLIC
ﬁ_ OUTPUT :OUTI _

m
o
m@%

Il i b

m

MName Type Usage ! _Ummo_._uzo: Address Iriit _ Retain __uUD_o_un_ Tl
= Default
MC_Movelbsolute_1 MC_MoveAbsol.. | VAR £ BB |E
ROT_VEL LREAL VAR 1200.0 O [ O/OfE
ROT_ACC LREAL VAR 30000.0 O [O/OfE
ROD4_ROT_DN BOOL VAR 0O [ ma|ale
Rod4_Rotation_Calc_1 Rod4_Rotation_. | VAR B [mal[E
ROD4_ROT_EN BOOL VAR_INPUT ] HlElE
ROT_ROD4 BOOL VAR_EXTERN... O O[Ok
ROD4_ROT AXIS_REF VAR EXTERN.. | ROD 4 ROTATION, AXIS 10 O [OlElE
ROD4_ROT_MOVE LREAL VAR_EXTERN... O [m[alE
ROD4_ROT_DIR MC_Direction AR_EXTERN... 'E
ROD4_SHOOT BOOL VAR_EXTERN.. ERIEIIEIE

4

L1
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_m_m Librariss

m

G R e B B

L8 PLCopenPlus_v_2_2a

[C3 Data Types
=3 Logical POUs

=14 Read_Values

a0

0

--[&] Rod4_Rotation_Cale
[i] Rod4_Rotation_CaleT
-5 Rod4_Retation_CalcV
..... [=] Rod4_Rotation_Calc
|uﬁ_ Rod4_Move_Rot
..... B Rod4_Move_RotT
..... W Rod4_Move_RotV
..... @] Rod4_Move_Rot
=-[F] Rod4_Move_Tran
..... [i] Rod4_Move_TranT
..... m Rod4_Move_TranV
..... @ Rod4_Move_Tran
m Rod4_Translation_Calc
Home
Manual_Maove
Shoot
OuUTPUT
Initialize
(o}
Main
Power_Drives
Set_Zemo
HMI
hysical Hardware
=3 Configuration : eCLR
m@ Resource : MP3200iec
_m_@ Tasks
- =-[8] FastTsk: CYCLIC
@ Main : Main

m

B E-E-E-E-E-E-E-E
EEIEEEEE EEE] @

o

i

LLLJ

m

-

4

o001

MC_MoveAbsolute_2

xDDAI_._.x".»ZI_mz 30<.m| x_DDA
11

Rod4_Trandati

pd4_Trandation_Cak]

mn

[ WC_MoveAbsolute |
ROD4_TRAN— AXlSs ————————— —  Axis—ROD4_TRAN
ROD4_TRAN_DN
T/ — Execute Done |—ROD4_TRAN_DN

ROD4_MOVE_Y— Postion Busy p—=

ROD4_TRAN_CMD_VEL— Welocity Active f—2

ROD4_TRAN_CMD_ACC— AcceleratioGommand Aborted f—e

ROD4_TRAN_CMD_ACC— Deceleration Error f—=

o Jerk ErrorlD o

MC_Direction#Shortest_Way—{ Direction

| BufferMode

> L
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m_m Libraries

L& PLCopenPlus_v_2 Za
@-[Z] Data Types

=33 Logical POUs

2

m-E--F-F
b

A F-E - -
e )

EEREEEEREE

U]

o

_.-.-_ Read_Values

d4_Rotation_Cale
..... [i] Rod4_Rotation_CaleT
E Rod4_Rotation_CalcV/
m Rod4_Rotation_Calc
_wm“_ Rod4_Move_Rot
..... [i] Rod4_Move_RotT
..... [ Rod4_Move_RotV
..... @ Rod4_Move_Rot
EW“_ Rod4_Move_Tran
..... [i] Rod4_Mave_TranT
-5 Rod4_Move_TranV
..... @ Rod4_Maove_Tran
_U...m Rod4_Translation_Calc
Home
Manual_Maove
Shoat
OuTPUT
Initialize
10
Main
Power_Drives
Set_Zemo
HMI
ical Hardware
Corfiguration : eCLR
58 Resource : MP3200iec
£33 Tasks
- =[] FastTsk:CYCLIC
3] Main : Main

us

m

m

o

Name Type Usage Description _ Address Imit _ Retain _ _uDD_ O_un_ TB _
= Default
MC_MoveAbsolute_2 MC_MoveAbsol. | WAR 0O O[O
MOVE_ROD4 BOOL WAR_EXTE... O O[O
ROD4_TRAN_DN BOOL VAR [ 0] [0
ROD4_TRAN_EN BOOL AR_INPUT ] [N
ROD4_TRAN AXIS_REF VAR EXTE.. |ROD 4 TRANSLATION, AXIS & 0 I=RI=0
RODZ_MOVE_Y LREAL VAR_EXTE... ] ‘Olo
Rod4_Translation_Calc_1 Rod4_Translatio... WAR .H_ w
ROD4_TRAN_CMD_VEL LREAL VAR 350.0 O I
ROD4_TRAN_CMD_ACC LREAL VAR 4000.0 ] O[O
L) I 13
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£ Libraries

[
=R

=-

@ P
2-

LB PLCopenPlus_v_2_Za
(L] Data Types
w Logical POUs

=K _\._ Read_Values
. Read_Positions
Read_Velocities
[#] Read_Torques
H- i Rod_1_Logic
H- | Rod_2_Logic
H- i Red_3_Legic
Iu

3 Rod_4 Logic
=25

Rod4_Rotation_Cale

[if] Rod4_Retation_CaleT
E Rod4_Rotation_CalcV
m Rod4_Rotation_Calc
m Rod4_Move_Rot
Rod4_Move_Tran

m Rod4_Translation_Calc
Home

Manual_Maove

Shoot

QUTPUT

Initiglize

Main

Power_Drives

Set_Zero

HMI

ical Hardware

Configuration : eCLR

@ Resource : MP3200iec
m @ Tasks

. FastTsk : CYCLIC
ﬁ_ Main : Main

O] 10:10

m @ MedTsk : CYCLIC

H-

(@]
(g
(0]
(0]
(0] 10
(0]
7[5
(3
5-(0]

[£
£
[
[
£
[£
[£
[
[£
[

m@g

...... (O] ouTPUT : QUTIL

m @ SlowTsk : CYCLIC
...... O] HMI: HMI
E Start : SYSTEM

m

=

0 moed on O L R

Shoo

t_1(ROT_AXIS:=(ROD4 ROT),SHOOT NOW:= (ROD4 SHOCT) ) :

IF BALL X POSITION <> PREV BALL X POSITION ROT ¢ THEN

ELSE

END_

IF RCD4_BARK DIST »= BALL_X POSITICN THEN

ROD4_ROT MOVE := LREAL#90.0;
ROD4_ROT DIR := MC Direction#Positive Direction;
ROT_RCD4 := TRUE;

END IF;

IF ROD4_FWD_DIST <= BALL X POSITION & BALL X POSITION <=
ROD4_SHOOT := TRUE;
END_IF;

(ROD4_FWD DIST + SHOT_DIST) THEN

IF (RCD4_FWD DIST + SHOT_DIST) < BALL X POSITION THEN

ROD4 ROT MOVE := LREAL$#0.0;
mODmImOHIRH R := Enlwwp rection¥Shorte mnIE_wm H
ROT_ROD4 := TRUE;

END IF;:

PREV_BALL X POSITION ROT_4¢ := BALL X POSITICN:

ROT_ROD4 := FALSE; ROD4_SHOOT := FRLSE;

IE;

I
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i Project Tree Window ivg
-3 Libraries
- IE PLCopenPlus_v_2_Za
L Data Types
=23 Logical POUs
2|4 Read_Values
m Read_Postions
m Read_Velocities
=21 m Read_Torgues
[~ |l Rod_1_Logic
[~ [ Rod_2_lLogic
- |l Rod_3_logic
=-{1i Rod_4_Logic
_m_ m Rod4_Rotation_Calc
[i] Rod4_Retation_CaleT
m Rod4_Rotation_CalcV
[=] Rod4_Retation_Calc
m Rod4_Mave_Raot
m Rod4_Move_Tran
[&] Rod4_Translation_Cale
-[3] Home
_U...M Manual_Move
_U...M Shoot
w-[1] OUTPUT
-] Intiglize
e[ 10
@-[3] Main
D...M Power_Drives
_U...M Set_Jero
-] M
=33 Physical Hardware
_m_@ Corfiguration : eCLR
=138 Resource : MP3200izc
428 Tasks
= ﬂ FastTsk : CYCLIC
(3] Main : Main
[ 10:10
[E] MedTsk : CYCLIC
@ QUTPUT : OUTIL
8] SlowTsk - CYCLIC
: @ HMI: HMI
_M_D Start - SYSTEM
A W T

m

=

MName Type _ Usage _ Description Address Init _ Retain _ _uDD_ QPC
= Default
BALL_X_POSTION LREAL WAR_EXTE... BALL X POSITION (MM} [} a0
SHOT_DIST LREAL VAR_EXTE... O [m\
Shoot_1 Shoot VAR
ROD4_ROT AXIS_REF WAR_EXTE... ROD 4 ROTATION, AXIS 10 | ||
ROD4_SHOOT BOOL VAR_EXTE... =R
PREV_BALL_X_POSMION_ROT_4 | LREAL VAR 1 0] [
ROD4_BAK_DIST LREAL VAR 803.275 O @(.
RODA_ROT_MOVE LREAL VAR_EXTE... Rl
ROD2_ROT_DIR MC_Direction VAR_EXTE... EI=EI=]
ROT_ROD4 BOOL VAR_EXTE... EIEREE]
ROD4_FWD_DIST LREAL VAR 818.15 0 |[E| 8

4

L
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=234 Libraries

ﬁ PLCopenPlus_v_2_2a

-2 Data Types

=23 Logical POUs

E-{LJ Read_Valuss

[&] Read_Postions
Read_Welocttiss

[&] Read_Torgues

- i Rod_1_Logic

-t Rod_2_Logic

-4 Rod_3_Logic

-4l Rod_4_Logic

=-[&] Rod4_Rotation_Calc

..... [if] Rod4_Rotation_CalcT
..... 5 Rod4_Rotation_CalcV
..... =) Rod4_Rotation_Calc
£-+{&] Rod4_Move_Rat

..... E Rod4_Move_RotT
..... W Fod4_Mave_RotV
..... [©] Rod4_Move_Rot
£-+{&E] Rod4_Move_Tran

..... [i] Rod4_Move_TranT
-[z5 Rod4_Move_TranV
..... @ Rod4_Move_Tran
=-[F] Rod4_Translation_Calc
..... [i] Rod4_Translation_Cal...
g5 Rod4_Translation_Cal...
-2 Rod4_Translation_Calc
Home

Manual_Move

Shoot

QUTPUT

-
(N B B Rk

EEEEEEEEEE

E@ Physical Hardware

=@ Configuration : eCLR
_m_@ Resource : MP3200iec

(LI (3

m

=

oo o =] e 0 sk L RS

THEH

POSITION < (ROD4 FT DIST + RCD4 COVER LG/LREAL#3.0) THEN
IST):
OD4_MOVE ,MAX POSITION);

= EALL ¥ POSITION & BALL Y POSITION <=
DIST + ROD4 |FT WD)):
0D4_MOVE ,MAX_POSITION);

(ROD4 FT DIST + LREAL#2.0 * ROD4 COVER LG/LRERL#3.0) THEN

LREAL$3.0) <= BALL ¥ POSITION & BALL Y POSITION <= (ROD4_FT DIST + LREAL#3.0 * ROD4 COVER LG/LREAL#3.0) THEN
DIST + LREAL#2.0 * ROD4_FT WD)):
OD4_MOVE ,MAX_POSITION) :

1L}
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fru i rn B

m

=423 Libraries

L8 PLCopenPlus_v_2_2a

@-[Z] Data Types
Em _hu_nm_ POUs
=104 Read_Values

&] Read_Postions
H Read_Velocities
m Read_Torques
-+ Rod_1_Logic
-4 Rod_2_Logic
-+ Rod_3_logic
-4 Rod_4_Logic
=-[E] Rod4_Rotation_Cal

(Il £ B g B2

EW“_ Rod4_Move_Rot
..... E Fod4_Move RotT
..... 5 Rod4_Mave_RotV
..... [©] Rod4_Mave_Rot
EW“_ Rod4_Move_Tran

..... @ Rod4_Move_Tran
_wm“_ Rod4_Translation_Calc

Home
Manual_Maove
Shoat
OuTPUT
Initialize

10

Main
Power_Drives
Set_Zemo

..... [i] Rod4_Retation_CaleT
..... m Rod4_Rotation_CaleV
..... m Rod4_Rotation_Calc

E Fod4_Move_TranT
5 Rod4_Move_TranV

..... [i] Rod4_Translation_Cal...
..... 5 Rod4_Translation_Cal...
..... m Rod4_Translation_Calc

EEEEEEEEEE

HMI
Physical Hardware
-3 Corfiguration : eCLR

m
(1§

m

_m_@ Resource : MP3200iec

m

m

-

L s

4

MIN POSITION := LREAL#10.0; ol

MAX POSITION := (ROD4 TRAVEL-LREAL#10.0);
IF BALL Y POSITION <> PREV BALL Y POSITICH TRAN 4 THEN

IF ROD4 FT DIST <= BALL Y POSITION & BALL Y POSITICN < (ROD4_FT DIST + ROD4 COVER LG/LREAL¥3.0) THEN

ROD4_MOVE := (BALL Y POSITICN - ROD4_FT_DIST);
RCD4 MOVE Y :;=LIMIT LREARL(MIN POSITION, ROD4 MCVE ,MAX POSITICH) ;
END IF:

IF (ROD4_FT_DIST + ROD4_COVER_LG/LREAL#3.0) <= BALL Y POSITION & BALL Y POSITION «= (ROD4_FT_DIST + LREAL#Z.0

ROD4 MOVE := (BALL ¥ POSITICN - (ROD4 FT DIST + ROD4 [FT WD});:
ROD4 MOVE ¥ :=LIMIT LREAL(MIN POSITION, ROD4 MOVE ,MAX POSITION);
END_IF;:

IF (ROD4_FT DIST + LEEAL#2.0 * ROD4 COVER LG/LEERL#3.0) <= BALL ¥ POSITION & BALL ¥ POSITICON <= (ROD4 FT DIST

ROD4 MOVE := (BALL ¥ POSITICN - (ROD4 FT_DIST + LREAL#2.0 = ROD4 FT WD)}
ROD4 MOVE Y :=LIMIT LREAL(MIN POSITION, RCD4 MOVE ,MAX POSITION);

END_IF;

PREV BALL ¥ POSITION TRAN 4 := BALL ¥ POSITION;

MOVE_ROD4 := TRUE;

ELSE MOVE ROD4 :=FALSE;

END_IF;:

m 3
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556660606660
|

m

- .w Libraries

L4 PLCopenPlus_v_2_2a

[£3 Data Types
=253 _uou_nm_ POUs

-1 Read_Values

m Read_Posttions

[E] Read_Velocities

(#-[F] Read_Torgues

b L4 Rod_1_Logic

#- i Rod_2_Logic

H- L4 Rod_3_Logic

211 Rod_4_Logic

5-[E Rod4_Rotation_Cale

..... [i] Rod4_Retation_CaleT
..... (5] Rod4_Rotation_CalcV/
..... [=] Rod4_Rotation_Calc
Eﬁ_ Rod4_Move_Rat

B Rod4_Move_RotT
m Rod4_Move_RotV

..... @ Rod4_Move_Rot
=--[E Rod4_Move_Tran

..... [i] Rod4_Move TranT
~[z2] Rodd_Move_TranV
..... @ Rod4_Move_Tran
_wm“_ Rod4_Translation_Calc
..... B Rod4_Translation_Cal. .
m Rod4_Translation_Cal...
[z Rod4_Translation_Cale
Home

Manual_Move

Shoot

OUTPUT

Initialize

10

MMain

Power_Drives

Set_Zero

) L - -

EEEEEEEEEE

T
=

| Physical Hardware
_m_@ Corfiguration : eCLR
_m_@ Resource : MP3200iec

M b

m

MName Type Usage _ Description Address it _ Retain _ _uDD_ OF
= Default
ball_y_POSITION LREAL WAR_EXTE... BALL ¥ POSITION (MM} [0 B[ E
MIN_POSITION LREAL VAR O ([ E
MAX_POSTION LREAL VAR 0 [IEE
PREV_BALL_Y_POSTION_TRAN_& | LREAL VAR 0 (e
ROD4_TRAVEL LREAL WAR_EXTE... O [OC
ROD4_FT_DIST LREAL VAR 8.0 b (B E
ROD4_MOVE LREAL VAR 0 [ E
RODA_MOVE_Y LREAL VAR_EXTE... O [O[E
ROD&_COVER_LG LREAL WAR 603.3 ] B E
MOVE_ROD4 BOOL VAR_EXTE.. B [B[E
ROD4_FT_WD LREAL VAR 184.15 O (@] E

4

LI}
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: Project Tree Window L x|
=23 Project : C:\Users'\Public'\Documents\Mation

»

=63 Libraries g aimis 2 nomeeansis g
[ ﬁ PLCopenPlus_v_2 2a Rar A, n_rman T I RTR
[ Data Types PRSP O carcf - o = e L o=
[POSPEPEN IS san | Lam P ay B et may
=- .w Logical FOUs . e [T e JEST R PN acmcf
=- _\.._ Read_Values A #1575 | Aceckron Command Al A« maI—| AcckreenEemmaniaky - \AzAL #1935 AcscleraniCamm andaboraai) B ==
I . Read_Positions | AAL 817000 5| Demimaen — LamL a1 00— Dessiame o [ETFIE P (E - EEREEES e
- ok Erorap
[ Read Velocities e 2| — =k e Ik | “q
5] Read_ S S s o T
- . Read_Torques - N . . P
- i Rod_1_Logic
[#- i Rod_2_Logic
-\l Rod_3_logic
[#- . Rod_4_logic
=-[&] Home
= .
i E HomeT
g5 HomeV
...... Z] Home
(3] Manual_Move
_U...u Shaoot R T e pocabchos s s
e  pwepa— |
@-(0] oUTPUT aos R = e
G-[0] Initialize b b == i b = = == = = sense =
_U...u 10 JREC T S By Buy LAmAL. Famm N [ = —
u ¥ s st mon—| vty azuele ha welacty e EERSETEN PR et . o .
[H- ain LnmaL w150 o] Ammskratun Camm adaborsif - R L — e LA st Azszlraien Czmmand ks,
LamaL s1omo. Ace malke Commandabiodd|
@@ Power_Drives wazaL o100 —] Demzleron b LS Seiten == A2 e ] Sl Bl [EEET (P P
ok S|
[+ Set_Zero ] = P — - = =5
_U...w HMI M R SNSRI At—] resin I IR ECT IO SSHCRTIT_AT- n!u_.!ln M _pRECT e _AT—] Sresien [P —————— |
] nffomate Sulfe™ale Perra—

E@ Physical Hardware
B- Configuration : eCLR
@ Resource : MP3200iec
= @ Tasks
_m_ h FastTsk : CYCLIC
ﬁ_ Main : Main
O oo
m_ E MedTsk : CYCLIC
...... (O] ouTPUT: QUTP...
m_ @ SlowTsk : CYCLIC
...... (O] Hwi: HW
= E Start : SYSTEM
...... ﬁ_ Inttialize : Intialize
..... &m Global_Variables
..... E 10_Configuration

4 1" 3 4 L1

m- @

m
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! Project Tree Window
=29 Project : C:\Users'\Public’\Documents'\Motion
m_w Libraries
..l PLCopenPlus_v_2_2a
-] Data Types
2129 Logical POUs
B F.__ Read_Values
m Read_Posttions
[E] Read_Velocities
H Read_Torques
. Rod_1_Logic
.+ Rod_2_Llogic
\J Rod_3_Logic
\J Rod_4_Logic
Home
B HomeT
m HomeV
@] Home
- [F] Manual_Mave
#-[F] Shoot
#-[0] oUTPUT
D...ﬁ Initizlize
w-[0] 10
G...ﬁ Main
[#-J&| Power_Drives
-] Set_Zero
&-[I] HMI
_w@ Phiysical Hardware
_m_@ nfiguration : eCLR
=

25 Tasks

10:10

=]

Name Type Usage _ Description Address Init _ Retain _ _uDD_ O_um_ TB _
= Default
MC_MoveAbsolute_1 MC_Movehbsol.. | VAR B [|[\ (=]
rod1_ROT AXIS_REF VAR_EXTE.. | ROD 1 ROTATION, AXIS 4 O [O] =8
ROD1_TRAN AXIS_REF VAR_EXTE.. | ROD 1 TRANSLATION, AXIS 3
ROD2Z_ROT AXIS_REF VAR_EXTE .. ROD 2 ROTATION, AXIS 6 | | ]
RODZ_TRAN AXIS_REF VAR EXTE.. | ROD 2 TRANSLATION, AXIS 5 0O [0 =0
ROD3_ROT AXIS_REF VAR_EXTE.. | ROD 3 ROTATION, AXIS B O [mE|E
ROD3_TRAN AXIS_REF VAR EXTE.. |ROD 3 TRANSLATION, AXIS 7 O [[m] o
ROD4_TRAN AXIS_REF VAR_EXTE.. | ROD 4 TRANSLATION, AXIS 8
ROD4_ROT AXIS_REF VAR_EXTE... ROD 4 ROTATION, AXIS 10 (=] (=] (=]
WC_MoveAbsolute_2 MC_MoveAbsol. | VAR O [O] =8
WC_MoveAbsolute_3 MC_MoveAbsol. | VAR O [O] =8
MC_MoveAbsolute_5 NMC_MoveAbsol.. | VAR O (O Em
MC_MoveAbsolute_6 NMC_MoveAbsol.. | VAR O |[O|E[m
11C_MoveAbsolute_7 MC_MoveAbsol.. | VAR O O o[m
11C_MoveAbsoluts_8 MC_MoveAbsol.. | VAR O |[O|om
MC_MoveAbsolute_& MC_Movehbsol.. | VAR EIEIIEIIEE
HOME_ALL BOOL VAR_INPUT [} ] [}

: @ Resource : MP3200iec
-

=-[¢] FastTsk : CYCLIC
(@] Main : Main

(€] MedTsk : CYCLIC
- [0) oUTPUT:QUTP...
=[] SlowTsk : CYCLIC
O] HME:HMI
=] Start : SYSTEM

0] Inttialize : Intialize
..... iy Global_Variables
..... ﬂ 10_Configuration

4

L]
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i Project Tree Window L x| —
B3 Project : C:\Users\Public\Do [P i
21-E3 Libraries i~ ——re———
g PLCopenPlus_v_2... PR ROS2_ROT—1 Az moazl anoz_moT e s —FO02_TRAN
@[] Data Types . MANUAL N 2| Smase fe) Y R e =]
_M_m _H_QMM_ _“_OW _ . AODZ_AOT_MOVE_TO—{ Foston Er ROCE MOVE—] Padiicn e
= ad_Values . RENLSTEO0— WelodRy el | g
HH Read_Posit . LREALS10000.0—| Aceieration  Commancaboria | | = =
HH Read_Velocit . LREAL210000 0] Decmlerason ) I Bl | = EiE|
Em Read_Torg ] i Ererol s b o) o
[~ 4 Rod_1_Logic B MC_DirectonsSnoces:_we—| Diredson ME_piressionsshortest Wei—] Biresion
[ 43 Rod_2_Logic | B | — ==
- 3 Rod_3_Logic
- i Rod_4_Logic
D...m Home
Em Manual_Mave
..... [i] Manual_Mov
28] Manual_M
] Manual Move e
#-[F] Shoot r i | | ——— ooe_moT—] ais aezl—s004 70T
@-[0] OUTPUT M N 3] Smase panef s R . PO el o
(0] Initialize s e B smma_ e | sossen sl FOC+_ROT_MovE_To—| Posion B o
_U...m I :ﬁF«HH E==r D Qlllnﬁwllqﬂlo e | = . . LFERLE10000. 0| AccmleraSon  Commencibori=dl o
[ Power_Drives L Decsieztr — P e LFEALF10000.0— | Decsieration o]
_U...m Set_Zero == e .o” . h“ ] e W-ESH
&[] HMI B W Directionastortest,ey— | IR Me_Directonasnartes we—] DArecion
=38 Physical Hardware b R o] momce
2488 Corfiguration : &C
=@ Resource : MP3;
m_@ Tasks
m . FastTsk TR ==
ﬁ_ Mai FDD_TRAN_MOVE_
@ 10 [ESTESY
= @ MedTsk
m h SlowTsk TE B =0 £ =) o
D@ HM LREALE-32G. My LMONE RODZ_TRAN_MOVE_ TR e AE
- Start : 5 . [
@ Inti P o
..... {0y Global_Vari
..... H 10_Conrfigurg
4 i [
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_m_m Proj
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: Project Tree Window 1w

ect : C:\Users'\PublicDo
Libraries

ﬁ PLCopenPlus_v_2...
Data Types

Logical POUs

_.-_ Read_Values

m Read_Posttions
. Read_Velocit. .
] Read_Torques
d_1_Logic
d_2_Logic
d_3_Logic
d_4_logic
Home
Manual_Maove

B Manual_Mav...
m Manual_Mavw...
@ Manual_Move
Shoot

Ro
Ro
Ro
Ro

o
o
o
o
=

cal Handware
Corfiguration : eC...
428 Resource : MP3]

[

m

MName Type Usage _ Description _ Address Init _ Retain _ _uDD_ O_un_ TE _ Hi... _ _:.n..._ (]

= Default

MC_MoveAbsolute_1 MC_Movesbsol.. | VAR ] | [ [ [ |
ROD1_ROT AXIS_REF VAR_EXTE... ROD 1 ROTATION, AXIS 4 | [ [
ROCM_TRAN AXIS_REF VAR_EXTE... ROD 1 TRANSLATION, AXIS 3 ] ] | [ [
RODZ_ROT AXIS_REF VAR_EXTE... ROD 2 ROTATION, AXIS & ] O | O
RODZ_TRAN AXIS_REF WAR_EXTE... ROD 2 TRANSLATION, AXIS 5 ] | [ [ [0 |
ROD3_ROT AXIS_REF VAR_EXTE... ROD 3 ROTATION, XIS 8 ] | [ [
ROD3_TRAN AXIS_REF VAR_EXTE... ROD 3 TRANSLATION, AXIS 7 ] O =
ROD4_ROT AXIS_REF VAR_EXTE... ROD 4 ROTATION, AXIS 10 ] O | O
ROD4_TRAN AXIS_REF WAR_EXTE... ROD 4 TRANSLATION, AXIS 9 ] | [ [ [0 |
RODH_MOVE LREAL VAR I | [ | [ ]
RODZ_MOVE LREAL VAR ] ]|
ROD3_MOVE LREAL VAR £ | [ | [ |
ROD4_MOVE LREAL VAR [} =R
MANUAL_EN_1 BOOL VAR_INPUT ] [ | [F
MANUAL_EN_2 BOOL VAR_INPUT [ [ 0
MANUAL_EN_3 BOOL VAR_INPUT [ | [ |
MANUAL_EN_& BOOL VAR_INPUT 0Ol a]
ROD1_TRAN_MOVE_TO LREAL VAR_INPUT 0 E ]
ROD2_TRAN_MOVE_TO LREAL VAR_INPUT =
ROD3_TRAN_MOVE_TO LREAL VAR_INPUT Ol ||
ROD4_TRAN_MOVE_TO LREAL VAR_INPUT 0Ol a]
ROD1_ROT_MOVE_TO LREAL VAR_INPUT 0 E ]
RODZ_ROT_MOWE_TO LREAL VAR_INFUT [} RN
ROD3_ROT_MOWVE_TO LREAL VAR_INPUT ]| EINEENED
ROD4_ROT_MOWE_TO LREAL VAR_INPUT ] ===
MC_MoveAbsolute_2 MC_MoveAbsol.. |VAR ] EENEENE
MC_MoveAbsolute_3 MC_Movesbsol.. | VAR [ O [
MC_MoveAbsolute_4 MC_MoveAbsol. | VAR ] Ol|l ||
MC_MoveAbsolute_B MC_MoveAbsol. | VAR ] O\ E|
MC_MoveAbsolute_7 MC_MoveAbsol.. |[VAR ] EENEENE
WMC_MoveAbsolute_§ MC_MoveAbsol.. | VAR | [ [ [ |
IC_MoveAbsolute_5 WMC_MoveAbsol.. | VAR ] OlEla

4

i
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: Project Tree Window 1vQ
553 Project - C:\Users\Public\Do 1 MC_SetPostion_L MC_SetPosition_2 MC_S=tPosition_3 MC_SetPostion_4
E1-E3 Libraries
ﬁ PLCopenPlus_v_2... -
-] Data Types ROD1_ZER
=53 Logical POUs

m__.L Read_Values
Hm Read_Postions
7] Read_veloct...
Hm Read_Torques
-2 Rod_1_Logic

-4 Rod_2_logic

-4 Rod_3 Logic +
-4 Rod_4 Logic
Home MC_GetPostion_& MC_GetPosition_&
Manual_Move
Shoot
QUTPUT
Initialize

10

Main
Power_Drives
E| set Zerm

vuge

MC_SetPostion_8

e T I Ot OOt O O ot O ot O oy O e W

H
H
H
H
H
H
H
H
H
H
H
]

(]

- EEEEEEEEE

-8 Physical Hardware
488 Corfiguration : eC...
_m_@ Resource : MP3]
38 Tasks

=@ SowTs

L @I__s

4 Ll 13 4 11
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! Project Tree Window Avpm

£

(=423 Project : C:\Users'Public\Do
=23 Libraries

.18 PLCopenPlus_v_2..

70 Data Types
229 Logical POUs

B F.__ Read_Values

[E] Read_Postions
[&] Read_veloct...
[ m Read_Torgues
[ L Rod_1_Logic
- Rod_2_Logic
- Rod_3_Logic
- Rod_4_Logic
-[E| Home
_U...m Manual_Maove
|3 Shoot
w-[0] OUTPUT
w-[0] Inttialize
&[] 10
(0] Main
-[E| Power_Drives
_nlum
-[3] HMI

=)-33 Physical Hardware

_m_@ Corfiguration : eC...
-53 Resource : MPZ]

MName Type _ Usage _ Description Address _ it _ Retain _ _uDD_O_uO_ TB _ Hi... _ _::..._ Di
= Default
MC_SetPosition_1 MC_SetPosition VAR O OO0 D0 /pl||
rod1_tRAN AXIS_REF WAR_EXTE... O OO0 Bbgl/|El|
ROD_ROT AXIS_REF WVAR_EXTE... O (O[] ==
WC_SetPosition_2 MC_SetPosition VAR O Ojojo/|mi||
MC_SetPosition_3 MC_SetPosttion VAR O O (e[|
MC_SetPosition_4 MC_SetPosition WAR O [O(0;)| [ [
MC_SetPostion_S MC_SetPosition VAR O OO0 0 @l||
MC_SetPostion_6 MC_SetPosition VAR O (O[] ==
NC_SetPosition_7 MC_SetPosition VAR O majo/|i||
MC_SetPostion_3 MC_SetPostion VAR O Ojgjo/|[||
RODZ_TRAN AXIS_REF VAR_EXTE... 00 [ [0 mETEE
ROD1_ZERD BOOL WVAR_INPUT ISR
RODZ_ZERD BOOL WVAR_INPUT | O[O R
RODZ_ROT AXIE_REF WAR_EXTE. .. OO0 ;e
ROD3_TRAN AXIS_REF WAR_EXTE. .. ERIERI=RNEENEE
ROD3_ROT AXIS_REF WAR_EXTE.. A==
ROD4_TRAN AXIS_REF WVAR_EXTE... =l =EN=E
ROD4_ROT AXIS_REF VAR_EXTE... =N EENEE=E
ROD3_ZERO BOOL WVAR_INPUT ISR
ROD4_ZERQ BOOL WAR_INPUT OO\

UL »

4

e




318

Automated Foosball Table Final Project Report

i Project Tree Window
=43 Project : C:\Users'Public\Do

rvd

2125 Libraries

@ PLCopenPlus_v_2...
#-[Z Data Types

=53 Logical POUs

E-{Li Read_Values
7-[F] Read_Postions
Read_Velocit...
[&] Read_Torgues
i Rod_1_Logic

. Rod_2_Logic

. Rod_3_Logic

. Rod_4_Logic

. Home

-
-
-
b
b
Hq- . Manual_Move
-
-
-
bl
=]

. Shoot

[g] ouTPUT

_H Initialize:

T FE-- - -~ - - -

D...m Power_Drives
#-[F] Set_Zero
_U..._H HMI
=33 Physical Hardware

= @ Corfiguration : eC...
=8 @ Resource : MP3]

4 L 3

4

ROD1_E
ROD2_E
ROD3_E
ROD4_E

RODL_EMOD1_STAT
RODZ_EMODI_STAT
ROD3_EMOD3_STAT
ROD4_EMOD4 STAT

TRUI EN ENOD
BALL Y.

BALL_Y_POSITION

TRUI
BALL ¥ BALL_X_POSITION

MANUAL_EN_1—
MANUAL_EN_3—
MANUAL_EN_3—
MANUAL_EN_d—

ROD1_TRAN_MOVE_TO—]

ROD2_TRAN_MOVE_TO—

ROD3_TRAN_MOVE_T0—]

ROD4_TRAN_MOVE_T0—

RODL_ROT_MOVE_TO—
ROD2_ROT_MOVE_TO—
ROD3_ROT_MOVE_TO—
ROD4_ROT_MOVE_TO—

Manud Move_1

MANUAL_EN_1
MANUAL_EN_2
MANUAL_EN_3
MANUAL_EN_4
ROD1_TRAN_MOVE_TD
RODZ_TRAN_MOVE_TO
ROD3_TRAN_MOVE_TO
ROD4_TRAN_MOVE_TOQ
ROD1_ROT_MOVE_TO
ROD2_ROT_MOVETO
ROD3_ROT_MOVE T
ROD4_ROT_MOVETO

Shoot_1
RODL_ROT ROT_AXIS
ROD1_SHOOT_MCW. SHOOT_NOW

Shoot_4
ROD3_ROT ROT_AXIS
RODI_SHOOT_NOW— SHOOT_NOW

Home 1

me
HOME_aLL—| HOME_ALL

m

g

Nmmo

Shoot_2 1~
ROD2 ROT—] ROT_axIS ZERD!
-
ROD2_SHOOT_NOW—] SHOOT_NOW
S_m ZERO_
Shast_3 ZERO|
S Shem — =
ROD4_ ROT—| ROT_AXIS o0 _—
ROD4_SHOOT_NOW—| SHOOT_NOW _L\_
ZERD!
I —
S_M. ZERG_—
|
ZERD
-
oS ROD1_EN
| I
o0s ROD1_EN
| 1
o7 ROD2_EN
_ “ T
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=43 Project : C:\Users\PublicDo
m_w Libraries
o ﬁ PLCopenPlus_v_2...
-0 Data Types
=53 Logical POUs
m__...__ Read_Values

d_4_Logic
Home
Manual_Move
Shoat

Phiysical Hardware

D
chEes

Read_Posttions
Read_Velocit...

@ Corfiguration : eC...
=88 Resource : MP3]

RODZ_ROT—
ROD2_SHOOT_NOW—]

ROD4_ROT—
ROD4_SHOOT_NOW_—]

S_H ZERO_RODL
Shoot_2 17}
- Set_ero 1
ROT_AXIS ZERO_ALL S=Z=o
1 71 ROD1_ZERD
SHOOT_NOW
S_u. ZERC_ROD2
17 | RODZ_FERO
Shoot_3 ZERO_ALL
T Sheot 1 ]
ROT_AXIS
S_u ZERC_ROD3
SHOOT_NOW 17} ROD3_ZEROD
ZERO_ALL
1 7
.8_.“ ZERQ_ROD4
1 | ROD4_FEROD
ZERO_ALL
1 7
Rodl_Move_Tran_1
005 ROD1_EN HMI_MOLE _Fziz_Tran
| T I ROD1_TRAN_EN
Rodl_Move Rot 1
S_m ROD1_EN HMI_MOCE e
{ T I} RODI_ROT_EN
Rod? Move_Tran_1
on__u RODZ_EN HMI MOE iRl
| T I ROCE_TRAN_ BN

Rodl_Move Rot 1

LU

13

m

a _—
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' 3 Profect  C\User Pl Dot
£1-E23 Libraries

B ﬁ PLCopenPlus_v_2...
- Data Types

=143 Logical POUs

=14 Read_Values

: . Read_Positions
Read_Velocit...
m Read_Torgues
.+ Rod_1_Logic
.+ Rod_2_logic
. Rod_3_Logic
.+ Rod_4_Logic
m Home
=
[l
[0]
(0]
0]

Manual_Mave
Shoot
QUTPUT
Initiglize

10

m Power_Drives

| Set_Zero
M HMI
38 Physical Hardware

-8 Corfiguration : eC...

_m_@ Resource : MP3]

=488 Tasks

=

[

ROD3_ROT— ROT_AXIS
ROD3_SHOOT_NOW— SHOOT_NOW

Home 1

me
HOME_ALL—| HOME_ALL

ROD4_ROT.
ROD4_SHOOT_NOW.

=
ROT_AXIS
ZERO_ROD3
SHOOT_NOW Tl ROD3_ERC
ZERO_ALL
|7
ZERO_ROD4
Tl ROD4_ERC
ZERO_ALL
| 7
Rodi_ Move_Tran_1
005 ROD1_EN HMI_MODE _Mova Tran
_ T I ROD1_TRAN_EN
Rocll_Move_Rot_1
S_m ROD1_EN HMI_ MOLE ke
_ I T I ROD1_ROT_EN
Rod3_Move_Tran_1
8_.... ROD2 EN HM1 MOLE RN
_ { T { RODE_TRAN_EN
Rod?_Maove_Rot_1
oa_w ROD2_EN HMI MOTE e
_ T r ROD3_ROT_EN
Roc?_Maove Tran_L
00 RODIEN HMI_MOLE
_ I _j
00 RODIEN HMI_MOLE
_ 1 T
oL ROD4_EN HMI_MODE
_ [ T
oLz ROD4_EN HMI_ MODE
| T T}
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i Project Tree Window

Av@O

= Pro

ER=)
=-E3
=-E3
B

oF

=

4 L

ect : C:\Users\Public'\Dos
Libraries

.8 PLCopenPlus_v_2...

Data Types

Logical POUs

{Jl Read_Values

m Read_Positions
. Read_Velocit...
{&] Read_Torques

-4 Rod_1_Logic
-4 Rod_2_Logic
-4 Rod_3_Logic
- Rod_4_Logic

Home
Manual_Move
Shoot

QUTPUT

Initialize

10

Main

B MainT

m Main¥

@ Main
Power_Drives
Set_Zero

HMI

Physical Hardware

22 Corfiguration : eC...
)-8 Resource : MP2
m_@ Tasks

i| 10_Configurs

Name £ _ Type Usage _ Description Address _ It _ Retain _ _uDD_O_uO_ TB _ Hi... _ Imit... =
[=] Default
BALL_X LREAL WAR_EXTE... [} mEIEEE=RNSENE
ball_x_POSTION LREAL WAR_EXTE... BALL X POSITION (MM) | F | [F
BALL_Y LREAL WAR_EXTE... O OO0 0 @/
BALL_Y_POSITION LREAL WAR_EXTE. . BALL Y POSTION (W O OO0 0O @|m|)
HWMI_MODE BOOL VAR TRUE O [O0(0/ 0 3|
Home_1 Home VAR ] O[O | nllnl
HOME_ALL BOOL VAR O OO0/ 0[m ||
MANUAL_EN_1 BOOL VAR O | O]l0/0 (.| [
MANUAL_EN_2 BOOL VAR O O8]/ 83\|m|
MANUAL_EN_3 BOOL VAR O O8]/ 0/| ||
WANUAL_EN & BOOL VAR EIEIEIIEN=E=
Manual_Move_1 Manual_Move VAR ] _hhlnllnl
Power_Drives_1 Power_Drives VAR [ O[] nllnl L
ROD1_EN BOOL VAR TRUE O (OO0 \lm|=
Rod1_Move_Rot_1 Rod1_Move_Rot VAR O OO0 E ||
Rod1_Move_Tran_1 Rod1_Move Tran | VAR O [ B(O(0]E|m
ROD1_ROT AXIS_REF WAR_EXTE... ROD 1 ROTATION, AXIS 4 O O8O0 m[o
ROD1_ROT _MOVE_TO LREAL VAR O B8 E\ [
ROD1_SHOOT_NOW BOOL VAR O OO0\ ||
ROD1_STAT BOOL VAR O O0/a |||
ROD1_TRAN_MOVE_TO LREAL VAR O OjO/o| |||
RODZ_EN BOOL VAR TRUE O (@[O0 [
RodZ_Move_Rot_1 RodZ_Move_Rot WAR O [ B(O(0]E|m
RodZ_Mowve_Tran_1 Rod2_Move_Tran VAR n ___Inllnl
RODZ_ROT AXIS_REF WAR_EXTE. . ROD 2 ROTATION, AXIS 6 O OO0 0O @/
RODZ_ROT_MOVE_TO LREAL VAR NS IN=E=]
RODZ_SHOOT_NOW BOOL VAR O OO0/ 0[| ||
RODZ_STAT BOOL VAR O 1O E\m|—
RODZ_TRAN_MOVE_TQ LREAL VAR O Ol0/a|m| |
ROD3_EN BOOL VAR TRUE O B[O (0]FE| |
Rod3_Move_Rot_1 Rod3_Move_Rot VAR O OO0 0 @m|
Rod3_Move_Tran_1 Rod3_Move_Tran | VAR O OO0 0 @m|
ROD3_ROT AXIS_REF WAR_EXTE... ROD 3 ROTATION, AXIS & O OO0 0 @l|
ROD3_ROT_MOVE_TO LREAL VAR O OjO/e|[| ||
ROD3_SHODT_NOW BOOL VAR O Ol0/0/| [ E
ROD3_STAT BOOL VAR O OO0\ [E
ROD3_TRAN_MOVE_TO LREAL VAR O OB E] |
ROD4_EN BOOL VAR TRUE O B[O (0]FE| |
Rod4_Move_Rot_1 Rodé_Move_Rot VAR O OO0 0 @m|
Rod4_Move_Tran_1 Rod4_Move_Tran VAR [} BliEE @\ -

>

LU
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"5 63 Profect  C\Lser\PublcOod
-3 Libraries

B g PLCopenPlus_v_2...
- Data Types

=23 Logical POUSs

-1 Read_Values

. m Read_Positions
Read_Velocit...
m Read_Torques
4 Rod_1_Llegic

-2 Rod_2_Legic

. Rod_3 logic

-4 Rod_4_Logic

z Home

=

ﬁ Manual_Move
m Shoot

-[0] ouTPUT

M Initialize

o] 1o

M Main

E MainT

m Main¥

[ Main
Power_Drives
Set_Zeno

HMI

ical Hardware
Corfiguration : eC...
2% Resource : MP3]

El-ig Tasks

EEE

o
[
2.

o
[

o

| 10_Configurs

4 m r

»

m

MName Type Usage Description Address It Retain | PDD|COPC| TB | Hi... | Init...
Rod1_Move_Tran_1 Rod1_Move_Tran | VAR O OO 8|3 m
ROD1_ROT AXIS_REF VAR_EXTE... ROD 1 ROTATION, AXIS 4 O OO 8olm
ROD1_ROT_MOVE_TO LREAL VAR O OO0 B|g|la
ROD1_SHOOT_NOW BOOL VAR O B8\ E
ROD1_STAT BOOL VAR O [Ee] e ]
ROD1_TRAN_MOVE_TO LREAL VAR 0 B0 8 ]
RODZ_EN BOOL VAR TRUE O B0 0(m|m
RodZ_Move_Rot_1 RodZ_Move_Rot VAR O BB B3| |
Rod2_Move_Tran_1 Rod2_Move_Tran VAR ] hhhlﬂllﬂl
RODZ_ROT AXIS_REF VAR_EXTE. .. ROD 2 ROTATION, AXIS 6 O O/E B {m e
RODZ_ROT_MOVE_TO LREAL VAR O Oj0/ofm | m
RODZ_SHOOT_NOW BOOL VAR O O|0/0O{[| [
RODZ_STAT BOOL VAR W OO0 (m | m
RODZ_TRAN_MOVE_TO LREAL VAR O B0 /B\ [/
ROD3_EN BOOL VAR TRUE O B0 0(m|m!
Rod3_Move_Rot_1 Rod3_Move_Ret | VAR O [ O/EE e[ E
Rod3_Move_Tran_1 Rod3_Move Tran | VAR O O OO [@E[m
ROD3_ROT AXIS_REF VAR_EXTE. . ROD 3 ROTATION, AXIS 8 O (OO 8olm
ROD3_ROT_MOVE_TO LREAL VAR O B0 /Bl\| /|
ROD3_SHOOT_NOW BOOL VAR O BB\
ROD3_STAT BOOL VAR O O8]\ m
ROD3_TRAN_MOVE_TO LREAL VAR 0 O ]
ROD4_EN BOOL VAR TRUE O O/ O8] @m[m
Rod4_Move_Rot_1 Rod4_Move_Rot VAR O BB B m|
Rod4_Move_Tran_1 Rod4_Move_Tran VAR n hh Iﬂllﬂl
ROD4_ROT AXIS_REF VAR_EXTE . ROD 4 ROTATION, AXIS 10 O 00 o(imim.!
ROD4_ROT_MOVE_TO LREAL VAR O B0/ B\| [
ROD4_SHOOT_NOW BOOL VAR O Ol0lof.|E
ROD4_STAT BOOL VAR 1 ISR
ROD4_TRAN_MOVE_TO LREAL VAR O OO0/ a{m|m!
Set_zero_1 Set_zero VAR O O B\ E
Shoot_1 Shoot VAR ===
Shoot_2 Shoot VAR EIEIEENEE NN
Shoot_3 Shoot VAR O OO 8|3 m
Shoot_& Shoot VAR O BB B m|
ZERO_ALL BOOL VAR FALSE [ OO0/ 0| | m |
ZERO_RODA BOOL VAR O Bl a8\
ZERO_ROD2 BOOL VAR O B0/ al\ [
ZERO_ROD3 BOOL VAR O Ol0lof.|E
ZERO_ROD4 BOOL VAR W ISR

5

L}

4
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