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ABSTRACT 
 For most activities in the modern sports world there exist options for use in practice 
situations or drill exercises.  Both baseball and softball have an array of different pitching 
machines that fire a ball toward a target.  In the sport of lacrosse a machine like this does not 
exist.  The lacrosse pitching machine will be developed in order to give players and coaches 
a different teaching and practicing tool. 
 The most important input is that of the customer.  An interview was conducted with a 
former lacrosse player turned coach from the University of Cincinnati.  Design ideas, product 
features and project objectives were discussed and decided upon.  From this interview a 
formal list of features was developed and turned into a customer survey.  The results of the 
survey were tabulated and recorded in a QFD to show what is and is not vitally important to 
the success of this project.   
 Further research was compiled from this foundation.  Current market products were 
researched as well as some patented material, all to gain a better understanding of the product 
and the market.  This research set the standards for all future design of the machine.   
 A preliminary schedule and budget was created to ensure the project was feasible and 
affordable. 
 Design of the machine focused on simplicity and use of standard parts already 
manufactured for general purposes.   Keeping the design simple was helpful throughout 
fabrication.  Following fabrication the machine was assembled and tested. 
 Final alterations were performed and the machine was completed.    
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PROBLEM STATEMENT 
 Most sports that involve the airborne projection of a ball have, in one form or another, a 
type of pitching machine that will automatically launch a ball at a given rate of speed and 
trajectory.  For instance, there are several different types of baseball and softball pitching 
machines on the market that allow for an array of styles of pitching ranging from ground 
balls to pop flies and some that can even throw curve balls.  In the sport of lacrosse, however, 
such a machine does not exist.  The lacrosse ball has an entirely different make-up, size and 
weight.  These differences are significant enough that a previously existing pitching machine 
cannot be adequately modified to accommodate for the lacrosse ball.  A pitching machine 
designed to cater to the distinct needs of a lacrosse player will be developed. 
 

RESEARCH 
CURRENT MARKET PRODUCTS 
 There are two main designs to propel a ball from a pitching type device.  The first is a 
wheel type construction that uses two spinning wheels rotating in opposite directions that 
convene on the ball and launch it forward.   

 
 
 
The second most popular design is a catapult type mechanism that uses a driving force to 
catapult a lever forward acting much like an arm, or in this case, a lacrosse stick.   

  

 
Figure 1 – Wheel Style Launcher (6) 

Figure 2 – Catapult Style Launcher (6) 

http://www.eastbay.com/catalog/productdetail/model_nbr--29444/sku--60111/cm--GLOBAL SEARCH: KEYWORD SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--40618/sku--1100080/cm--GLOBAL SEARCH: KEYWORD SEARCH/�
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 Both design styles complete the task of hurling a ball at a given object, but they perform 
it in different ways.  First of all, the wheel style launcher has a motor and trajectory control 
and the catapult style launcher shows a man-powered ball launcher that has no further 
features other than to fire the ball.  Both designs prove to be beneficial in the design process 
as aids in conceptual design.  The two contradicting styles prove that the same result can be 
met in more than one way.   
 Both styles were discussed with the customer, but because of their desire for ease of use 
and no real effort needed to propel the ball forward, was why the wheel spinning design was 
selected.  
 

PATENTS 
 Though a lacrosse pitching machine has yet to be developed and manufactured there are 
similar machines on the market.  Patents are set for details of an invention rather than the 
total invention itself.  It is important to remember that 
some designs or processes could be patented work 
when dealing with machines of such similarity even if 
the entire product itself is not patented.  For instance, 
Figure 3 displays a sketch of a patented “ball 
throwing machine”.  This is a generic ball throwing 
product that holds rights to certain designs that could 
only be duplicated if royalties are given. 
 The design specified by the customer is one that 
will utilize the same type of firing mechanism as this 
device.  It is patented products such as this that may 
pose a threat to design unless they are properly 
documented and the correct citations are given to the 
holder of the patent.   
    

CUSTOMER NEEDS, SURVEY, QFD 
 An interview with Coach Laura Schwarsmann, 
an assistant coach for the University of Cincinnati’s 
Women’s Lacrosse program, established insight and 
understanding on the sport of lacrosse from both a 
player’s perspective and also a coach’s perspective.  
This interview set the original basis for further 
customer research and helped to establish a list of features that would be necessary if anyone 
in the lacrosse world would be interested in such a product.   
 The position gaining the most benefit from a practice aid such as this would be the 
goalie.  The machine will be set up at a given distance away from the goal and will take 
“shots” on net at the operator’s discretion of speed and direction.  Taking this into 
consideration, a machine that would fire automatically would not necessarily be too useful.  
A coach would want to be in control of the launch instead of a machine continually firing at a 
set interval. (1)  
 
 
 

 

Figure 3 – Patented Ball Throwing 
Machine (7) 
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 Speed control and trajectory control will be essential in the design of this product.  
Figure 4 displays a chart put together by Joseph Crisco, Ph.D., Michael Rainbow, B.S. and 
Eileen Wang during their research between the relationship of stick speed to ball speed.  It 
shows a plot of eighty-five shots taken and their respective speeds.  

 

  
 
  
 In their research they used two different stick models: an Assassin (AM) and a Ripper 
(BM).  This research is important to the lacrosse pitching machine because of its display of 
the average ball speed leaving the stick as well as a possible range of speeds.  An average 
shot hovers around 70 mph; however shots can range anywhere from 55 to 95 mph. (2)   
  The Lacrosse pitching machine would act as a stand-in for a coach or teammate trying 
to produce the same throw over and over again in a practice drill situation.  The complete 
interview is available in Appendix A. 
 

PRODUCT/ENGINEERING FEATURES 
 The interview and conversation concerning the usefulness of this product led to the 
development of a list of fourteen features that would be included in a survey for people in the 
lacrosse world to rank according to importance.  The aforementioned features are shown 
below.  

• Safety 
• Durability 
• Affordability 

Figure 4 - Speed of ball throw from two different types of lacrosse 
sticks (2) 
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• Repeatability 
• Reliability 
• Appearance 
• Ease of Operation 
• Trajectory Control 
• Speed Control 
• Ease of Adjustment 
• Ease of Mobility 
• Compact Storage 
• Automatic Operation 
• Ease of Maintenance 

 

CONSUMER RESEARCH RESULTS 
 The survey was distributed to thirty players, coaches and staff throughout the University 
of Cincinnati Women’s lacrosse program.  Even though all participants were members of the 
same program the survey was set up to inquire about thirty different individuals’ perspectives 
on the same product.  The success of this survey proved very apparent as the results for some 
features were distributed across the board while others always maintained a high ranking.  
Reliability was the most important feature for this product, more important even than safety.  
For this to be a successful product it would have to prove itself time and time again to its 
users without fail.  For further reference the entire survey and list of results can be found in 
Appendix B.  
 From the results of the survey a newly revised list of features was developed.  This list 
was placed in a quality function deployment or QFD along with another list of engineering 
characteristics.  Using the QFD, features could be ranked on different scales such as absolute 
importance, relative importance and also on the percent relative weight of the customer’s 
initial ranking from the survey results.   Both the absolute and relative importance had 
material being the most important engineering factor while manufacturability was least 
important.  Just as in the survey results the QFD also showed reliability of the machine to be 
the most important quality.  A complete list of the results is pictured in Table 1 and can also 
be found in the QFD in Appendix B. 
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PRODUCT OBJECTIVES 
 The following is a list of product objectives and how they will be obtained or measured 
to ensure that the goal of the project is met.  These are essentially the list of key features 
explained in a much more practical form.  The objectives take an idea and break it down into 
something more tangible so that it can be put into action and worked with directly. 
    
Reliability:   

1.)  Materials will be able to withstand shock loading, repetitive loading, etc. based on 
design factor specifications  

2.) All moving parts will be fitted with pre-lubricated bushings 
3.) Wear surfaces will be treated with necessary coatings (such as Teflon) to reduce wear 
4.) Power cords, switches, etc. will be URL certified to ensure quality over their the 

lifetime of the machine (through regular use) 
5.) Motor will be sized for specific design specifications (torques, rpm, etc.) 
6.) Trajectory direction will be secure and will maintain a given position until reset (see 

below) 
Safety:  

1.) Safety guards covering pinch points and moving parts 
2.) Power cord outlet will be located in an area that won’t allow cord to become tangled 
3.) Emergency stop button will be on motor driven parts 
4.) Ball dropping chute will be designed so fingers cannot come in contact with moving 

parts as determined by the Handbook of Human Factors 
5.) Will stand tall enough that use by small children will not be an option 

Durability: 
1.) Machine frame will be constructed from steel to give stability and resilience 

a. Material spec sheet 

 
Feature Avg. Rating  

Reliability 4.6  
Safety 4.5  

Durability 4.3  
Speed Control 4.1  

Ease of Adjustment 4.1  
Ease of Mobility 4.1  

Ease of Maintenance 4.0  
Automatic Operation 3.9  

Ease of Operation 3.8  
Compact Storage 3.7  

Affordability 3.7  
Repeatability 3.6  

Trajectory Control 3.5  
Appearance 2.3  

 

Table 1 – Features by Importance 
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2.) Motors used will be proven for long run-times and able to stand the necessary 
amount of rpm, jerk, etc. 

a. Motor spec sheet 
3.) All necessary failure factors will be observed 

a. The materials failure factors for force, stress, strain, etc. will be observed so 
ensure a life long product 

4.) Welds will be held to design specifications and shock, repetitive, etc. factors will be 
met. 

5.) Bolts and fasteners will be able to with stand torques and forces that will be exerted 
on them.   

Ease of operation:  
1.) Power cord plug as well as on/off switch will be installed 
2.) Launching chute will be positioned at or around shoulder height for an adult female 

as determined by the Handbook of Human Factors to allow for easy loading 
3.) Ease of Adjustment:  

a. Trajectory Control: 
i. Handles will be added so while the clamp is loose the operator will be 

able to easily reposition the firing mechanism. 
1. They will be placed at points where leverage provides quick 

and near effortless movement 
b. Speed Control: 

i. Actuator will be installed on motor to regulate the rpm of the motor  
1. This will allow for adjustment in speeds 
2. Speed range will be between 20 and 60 mph 

 
Ease of Mobility:   

1.) Two legs of the tripod will have 6”diameter wheels (at least) so machine can be tilted 
and rolled around 

2.) Handles will be mounted on the base of the launching mechanism (where most of the 
weight is) for support 

3.) There will be a low center of gravity that will be positioned over the wheels so that 
the machine will not be prone to tipping  

Ease of Maintenance:   
1.) Painted frame will make for easy cleaning of dirt, grease, etc. 
2.) Will be constructed of standard, interchangeable parts 
3.) No unnecessary guarding covers will prohibit access to parts  

Automatic Operation:  
1.) Machine will have a ball hopper option with a time release mechanism 

Compact storage:  
1.) The remaining leg will be able to rotate toward the legs with wheels putting all three 

legs in the same plane.  
2.) Launching mechanism will be able to be rotated/swiveled so it will be on the same 

axis as the legs 
3.) Storage space will be reduced to 1/3 of the space needed for operation 

Affordability: 
1.) Expensive materials will not be used unless they are important to the integrity of the 
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machine  
2.) Simple construction methods will keep cost down 

a. Ball launching mechanism, stand, etc. will not have complex designs which 
will save on labor time during construction. 

Repeatability: 
1.) Machine will be accurate to a strike zone one foot by one foot every time a ball is 

launched 
2.) Motor will be able to handle specified forces, torques, etc. 

a. Motor spec sheet 
3.) Tri-pod stand will be rigid and secure so that each launch will be from the same 

position 
a. The force of firing will not move the base 

4.) Trajectory control and speed control will be have locked positions so the controls can 
only be changed when desired 

Appearance: 
1.) Stand and launcher will be assembled with clean welds and filed and smoothed edges 
2.) Paint will be applied for ascetic and protection purposes 

 

DESIGN    
PROOF OF DESIGN 
 The proof of design is a condensing of the Project Objectives.  The Project Objectives 
are laid out in detailed terms whereas the Proof of Design is a broad idea of the capabilities 
of the machine.  In order for the customer to be satisfied with their product it has to be able to 
accomplish these items.  Table 2 shows, when completed, what the machine will be expected 
to do.  The Proof of Design also serves as a contract between the customer and the designer.  
The actual Proof of Design contract is found in Appendix F.   
         

DESIGN ALTERNATIVES AND SELECTION 
 Ideas for design started off very basic.  All 
that was known was compiled from referencing 
existing machines in the same genre and also 
researching patented items.  Appendix A 
displays detailed research of both existing 
items and also patents.   
 From these sources a wheel type firing 
system with a tripod stand was decided upon. 
Early sketches were very basic in make up as 
shown in Figure 5. 
 

Machine will have legs that 
 easily detach for storage 

Machine will be no more than 
 60lbs for ease of mobility 

Machine will have trajectory  
control; pitch and yaw 

Machine will have speed control 
Machine will have accurate  

reproducibility of ball delivery 
Machine will be able to project ball  

at speeds concurrent with  
Women’s collegiate lacrosse 

Machine will be easy to use; turn on, 
 pick speed/direction, load ball 

   

Table 2 – Proof of Design Specifications 
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 Ideas of a wheeled base for transportation lasted shortly based on the design requirement 
for detachable legs.  The legs being able to be detached greatly increased the machine’s 
mobility so the point of the wheeled base would be fulfilled though this.  Another design idea 
that had short life was that of a side launching system (Figure 5A).  This was abandoned 

because the motor would have to double as both a motor 
and part of the support structure.  If the motor failed, 
instead of just finding a replacement, the entire machine 
would have to be disassembled.   
 Once the overall machine design was selected the 
machine was broken down into three parts for further 
design; the tripod base, the transition piece and the firing 
mechanism. 
 The first tripod design featured a leg locking system 
where the legs would be inserted into slots in the base of 
the firing mechanism and held in place by a plate.  Figure 
6 demonstrates this idea.  The legs would be uniform in 
diameter until the very top where they would flange out 
and therefore be able to be locked into place by the holding 
plate.  The plate would be fastened by a locking bolt held 
vertically up through the center of the tripod base.  This  
bolt could be hand tightened and loosened so that quick 
detachment of the legs would be possible.  This  

 
  

design would accomplish all of the design 
requirements.   
 The second design considered for the tripod 
was that of a completely tubular design. It would 
feature a cylindrical central base with three 
cylindrical legs stemming from it.  Figure 7 
shows a rough sketch of this idea.  The three legs 
would be held in place by pins and therefore 
would be easily detachable.  This design features 
quicker leg detachment and also increased 
rigidity over the plate locking design.  The pins 

 

 

            
            A           B 

Figure 5 – Early Sketches 
 

Figure 6 – Plate Locking Design 

Figure 7 - Tubular Design 
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are simply pulled out when desired and the fitting of the OD of one leg into the ID of the 
tripod base can be tight enough so that no wobbling will occur.   
 It is for these reasons, ease of detachment, stability and simplicity of design, that the 
tubular tripod design was chosen.  
 The lateral movement of the launching system would be dependent on the transition 
piece.  Aside from that it would also serve as the top of the tripod and the bottom of the firing 
mechanism.  Initial designs for the transition piece were very simple and featured two disks 
of a male-female connection (Figure 8).  One piece would be inserted into the other to allow 
for lateral movement, and a locking pin would be set in place when a desired direction was 
achieved.  Preliminary designs focused on the use of bearings in between the two plates, but 
that was quickly abandoned as this low amount of friction was not desirable.  The transition 
piece needed to allow for movement, but too much movement could be detrimental to the 
accuracy of the launched ball.  Teflon was researched, and it was found that the forces 
exerted on it would be in tolerance, and it would also allow for the plates to rotate on one 
another.  In the final design, one aluminum plate (male) would be placed on top of a sheet of 
Teflon and that would be placed on another aluminum plate (female) to complete the 
transition.  A locking pin would be mounted to the bottom plate and given the ability to be 
inserted into holes in the top plate.  In this way, movement and locking of position would 
both be achieved.   
 The final design is that of the firing 
mechanism.  This would feature the least 
amount of design freedom.  It’s necessary for 
the firing mechanism to control pitch, mount 
the firing wheel and motor, ball chute and 
control box.   
 Designs featuring a vertical plate were  
most practical for all of the necessary 
obligations.  One vertical plate could be 
mounted on top of the transition piece and 
another vertical plate could be pinned to it in 
order to provide a pivot point therefore 
achieving the desired pitch for launch.  Figure 9 shows a basic mock-up of this idea showing 
right, left and back views.  The pivot could provide rotation while a slot and bolt mechanism 
would be used to lock a desired position in place. 
 The vertical plate could also support both the wheel and motor while giving ample room 
for the chute and control box.  It is because of all these reasons that this design style was 
never changed.  The positions of the control box and chute changed as tolerances were 
calculated, but as far as preliminary design is concerned the vertical plate idea that was 
started with was seen through until the final design.   
 
 
 
 
 

 

Figure 8 - Transition Piece Sketch 
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  Right             Left                           Back 

Figure 9 - Firing Mechanism Design 
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DRAWINGS 
All drawings were completed using Solidworks.  Figure 10 shows the completed drawing of 
the Lacrosse Pitching Machine.  All other assembly drawings, sub-assembly drawings and 
part drawings are found in Appendix G.   
 

   
     Figure 10 – Complete Solidworks model 
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LOADING CONDITIONS  
 The most basic parts that needed to handle the loads were the pins and bolts that hold the 
machine together.  The pins in the legs, which allow for the detaching of the legs, would be 
in double shear.  That is to say that that the force on them would be exerted in two different 
places.  Figure 11 demonstrates how double shear is applied on the pin.  The total machine 
weight was used to calculate the forces on one pin instead of taking the weight and dividing 
it by the three legs.  In this way the design would be safe for three legs if it is safe for one 
leg.  The force calculated on the pin was 127.35psi using an assumed weight of 50lbs.  The 
complete calculations are shown in Appendix H.   
 Another small yet essential part is the bolts that fasten the motor to the firing 
mechanism.  Four bolts will have the same forces exerted on them in order to keep the motor 
tight next to the column.  Again, shear stress will be applied, but in this case it will not be in 
double shear.  Figure 12 shows a more detailed view of how shear stress acts on members.  
The weight of the motor is 20lbs. and calculated out the final shear stress on the bolts is 
101.8psi.         
 The other force that will act on the bolts is bending.  As the motor hangs, it will create a 
moment pulling away from the column that will act to peel it from there.  The moment on the 
bolts was found by taking the weight of the motor and multiplying it by the distance from the  
 

 
 
 
 
 
 
 
 
 

 
 

head of the bolt to where the motor mount meets the 
column.  From there the moment was multiplied by the centroid distance (measurement just 
discussed divided by 2) and that quantity is divided by the bolts moment of inertia.  All of 
these calculations are preformed in Appendix H along with corresponding diagrams to show 
forces. 
  
      
 
  
 
 
 
 
 
 
 
 

 

 

 

Figure 11 - Double Shear 
 Figure 12 - Shear Stress 

 

Figure 13 - Bending Diagram 
 



Lacrosse Pitching Machine Brian S. Myers 

13 

Figure 15 – Tipping Diagram 
  

  Figure 14 - Pictorial Representation of  
the Impulse and Momentum Equation 

 
 The last remaining small piece that is 
essential to design is the bolt that is used 
in the pivot of the column.  This is a 
shoulder bolt that has a smooth surface 
spanning the total distance of the two 
aluminum sheets and will have a nut on 
the other side to hold it in place.  Shear 
will act on this bolt as it acts on the motor 
bolts.   The weight, however, is different 
as the entire column will be bearing down 
on it with a force of 40lb.  The calculated 
shear is 50.9psi.   
  
 On a large scale the most important 
factor to consider is that of tipping.  No 
matter how well the machine operates, if 
the force of the ball being launched tips 
the machine backward it will never be 

accepted by the customer.  In order to 
begin looking at this phenomenon the 
force that the ball exerts on the machine 

first had to be calculated.  By knowing the mass of the ball, assuming the initial velocity and 
using the desired output velocity of 70 mph the force of the ball was figured by using the 
impulse and momentum equation.  This equation takes the mass and initial velocity plus the 
force and the time change between when the 
ball goes from v1 to v2 to find the mass and 
the desired velocity and is represented by 
Figure 14.  Since all were known except the 
force, rearranging the equation solves for the 
force.  This equation and calculation is found 
in Appendix H. 
 With a force of 10.37lb acting back on the 
machine, tipping could be calculated.  A 
simple moment equation set up using the 
machine’s height, lateral distance from the leg 
to the machine’s centroid, force of the ball and 
machine weight displayed whether or not the 
10.37lbs. of kick would be enough to tip the 
machine.   All calculations for this are shown 
in Appendix H along with numerical values for 
the variables pictured in Figure 15.  At point 
A, a negative moment of 335.76inlbs was 
found.  In this case a negative moment meant 
there is a force of 335.76inlbs going into the 
ground.  That meant that even with the 

1 
2 

3 
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Figure 16 - Column Representation 
 

10.37lbs kick of the ball that the machine weighs enough to counter act that force and keep it 
planted on the ground.  This equation was also figured for two legs.  Since there will be three 
legs in the tripod the force into the ground will only increase.   
 
 The strongest force acting on the firing mechanism is that of a bending force between the 
column and the transition piece.  Treating the two sheets that allow for pitch on the firing 
mechanism as one solid piece allowed for easy calculation of the moment at the meeting of 
the column and the transition piece.   The force would be greatest if the machine was ever 
positioned horizontally.  In this way it would act just as a cantilevered beam.   
Figure 16 shows a mockup of said 
situation.  With W1 being the weight of 
the motor, 20lb, and W2 being the weight 
of the wheel, 10lb, a total weight of 30lbs 
would be acting on the “beam”.  The 
motor and the wheel would be centered on 
the same axis and in this case, h, is 
12.75inches away from the transition 
piece.  A moment of 352.5inlb was found.  
This can be treated as a torque and be 
manipulated to be placed into an equation 
to find the stress between the two pieces.  

The force calculated is the original 30lb of 
W1 and W2.  From there the stress is 
calculated by dividing that by the cross 
sectional area of the plate, which is one quarter inch.  The final stress found is 2295.1psi 
which is hardly close to the 47000psi rated for the aluminum chosen.  The complete 
calculations for this are performed in Appendix H. 
 

FACTORS OF SAFETY  
  Factors of safety that were considered were found in the Applied Strength of 
Materials text.  For bending, shear and axial stresses the book’s given factors, even in their 
worst cases, were still trivial compared to the factors of safety that were actually found in the 
design.   For instance, the force of bending on the central plate would be greatest if the 
machine was ever carried horizontally.  Since the machine is relatively light this is definitely 
a factor that needed to be considered in the event that it would be transported in a horizontal 
manner.  With the weight on the machine calculated in, the pressure found on the plate was 
only 2295.1psi.  The pressure that the quarter inch aluminum plate can handle is 47000 psi.  
Clearly this is well above the pressure that will ever be exerted on the plate.  In fact by 
dividing 2295.1 into 47000 a safety factor of 10.5 is found.  This situation presented itself 
time and time again throughout all of the calculations.  The lowest factor of safety that was 
actually calculated was a factor of 16.  For further reference all of the safety factors are 
figured in along with the loading conditions found in Appendix H.  Product Specifications 
are shown in Appendix J. 
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COMPONENT SELECTION   
 Considering the loading conditions and machine design, the materials listed in Table 4 
were selected for use in the machine.  All are capable of maintaining the calculated forces 
and tolerances.  The full Bill of Materials is found in Appendix I. 
 
 
 

 
     
 

FABRICATION AND ASSEMBLY  
 All fabrication was completed at the College of Applied Science North Lab.  
Descriptions of the process are stated below and detailed drawings of each component can be 
found in Appendix G.  
 

TRIPOD 
 Tripod fabrication was broken down into three parts, 
the ground legs, the tripod legs and the tripod center piece 
and is pictured in figure 17. 
 The ground legs were the easiest piece to fabricate on 
the entire machine.  Starting with stock aluminum tube, 
each leg was cut to length and had a through hole drilled 
two inches from one end of the tube.  This through hole 
would serve as the connection point with the tripod legs.   
 The tripod legs also started with stock aluminum tube, 
but this piece featured an inside diameter that was greater 
than the outside diameter of the ground legs.  Just as 
before they were cut to length and fitted with a through 
hole for connection pin placement.  The opposite ends of 
the tripod legs are what made them so dramatically 
different than the ground legs. They had to be contoured to 

Legs Aluminum 6061
Tripod Aluminum 6063 and 6061

Transition Piece Aluminum 6061
Column Aluminum 6061
Chute Rubber
Wheel Rubber
Motor

Pins Stainless Steel
Handle Nut Iron
Control Box Aluminum

Wiring Copper/Rubber
Control Knob Plastic

Hardware Aluminum

 

Figure 17 - Tripod Fabrication 
 

 Table 3 – Basic Bill of Materials 
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the circumference of the tripod center piece so that they could be easily welded to that piece.  
Creating an even contour over one piece would be difficult enough, but to have three 
identical pieces seemed daunting.  This problem was overcome by shop investigation.  It was 
determined that the circumference of the drum on the belt sander was the same of that on the 
tripod center piece.  Holding the tripod legs on that drum would allow the belt sander to strip 
away the aluminum, leaving a perfect contour.  The tripod legs were then TIG welded to the 
tripod center piece. 
 The tripod center piece served as a mounting point for the entire machine.  The tripod 
legs welded to it were attached by pins to the ground legs and the top of the tripod center 
piece was MIG welded to the bottom part of the transition piece.  This piece was a six inch 
diameter stock aluminum cylinder that was one inch thick.  A hole was bored through the 
center of this piece so that the top part of the transition could be inserted. 
 The main problem during fabrication of the tripod was the inconsistency of the contour 
cut of the tripod legs.  These inconsistencies led to the legs shooting off in off-center 
directions which knocked the transition piece out of level.  This was easily solved, however, 
by cutting the ground legs to compensate for the tilt.  
Since the transition piece sitting level was more 
important than even leg length, this modification was 
made.  
 

TRANSITION PIECE 
 Building up from the tripod, the transition piece was 
essentially two stock pieces of aluminum that were six 
inches in diameter and one inch thick.  Mounting one 
piece on top of the other would allow for the yaw 
directional movement.   A 1.10” hole was turned 
through the bottom piece to allow the top piece to be 
mounted and was MIG welded to the top of the tripod.  
This piece was also fitted with a mounting bracket for the 
locking pin that would be eventually added.  This bracket 
was MIG welded to the stock piece and was shaped like 
an “L”.  A hole was drilled through the vertical part of 
the L so that a locking pin could be placed through it and 
into the top stock piece, locking it in place at a given position.   
 The top piece was a compliment to the bottom as a piece of one inch diameter aluminum 
bar stock was MIG welded vertically down from the flat surface.  The two pieces were 
stacked one on top of the other and a piece of Teflon was placed in between to reduce friction 
when the pieces rotated on each other.  The bar stock was nine inches long and could fit 
through the bottom of the transition piece and all the way through the tripod center piece.  
The bottom of the bar stock was threaded and fit with a nut.  This nut locked it in place 
against the bottom of the tripod center piece and kept the transition piece from wobbling, 
tipping, or falling out of alignment.  The method of locking the transition piece in place 
against the tripod center piece was actually a modification that was made during the 
fabrication process.   
 The top side of the top transition piece was welded to the bottom of the column.  Two 
quarter inch thick aluminum plates were MIG welded just under a half inch apart across the 

 

Figure 18 - Transition Piece 
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center of the plate.  They served as the mounting point for the rest of the column.  The entire 
transition piece is pictured in Figure 18. 
 The only problem encountered with this fabrication came from the weld bead between 
the top transition piece and the bar stock.  The bead was so thick, and could not be filed 
down, that it did not allow the top piece to fit neatly on the bottom piece.  The solution was 
found by adding an aluminum shim that was the same thickness as the weld bead.  A hole 
was bored through it and it was placed in between the two transition pieces.  Teflon was 
again added to reduce friction.   
 

COLUMN 
 The column served as the main functioning part of the machine.  It was where the motor, 
wheel and launcher were found.  It started as a quarter inch thick piece of aluminum that was 
twenty-two inches long and ten inches wide.   
 In order to allow for the pitch directional movement the center aluminum plate was 

mounted with a pivot bolt and attached to the 
already existing column base on the transition 
piece.  The center plate could then rotate about 
this axis freely.  The free rotation did, however, 
have to be controlled so that a desired 
trajectory could be attained.  To do this 
position holes were drilled through the column 
base pieces and fifteen, thirty, and forty-five 
degree angles in both directions from center, 
stemming from the pivot bolt.  A mounting 
hole was drilled through the center plate so a 
pin could be fitted to lock it in place.  Figure 19 
show the position holes and locking pin.  In 
order to keep these holes in perfect alignment 
the center plate was moved into each position 
and one hole was drilled through all three 
plates at once.   
 The motor and wheel assembly was 
mounted up from the pivot bolt, just high of 
center on the center plate.  A four bolt, face 
mounting motor was installed on the left side of 

the column (looking from the back) and the wheel was positioned on the motor shaft that 
stuck through on the right.  It was mounted using a key screw that was tightened to the motor 
shaft.   
 On top of the wheel was one of the more integral pieces, the launching plate.  This plate 
would act as a pinching point for the launching of the ball.  It had to be high enough off of 
the wheel to pinch the ball, but not too high that the ball would fly tangentially off of the 
wheel and jostle between the plate and the wheel.  Its position was measured by placing the 
ball on top of the mounted wheel and marking that position.  The plate was then TIG welded 
into position.   
 The launching chute was another piece where position was critical.  It has to be the right 
height and distance from the wheel so that the ball would roll onto the wheel at the same 

 

Figure 19 - Column position holes  
and locking pin 
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position attempt after attempt.  Its position was 
marked and was held in place by a steel strap.  Both 
the launching plate and the chute are pictured in 
Figure 20. 
 The last part to be added was the electrical control 
box.  This piece had no critical positioning necessary 
so in order to be mounted it just needed to be bolted in 
from the back.  One of the bolts from the chute strap 
was used for the electrical box for simplicity sake.  
Inside the mounting box a five amp dimmer switch 
was used to control the input voltage and therefore 
controlled the speed at which the wheel turned.  Wires 
were run form the wall, to the electrical control box 
and the out to the motor. 
 The major problems encountered during column 
fabrication were easily solved.  Original construction 
called for one base column plate.  This proved to be 
too unstable so a second plate was added and the 
stability dramatically increased.  The original chute 
design also needed to be altered.  The long chute needed to be cut down into a smaller one 
because when the machine was in a tilted back pitch position it would not allow the ball to be 
pass through it.  This was solved by adding a smaller 
chute to the machine.  This way the chute’s main 
purpose was to keep the operators fingers clear of the 
rotation wheel.   
 Total fabrication and assembly took around thirty man-hours to complete.  Pictures of 
the final project are found in Figure 21. 

 

Figure 20- Right side view of 
completed column 
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Figure 21 – Completed Assembly 
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TESTING AND PROOF OF DESIGN 
 Testing took place during fabrication, at home upon assembly completion, and totaled 
about five man-hours of work.  All testing was done using the proof of design as a guide.  
The project would only be successful if testing proved to accomplish the bulleted items on 
the proof of design.  The proof of design is found in Appendix F and the items are listed 
below: 

• Machine will have legs that easily detach for storage 
• Machine will be no more than 60lbs for ease of mobility 
• Machine will have trajectory control; pitch and yaw 
• Machine will have speed control 
• Machine will have accurate reproducibility of ball delivery 
• Machine will be able to project ball at speeds concurrent with Women’s collegiate 

lacrosse 
• Machine will be easy to use; turn on, pick speed/direction, load ball 

 

TESTING METHODS/TESTING RESULTS/PROOF OF DESIGN 
 Testing for point one took no more effort than checking to make sure that the pins could 
be easily inserted and ejected from where the ground legs and tripod legs were joined.  The 
test result was successful. 
 Testing for point two involved the use of a scale.  Placing the machine on a scale showed 
that its total weight was fifty-five pounds.  The test result was successful. 
 Testing for point three was completed during the fabrication process.  Both pitch and 
yaw movement was achieved and locking mechanisms were fully operational.  Depending on 
the operators discretion both directional movements can be made easier or more difficult by 
tightening the pivot bolt on the column or the transition piece nut found at the bottom of the 
tripod center piece.  The test result was successful. 
 Testing for point four was done by plugging the machine into the wall and turning on the 
dimmer switch.  Speed control was easily seen as the switch was rotated from a “fully on” to 
an “off” position.  The test result was successful. 
 Testing for point five was done by placing the machine at two different trajectories and 
firing ten shots at a two foot by two foot area.  In order for the machine to be considered 
accurate the fired shots needed to land in this grid.  A representation of this is show in Figure 
22.   The radar chart shows where on 
the grid that shots landed.  The test was 
successful. 
 Testing for point six was never 
completed as a radar gun was never 
acquired. 
 Testing for point seven was a 
combination of other tests performed.  
The machine is considered plug and 
play as the operator can easily plug in 
the machine, pick trajectory and speed 
all in a matter of seconds.  The test was 
successful. 

 

Figure 22 - Accuracy Testing 
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Table 4 - Budget 
 

 

PROJECT MANAGEMENT   
BUDGET, PROPOSED /ACTUAL  
 The lacrosse pitching machine should not cost over one thousand dollars for parts and 
construction.  As displayed here, and also in Appendix D, it is clear that this product can be 
made cost effective.  Just like any product that is mass produced the price of the lacrosse 
pitching machine would only continue to drop in price as more and more are manufactured. 
 

 
 

 
       
   

SCHEDULE, PROPOSED /ACTUAL 
 Several dates were set by the department such as report due dates, March 9th and June 
1st, presentation dates, March 2nd, May 25th, a design freeze the week of February 2nd and 
most importantly, Tech Expo 2009, May 7th.  All other scheduling is subject to the 
manufacturer and physical time constraints of preliminary design, modeling, fabrication and 
assembly.  An emphasis on computer modeling and fabrication was established based on past 
experience and the importance of those two steps.  Both of these steps were given an 
allotment of three weeks per project part.  There are few factors that are not solely based on 
the manufacturer, such as the delivery of parts and fabrication of some, if any outsourced 
pieces.  A detailed view of the entire schedule is pictured in Appendix C.  It follows the 
project from the end of October until project and course completion in mid June.   
 

RECOMMENDATIONS 
 Finding a more precise method for contouring the tripod legs would be at the top of the 
list for recommendations.  The imprecise method caused problems that were fixable, but also 
unnecessary.   
 Following the schedule more closely is also something that I would recommend.  A 
schedule is in place to save headaches and also to make sure that the project can be 
completed on time. Sticking to your plan is essential.   
 Finally, there is no such thing as too much research.  Continually learning about your 
project is strongly encouraged. 
  

Item Description Estimated Price Actual Price
Lacrosse Balls For testing $30.00 $0.00
Motors Launching mechanism $400.00 $121.00
Steel Tubing Tripod stand / assembly $50.00 $236.00
Misc. Steel Launching mech. / assembly $150.00 $515.00
Wheels Launching mech. / transportability $200.00 $9.00
Wiring Motor hook up $50.00 $24.00
Hardware / Harnesses Assembly $100.00 $38.00

TOTAL $980.00 $943.00
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APPENDIX A – RESEARCH 
 

 

Interview with University of Cincinnati Women’s Lacrosse Asst. Coach Lauren 
Schwarzmann, ballinlaur14@hotmail.com, 513-556-6039 
October 2, 2008 
 

How helpful would a machine like this be to a coach that is teaching the game 
of lacrosse? 

     Definitely helpful 
 

What player position (goalie, midfield, etc.) would benefit the most from a 
machine like this? 

     Goalie 
 

What different styles of ball movement are found in lacrosse? 
    
   Ground balls, direct passes, interceptions, floater balls, line drives 
 

How important would it be that one machine can perform many different types 
of ball movement? 

     Very important  
 

What ball speeds would be necessary for an effective practicing machine? 
    
   Womens: max. 60-70 mph    average, 30-40 mph 
   Mens: max  80-90 mph    average, 30-50 mph 
 

Is transportability of the machine important?  
 
     Movement by one person is important 
 

Is there a necessity for the machine to be fully-automatic or would it be more 
beneficial to utilize an operator? 

     Both would nice, but if had to pick than operator 
 

Would a ball hopper design be necessary or would a single load apparatus 
satisfy? 

 
     Hoper would be nice, but only for automatic 
 

            
 
      
 

              
               

 
         
  

     
 
        

mailto:ballinlaur14@hotmail.com�
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B.S.M.E.T. Project most similar: 
2004 Eric Huhn II 
“The 11th Man: An Automated Softball Practice Machine” 
This was to offer a fully automated motion, gravity fed helical hopper with a variable 
speed release mechanism and a flexible directional chute.   
 

Hate the appearance 
Good launching technique 
Speed and direction adjustment can be improved 
Seems awkward  
Don’t see how this would be practical  

Would you personally use such a machine if it were in existence? 
 
     Yes 
 

Coming from someone in the sport what would you say definitely needs to be 
apart of the machine to make it a success in the sport of lacrosse? Features. 

 
     Speed adjustment, trajectory adjustment 
  

Any questions, thoughts, or suggestions? 
 
     Goalie would have most benefit 
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Use of a wheel 
style launcher 
Tripod standing 
feature 
Able to change 
speed and 
trajectory of ball 
Optional wheels 
for easier 
mobility 
Shows use of a 
hopper 
Able to curve a 
ball which may 
not be useful as a 
lacrosse ball 
would be hard to 
curve out of a 
lacrosse stick 
Simple looking 
in appearance, 
ascetically 
pleasing 

 

 

 
 
$1,844.99 

 
Looks to be easily adjustable 
Swivel head for trajectory 
Simple design 
Speed control 
Wheel style launching system 
All of these are great aspects of what I'm 
planning 
Too expensive for what I'm trying 

 
 
 
 
 

Has ability to throw a range of balls from 
grounders to pop flies, a definite for the 
lacrosse machine 
Two standing orientations, useful but not 
a necessity 
Very simple design shows all working 
parts 

http://www.sportstutorinc.com/baseball-softball/ 
This and modified versions of this found at 
sportstutorinc.com 

http://www.eastbay.com/catalog/productdetail/model_nbr--40618/sku--1100080/cm--GLOBAL%20SEARCH%3A%20KEYWORD%20SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--40618/sku--1100080/cm--GLOBAL%20SEARCH%3A%20KEYWORD%20SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--40618/sku--1100080/cm--GLOBAL SEARCH: KEYWORD SEARCH/�
http://www.sportstutorinc.com/baseball-softball/�
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$1,174.99 
 

 
$414.99 
 
 

 
$199.99 
 

Very expensive, I want to make mine 
more affordable 
Dial for speed control 
Gives me a push button and slide idea for 
trajectory contol 

 
 
 
 
 

Price range is more of what I'm looking 
for 
Maybe not big enough for a lacrosse 
ball? 
Portable, something I'm looking for 
Simple swiveling features for different 
types of pitches to be thrown 
For private use, I want to cater to a more 
professional use 
Appears that its not durable enough for 
repeated use hear after year 

 
 
 
 
 

No motor makes me skeptical of power 
offered 
Operator needs to exert effort, I want 
something where the operator would just 
insert the ball 
Can believe that it is very accurate 
Not what I'm looking for, simple as it 
may be 

 
 
 
 
 
 
 
 
 

Uses a ball hopper which I'm thinking 
about 
Wheel style launcher 

http://www.eastbay.com/catalog/productdetail/model_nbr--8067/sku--1150079/cm--GLOBAL%20SEARCH%3A%20KEYWORD%20SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--8067/sku--1150079/cm--GLOBAL%20SEARCH%3A%20KEYWORD%20SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--40065/sku--1600078/cm--GLOBAL%20SEARCH%3A%20KEYWORD%20SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--40065/sku--1600078/cm--GLOBAL%20SEARCH%3A%20KEYWORD%20SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--29444/sku--60111/cm--GLOBAL%20SEARCH%3A%20KEYWORD%20SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--29444/sku--60111/cm--GLOBAL%20SEARCH%3A%20KEYWORD%20SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--8067/sku--1150079/cm--GLOBAL SEARCH: KEYWORD SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--40065/sku--1600078/cm--GLOBAL SEARCH: KEYWORD SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--29444/sku--60111/cm--GLOBAL SEARCH: KEYWORD SEARCH/�
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$199.99 
 
 

 
$129.99 
 

Seems to fragile for professional use 
Tripod design seems to be the way to go 
Light, small, simple but too much so for 
what I'm trying to accomplish 

 
 
 
 
 
 
 
 
 

Too simple for what my scope is 
Clever design using springs 
Couldn’t possibly be used on a 
professional level 

 
 

 
 

 
 
 
 

Pictured above is an assortment of pitching machines found at eastbay.com 
http://www.eastbay.com/catalog/advancedSearch.cfm?SID=8035&inceptor=1&keyword=p
itching+machine&cm_mmc=SEM-_-Engine-_-Google-_-
Content+Baseball+Equipment+Pitching+Machine+group 

http://www.eastbay.com/catalog/productdetail/model_nbr--93985/sku--167000/cm--GLOBAL SEARCH: KEYWORD SEARCH/�
http://www.eastbay.com/catalog/productdetail/model_nbr--67076/sku--1160311/cm--GLOBAL SEARCH: KEYWORD SEARCH/�
http://www.eastbay.com/catalog/advancedSearch.cfm?SID=8035&inceptor=1&keyword=pitching+machine&cm_mmc=SEM-_-Engine-_-Google-_-Content+Baseball+Equipment+Pitching+Machine+group�
http://www.eastbay.com/catalog/advancedSearch.cfm?SID=8035&inceptor=1&keyword=pitching+machine&cm_mmc=SEM-_-Engine-_-Google-_-Content+Baseball+Equipment+Pitching+Machine+group�
http://www.eastbay.com/catalog/advancedSearch.cfm?SID=8035&inceptor=1&keyword=pitching+machine&cm_mmc=SEM-_-Engine-_-Google-_-Content+Baseball+Equipment+Pitching+Machine+group�
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Patents 
 
 
 
 
 
 
 
 
Apparatus for Providing a Controlled 
Propulsion of Elements Toward a Receiving 
Member 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Method of converting baseball pitching 
machine to pitch lacrosse balls 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
http://www.google.com/patents?id=pTgFAA
AAEBAJ&printsec=abstract&zoom=4&dq=la
crosse+pitching+machine#PPA7,M1 
 

 
 
http://www.google.com/patents?id=0QmYAA
AAEBAJ&printsec=abstract&zoom=4&dq=la
crosse+pitching+machine 

http://www.google.com/patents?id=pTgFAAAAEBAJ&printsec=abstract&zoom=4&dq=lacrosse+pitching+machine#PPA7,M1�
http://www.google.com/patents?id=pTgFAAAAEBAJ&printsec=abstract&zoom=4&dq=lacrosse+pitching+machine#PPA7,M1�
http://www.google.com/patents?id=pTgFAAAAEBAJ&printsec=abstract&zoom=4&dq=lacrosse+pitching+machine#PPA7,M1�
http://www.google.com/patents?id=0QmYAAAAEBAJ&printsec=abstract&zoom=4&dq=lacrosse+pitching+machine�
http://www.google.com/patents?id=0QmYAAAAEBAJ&printsec=abstract&zoom=4&dq=lacrosse+pitching+machine�
http://www.google.com/patents?id=0QmYAAAAEBAJ&printsec=abstract&zoom=4&dq=lacrosse+pitching+machine�
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Ball Throwing Machine 
 
 
 
 
 
 

 

 
http://www.google.com/patents?id=Z9sEAAA
AEBAJ&dq=lacrosse+pitching+machine 
 

 
All above patents will help to limit or enhance my design 
Some use the same methods I wanted to employ 
Still very useful for discovering new idea and styles 

http://www.google.com/patents?id=Z9sEAAAAEBAJ&dq=lacrosse+pitching+machine�
http://www.google.com/patents?id=Z9sEAAAAEBAJ&dq=lacrosse+pitching+machine�
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APPENDIX B – SURVEY AND QFD 
 

LACROSSE PITCHING MACHINE 
CUSTOMER SURVEY 

For most sports that involve an airborne projection of a ball there exists, in one form or 
another, a type of pitching machine that will automatically launch a ball at a given rate of 
speed and trajectory.  In the sport of lacrosse, however, such a machine does not exist.  A 
pitching machine designed to cater to the distinct needs of a lacrosse player will be 
developed. Please take a few minutes to answer the following questions. 
 
How important is each feature to you for the design of a new lacrosse pitching machine?  
Please circle the appropriate answer.     1 = low importance              5 = high importance 
 
                     AVG 
 Safety   1 2 (1) 3 (2) 4 (4) 5 (22) N/A (1) 4.5 
 
 Durability   1 2 (1) 3 (4) 4 (9) 5 (16) N/A  4.3 
 
 Affordability   1 2 (2) 3 (11) 4 (9) 5 (8) N/A  3.7 
 
 Repeatability  1 2 3 (10) 4 (18) 5 (1) N/A (1) 3.6 
 
 Reliability   1 2 3 (1) 4 (10) 5 (19) N/A   4.6 
 
 Appearance  1 (7) 2 (13) 3 (6) 4 (3) 5 (1) N/A   2.3 
 
 Ease of operation  1  2 (3) 3 (6) 4 (11) 5 (9) N/A (1) 3.8 
 
 Trajectory control   1  2 (6) 3 (3) 4 (12) 5 (7) N/A (2) 3.5 
 
 Speed control  1  2  3 (6) 4 (14) 5 (10) N/A   4.1 
 
 Ease of adjustment 1  2 (1) 3 (6) 4 (12) 5 (11) N/A  4.1 
 
 Ease of mobility  1  2 (1) 3 (4) 4 (15) 5 (10) N/A  4.1 
 
 Compact Storage  1  2 (9) 3 (7) 4 (9) 5 (5) N/A   3.7 
 
 Automatic operation 1  2 (1) 3 (7) 4 (17) 5 (5) N/A   3.9 
 
 Ease of maintenance  1  2 (4) 3 (1) 4 (15) 5 (10) N/A   4.0 
 
How much would you be willing to pay for this product?  
       $100-$500 (21)  $500-$1000 (6)         $850 
       $1000-$2000 (2)  $2000-$5000 (1)  
Thank you for your time. 
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9 = Strong
3 = Moderate
1 = Weak

Lacrosse Pitching Maching                                                             
Brian Myers
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Safety 9 1 3 9 3 4.5 1.0 4.5 0.08 8.3%
Durability 9 9 9 9 1 1 4.3 1.0 4.3 0.08 7.9%
Affordability 1 9 3 9 3.7 1.0 3.7 0.07 6.8%
Repeatability 1 9 3.6 1.0 3.6 0.07 6.6%
Reliability 3 9 4.6 1.0 4.6 0.08 8.5%
Appearance 9 9 9 2.3 1.0 2.3 0.04 4.2%
Ease of operation 1 9 9 9 3.8 1.0 3.8 0.07 7.0%
Trajectory control 3 3 9 3 3.5 1.0 3.5 0.06 6.5%
Speed control 9 9 9 4.1 1.0 4.1 0.08 7.6%
Ease of adjustment 3 3 3 9 1 3 4.1 1.0 4.1 0.08 7.6%
Ease of mobility 9 9 9 4.1 1.0 4.1 0.08 7.6%

Compact storage 9 9 3 9 1 3.7 1.0 3.7 0.07 6.8%
Automoatic operation 9 9 9 3.9 1.0 3.9 0.07 7.2%
Ease of maintainience 3 9 9 4 1.0 4.0 0.07 7.4%

Abs. importance 2.91 3.28 2.43 4.77 0.98 2.03 2.65 0.61 3.23 22.9 54.2 1.00
Rel. importance 0.13 0.14 0.11 0.21 0.04 0.09 0.12 0.03 0.14
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APPENDIX C – SCHEDULE, PROPOSED / ACTUAL 
 

Brian S. Myers                Lacrosse 
Pitching Machine                      

Date (begins every Monday)
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TASK
Proof of Design Contract 9

20
Concept Development 10

18
Choose Best Concept 14

25
Design Analysis

Support Structure 28
3

Trajectory Mechanism 5
27

Firing System 12
3

Computer Modeling

Support Structure 2
7

Trajectory Mechanism 9
20

Firing System 23
3

Design Freeze 2
2

Ordering Parts 4
9

Documentation for Model 13

Fabrication of Machine

Support Structure 27
16

Trajectory Mechanism 13
23

Design Presentations 2
4

Design Report Due 9
9

Firing System 3
30

Assembly

Support Structure 10
6

Trajectory Mechanism 15
6

Firing System 20
6

Testing 24
28

Proof of Design 27
28

Revisions 29
28

Finishing Touches 6
28

Autumn SpringWinter
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APPENDIX D – BUDGET, PROPOSED / ACTUAL 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Item Description Estimated Price Actual Price
Lacrosse Balls For testing $30.00 $0.00
Motors Launching mechanism $400.00 $121.00
Steel Tubing Tripod stand / assembly $50.00 $236.00
Misc. Steel Launching mech. / assembly $150.00 $515.00
Wheels Launching mech. / transportability $200.00 $9.00
Wiring Motor hook up $50.00 $24.00
Hardware / Harnesses Assembly $100.00 $38.00

TOTAL $980.00 $943.00
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APPENDIX E – WEEKLY PROGRESS REPORTS 
 

Weekly Progress Report 
 

Name: Brian S. Myers        Week  1 
Course: Senior Design 1        Date: 1/22/09 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 Research on topic, including patents and current market items 
 Survey of customers with completed QFD 
 Preliminary design ideas based on ball size and weight 
 The Ball - SECTION 5. The ball is smooth or slightly textured rubber of solid yellow 

or bright orange (similar to Pantone #811) color, not less than 20cm (7-3/4") 
nor more than 20.3cm (8") in circumference. It must weigh not less than 
142gm (5oz.) nor more than 149gm (5-1/4oz.). It must have a bounce of not 
less than 1.1m (43") nor more than 1.3m (51") when dropped from 1.8m 
(72") onto concrete at a temperature of approximately 18 degrees C. (65 
degrees F.) - 23 degrees C. (75 degrees F.). 

 Parts can be salvaged from other machines 
 Overall size approximation: 3’x 3’x 4’ weighing approximately 60lbs. 

Plan for next week: 
 Ergonomic lifting capacities for adult women 
 Details on how pitch and yaw mechanism will work 
 Find more used machine to salvage and make sure they can be redesigned 
 How to design the base?  Detachable? 
 Get binder, hole punch and concrete format for logs 
 Get file folder and make hard copies of everything 
 Setup template on computer for report 

o Use reference page 
o Start a weekly report section 

 Find original tripod design for Prof. Salehpour 
 Find different types of tripods for different applications 

o Design tripod 
 Design transition piece 
 Design box 

o Mechanism = motor and wheel 
o Structure = how is mechanism supported 
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Weekly Progress Report 
 
Name: Brian S. Myers        Week 2 
Course: Senior Design 1        Date: 1/29/09 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 Details on how pitch and yaw mechanism will work 
 How to design the base?  Detachable? 
 Get binder, hole punch and concrete format for logs 
 Get file folder and make hard copies of everything 
 Setup template on computer for report 

o Use reference page 
o Start a weekly report section 

 Find original tripod design for Prof. Salehpour 
 Find different types of tripods for different applications 

o Design tripod 
 Design transition piece 
 Design box 

o Mechanism = motor and wheel 
o Structure = how is mechanism supported 

 
Plan for next week: 
 Ergonomic lifting capacities for adult women 
 Find more used and salvaged parts and make sure they can be redesigned 
 Design analysis 
 Loading conditions 
 Member design 
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Weekly Progress Report 
 

Name: Brian S. Myers        Week 3 
Course: Senior Design 1        Date: 2/12/09 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 Loading conditions 
 Member design 
 http://books.google.com/books?id=3xIbtj9UgGUC&pg=PA128&lpg=PA128&dq=er

gonomic+lifting+capabilities+for+adult+women&source=web&ots=e_xZp4Oeab&si
g=LUqKuL_wbZBF1y5MryW8ASM-GNw&hl=en&ei=jnGbSbXRG-
CbtweykuTlBA&sa=X&oi=book_result&resnum=1&ct=result  
 (this is the link for lifting capabilities for men and women) 

 Basic view of pitching machine produced using solid edge 

Plan for next week: 
 Continued looking for more used and salvaged parts and make sure they can be 

redesigned 
 Design analysis  

o Free body diagrams 
 Member design 

o Detailed design 

  

http://books.google.com/books?id=3xIbtj9UgGUC&pg=PA128&lpg=PA128&dq=ergonomic+lifting+capabilities+for+adult+women&source=web&ots=e_xZp4Oeab&sig=LUqKuL_wbZBF1y5MryW8ASM-GNw&hl=en&ei=jnGbSbXRG-CbtweykuTlBA&sa=X&oi=book_result&resnum=1&ct=result�
http://books.google.com/books?id=3xIbtj9UgGUC&pg=PA128&lpg=PA128&dq=ergonomic+lifting+capabilities+for+adult+women&source=web&ots=e_xZp4Oeab&sig=LUqKuL_wbZBF1y5MryW8ASM-GNw&hl=en&ei=jnGbSbXRG-CbtweykuTlBA&sa=X&oi=book_result&resnum=1&ct=result�
http://books.google.com/books?id=3xIbtj9UgGUC&pg=PA128&lpg=PA128&dq=ergonomic+lifting+capabilities+for+adult+women&source=web&ots=e_xZp4Oeab&sig=LUqKuL_wbZBF1y5MryW8ASM-GNw&hl=en&ei=jnGbSbXRG-CbtweykuTlBA&sa=X&oi=book_result&resnum=1&ct=result�
http://books.google.com/books?id=3xIbtj9UgGUC&pg=PA128&lpg=PA128&dq=ergonomic+lifting+capabilities+for+adult+women&source=web&ots=e_xZp4Oeab&sig=LUqKuL_wbZBF1y5MryW8ASM-GNw&hl=en&ei=jnGbSbXRG-CbtweykuTlBA&sa=X&oi=book_result&resnum=1&ct=result�


 

Appendix E4 

Weekly Progress Report 
 

Name: Brian S. Myers        Week 4 
Course: Senior Design 1        Date: 2/19/09 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 Loading conditions 
 Member design 
 Basic view of pitching machine produced using solid edge 

Plan for next week: 
 Start formulating slides for presentation  
 Develop presentation outline 
 Continued looking for more used and salvaged parts and make sure they can be 

redesigned 
 Design analysis  

o Free body diagrams 
o Find forces 
o Find stresses (bending, shear, etc.) 

 Member design 
o Detailed drawings 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 5 
Course: Senior Design 1        Date: 2/26/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 Start formulating slides for presentation  
 Develop presentation outline 
 Continued looking for more used and salvaged parts and make sure they can be 

redesigned 
 Design analysis  

o Free body diagrams 
o Find forces 
o Find stresses (bending, shear, etc.) 

 Member design 
 Detailed drawings 

 
Plan for next week: 
 Complete design presentation 

o Slide formation 
o Scan preliminary drawings 
o Incorporate detailed drawings 
o Decide flow and slide order 

 Rehearse presentation 
o 12 min talking 

 Design analysis  
o Free body diagrams 
o Find forces 
o Find stresses (bending, shear, etc.) 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 6 
Course: Senior Design 1        Date: 3/5/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 Complete design presentation 

o Slide formation 
o Scan preliminary drawings 
o Incorporate detailed drawings 
o Decide flow and slide order 

 Rehearse presentation 
o 12 min talking 

 Design analysis  
o Free body diagrams 
o Find forces 
o Find stresses (bending, shear, etc.) 

Plan for next week: 
 Implement plans for purchasing and fabrication 

o Parts will be ordered no later than March 20th  
o 15-20 hours a week will be spent until completion   

 Complete Senior Design 1 Report 
o Progress reports 
o Drawings appendix 
o Loading conditions 

 Write up 
 Appendix 

• Fbd 
• Safety factors 

o BOM appendix 
o Plans 
o Design alternatives 
o Safety factors 
o Proof of design 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 7 
Course: Senior Design 1        Date: 3/12/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 Implement plans for purchasing and fabrication 

o Parts will be ordered no later than March 20th  
o 15-20 hours a week will be spent until completion   

 Complete Senior Design 1 Report 
o Progress reports Appendix 
o Proof of design 

 Write up 
 Appendix 

o Drawings appendix 

Plan for next week: 
 Implement plans for purchasing and fabrication 
 Complete Senior Design 1 Report 
 Turn in Friday March 20 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 8 
Course: Senior Design 1        Date: 3/19/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 
 Complete Senior Design 1 Report 

o Loading conditions 
 Write up 
 Appendix 

• Fbd 
• Safety factors 

o BOM appendix 
o Plans 
o Design alternatives 

 Safety factors 

 
Plan for next week: 
 
 Purchase Materials 

o Mc Master Carr 
o Home Depot 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 9 
Course: Senior Design 2        Date: 4/2/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 
 Sorted materials into purchasing categories 

o Items that need to be shipped in 
o Items that can be bought locally  

Plan for next week: 
 
 Purchase Materials 

o Mc Master Carr 
o Home Depot 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 10 
Course: Senior Design 2        Date: 4/9/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 
 Purchased Materials 

o Mc Master Carr 

Plan for next week: 
 
 Begin fabrication on machine 

o Tripod 
o Transition Piece 
o Column 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 11 
Course: Senior Design 2        Date: 4/16/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 
 Began fabrication on machine 

o Cut legs to size 
o Angled tripod legs 
o Prepared column piece for cutting 

Plan for next week: 
 
 Purchase Materials 

o Home Depot 
 Complete leg assembly 
 Begin cuts on column 
 Find compatible motor and wheel assembly 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 12 
Course: Senior Design 2       Date: 4/23/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 
 Completed leg assembly 
  Continued search for motor and wheel assembly 

Plan for next week: 
 
 Prep all work for welding 
 Meet with Bill Hansel  to help with welding 

o Tripod 
o Transition piece 
o Column top 

 Finalize purchase on motor and wheel assembly 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 13 
Course: Senior Design 2        Date: 4/30/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 
 Prep all work for welding 
 Meet with Bill Hansel  to help with welding 

o Tripod 
o Transition piece 
o Column top 

 
Plan for next week: 
 Very Detailed list… 

o Cut bottom of legs 
o Drill hole for yaw pin 
o Drill holes for yaw movement 
o Buy yaw pin 
o Cut and place rotator pin 
o Buy rubber for tripod 
o Locate motor 
o Mount motor 
o Locate control box  
o Locate chute 
o buy wheel and mounting 
o locate top piece for firing 
o get lacrosse balls 
o get lacrosse stick 
o complete poster 
o print poster 
o paint 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 14 
Course: Senior Design 2        Date: 5/7/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 Very Detailed list… 

o Cut bottom of legs 
o Drill hole for yaw pin 
o Drill holes for yaw movement 
o Buy yaw pin 
o Cut and place rotator pin 
o Buy rubber for tripod 
o Locate motor 
o Mount motor 
o Locate control box  
o Locate chute 
o buy wheel and mounting 
o locate top piece for firing 
o get lacrosse balls 
o get lacrosse stick 
o complete poster 
o print poster 
o paint 

Plan for next week: 
 Senior design report 
 Plan out slides for final presentation 
 Find a balanced wheel 
 Find a speed control knob that will accept 5 amps 
 Test project 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 15 
Course: Senior Design 2        Date: 5/14/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 Plan out slides for final presentation 
 Test project 

 
Plan for next week: 
 Senior design report 
 Plan out slides for final presentation 
 Find a balanced wheel 
 Find a speed control knob that will accept 5 amps 
 Test project 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 16 
Course: Senior Design 2        Date: 5/21/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 Plan out slides for final presentation 
 Test project 
 Senior Design report 

 
Plan for next week: 
 Senior design report 
 Plan out slides for final presentation 
 Find a balanced wheel 
 Find a speed control knob that will accept 5 amps 
 Test project 
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Weekly Progress Report 
 
 
Name: Brian S. Myers        Week 17 
Course: Senior Design 2        Date: 5/28/2009 
Advisor: Prof. Amir Salehpour 
Project Title: Lacrosse Pitching Machine 
 
Accomplishments during last seven days: 
 Plan out slides for final presentation 
 Test project 

 
Plan for next week: 
 Senior design report 
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APPENDIX F – PROOF OF DESIGN 
 
 

Proof of Design 
Lacrosse Pitching Machine 

 
Brian Myers 

University of Cincinnati 
College of Applied Science 

A machine will be designed to meet the project objectives listed in the proposal.  
Each of these objectives will be addressed in the design process.  Listed below are the 
observable objectives for the design. 

 
 

Observable Objectives 
 

• Machine will have legs that easily detach for storage 

• Machine will be no more than 60lbs for ease of mobility 

• Machine will have trajectory control; pitch and yaw 

• Machine will have speed control 

• Machine will have accurate reproducibility of ball delivery 

• Machine will be able to project ball at speeds concurrent with Women’s collegiate 

lacrosse 

• Machine will be easy to use; turn on, pick speed/direction, load ball 

 

Brian S. Myers:       Date:    

Prof.  Amir Salehpour:          Date:    
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APPENDIX G – DRAWINGS  
  



 

Appendix G2 

  



 

Appendix G3 

 



 

Appendix G4 



 

Appendix G5 

  



 

Appendix G6 

  



 

Appendix G7 

  



 

Appendix G8 

  



 

Appendix G9 

  



 

Appendix G10 

  



 

Appendix G11 

  



 

Appendix G12 

  



 

Appendix G13 

  



 

Appendix G14 

  



 

Appendix G15 

  



 

Appendix G16 

  



 

Appendix H1 

APPENDIX H – LOADING CONDITIONS  
  

PIN 
 
 

 
 
 
 
 
 
F = 50lb because it’s the greatest weight one leg will see 
A = 0.1963in2 x 2 because of double shear that is involved 
 
Even using max safety factor of   it is still well within the rated 8,200psi 
The safety factor here is actually 64. 
 
  

 

 

 

 

 

 

 

 

 

 

 

 

Double Shear

 
Shear
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BOLTS FOR MOTOR 
 
Shear Stress 
 

 
 

F = 20lb is maximum motor weight found 
A = 0.1963in2  
 
Even using max safety factor of   it is still well within the rated 37,000psi 
The safety factor here is actually 363. 

 
 
 

Bending Stress 
 
 
  

 

 

 

 

 

 

 

 

 

 

 

 

Shear
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Ma = 8.125inlb.  This is the moment figured by taking the length of the end of the bolt to the 
column.   
C = 0.203in. This is the centroid distance from bolt head to the column plate 
I = 0.00019. This is the moment of inertia figured for the bolt 
W = 20lb is maximum motor weight found 
l = 0.406in. The bolt head height is 0.15625in and the width of the motor mounting plate is 
0.25in 
D = 0.25in.  This is the diameter of the motor bolts 
 
Even using max safety factor of   it is still well within the rated 140,000psi 
The safety factor here is actually 16. 
 
 
 
 
PIVOT BOLT FOR COLUMN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F = 40lb is maximum possible weight above this point 
A = 0.7854in2  
 
Even using max safety factor of   it is still well within the rated 37,000psi 
The safety factor here is actually 726. 
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TIPPING 
 
Impulse and Momentum 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
m= 0.0102slugs 
v =1ft/s and 102.67ft/s.  Velocities before and after ball is launched.  Velocity 1 is assumed 
by the ball rolling down the chute. 
f= 10.37lb.  Force the ball has flying forward and consequently back on the machine 
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Moment about A 
 
 
 
 
 
 
 
 

 
 

 
 

inlb 
 
h= 52in.  Machine height 
W= 50lb.  Machine weight 
l= 17.5in.  Distance from one leg to center of mass 
f = 10.37lb.  Force figured from impulse and momentum equation 
Ma = Being negative means there is a clockwise moment keeping on the ground.  
It will not tip. 
 
Safety factor = this was figured for two legs, I’ll actually have three so the force to not tip 
over will be even greater 
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COLUMN 
 
 

 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
This calculation was made assuming the machine is being carried horizontally; he worst case 
scenario for a bending moment. 
W = 20 and 10 respectively.  These are the weights on the given sides of the machine due to 
the motor and the wheel 
h = 12.75in.  This is the height from the top of the transition to the centroid of the wheel and 
motor 
Ma = 382.5inlb.  This is the moment of bending between the transition piece and the column 
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Even using max safety factor of   it is still well within the rated 47,000psi 
The safety factor here is actually 10.5. 
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APPENDIX I – BILL OF MATERIALS 
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APPENDIX J – COMPONENT SPECIFCATIONS  
 

HARDWARE 
Material Type Steel 
Finish Plain 
Class Not Rated 
Steel Type Plain Steel 
Head Style Socket 
Head Diameter 3/4" 
Head Height 5/16" 
System of Measurement Inch 
Inch Thread Size 3/8"-16 
Shoulder Diameter 1/2" 
Shoulder Diameter Tolerance  -.002" to -.004" Shoulder Length 1/2" 
Shoulder Length Tolerance ±.005" 
Tolerance Standard 
Thread Length 5/8" 
Thread Fit Class 3A 
Rockwell Hardness Minimum C32 
Self-Locking Element None 
Hex Size 1/4" 
Shear Strength 84,000 psi 
Minimum Tensile Strength 140,000 psi 
Specifications Met American National Standards Institute (ANSI), American Society of Mechanical 
Engineers (ASME), American Society for Testing and Materials (ASTM) 
ANSI Specification ANSI B18.3 
ASME Specification ASME B18.3 
ASTM Specification ASTM A574 
Screw Quantity Individual Screw 

CAP SCREWS  
Head Style Standard Hex 
Material Type Aluminum 
Finish Plain 
Grade/Class Not Rated 
System of Measurement Inch 
Inch Thread Size 1/4"-20 
Length 1" 
Head Width 7/16" 
Head Height 5/32" 
Thread Length Fully Threaded 
Thread Fit Class 2A 
Thread Direction Right Handed 
Self-Locking Method None 
Rockwell Hardness B40-B90 
Minimum Tensile Strength 37,000 psi 
Specifications Met Not Rated 
Screw Quantity Individual Screw 
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CAP SCREW FOR PIVOT  
Head Style Standard Hex 
Material Type Aluminum 
Finish Plain 
Grade/Class Not Rated 
System of Measurement Inch 
Inch Thread Size 1/2"-13 
Length 1" 
Head Width 3/4" 
Head Height 5/16" 
Thread Length Fully Threaded 
Thread Fit Class 2A 
Thread Direction Right Handed 
Self-Locking Method None 
Rockwell Hardness B40-B90 
Minimum Tensile Strength 37,000 psi 
Specifications Met Not Rated 
Screw Quantity Individual Screw 
 

HANDLE NUT  
Nut Type Handle Nuts 
Material Type Iron 
Finish Plain 
Grade/Class Not Rated 
System of Measurement Inch 
Inch Thread Size 1/4"-20 
Thread Type Standard Threads 
Handle Length 3-3/16" 
Nut Height 9/16" 
Overall Height 1-9/16" 
Thread Direction Right-Hand Thread 
Specifications Met Not Rated 
 
 

TRIPOD SHAFT OD 3.062”  
Material Ultra-Corrosion-Resistant Architectural Aluminum (Alloy 6063) 
Finish/Coating Unpolished (Mill) 
Shape Tubes 
Tube Type Round 
Round Tube Type Double-Wall 
Tolerance Standard 
Outer Wall Thickness .11" 
Inner Wall Thickness .14" 
Wall Thickness Tolerance ±.020" 
Length 12" 
Length Tolerance ±1/2" 
Inside Diameter 1.922" 
Outside Diameter 3.062" 
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Outside Diameter Tolerance ±.034" 
Straightness Tolerance .015" per foot 
Temper T6 
Hardness 73-84 Brinell 
Yield Strength 31,000 psi 
Temperature Range -320° to +212° F 
Application Structural Tubes 
Specifications Met Not Rated 
WARNING Hardness and yield strength are not guaranteed and are intended only as a basis 
for comparison. 

TRIPOD LEGS ID 1.62”  
Type General Purpose Aluminum Tubing 
Material Aluminum Alloy 6061 
Shape Single Line 
Outside Dia. 1-3/4" (1.75") 
Outside Dia. Tolerance ±.01" 
Inside Dia. 1.62" 
Wall Thickness .065" 
Length 36" 
Maximum Pressure 698 psi @ 72º F 
Operating Temperature Range -452º to +400º F 
Metal Bendability Bendable With Bending Tool 
Temper Hard T6 
Tensile Strength High 
Metal Construction Seamless 
Cleaning and Capping Not Cleaned and Capped 
Metal Flareability Flareable 
For Use With Air, Fuel, Hydraulic Fluid, Water 
Sterilize With Steam (autoclave) 
Specifications Met Aerospace Material Specifications (AMS), American Society for Testing 
and Materials (ASTM) ASTM Specification 
ASTM B210 AMS Specification 
AMS-WW-T-700/6 Compatible Fittings 
Flared Caution 
McMaster-Carr does not guarantee chemical compatibility because many variables can affect 
the tubing. Ultimately, the consumer must determine chemical compatibility based on the 
conditions in which the product is being used. 

LEGS OD 1.5”  
Type General Purpose Aluminum Tubing 
Material Aluminum Alloy 6061 Shape 
Single Line Outside Dia. 1-1/2" (1.5") 
Outside Dia. Tolerance ±.01" 
Inside Dia. 1.43" 
Wall Thickness .035" 
Length 6' 
Maximum Pressure 438 psi @ 72º F 
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Operating Temperature Range -452º to +400º F 
Metal Bendability Bendable With Bending Tool 
Temper Hard T6 
Tensile Strength High 
Metal Construction Seamless 
Cleaning and Capping Not Cleaned and Capped 
Metal Flareability Flareable 
For Use With Air, Fuel, Hydraulic Fluid, Water 
Sterilize With Steam (autoclave) 
Specifications Met Aerospace Material Specifications (AMS), American Society for Testing 
and Materials (ASTM) ASTM Specification 
ASTM B210 AMS Specification 
AMS-WW-T-700/6 Compatible Fittings 
Flared Caution 
McMaster-Carr does not guarantee chemical compatibility because many variables can affect 
the tubing. Ultimately, the consumer must determine chemical compatibility based on the 
conditions in which the product is being used. 

TEFLON SHEET 12”X 12”  
Material Fluoropolymers 
Fluoropolymer Material Virgin Electrical Grade Teflon® PTFE 
Backing Plain Back 
Shape Sheets, Bars, Strips, and Cubes 
Sheets, Bars, Strips, and Cubes Type Square Sheet 
Sheet Style Standard 
Thickness 1/16" 
Thickness Tolerance ±.005" 
Length 12" 
Length Tolerance +.500" 
Width 12" 
Width Tolerance +.500" 
Opaque White 
Operating Temperature Range -350° to +500° F 
Performance Characteristic Electrical Insulator, Weather Resistant, Very Low Friction 
Tensile Strength 1500 to 3000 psi 
Impact Strength 3 ft.-lbs./in. 
Tolerance Standard 
Hardness Rockwell R: 55-58, Shore D: 55 
Specifications Met Food and Drug Administration (FDA) Compliant, Underwriters 
Laboratories (UL) 
UL Rating UL 94V0 
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ALUMINUM PLATES FOR TRANSITION  
Material Multipurpose Aluminum (Alloy 6061) 
Finish/Coating Unpolished (Mill) 
Shape Rods and Discs 
Tolerance Standard 
Diameter 6" 
Diameter Tolerance ±.044" 
Length 1" 
Length Tolerance ±.015" 
Straightness Tolerance Not Rated 
Temper T6511 
Hardness 95 Brinell 
Yield Strength 35,000 psi 
Temperature Range -320° to +300° F 
Specifications Met American Society for Testing and Materials (ASTM) 
ASTM Specification ASTM B221 
WARNING Hardness and yield strength are not guaranteed and are intended only as a basis for 
comparison. 

ALUMINUM SHEET FOR COLUMN  
Material Multipurpose Aluminum (Alloy 6061) 
Finish/Coating Mirror-Like (#8) 
Shape Sheets, Bars, Strips, and Cubes 
Sheets, Bars, Strips, and Cubes Type Plain 
Edge Type Square 
Tolerance Standard 
Thickness 1/4" 
Thickness Tolerance ±.012" 
Length 24" 
Length Tolerance ±1/16" 
Width 12" 
Width Tolerance ±1/16" 
Material Certification Without Material Certification 
Temper T6 
Hardness 95 Brinell 
Yield Strength 47,000 psi 
Flatness Tolerance .125" across width 
Temperature Range -320° to +300° F 
Specifications Met American Society for Testing and Materials (ASTM) 
ASTM Specification ASTM B209 
WARNING Hardness and yield strength are not guaranteed and are intended only as a basis 
for comparison. 

CONTROL BOX  
Type Weatherproof Outlet Boxes 
Weatherproof Outlet Boxes (Component) Box 
Device Type Single Device (1 Gang) 
Orientation Vertical/Horizontal (Universal) 
No. of Hubs Five 
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Hub Trade Size 1/2" 
Hub Thread Type NPSM (National Pipe Straight Mechanical) 
Height 2-13/16" 
Width 4-9/16" 
Depth 2" 
Capacity 18.3 cu. in. 
Material Aluminum 
Finish Gray Powder Coating 
Note Comes with closure plugs for unused hubs, a grounding screw, and attachable mounting 
lugs. 
Specifications Met Canadian Standards Association (CSA), Underwriters Laboratories (UL) 
CSA SpecificationCSA Certified 
UL Specification  UL Listed 
 

PINS FOR LEGS  
Material Type Stainless Steel 
Finish Plain 
Stainless Steel Type Precipitation-Hardened Stainless Steel 
Pin Type Quick-Release Pins 
Quick Release Pin Type Ring-Grip Push-Button 
Quick Release Pin Mechanism Push-Button 
System of Measurement Inch 
Diameter 1/4" 
Diameter Tolerance -.0015" 
Usable Length 2" 
Usable Length Tolerance +.020" 
Hole Size 1/4" 
Double Shear Strength 8,200 lbs. 
Ball Two locking stainless steel balls. 
Rockwell Hardness C38 for the shank and spindle. Minimum C25 for the balls. 
Specifications Met Not Rated 
Installation Instructions Just push the button to insert or remove the pin. 
 

CHUTE  
 
Material Type Polyurethane 
Shape Tubes 
Tube Type Round 
Backing No Backing 
Wall Thickness 1/2" 
Length 6" 
Length Tolerance ±1/4" 
Outside Diameter 4" 
Outside Diameter Tolerance +0.060",-0.020" 
Inside Diameter 3" 
Inside Diameter Tolerance +0.015",-0.060" 
Durometer Medium Soft 
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Durometer Rating 40A 
Durometer Hardness Tolerance ±5 
Temperature Range -40° to +185° F 
Cut With Saw 
Tensile Strength 850 psi 
Stretch Limit 490% 
Density 74 lbs./cu. ft. 
Compression Recovery Good 
Color Black 
Finish Smooth 
Tolerance Standard 
Specifications Met Not Rated 
Properties   
Oil Resistant, Abrasion Resistant, Tear Resistant, Impact Resistant, Weather Resistant, Chemical 
Resistant, Electrical Resistant 
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