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Many people believe that the type of material on a sports ball greatly affects how it 

performs.  This came to light when the NBA changed from leather balls to synthetic ones.  

The synthetic ball lasted less than a year because of the negative reception of the players.  

The main reason for this dislike of the new ball can be attributed to the change in the 

coefficient of friction.  Our device will be able to determine this coefficient of static 

friction and make it possible to determine the effects of different types of materials on 

sports balls.   

 To determine a coefficient of static friction for sport balls, a device needs to be 

designed and built.  When a force is applied to an object, the friction force rises until it 

reaches a peak, static friction, when the object slips and begins to move.  The three main 

factors that are required to obtain static coefficient are the point in time when the ball 

slips, an applied torque to create the slip and the normal force on the ball. An infrared 

emitter and detector are used as motion detection device is used to determine the exact 

point at which the ball slips.  An arm with a weight is used to apply a torque on the ball.  

The weight is adjustable thus the amount of torque being applied can be controlled.  To 

get the applied force, a digital scale is placed under the ball. 

 Upon completion of the device being built, it was tested with two soccer balls.  

Several trials were performed with each ball.  Coefficients of friction ranging from 0.876 

to 1.046 were obtained for the first ball, while coefficients ranging from 0.936 to 1.021 

for the second ball.  As shown, the values do have some variance; one reason for the 

inconsistency is that the contact point between the scale and the ball was on a seam.  

Another cause of error is that the torque arm was not completely in equilibrium.  The 

standard deviations for the second ball are lower than those on the first because these 

errors and others were addressed.  The best standard deviation obtained from all of the 

trials was 0.03, the worst was 3.97. 
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1 ï BACKGROUND  

 

1.1 ï INTRODUCTION   
Synthetic materials and innovative manufacturing processes are revolutionizing the sport-balls 

industry.  This change is occurring so swiftly that third party researchers have conducted little 

research to verify the industryôs work and its impact on the sporting world.  

 

Sport-balls research focuses on the interaction of the ball and its surrounding game environment. 

Ball handling is an important aspect of this interaction.  It focuses on the ballôs contact with other 

solid bodies and their surface conditions.  It is quantitatively analyzed by determining the ballôs 

friction coefficients under various game conditions for static, dynamic, and rolling friction.  

 

1.2 ï HISTORY   
Relatively little research has been conducted on non-destructive sport-balls friction testing 

methods.  Among the few researchers to have made significant advances in this sector are Dr. J. 

Hubbard, Dr. M. Hubbard and Dr. H. Okubo, and Dr. L. Alaways. M. Hubbard was Alawaysô 

mentor and doctorate dissertation reviewer.  

 

Controversy surrounding a new NBA basketball sparked interest in researching the effect of 

synthetic materials in the realm of sports.  Spaldingôs leather basketball was the official NBA 

game-ball from 1983 to 2006, when a new synthetic ball was introduced.  This synthetic ball was 

subsequently retired in 2007 to be replaced by its predecessor because of negative surface 

properties.  The reason for this premature retirement prompted Dr. J. Hubbard to investigate the 

synthetic surface properties of the 2006 composite ball.  His research led to his 2006 Science 

News Online article, ñExperiment finds that new basketball gets slickò.  Also researching this 

topic, M. Hubbard and Okubo, and Alaways, presented two conference papers at the 7th 

International Sport Engineering Conference, which took place in Biarritz, France, June 2008.  

 

Okubo and M. Hubbardôs conference paper, ñDifferences Between Leather and Synthetic NBA 

Basketballs,ò used an inclined plane test (modified) to determine the static FCs between balls 

and powder coated NBA basketball hoops. Their approach to stabilizing the basketballs was to 
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physically attach two or more balls together (Okubo & Hubbard 2008). Unfortunately, this 

method prohibits specific knowledge of particular ball properties. Moreover, the experimentally 

determined coefficients tend to be greater than the average coefficient for a given ball type. This 

misrepresentation of the average coefficient is due to one of the balls slipping last elevating the 

average coefficient of the other balls.  

 

Alawaysô paper, ñDetermining FCs for Round Balls: Comparing Basketballs,ò explored an 

alternative, non-destructive static friction testing method.  Instead of using the traditional 

inclined plane test, Alaways and Szczerbinski developed a device at Temple University in 2006. 

This device grabs the ball axially and adds a known torque until the ball reaches impending slip.  

The crucial normal force is detected by a scale placed underneath the apparatus in contact with 

the ball.  This device significantly reduced the time required for and the human error included in 

testing. Unfortunately, it still required a painstaking setup and testing procedure resulting in 

observed error while determining the point of impending slip.  

 

In his paper, Alaways observed that, ñFew studies have been presented reporting results on 

basketball [FCs]ò.  He consolidates the notion that more research must be conducted to evaluate 

the role of synthetic materials in sports.  Alaways also reported that, in 2006, Okubo and M. 

Hubbard had measured the FC between basketballs and an acrylic board. Further tests reported 

by Weiss were performed at the University of Texas, Arlington by Horwitz and De.  These tests 

demonstrated how the official Spalding leather ball performed better in wet conditions, and the 

2006 synthetic basketball performed better in dry conditions (Weiss 2006). 

 
Figure 1: Alaways Prototype (2006) 
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Nicolas Krumenacker (former group member) received the 2008 Summer Undergraduate 

Research Fellowship. An integral part of this research focused on improving Alawaysô device 

illustrated in Fig. 1.  Most of the attention focused on motion detection and particularly the 

moment of impending slip determination. The approach was to use a torque arm (Alaways 2006) 

whose subsequent motion completes a simple contact circuit. This circuit warns the person 

running the test to stop loading the arm. This aspect of the project proved to be the most 

complex. A better distinction between ball surface slip and ball surface deformation must be 

made. A prototype illustrated in Fig. 2 was built by September 2008. The research was 

subsequently converted to the FT project in order to better determine the moment of impending 

slip and to create a fully automated device in terms of both running tests and collecting data. 

 
Figure 2: Krumenacker Prototype (2008) 

 

 

 

1.3 ï MOTIVATION   
The FT is indented as an undergraduate student research tool available through the Villanova 

University Mechanical Engineering Department (VU MED) for sport engineering research, and 

as an undergraduate mechanical engineering laboratory experiment on friction, putting in 

practice what the students learn in their dynamics course. Dr. L. Alaways (VU MED) introduced 

sports engineering research to his students during the fall of 2006. His interest focused on 

determining the static friction coefficient of round sport-balls. 
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All members of this project share a strong affinity for team sports, most of which employ round 

sport-balls. We recognize that synthetic materials are significantly changing the way these sports 

are played. 

 

2 ï PROBLEM STATEMENT  

Design, analyze, and fabricate a versatile and non-destructive sport-balls friction coefficient 

tester (FT).  

 

3 ï DESIGN REQUIREMENTS 

The device must be required to determine the static coefficient of friction with a maximum 

allowable deviation of 5%.  This coefficient will be determined by knowing the time at which the 

ball slips.  It will be used with different types of sports balls.  The bearings should be as close to 

frictionless as possible to ensure accurate results.  The average device results should compare 

favorably to the inclined plane test results.   

 

3.1 ï GEOMETRY & LAYOUT  

3.1.1.  The device will fit sport-balls with a dimensional range that includes tennis balls, 

basketballs and rugby balls: 6.5 to 22.0 cm wide and tall, 6.5 to 28.0 cm long (specs based on 

regulations from respective international sport associations and federations). 

3.1.2.   a)  Grippers that accommodate the specific ball geometry will be easily detachable and 

replaceable. 

b)  The ball will be coaxial with the grippers and rotating shaft as defined by an 

oscillation of less than 5 mm in the direction perpendicular to and coplanar with the axis of 

rotation.   

3.1.3. The device will not surpass 40.0 cm in width, 60 cm in length and 50 cm in height.  

3.1.4.  The layout of the device must allow for an easy replacement and addition of at detection 

devices (MDDs) and normal force detection devices (FDDs).  
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3.1.5.  The device will be easily leveled to within 0.1 deg. of the horizon within one minute.  

 

3.2 ï INPUTS & OUTPUTS  

3.2.1. A normal force range from zero to 8 N must be applicable and measurable to within 0.01 

N.  

3.2.2. An input torque range from zero to 350 Nm and measurable to within 0.1 Nm must be 

applicable by the input torque device (ITD) (maximum torque value based on a maximum FC of 

1.00, a minimum ball height of 3.00 cm, and a normal force of 10.0 N).  

3.2.3. All sensory and ITDs will be automated and will output digital signals that can be read by 

one common data acquisition software in a common time reference.   

3.2.4. The device will have the ability to accurately and precisely detect the moment of 

impending slip within 0.1 sec of it happening.   

3.2.6. The deviceôs parts will not deform by a strain greater than 10-4%. 

3.2.7. For dynamic testing, the input motor will be able to spin at an angular rate from zero to 

20 rpm at a maximum torque of 350 Nm (2.2.2.), and it should be measurable to within 0.1 rpm.   

 

3.3 ï RESULTS  

3.3.1. The device must determine the static FC of sport-balls with a maximum allowable 

deviation of 5%.   

3.3.2. The average device results must compare favorably to the inclined plane test results: 1% 

maximum allowable deviation.   

3.3.3.  The device might have the ability to determine shift in the ball impressionôs center of 

pressure with an accuracy of 5 mm.  This will depend on the progress of the project. 
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4 ï DESIGN 

The design process was built under the fundamentals of Dr. Alaways prototype.   

4.1 ï BRAINSTORMING  

The first step before brainstorming was to develop a tilt test to understand the concepts and 

issues associated with it.  This was conducted using parts for the Villanova ME shop.  The tilt 

test constructed is shown below: 

 

Figure 3: Tilt test conducted 

Figure 3 shows the setup for the tilt test.  The angle of the ramp was changed with the car jack 

until the three-taped together sport balls slipped.   

 

The next part of brainstorming was to build our device using Alaways prototype as a base of 

foundation.  The main components to consider for device where: 1) Motion Detection, 2) Force 

Application, 3) Structure and 4) Data Acquisition. 

 

For Motion Detection a list of potential motion detection devices were researched.  

Accelerometer, potentiometer, inclinometer, laser detection, tachometer and strain gauges were 

some types of motion detection that were considered.  A tachometer was not chosen because they 

do not perform well for continuous motion detection.  There are other ways to determine the 

RPM of the ball if it is needed.  A potentiometer was not chosen because many have a limited 

range of rotation.  This also would have been more difficult to implement into our design than an 

accelerometer would have been.  Two modes of motion detection that will be used in the design 

were chosen, these are laser detection and an accelerometer.   
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For Force Application there were several options which were considered.  The first was similar 

to Dr. Alaways prototype, where a bar was used with weight on it which applied the torque 

through the shaft to the ball.  The next idea was to have this torque application motorized.  A 

motor would be attached to the shaft which would apply the torque onto the ball.  A testing 

apparatus was developed for the motor application shown below: 

 

Figure 4: Motor Testing 

 

For Structure there were two main aspects that had to be considered.  First was how to hold the 

ball in a steady state position so the force can be applied to it.  For this two grippers would be 

used.  This is similar to Dr. Alaways previous design.  Thus this concept was implemented into 

our design.  The next aspect was the ability to account for different sized balls.  For this there 

was a sliding mechanism developed which would slide one of the grippers back and forth to hold 

the ball.  The structure we have envisioned requires linear motion in two different planes. The 

two have different requirements, for example the vertical motion system will be carrying the 

horizontal motion system, the grippers and the ball itself.  The horizontal motion does not have 

an additional load to carry. Research was done on various methods of achieving linear motion 

and we have narrowed down our options to guide rails, linear actuators, carriages, or a power, 

lead, acme, or ball screw assembly. Looking at those different options and the cost associated 

with them, it was decided that the guide rail would work better for the horizontal sliding motion 

and a screw system would be ideal for the vertical sliding motion. 

 

For Data Acquisition, the only brainstorming required was to actually find a system applicable to 

our device.  As mentioned in the Motion Detection section above, there were different systems 

that were considered.  One of the systems was a force plate with strain gauges.  This was our 

initial approach to motion detection with the help of Nicolas Krumenacker (former group 
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member).  However as this idea would require a very expensive data acquisition system, it was 

replaced.  The only available option that was feasible for data acquisition which would input 

strain gauges was an outdated system available at the university.  Thus, most of the time for data 

acquisition brainstorming was to find the right system for our device.  After changing our device, 

it was concluded that a data acquisition system currently available at the University would be 

used which would measure the voltage inputs from the different sources. The different sources 

that would input into the data acquisition system and our final design is shown in the next 

section. 

 

 

4.2 ï FINAL DESIGN  

 

Figure 5: Final Design 

 

The final design is shown in the figure above.  Each of the major components are listed from 1-7.  

Number one is the torque application.  As it can be seen, instead of using the motor, a torque 

application system is used.  For motion detection, inferred circuits were used.  For force 

detection there is a force plate which goes on number 3, the vertical sliding mechanism.  Number 

5 displays the grippers which hold the ball and number 6 is the horizontal sliding mechanism 

which slides the right gripper left and right to account for different sized balls. 
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5 ï METHODOLOGY  

The proposed methodology consists first of the overall device analysis and testing, whose 

purpose is to verify that all requirements are being met by the proposed design. Each requirement 

might require at least one analysis and/or test, and some requirements might be much tougher to 

verify than others. The latter issue raises the need to reevaluate those requirements that are 

deemed too difficult to meet, analyze, or test. Moreover, the distinction must be made between 

analyses and testing. The analysis is performed to determine theoretical behaviors given specific 

and required conditions. On the other hand, the testing is performed physically to determine the 

actual behavior given specific requirements.  

 

The project methodology must also consider the development and evaluation of the four MDDs, 

and the two MDDs. A separate section is appropriated specifically for the evaluation of these six 

sensory devices. It is important to note that, though this subcategory is independent from the 

final product testing, the latter will involve some tests that will reevaluate the functionality of 

these devices when attached to the device. Finally, the sensory device testing is the part of our 

methodology most prone to prototype construction and evaluation. Because the brainstorming 

involves three independent sectors, redesign in any of the three does not jeopardize the other 

sectors directly. 

 

5.1 ï ANALYSIS  

5.1.1. Motor 

For the original idea of the motor, a torque speed characteristic analysis needed to be done.  This 

was done by testing the motor and obtaining the stall torque and the no load speed.  Through this 

analysis it was found that a motor wouldnôt be consistent enough for our testing. 

5.1.2. Digital Scale 

Analysis was done on the digital scale to find the relationships between the weight applied to the 

scale and the voltage output for the data acquisition.  This analysis was obtained based on the 

testing results by applying different weights on the scale.  From this analysis, the relationship 

between the weight placed on the scale and voltage output was determined to be linear.  
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5.1.3. Structure 

For the structure, different components had to be considered.  Since the parts have different 

purposes, different materials were used.  Analysis was done on the type of materials to be used 

and the advantages of using the material for the specific part.  For example by using white plastic 

for the grippers, this allowed for easy machining ability for the material while still providing 

enough support to hold the ball. 

5.1.4. Force Application 

For the force application, a torque arm is used.  Torque arm analysis was done displaying all the 

different forces applied on the ball and how the torque applied could be calculated.   This 

analysis also gives us the desired friction factor, once the applied torque, normal force and the 

radius of the ball are known. 

5.2 ï TESTING 

5.2.1. Motion Detection 

For motion detection, an infrared circuit was used.  An emitter and detector were placed facing 

each other.  A circuit was created for the emitter and detector a resistor hooked up to each.  By 

slightly moving one of the two so that the infrared signal is not hitting the detector, the voltage 

output would change from 0.4 Volts to 4 Volts.  With this drop in voltage, this was sufficient 

way to detect motion.  

5.2.2. Overall Device 

For the overall device, there was testing done to make sure each component worked properly 

together.  Since most of the devices were tested separately, the biggest factor was integration 

especially with the data acquisition system.  Testing was done on two soccer balls and two types 

of basketballs: 1) the NBA official leather basketball, 2) NCAA Final Four leather ball.
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5.3 ï FINAL DEPOSITION  

All of the building materials used in the device are fully recyclable stock materials.  When the 

time comes to dispose of the device, all of these materials must be cleaned with environmentally 

friendly solvents and brought to a dump.  It is the purpose of a dump to then categorize these 

materials and ship them to factories that recycle them.  For instance, aluminum can be melted 

and reshaped into new building material stocks.  The MDDs and FDDs must be returned either to 

their manufacturers or to a dump with the capacity to dismember, sort through, and categorize 

their components before shipping them to recycling facilities.  All materials that cannot be 

recycled, although very small in quantity, need to be properly disposed of in a landfill. 
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6 ï BUDGET 

 

 Our project received $ 1000 from the VU Engineering Alumni Association (EAS).  Table 

1 below shows an estimation of different components that could be used for the device and their 

corresponding cost. 

Table 1: Budget 
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A current balance is shown on the table below.  Out of the items listed above, the following ones 

have already been bough and are subtracted from our starting balance of $1,000. 

Table 2: Balance 

Item   Cost  

Starting Balance  $ 1,000  

Soccer Balls for tilt test  - $ 21.20  

Materials  - $ 80  

Presentation Poster  - $ 50  

Two Digital Scales  - $ 55.20  

Home Depot supplies  - $ 21.75  

Radio Shack supplies  - $ 13.21  

Current Balance  $758.64  
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7 ï SCHEDULE 

The calendar will be updated as necessary to reflect changes in the schedules of our 

actions.  Along with deadlines it will contain the approximated working periods of each task. 

 

Table 3: Schedule 

 
 

 
Figure 6: Gantt Chart  

  

Task Start Date Duration End Date

Proposal 9/17/2008 23 10/10/2008

Brainstorm 9/22/2008 39 10/31/2008

Research 9/29/2008 47 11/15/2008

Mid-Year Report 12/1/2008 57 1/27/2009

Mid-Year Oral Presentation 1/12/2009 25 2/6/2009

Task: Torque Application 1/7/2009 28 2/4/2009

Task: Digital Scale 11/25/2008 85 2/18/2009

Task: Grippers 2/18/2009 42 4/1/2009

Task: Motion Detection 1/14/2009 23 2/6/2009

Task: Sliding Mechanism 2/2/2009 20 2/22/2009

Task: Data Acquisition 1/22/2009 37 2/28/2009

Task: Integration 2/15/2009 60 4/16/2009

Task: Structure 2/23/2009 46 4/10/2009

Final Report 1/12/2009 108 4/30/2009

Final Oral Presentation 3/9/2009 23 4/1/2009
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8 ï SOCIAL AND ETHICAL CONSIDERATIONS  
 

 Since independent research in the field of synthetic sports balls thus far is limited, it is difficult 

to predict the potential social outcomes of our project.  

 

Currently, most research on the topic is done inside the companies which create the products. If 

the field were to open to 3
rd
 party research, it is likely that more discoveries will be made about 

the effects of the ball on the game. This could lead to a demand for changes in the balls to either 

effect the game more or less in certain ways. 

 

The synthetic material used in soccer balls has been developed with the intention of allowing 

strikers to kick balls further, faster, and with a more dramatic bend. There is no reason to think 

that open research in the field would not cause demand for changes in the balls of other sports as 

well.  

 

It is difficult to say whether these changes are ógoodô or óbad,ô and debatable cases can be made 

for either side of the argument. Both sides would likely agree that the evolution of sports is not 

an ethical issue, however. 

 

The only foreseeable ethical concern is that it is possible that promoting research in the field 

would promote the increased production in synthetic balls. A move from traditional leather balls 

would mean that fewer animals would die for the purpose of creating sports balls. Conversely, if 

expanding research caused a rejection of synthetic sports balls and evolving sports, leather balls 

could see a rise in production meaning more animal deaths.  
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9 ï CONCLUSIONS 
 

9.1 ï RESULTS AND DISCUSSION 
The FT device did not consist of data acquisition system due to time constraints and a few other 

concerns.  The device used is shown below: 

 

Figure 7: Final device used 

 

Two similar types of soccer balls were tested using the device.  They had the same pattern and 

were made by the same company.  The circumference of the ball was found before testing.  By 

knowing the circumference, the diameter of the ball was found.  Also the values for normal force 

and torque applied were found.  This was done for a total of six trials.  Each trial consists for four 

different runs done.   

 

Using the above equation, the static friction coefficient was found for each run.  Where the 

following are known: 

- Radius of the ball (rb) 

- Mass applied on torque arm (mw) 

- Gravity (g) 

- Distance where the mass is being applied on torque arm (l2) 

m.s

g m.wÖ l.2Ö

F.N r.bÖ
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- Normal force on ball (FN) 

From the equation the following average values were obtained from the trials: 

Table 4: Soccer ball average values 

 

The average values for angle, coefficient of friction and standard deviation for the coefficient of 

friction for each of the six trials were found.  Each of the trials had a total of 4 runs being 

performed on the ball.  The runs were set up so the normal force would vary by increasing the 

vertical adjustable platform so the scale would be in more and less contact with the ball from 

each run.  Trials 1-3 were the initial trials with the system and a few errors did arise: 

1) The plate which held the scale wasnôt fully balanced thus a new system was 

implemented from trials 4-6 

2) Contact point between scale and ball was on a seam section of the ball 

3) The torque arm wasnôt fully in equilibrium 

4) The no load weight for the torque arm wasnôt accounted for 

These errors were fixed for trials 4-6.  For trial 4 and trial 5 the sensitivity of the scale was 

tested.  In trial 4, the normal force being applied to the ball varied from a scale reading of 50-200 

grams.  This gave very consistent results and a standard deviation of 0.02.  While in trial 5, the 

vertical adjustable platform was increased so higher normal forces were being applied on the ball 

with a scale reading from 600-800 grams.  While using this range the standard deviation rose to 

0.07.  Thus the sensitivity of the system is affected once in high ranges of 800+ grams scale 

reading.  Trial 6 was done using an increment value for the grams being applied.  It had a total of 

five runs.  The first run was done with a scale reading of close to 100 grams.  Then runs 2-5 were 

increased by an increment of 100 grams.  So run 2 was at 200 grams scale reading, run 3 at 300 

Trial #

Angle              

(Degrees)

Coefficient of 

Friction

Standard 

Deviation

1 46.05 1.046 0.14

2 41.15 0.876 0.07

3 43.39 0.947 0.06

4 43.09 0.936 0.02

5 44.09 0.971 0.07

6 45.58 1.021 0.03
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grams, run 4 at 400 grams and run 5 at 500 grams.  The standard deviation was obtained at 0.03.  

Thus for better consistency and optimum performance from the FT, the normal force being 

applied to the ball should be less than  the normal force corresponding at 800 grams scale 

reading for soccer balls and preferably as low as possible due to the scale sensitivity. 

 

The same testing was done for two types of basketballs: 1) NBA official leather basketball, 2) 

NCAA Final Four basketball.  The results are shown in the table below: 

Table 5: Basketball average values 

 

Table 5 shows the values for the basketball testing.  Three trials were done for testing: 7) NBA 

Leather Basketball initial testing, 8) NBA Leather Ball optimized testing, 9) NCAA Basketball.  

Trial 7 had the largest standard deviation for coefficient of friction.  This is due to many errors 

which occurred during testing: 

1) The ball was over gripped which may have formed deformation 

2) Table which the FT was put on, wasnôt very sturdy 

3) Inconsistent results 

4) Interference in the system 

5) Grippers were designed for soccer balls 

Thus the errors were fixed and Trial 8 was performed on the same NBA leather basketball.  One 

of the things implemented was a new surface for the ball to be in contact with.  A plexiglass was 

put on top of the plate which was in contact with the basketball.  By doing so and recalculating 

the no load weight, the experimental values were more consistent and the coefficient of friction 

was found to be 0.702 with a standard deviation of 0.066.  For trial 9 (NCAA basketball) the 

same setup as trial 8 was used.  The coefficient of friction was found to be 1.402 with a standard 

deviation of 0.173.  During this trial an error did occur.  While adding mass to the torque arm, 

Trial #

Angle              

(Degrees)

Coefficient 

of Friction

Standard 

Deviation

7 27.92 0.525 0.228

8 35.00 0.702 0.066

9 54.31 1.402 0.173
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the arm wouldnôt spin as freely at the moment of slip.  Thus it made it difficult to know the 

instant moment of slip.  One way to fix this error is by implementing the data acquisition system.  

However due to time constrains and a few other factors the data acquisition couldnôt be used 

since it wasnôt available for use. 

Thus, for the basketballs the data acquisition system would be necessary since the moment of 

slip isnôt as freely visible due to the torque arm not moving as freely as it would when testing a 

soccer ball. 

 

9.2 ï CONCLUSION  

 

The device did meet most of the design requirements.  Some requirements were met and they 

affected the results obtained.  These were: 1) Rugby balls, 2) Ability to determine shift in the ball 

impressionôs center of pressure, 3) Data Acquisition. 

1) The final design cannot hold the length of a rugby ball.  It was decided during the 

building process that testing a rugby ball wouldnôt be feasible and necessary since it 

would increase the dimensions of the device.  Thus only balls ranging from a tennis ball 

to a basketball can be tested using the device.   

2) The ability to determine shift in the ball impressionôs center of pressure was an optional 

requirement.  Optional in the term that it would only be considered and done depending 

on the timeline and progress of the project.  However, due to time constraints this would 

not be considered and completed. 

3) Data Acquisition was an important factor of the FT.  Since it was the brain of the device, 

the functionality of it depended on the data acquisition.  However due to many factors 

such as cost and time constraints, the data acquisition wasnôt available for use.  This 

greatly affected the accuracy of the results.  Since it wasnôt available, the motion 

detection couldnôt be utilized for getting results.  This was a major problem in testing of 

the basketballs, since the moment of slip wasnôt as easily visible as with the soccer balls. 

Thus, overall the device was found to be sufficient and consistent when testing soccer balls.  The 

torque arm, moved freely and rapidly at the moment of slip which made it easy to know the 

moment of slip.  This gave consistent results as shown in trials 4-6.  However, the weight being 

applied to the scale plaid an important role in the accuracy of the results.  The smaller the normal 
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force being applied, the better the results obtained.  The normal force at 800+ grams had the 

highest standard deviation.  Thus the scale sensitivity is better at lower normal force being 

applied to the ball.  While for the basketballs, data acquisition is a necessity since the moment of 

slip isnôt easily visible.  Another factor to improve testing for basketballs is the grippers.  The 

grippers were initially designed for soccer balls.  However since the geometry is approximately 

spherical for both balls, it was assumed that the grippers would work for both type of balls.  If 

different grippers were designed for different type of balls, this would also increase the 

efficiency and consistency for the basketball testing.   

 

9.3 ï RECOMMENDATIONS  
 

The FT can be used for extensive testing.  It can measure different type of sport balls as the 

requirements and purpose of the device stated.  However it can do much more than just measure 

different type of sport balls.  It can also compare the same type of sport balls to show which is 

really better.  Why would this be beneficial? 

 

One aspect where this could prove beneficial and controversial is in the world of soccer.  Soccer 

balls used during matches are quite expensive and a new one must be used every time.  While in 

basketball, an older ball is preferred.  A ball must be ñbroken inò to before it can be used.  This 

could take around 1-2 months before the ball is game ready.  So, why are soccer balls used new 

every game?  To fully answer this question we can test soccer balls at different stages through its 

use.  First would be after purchase, and testing it to see what the friction is.  Then it can be tested 

after it has been used by the Villanova soccer for a certain amount of time periodically.  Thus, 

there can be checks every few weeks on the soccer ball to see how it the static friction changes 

by use.  Also it can be tested based on weather conditions.  The same analogy can be applied to 

other sport balls.  By adopting this sort of testing, you can ultimately have the power to test a 

new ball model versus its predecessors.  This way you can see whether the new ball is really 

better compared to its predecessor when it comes to static friction. 
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This appendix shows five brainstorming ideas.  Figure A1 is an early conceptualization of what 

the system would look like, where a spring would be used to determine the moment of slip.  

Figure A2 shows another idea for the device which accounts for adjustment in the vertical and 

horizontal direction.  Figure A3 is an improvement of the previous brainstorm idea.  Figure A4 

tries to account for the vertical motion by using a linear actuator.  Figure A5 is the torque 

application brainstorm idea.  
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Figure A1: Brainstorm idea 1 
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Figure A2: Brainstorming idea 2 
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Figure A3: Brainstorming idea 3 
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Figure A4: Brainstorming idea 4 
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Figure A5: Brainstorming idea 5 
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This appendix describes the tilt test.  It shows the background and procedure for performing a tilt 

test.   
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B.1. ï Background 
 The tilt test is a common method used to test the static 

coefficient of friction. A stable object is placed on a surface, and 

the surface is slowly inclined until the object slips. The moment 

the object slips on the surface, the angle is recorded and static 

coefficient of friction between the two surfaces can be 

determined. See Figure B1 for a simple diagram of a tilt test. 

As long as the object is not slipping, it is in the static 

region, and the resistive force climbs linearly with the applied 

force as is shown in Figure B2. The moment the object begins to 

slip (marked in Figure B2 as a dotted line labeled óimpending 

slipô) the object enters the kinetic region. However the moment of 

impending slip is what determines the static coefficient of friction, 

as it shows the amount of applied force which the surfaces can 

match with a resistive force before they begin to slip.  

For these reasons, the tilt test aims to find the moment of 

impending slip. Using a free body diagram of the object during the tilt 

test, one can determine the static coefficient of friction using the inverse 

tangent of the angle at which the object slipped. The free body diagram 

of the object is pictured in Figure B3, and the derivation of this 

relationship is found below.  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure B1: Tilt test  

Figure B2: Resistive Force vs. Applied 

Force 

Figure B8: Free body diagram, tilt test 


