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ABSTRACT 

 

The designs of current tribometers used to test walkway surfaces are overly complex and result 

in high testing costs for customers. Staufferôs research validated the function of a new, simpler 

tribometer prototype that operates using strain gauges. Staufferôs handheld tribometer design was 

validated, but was not ergonomic, aesthetic, or manufacturable. A refined handheld tribometer 

design was designed and the hardware was fabricated by incorporating new technology and 

focusing on the missing attributes listed above. 
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Chapter 1  
 

Literature Review 

1.1 Need for Slip-Resistance Measurement and a New Measuring Device 

The need for better procedures, equipment, work environments, and standards are crucial to 

reduce mortality and injury rates related to slips, trips, and falls (STF). According to the Bureau 

of Labor Statistics, STF were the second highest leading cause of occupational fatalities in 2015, 

as well as the second leading cause of missed days at work [1], [2].  Accompanying these 

tragedies are monetary losses that amount to over $30 billion in direct expenses every year [3]. 

In 2015, medical costs for falls totaled more than $50 billion [4]. Outside of the occupational 

injuries, the risk of injury or death for seniors past the age of 65 from a slip or fall increases 

along with the associated medical bills [3]. With a growing population and the generation of 

baby boomers in the senior stage of their lifetime, STF incidents are occurring more frequently 

every year.  

 

In regulating walkway surfaces, friction, or slip resistance, of surfaces are assessed using 

tribometers. There are many different tribometers used to assess surfaces, and the test results of 

many tribometers can be inconsistent [5]. The American National Standards Institute (ANSI) sets 

standards for walkways surfaces and walkway surface testing, but the National Flooring Safety 

Institute (NFSI) is an organization that has a stronger focus on walkway regulations and 

contributes to the development of standards that ANSI publishes. To reduce the deviation of 
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testing results across tribometer models, NFSI requires that tribometer manufacturers submit an 

inter-laboratory study that proves the testing capabilities of the tribometer are reproducible [6]. 

Among the many tribometers available for use, the NFSI has approved only four tribometers for 

friction testing in validating walkway surface safety [6]. 

 

Although a limited number of possible designs that can be used to test surfaces helps with 

standardization, NFSI approved tribometers are arguably oversized and overdesigned, resulting 

in high costs for the consumer. The lack of variety among the expensive designs, in combination 

with old technology, creates an opportunity to design a handheld tribometer using new 

technology and design for manufacturability (DFM) techniques. A tribometer that is more easily 

manufactured could make walkway surface testing more affordable for the consumer, as well as 

increase the accessibility to surface testing options. That is, purchasing a readily available 

inexpensive tribometer is more feasible than renting an expensive tribometer. 

 

Jonah Stauffer pursued this ñnew designò in 2001, initiating the design of a handheld tribometer 

[7]. While Stauffer validated the function of his tribometer, the ergonomic, aesthetic, and 

manufacturability aspects of the handheld tribometer design were not the focus of his research. 

Refinement of Staufferôs design will advance tribometer technology and change the friction 

measuring industry to be more customer friendly.  
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1.2 National Flooring Safety Institute Approved Tribometers 

NFSI is the institute responsible for overseeing a specific committee on STF prevention, as well 

as providing product testing and certification, educational training, and standards development 

for the flooring industry [6]. When testing walkway surfaces, only NFSI approved tribometers 

should be used. NFSI approves each tribometer for static coefficient of friction (SCOF) testing, 

dynamic coefficient of friction (DCOF) testing, or both. 

 

The first NFSI approved tribometer is the GMG-200, manufactured by the German company 

GTE Industrieelektronik [6], [8]. The GMG-200 tribometer is only approved for DCOF 

measurement [6]. The GMG-200 operates by dragging itself along a surface, using a motor to 

wind a cable that is anchored to the ground by the userôs foot [8]. As the GMG-200 drags along 

the surface, the device uses the force required to overcome the friction force opposing the 

movement to compute a DCOF for the surface [8]. The test is repeated to ensure the readings are 

consistent and there are no problems with the tribometer, and the results of each trial are 

displayed on a LCD. The test results can be printed or downloaded from the GMG-200. The 

GMG-200 tribometer and test setup can be seen in Figure 1 and Figure 2, respectively. 
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Figure 1: GMG-200 Tribometer [8] 

 

Figure 2: GMG-200 and Anchoring Plate Setup Prior to Surface Testing [8] 

The second NFSI approved tribometer is the Universal Walkway Tester (UWT) [6]. The latest 

model of the UWT is the Binary Output Tribometer (BOT) 3000E, manufactured by Regan 

Scientific Instruments [9]. While the BOT-3000E is capable of testing both SCOF and DCOF, 

NFSI only approves this tribometer for SCOF testing [6]. The BOT-3000E operates similarly to 

the GMG-200 tribometer in that it drags itself along a surface and uses motor forces to compute 

a COF, but an anchor is not required. The user must select desired tests using a display screen 

and follow instructions during tests, such as rotating the tribometer 90 or 180 degrees after a run. 
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When a test is completed, a report of the tests can be printed or downloaded from the USB port 

on the BOT and serve as documentation that the given surface passed walkway tests [9]. The 

data on the report includes photos of the test surface taken by the BOT during testing, graphs of 

the DCOF reading over the distance the test was conducted (if applicable), temperature and 

humidity readings, average COF for all of the runs, and the date and time the test was done [9]. 

Figure 3 shows the BOT-3000E. 

 

 

Figure 3: Universal Walkway Tester Binary Output Tribometer 3000E [9] 

The third NFSI approved tribometer is the Gold Standard (GS) 1 [6]. The GS-1 tribometer is 

NFSI approved for both SCOF and DCOF testing, manufactured by Johnson Forensic Lab, and 

distributed by Impact General, Inc. [6], [10]. The GS-1 operates similarly to the BOT-3000E and 

GMG-200 in that it drags a weight across a surface and measures the horizontal force required to 

move the weight. A COF is calculated based on the forces required to move the weight [10]. The 

distinguishing characteristic of the GS-1 is the separate weight that the tribometer drags behind 

itself, rather than having the weight be a part of the hardware assembly, shown in Figure 4. 
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Figure 4: Gold Standard 1 Tribometer with Sample Display of SCOF Test Results [10] 

The last of the NFSI approved tribometers is the TRACSCAN tribometer. The TRACSCAN is 

NFSI approved for SCOF and DCOF measurement and is manufactured and distributed by MAD 

Safety Instruments [6], [11]. The history of the TRACSCAN tribometer can be traced back to a 

German company that designed the robotic tribometer that the BOT-3000 tribometer was 

modeled after, so the designs of the TRACSCAN and BOT-3000E tribometers are nearly 

identical [11]. In fact, the only differences that could be found were the appearance and 

potentially minor differences in display menu options. In terms of similarity, the TRACSCAN 

tribometer tests surfaces the same way as the BOT-3000E, as well as generates a report that can 

be downloaded or printed from the device [11]. The TRACSCAN tribometer, as well as some 

items required for storage, charging, and data retrieval, are shown in Figure 5. 
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Figure 5: TRACSCAN t ribometer with components and accessories [11] 

Summarizing the NFSI approved tribometers, each tribometer has a ñbox-likeò design that is 

dragged along a surface and records test results that can be printed and downloaded from the 

tribometer. Each design calculates a COF within the range of zero to one. In other words, none of 

the tribometers measure adhesion. Lastly, all of the tribometers are available to consumers for 

around $7,000. Table 1 summarizes some of the qualities of each tribometer relevant to this 

research. 

Table 1: Summary of NFSI Approved Tribometers [6], [8], [9], [10], [11] 

Tribometer Model 
SCOF Testing 

Approved 

DCOF Testing 

Approved 

Sizea 

(L×W×H; in.) 

Weight 

(lb) 

Costb 

($) 

GMG-200  P 6.5 × 8.0 × 6.0 20 N/A* 

UWT BOT-3000E P  11.5 × 7.0 × 4.5 17 7,000 

GS-1 P P 12.5 × 5.5 × 5.5  7.3 7,500 

TRACSCAN P P N/A** N/A** 7,000 
aSize is rounded to nearest half inch. 
bCost rounded to nearest $500. 

*GMG-200 manufacturer is based in Germany, so use of this tribometer in America is scarce due to large shipping 

costs and availability of other options. 

**Exact dimensions and weigh were not listed, but dimensions are similar to that of BOT-3000E. 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwif4tTZrJnaAhUB7IMKHZaFBtkQjRx6BAgAEAU&url=https://www.madsafetyinstruments.com/onlineStore.php&psig=AOvVaw2VfF_q0U_N91MZ5q0QYTvu&ust=1522681442173381
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1.3 Handheld Tribometers 

While there are no more NFSI approved tribometers outside of those discussed in Section 1.2, 

some handheld tribometers have been designed since Staufferôs research. For the sake of 

addressing the only handheld tribometers on the market and assuring Staufferôs handheld design 

is not at risk of copyright infringement, two tribometer designs from the company Kett are 

briefly discussed. 

 

The first of Kettôs tribometers is the H94 Handheld Tribometer. This tribometer operates using a 

voice coil motor fixed onto a slider and a photo sensor [12]. When the slider begins to move, a 

microprocessor takes the force vectors and uses them to compute a coefficient of friction [12]. 

The tribometer outputs the result on the display. The H94 Handheld Tribometer only measures 

SCOF. The H94 Handheld Tribometer is much more compact than the NFSI approved 

tribometers, as shown in Figure 6. 
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Figure 6: H94 Handheld Tribometer [12] 

The other handheld tribometer Kett offers is the H37 3D Portable Handheld Friction Tester. The 

H37 3D Portable Handheld Friction Tester also operates using a voice coil motor and a photo 

sensor, similar to the H94 Handheld Tribometer [12]. The difference between the H37 and H94 

models is that the H37 tribometer can be held against a non-horizontal surface and perform the 

same function as the H94 tribometer [12]. The H37 tribometer also only measures SCOF [12]. 

The H37 3D Portable Handheld Friction Tester is similar in size and weight to the H94 Handheld 

Tribometer, but it has a more ergonomic handle that allows the user to test non-horizontal 

surfaces, as shown in Figure 7.  
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Figure 7: H37 3D Portable Handheld Friction Tester [12] 

The handheld tribometers that Kett offers are able to measure friction to the accuracy of one one-

thousandth, and even measure COF greater than one [12]. This resolution and extended range of 

measurement implies that these tribometers are designed more for thin film research than they 

are for walkway surface testing. While Kett did manage to develop the first handheld tribometer, 

the designs do not pose serious competition to Staufferôs design due to being designed for a field 

outside of walkway safety, along with operating with the use of motors like the NFSI approved 

tribometers. The handheld design Stauffer proposed does not operate using motors, which will be 

discussed in Section 1.4. 

https://kett.com/products.php?cat=Handheld+Friction+Analyzers+-+Tribometers
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1.4 Dual Beam Friction Pad Prototype 

All of the NFSI approved and handheld tribometers operate using motors that measure forces 

required to overcome friction. The tribometer Stauffer designed operates by a user moving the 

tribometer along a surface, causing two beams of the tribometer to get loaded differentially [7]. 

Strain gauges measure resultant strain in the beams, and a microprocessor uses the strain 

readings to compute a COF for a surface [7]. Staufferôs design eliminated the need for a motor, 

which resulted in a much more simplified tribometer design than those of available tribometers 

on the market.  

 

The handheld dual beam friction pad (DBFP) tribometer Stauffer designed can be broken down 

into two primary systems ï the mechanical system that is responsible for structural integrity and 

deformation in response to testing, and the electrical system that measures beam deflection and 

computes a COF corresponding to the strain readings [7]. The hardware that makes up the 

mechanical aspect of the DBFP includes a square, yoke pivot block, pivot, handle, shoe, and 

beams, as shown in Figure 8 [7].  
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Figure 8: Labeled Image of Main Mechanical Components in the DBFP [7] 

When the device is used, the beams will deflect in a manner similar to that shown in Figure 9. 

Figure 9 shows the beam deflection in two scenarios ï purely horizontal force response and 

purely vertical force response. During operation, however, both horizontal and vertical forces 

will be exerted on the device, resulting in asymmetrical deformation between the leading and 

trailing beams, which will allow two unique strains to be read by the strain gauges [7]. 
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Figure 9: Beam Deflections from Horizontal and Vertical Forces [7] 

In Figure 10, the strain gauge locations are shown on the bottoms of the beams, with the leading 

beam gauges at the front of the tribometer (removal tab side) and the trailing beam gauges in the 

rear of the tribometer (handle side) [7]. 

 

 

Figure 10: Underside of DBFP Highlighting the Locations of the Strain Gauges [7] 
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The strain gauges are wired so a Wheatstone bridge is created for the front and rear sides of both 

beams, meaning four Wheatstone bridge circuits are used in the overall strain measurement [7]. 

When strain is measured, amplifiers receive and send the amplified signals to A/D converters 

and the microprocessor to compute COF [7]. Figure 11 and Figure 12 convey specific details of 

the circuitry using a block diagram and circuit schematic, respectively.  

 

 

Figure 11: Block Diagram for DBFP Circuit  [7] 
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Figure 12: Circuit Schematic for DBFP [7] 

The program for the DBFP was designed to store the data received during testing, as well as zero 

the strain gauges, eliminating error from thermal stresses and simply holding the tribometer. The 

flow chart for the DBFP program is shown in Figure 13. 
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Figure 13: Flow Chart for DBFP [7] 

Stauffer validated the DBFP functionality by comparing the results from a standard tile test to 

the results of a simple dragsled tribometer [7]. Stauffer found that the DBFP performs 

comparably with the dragsled tribometer, while noting that using the DBFP was less complicated 

to test than the dragsled, which required careful positioning due its dependence on gravity [7]. 
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Chapter 2  
 

Refinement of the Dual Beam Friction Pad 

2.1 Design Approach 

Stauffer focused on DBFP function. He managed to validate his tribometer design, but more 

work needs done to the DBFP if the design is going to reach industry standards. As shown in 

Figure 8, aesthetics and ergonomics clearly have room for improvement, and Stauffer noted this 

in his recommendations for future work [7]. Stauffer proposed a case to help contain some of the 

exposed electronics and wires, as shown in Figure 14 [7]. While the refined handle design does 

enhance the appearance of the tribometer, the new design hardly addressed the ergonomic issues 

with the DBFP. 

 

Figure 14: Future Recommendation for DBFP Handle and Electronics Enclosure [7] 
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Aside from the ergonomic and aesthetic aspects of the device, Stauffer did not design the DBFP 

for mass production. In other words, another area for improvement in design is 

manufacturability. Addressing the areas of ergonomics, aesthetics, and manufacturability 

requires changing the structure of the DBFP, which is integrated into the function of the device. 

That is, the strain in the beams is a function of some structural aspects of the DBFP, such as the 

dimensions of the beams and the size and location of the pivot block. If the structure of the 

DBFP changes, the microprocessor code that Stauffer used in the original design will need to be 

adjusted as well. 

 

Along with the changes and recalibrations to the electronics that are required with any structural 

changes, technology that was unavailable during the design of the DBFP can be used in place of 

some components Stauffer had to use. For example, the use of external A/D converters is 

arguably unnecessary with new microcontrollers available today that can measure analog inputs. 

 

Refinement of the DBFP in this thesis addresses the areas of ergonomics, aesthetics, and 

manufacturability. The refinement process ranged from simple modification to complete 

redesign of components. The design process proceeded from the bottom toward the top of the 

DBFP, starting with the shoe and square. This approach was taken in order to isolate subsystems 

in concept screening and testing processes, while causing minimal interaction with other 

subsystems that are dependent on the subsystems in that stage of the design / refinement process. 

The system breakdown in shown in Figure 15. 
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Figure 15: Tribom eter System Breakdown 

2.2 Redesign of Shoe and Square 

2.2.1 Issues with the Prototype 

The detachable shoe on the DBFP allows users to remove the shoe quickly, allowing for fast 

transition between testing coupons ï the most common being a rubber called Neolite, but other 

rubbers are used as well. The detachable shoe works by hooking the rear end of the shoe around 

the back of the square and snapping the removal tab in place at the front of the square [7]. This 

process locks the shoe in place and magnets at the base of the square add additional force in 

keeping the shoe from moving - refer to Figure 8 and Figure 10 for aid in visualizing.  
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Staufferôs design allows for fast transition of testing materials, but the removal of the shoe 

requires a large force to be exerted on the removal tab. When the force exerted on the tab reaches 

the amount required to overcome the locking force, the shoe abruptly separates from the square. 

This process poses a small hazard for fingers. Accompanying this hazard are the pinch points 

that exist during the mating of the shoe and square. To address these hazards, the shoe and 

square were completely redesigned. 

2.2.2 Concept Generation and Selection 

Two options arose in generating ideas to replace the DBFP shoe. The first option was a round 

shoe, and the second was a square shoe. Because of how the shoe and square mate, the square 

was integrated in the redesign process with the shoe. Because the square is no longer guaranteed 

to be a square, the name of the component that serves as the square in the DBFP will be 

addressed as the mounting piece. The main challenges accompanying the redesign were 

determining how the shoe and mounting piece would lock together and how each component 

could be fabricated easily.  

 

If the round shoe design were pursued, threading surfaces would be the most practical for 

interfacing the shoe and the mounting piece, as machining would be difficult to implement other 

options like bayonet or nut and bolt locks. If the square shoe were pursued, a larger variety of 

locking designs would be available to evaluate due to the flat edges of a square design, including 

options like holes that could interface with spring plungers and bolts. Another square shoe 

concept was generated when consideration was given to the structural integrity of the refined 
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design, ultimately breaking the square shoe option into two concepts. One concept would have 

the shoe made of sheet metal to wrap around the mounting piece, and the other concept would 

have the mounting piece made of sheet metal to fit around the shoe. 

 

During ideation for redesign of the shoe and mounting piece, ease of assembly and fabrication 

were identified as the most important qualities. From these two qualities, more specific sub-

categories were generated and used in an analytic hierarchy process (AHP) matrix to determine 

importance, as shown in Table 2. A scoring matrix then used the AHP matrix results to 

determine which concept was best to pursue. Table 3 shows the square concept with a shoe made 

of sheet metal to be the best option. 

Table 2: AHP Matrix for Shoe and Mounting Piece Criteria  

 
Simplicity  

Ease of 

Fabrication 

Structural 

Integrity  
Cost 

Row 

Total 
Weight 

Simplicity  1.00 1.00 0.50 2.00 4.50 0.23 

Ease of 

Fabrication 
1.00 1.00 1.00 3.00 6.00 0.31 

Structural 

Integrity  
2.00 1.00 1.00 3.00 7.00 0.36 

Cost 0.50 0.330 0.33 1.00 2.16 0.11 

Total     19.67 1.00 
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Table 3: Scoring Matrix for Shoe and Mounting Piece Concepts 

 Square Shoe and 

Mounting Piece; 

Sheet Metal Shoe 

Square Shoe and 

Mounting Piece; Sheet 

Metal Mounting Piece 

Round Shoe and 

Mounting Piece 

Score 
Weighted 

Score 
Score 

Weighted 

Score 
Score 

Weighted 

Score 

Simplicity  5.00 1.14 5.00 1.14 3.00 0.69 

Ease of 

Fabrication 
4.00 1.22 5.00 1.53 2.00 0.61 

Structural 

Integrity  
5.00 1.78 2.00 0.71 5.00 1.78 

Cost 4.00 0.44 4.00 0.44 2.00 0.22 

Total Score 4.59 3.82 3.30 

Rank 1 2 3 

 

The main determining factor in the scoring matrix was the structural integrity criteria. While the 

two concepts for a square shoe and mounting piece were very similar, the load of the tribometer 

requires a sturdy foundation. If the mounting piece was made of sheet metal, the space left 

between the shoe and mounting piece (for wires and minor deflection) would focus too much 

stress on the thin material. However, the structural integrity of the mounting piece with a sheet 

metal shoe was not at risk of compromise due to a thick mounting piece that the sheet metal shoe 

could wrap around, resulting in only minor loads at bending points on the shoe. 

2.2.3 Detailed Design 

With the basic geometry of the shoe and mounting piece determined, focus was directed toward 

more specific aspects of the components, such as material composition, interfacing, and 

fabrication. Due to the shoe and mounting pieceôs lack of exposure to large stresses in 

structurally weak areas, aluminum was selected. The aluminum would not be susceptible to 

extreme deformation during operation, and it is the cheapest and most machinable material 
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available. For the sheet metal, 3003 aluminum is used for bending the material into the shoe 

shape (5000 and 6000 series do not bend well), while 6061 aluminum is used for the mounting 

piece. In fact, for these reasons, aluminum is the material of choice for all metal components in 

the refined tribometer design, with the important exception of the beam, which is explained later 

in this chapter. 

 

Determining exact dimensions and interfacing was mostly done on the computer automated 

drafting (CAD) software SolidWorks. First, the exact dimensions were determined. The friction 

coupon material was available in 3 x 3 inch dimensions, so to keep design consistent and use as 

much of the material as possible, the shoe and mounting pieces were designed with three inch 

square dimensions. The height of the shoe and mounting pieces were made only large enough to 

house 10-24 screws that would mate the shoe and mounting pieces. This minimization of height 

is explained in detail later in this chapter. The CAD drawing for the shoe, mounting piece, and 

all of the remaining parts discussed can be found in Appendix A. 

 

Because the shoe would be made from aluminum sheet metal, a sheet metal bending brake would 

be used to bend the sheet metal. The brake leaves a small radius where the sheet metal is bent, so 

if the shoe and mounting piece are to fit together, leading and trailing edges of the mounting 

piece must be chamfered to leave room for radii in the sheet metal bends. The final shoe and 

mounting piece designs are shown as SolidWorks Parts in Figure 16 and Figure 17. The 

additional holes in the mounting piece are for mating the beam to the mounting piece, which is 

discussed in Section 2.3. 
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Figure 16: SolidWorks Part of Shoe 

 

 

Figure 17: SolidWorks Part of Mounting Piece 

The minimization in height was made not only for reducing required material, but also for 

leaving enough room to allow the pivot block to house components and prevent the device from 

tipping during operation. To prevent tipping, the height of the point of loading must be less than 

the distance between the center of pressure and from the horizontal position of the pivot point. 

This tipping diagram can be seen in Figure 18 for the DBFP. 
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Figure 18: Tipping Diagram for D BFP [7] 

Using trigonometry with the force vectors to solve for the COF, the following formula ÔÁÎ‰ ‘ 

is derived, where ‘ is the COF. Assuming the maximum COF that could be measured is ‘

ρ, the maximum angle is ‰ τυЈ and, consequently, the smallest possible distance between 

the center of pressure and the horizontal position of the pivot point is ὼ ρȢυ Ὥὲ, given that 

the base of the tribometer is three inches long. Therefore, the height of the pivot point from the 

base of the tribometer (bottom of friction coupon where the surface contact occurs) must be less 

than one and one half inches. 

 

With the current parts ï shoes, mounting piece, and Neolite pad ï the design is currently 0.5625 

inches from the ground, leaving 0.9375 inches of space remaining for the pivot point. Figure 19 

shows the isometric view of the current components, while Figure 20 shows the height of the 

preliminary assembly calculated by SolidWorks. 
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Figure 19: Preliminary Assembly of Shoe, Mounting Piece, and Neolite Pad 

 

 

Figure 20: View of Right Face of Assembly Showing Height of Preliminary Assembly 
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2.3 Refinement of Pivot Block and Beam 

2.3.1 Issues with Prototype 

Staufferôs DBFP has four separate beams ï the pivot block connects two pairs of beams that act 

as two separate beams. The small beams leave little room for any variability in strain gauge 

setup, which may be desired in future iterations of the design. The two beams also generate the 

same strain output, in theory, during operation, so some redundancy exists that can be eliminated 

to simplify the overall design.  

 

Regarding the pivot block, a rod protrudes outside of the lateral edges of the pivot block to 

transfer force from the handle to the pivot block and, ultimately, the beams. Other than an 

interference fit, nothing is holding the rod in place. For a more secure structure, the rod can be 

replaced, modified, or contained by the handle so it will not fall out when in use or carried by a 

user.  

2.3.2. Refined Designs 

To simplify the complexity of the DBFP, the two narrow beams were replaced by one wide 

beam. This refined component eliminates the need for two of the four original Wheatstone 

bridges, reducing the complexity of the electronics and the structure of the DBFP, while 

maintaining the stability of two separate beams. The extra space also allows for more variability 

in taking strain measurements. That is, a Wheatstone bridge can be built using a variety of 
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premade strain gauges available for purchase and not be as limited with surface area to be able to 

assemble them. 

 

With the refined beam design being wider, the pivot block becomes wider as well. This enlarged 

dimension increases the options for additional components to be used in mating the pivot block 

to the handle. The rod can now be replaced using shoulder bolts. The shoulder bolts are screwed 

into the pivot block, so there are threads holding the component in place instead of just an 

interference fit. When the shoulder bolt is completely inserted into the pivot block, a part of the 

shoulder bolt (the ñshoulderò) is available to support the handle. The new design is securely 

fastened and maintains the original function of allowing the handle to pivot and transfer force to 

the beam. However, while having a plastic handle pivoting about a metal rod (shoulder) presents 

no issues, fabricating a custom plastic handle is not a cheap option. Therefore, assuming a plastic 

handle will not be pursued for future designs, bearings were incorporated into the pivot block to 

maintain a pivoting motion. 

 

To connect the pivot block and beam, holes were drilled in the beam in locations suitable for 

screws to be inserted, as well as one hole in the center of the beam to allow wires to travel under 

and through the beam, through the pivot block, and finally to the electronics housing. The pivot 

block contains multiple holes for screws, shoulder bolts, and wires. Shown in Figure 21 and 

Figure 22 are the refined beam and pivot block designs, respectively. The pivot block is 

symmetrical, with all holes cut through the block.  
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Figure 21: SolidWorks Part of Beam 

 

 

Figure 22: SolidWorks Assembly of Pivot Block with Shoulder Bolts and Bearings 
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Figure 22 displays a hole that is cut from the front surface of the pivot block to the rear face of 

the pivot block. This additional hole is for wires, just like the hole through the center of the block 

from the top to bottom faces. While no wires travel through this opening, this feature allows 

future designs to assemble strain gauges on the top of the beam and route the wires to the pivot 

block, rather than having them travel underneath the beam to the bottom hole in the pivot block. 

This feature allows for flexibility in strain gauge wiring for future iterations on the design. 

 

Referring back to tipping mentioned in Section 2.2, the dimensions of the beam and pivot block 

were chosen with respect to keeping the pivot point less than one and one half inches from the 

bottom of the tribometer. Figure 23 and Figure 24 show the preliminary assembly of the 

components mentioned thus far from the isometric and right viewing planes, respectively, along 

with a label displaying the vertical distance of the pivot point to the bottom of the tribometer. 

 

 

Figure 23: Isometric View of Assembled Shoe, Mounting Piece, Beam, and Pivot Block 






















































































