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Figure 75 ‐ Set up for test to determine how much force is required to push pseudo‐fluid balls around a bend with a 6.875" 
Radius. 

 

Figure 76 ‐ Set up for test to determine how much force is required to push pseudo‐fluid balls around a bend with a 3.75" 
Radius. 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Figure 77 ‐ Set up for test to determine how much force is required to push pseudo‐fluid balls around a bend with a 2.34375" 
radius. 

 

Results 

I.   Test 1: 

The results from this test (Table 10 and Table 11) showed that average force for to pull the bottom knob 
unlocked was 1.79 pounds.   The average force to pull the top knob unlocked was 1.50 pounds.  The 

average force to pull the top knob locked was 2.00 pounds.  The average force to pull the bottom knob 
locked was 3.44 pounds.  The radius of the top knob where the perpendicular force was applied was 0.8 
inches while the radius of the bottom knob where the perpendicular force was applied was 1.0 inches.  

Figure 78 shows the radii of the knobs.  The average torque required to rotate the knobs is 1.2 and 1.79 
in‐lbs for the top and bottom knobs, respectively. 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Figure 78 ‐ Knobs of TEE showing the radius used to determine how much torque is required to rotate the knobs. 

 

 

Table 10 – Torque data showing how much torque is required to rotate the knobs of the TEE when the knobs are in the 
locked position.  The torque was calculated using the tangential force applied and the known radius. 

Unlocked Top Knob 
Force (lbs)  

Bottom Knob 
Force (lbs)  

Torque (in-lb) 
Top Knob 

Torque (in-lb) 
Bottom Knob 

1 1.14 1.41 0.91 1.41 

2 1.62 1.80 1.30 1.80 

3 0.97 2.14 0.78 2.14 

4 1.97 0.91 1.58 0.91 

5 1.58 1.52 1.26 1.52 

6 1.43 2.14 1.14 2.14 

7 1.80 2.50 1.44 2.50 

8 1.18 1.14 0.94 1.14 

9 1.59 1.99 1.27 1.99 

10 1.67 2.36 1.34 2.36 

Average 1.50 1.79 1.20 1.79 

S.D. 0.31 0.53 0.25 0.53 

 



  86 

Table 11 – Torque data showing how much torque is required to rotate the knobs of the TEE when the knobs are 
in the unlocked position.  The torque was calculated using the tangential force applied and the known radius. 

Locked Top Knob 
Force (lbs)  

Bottom Knob 
Force (lbs)  

Torque (in-lb) 
Top Knob 

Torque (in-lb) 
Bottom Knob 

1 1.48 3.03 1.18 3.03 

2 2.41 3.87 1.93 3.87 

3 1.55 4.75 1.24 4.75 

4 2.16 3.02 1.73 3.02 

5 1.81 3.15 1.45 3.15 

6 2.26 4.00 1.81 4.00 

7 1.45 4.02 1.16 4.02 

8 2.08 2.91 1.66 2.91 

9 2.36 3.28 1.89 3.28 

10 2.46 2.39 1.97 2.39 

Average 2.00 3.44 1.60 3.44 

S.D. 0.40 0.70 0.32 0.70 

 

 

 

 

II.  Test 2: 

The results from the 2nd procedure (Table 12) showed that the average force to push from one end of 

the tube was 0.38 pounds.  The average to push from the other end of the tube was 0.32 pounds.  The 
average force of all cases was 0.35 pounds.  Values for the force to push the balls in a straight line for 
side 2 were not recorded because the balls were jamming.  Some of the balls fell out during the 

experiment and we had to put them back in the tube.  We think there were some burrs at the end of the 
tube (where it is threaded so it can be screwed shut) and when we put the balls back in the tube some 
burrs got stuck in between some of the balls and caused the system to jam. 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Table 12 ‐ Force required to push stainless steel balls through HDPE Tube. 

    Force Data - All values in lbs   

        

Side 1           

Trial Straight  

Radius of 
Curvature,  

R = 2.34375" 

Radius of 
Curvature,  
R= 3.75" 

Radius of 
Curvature,  
R= 6.875" 

Radius of 
Curvature,  
R= 10.703" 

1 0.24 0.4 0.48 0.21 0.27 

2 0.4 0.33 0.53 0.26 0.27 

3 0.25 0.36 0.53 0.23 0.48 

4 0.34 0.42 0.46 0.24 0.39 

5 0.35 0.41 0.61 0.23 0.32 

6 0.31 0.46 0.58 0.24 0.48 

7 0.29 0.65 0.62 0.26 0.29 

8 0.34 0.58 0.60 0.25 0.25 

9 0.25 0.49 0.52 0.25 0.26 

10 0.28 0.49 0.69 0.23 0.23 

Average 0.31 0.46 0.56 0.24 0.32 

STDEV 0.05 0.10 0.07 0.02 0.09 

        

Side 2           

Trial Straight  

Radius of 
Curvature, 

R = 2.34375" 

Radius of 
Curvature, 
R= 3.75" 

Radius of 
Curvature,  
R= 6.875" 

Radius of 
Curvature,  
R= 10.703" 

1 x 0.27 0.45 0.28 0.24 

2 x 0.26 0.32 0.26 0.22 

3 x 0.47 0.31 0.24 0.28 

4 x 0.45 0.34 0.36 0.27 
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5 x 0.36 0.30 0.28 0.25 

6 x 0.32 0.31 0.29 0.31 

7 x 0.33 0.32 0.27 0.22 

8 x 0.41 0.41 0.25 0.25 

9 x 0.38 0.47 0.29 0.21 

10 x 0.50 0.56 0.31 0.24 

Average x 0.38 0.38 0.28 0.25 

STDEV x 0.08 0.09 0.03 0.03 

 

 

Conclusion 

Valuable data was obtained.  The results of determining how much torque is required to rotate the 
knobs of the TEE will be compared to how much torque is required to rotate the knobs of the pseudo‐
fluid system.  The results of determining how much force is required to push the pseudo‐fluid balls 

through the tubes will be taken into account upon final design. 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Appendix D – Puck and Ball Experiment 
Names:     John Dunbar, Chris Farren, Mari Freitas 

Date:      01/18/2012 

Project Name:    Philips TEE MQP 

Reason for Test:  Preliminary Data 

 

 

Method 

I.    Purpose: 

Determine the effect of weight and/or materials against each other to see if the pucks/balls slide and/or 
roll against each other.  Determine how much clearance can be allowed for maximum rolling and 
minimum sliding.    
 
II.   Background 

The team is trying to understand how the balls move inside of the HDPE tubing.  In this experiment, the 

team tries to create situations where the movement of the balls is mimicked in different situations.   

III. Procedure and Equipment 

Equipment: 

•    Plastic 3 inch diameter hockey pucks 
•    Rubber 3 inch diameter hockey pucks 
•    Standard billiard balls 
•    Ping pong balls 
•    Tracks to guide balls/pucks 
•    Air hockey table 
•    Billiard table 
•    Smooth counter surface 

 

Procedure:  
 
Step 1: Secure tracks to air hockey table with no clearance/extremely little clearance between the track 
and the puck.  Draw a mark on the outer edge of both the rubber and plastic pucks. Align plastic 3‐inch 
diameter hockey pucks in tracks.  Push pucks through the tracks and observe movement of the pucks.  
Keep increasing the clearance and see whether or not the pucks will slide against the tracks or roll along 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each other.  Do the same with the rubber hockey pucks.  Repeat with both the plastic and rubber pucks 
on a smooth surface.  Compare the movement of the two against both surfaces.  
 
Step 2:  Secure tracks on a billiard table with no clearance/ extremely little clearance.  Draw a mark on 
both the billiard and ping pong balls.  Align billiard balls inside of the tracks.  Push balls through the 
tracks and observe movement of the balls.  Keep increasing the clearance and see whether or not the 
pucks will slide against the tracks or roll against each other.  Do the same with the ping pong balls.  
Repeat with both the billiard balls and ping pong balls on a smooth surface.  Compare the movement of 
the two against both surfaces.   
 

Results 

Table 13 ‐ Results Part 1 of the Puck and Ball Experiment, showing how various objects move when aligned inside a track on 
a given surface. 

  Rubber Pucks  Plastic Pucks 
Air Table  All of the pucks were sliding 

regardless of the clearance 
With a very tight clearance, the 
pucks both slide and roll.  As the 
clearance increase the pucks roll 
more with no/minimal sliding 

Smooth Counter Surface  All of the pucks were sliding 
regardless of the clearance 

With very little to no clearance, 
the pucks both roll and slide at 
what seems to be an equal ratio.  
As clearance is increased, the 
pucks slide with very little 

rolling. 
 
 

Table 14 ‐ Results Part 2 of the Puck and Ball Experiment, showing how different ball types move when aligned inside a track 
on a given surface. 

  Billiard Balls  Ping Pong Balls 
Billiard Table  With a very tight clearance, the 

balls both roll and slide. But as 
tolerance increases the balls roll 

When there was little to no 
clearance, the balls slid.  When 
clearance was increased, they 

rolled. 
Smooth Counter Surface  With a very tight clearance, the 

balls both roll and slide. But as 
tolerance increases the balls roll 

When there was little to no 
clearance, the balls slid.  When 
clearance was increased, they 
rolled without any sliding. 

 
The balls inside of the HDPE tubing seemed to roll.  This was witnessed by marking some of the stainless 
steel balls and pushing on one plunger while leaving the other open ended and looking inside and 
observing the blacks mark on the ball rotate.  The balls seemed to be rolling with no sliding.  The billiard 
balls and ping pong balls both slid and rolled with no clearance.  When the clearance increased, they 
rolled.  This relates to how the balls inside of the tube act. 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Appendix E – Mechanical Advantage Calculations 

Bottom Knob Calculations 

 

Figure 79 ‐ Mechanical Advantage Calculations for the bottom knob of the TEE, Part 1, performed in Mathcad. 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Figure 80 ‐ Mechanical Advantage Calculations for the bottom knob of the TEE, part 2, performed in Mathcad. 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Top Knob Calculations 

 

Figure 81 ‐ Mechanical Advantage Calculations for the top knob of the TEE, part 1, performed in Mathcad. 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Figure 82 ‐ Mechanical Advantage Calculations for the top knob of the TEE, part 2, performed in Mathcad. 

 


