








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. Test1:

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-Ibs 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 Bottom Knob Torque (in-Ib) | Torque (in-1b)
Force (Ibs) Force (Ibs) Top Knob 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




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 Bottom Knob Torque (in-Ib) | Torque (in-1b)
Force (Ibs) Force (Ibs) Top Knob 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 2.08 291 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

Il. Test 2:

The results from the 2™ 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 Ibs

Side 1
Radius of Radius of Radius of Radius of
Curvature, Curvature, Curvature, Curvature,
Trial Straight | R = 2.34375" R= 3.75" R= 6.875" 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
Radius of Radius of Radius of Radius of
Curvature, Curvature, Curvature, Curvature,
Trial Straight | R = 2.34375" R= 3.75" R= 6.875" 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.



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.

Il. 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.

lll. 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 With a very tight clearance, the
regardless of the clearance 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 With very little to no clearance,
regardless of the 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 When there was little to no
balls both roll and slide. But as clearance, the balls slid. When
tolerance increases the balls roll clearance was increased, they

rolled.

Smooth Counter Surface With a very tight clearance, the When there was little to no
balls both roll and slide. But as clearance, the balls slid. When
tolerance increases the balls roll 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

Torque Calculation to find proper gear sizes

This system assumes that there will be a rack and pinion controlling the endoscope knobs that push stainless steel balls
through a tube that &= connected o a knob system at the control bax that i utilizes a rack and pirson system that i smilar
to what is currently in the TEE

Y Free Body Diagram of system. Note that friction is combined with the force of the balls.
This value was determined experimentally.

X
Weight of Balls
Force atl ControlE——=8l COOCOE=———""F orce ot Endoscope
Fnchop
Force ol Balls
BOTTOM KNOB
Finitul =1 79bf Force reguired %o pull the knob of the TEE in the unlocked positicn

Ripiniat 2= 1. 0in  Radws of the knob on the TEE
Tm:tul - Fmatul'&mh a=l! 79 1o Tarque required to ratate knob in unlocked posttion

deoscopo = Tmm'aJ :;g:)uo required to rotate knob in undocked pasition; this & for @ spur gear instead of the knob currandly
deuscape = ] 79 unlbf

D = 1 0in Pitch diameter of the spur gear at the endescope interface.

Dmdoacopc
bl

endoscope

Rm“ap‘ = =0 5 Pitch Radius of the spur gear at the endoscope imerface.

o

T

endoscope

Fcndocc ope H oo . 3 581uf Forca transmitted perpendicudar 1o radius at endoscope intertace
Rmdoocope

Fbllls = 20 3906f Farce required to mave balls through tube, found experimentally; it is multipied by 2 because it needs
fo push the balls through both sides of the system
Fb.u' =0 71uf
chlld_gem = Fendoxme + Fioalls :mounl of force required to avercome the force transmitted at the endoscope,
1916f endoscope
Fcontml_gcu =42
y :=0.5000n,0.5050x.. 1 5000n Defining a range for the pitch dameter of the spur gear of the rack and pinion

Dcmhal 8‘.(y) =y :llch&mmrofﬂn spur gear of the rack and pinion set at the trol box. This gear wil
- e connnected to a knob.

Rc (y) M Pach radius of the spur gear of the rack and pinion sat at the control box, This gear
= .
ontrol_gear 2 will be connnectad 1o a knob

T cantral gear ) = Fontrat gems R ontral 8“‘(y) Tarque at the spur gear of the rack and pinion st at the control box.

Figure 79 - Mechanical Advantage Calculations for the bottom knob of the TEE, Part 1, performed in Mathcad.



Z =2 5n,2 7an.. 4 Defining a range for 8 Diameter vakies for knob

D cmhol_knob(z) -7 Diameter of the control knob at the control box
o @
Rcmtxol_knob(z) = cmhol:hlob Radius of the cantral knab at the contral bax
Tcontrol_lmob(Y) = T contral gens (8] Torque required to cantral endoscope from control gear
Tontrol_knob(¥)

Farce transmtied at the control knob

Feontrel_knon(y:3 =
‘ - Rcmtwl_lmob(z)

F
MA(y,2) := L Mechanical Advantage of the system

Feemtral_knab(y+?

Mechanical Advantage for a .6042. 0.75, and 1.0 inch diametral pitch gear for 2.5, 3.0, and 3.5 inch diameter knobs

MA(6042,2.9 =173 MA(75,2.9 =1.394 MA(10,2.5) = 1046
MA( 6042,30) = 2077 MA( 75,30 =1673 MA(10,30) =1255
MA( 6042,3 5 =2423 MA(75,3.5) =1952 MA(10,35) =1.464
ir T 14
25
MA( 6042,2)
MA(75.2) 4
MA(10,z)
15
1 1
LS 3 35 4
Deontrol_knab(2)

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

Torque Calculation to find proper gear sizes

This system assumes that there will be a rack and pinicn controlling the endoscope knobs that push stainless steel balls
through a tube that = connected 1o a knob system at the control bax that & ulilizes a rack and pinion system that &= smilar
to what is currently in the TEE

Y Free Body Diagram of system. Note that friction is combined with the force of the balls.
This value was determined experimentally.

X
Weight of Balks
Force at Control—rsEl OoOOE=———==Force at Endoscope
Fnc!uop
Force of Balls
TOP KNOB
Fim't:d o= 1 S1nf Force required %o pull the knob of the TEE in the unlocked pasition

Rininiat =080 Radws of the knob on the TEE
Tlmtul - Flmhd'Ru'nhal w | 2qolbf Tarque required to rotate knob in unlocked position

deoscope = T'mitia] m&uo required to rotate knob in unsocked pasition; this & for a spur gear instaad of the knob currensly

denswpe « ] 2l
D = 1 0o Pitch diamaeter of the spur gear at the endoscope interface,

Dmdoscopc
2

endoscope

Rmdascape -

=05 Pitch Radius of the spur gear at the endoscope interface.

o

T

endoscope

Fcndoscopc = — . 2 41f Force transmitted perpendicudar to radius at endoscope intertace
Rendom:ope

anlls 1= 20 39bf Farce required to mave balls through tube, found experimentally; it is multipied by 2 because it needs
{o push the balls through both sides of the system
anlls = 0.71bf

chd-s’u - Fendoxcpe + Fballs ?mounl of force required fo avercome the force ransmitted at the endoscope,
. endoscope
Fcont:ol_gnx = 3.11ef

y :=0.500010,0.5050x.. 1 50000 Defining a range for the ptch dameter of the spur gear of the rack and pimion

Dcunhal gear (¥) =y :llch diameter of the spur gear of the rack and pinion set at the control box. This gear wil
- e connnected to a knab.

Rc (y) M Pach radius of the spur gear of the rack and pindon sat at the contral box, This gear
= .
ontrol_gear 2 will be connnectad o a knab

Tcunttol_geu (y) = chtrol_gell ’Rcmtxol_gtll(y) Targue at the spur gear of the rack and pinion set at the control box.

Figure 81 - Mechanical Advantage Calculations for the top knob of the TEE, part 1, performed in Mathcad.
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Z =2 50,2 75n.. 40 Defining 8 range for 8 Diameter vahies for knob

D comtral lmob(z) -7 Diameter of the control knob at the control box
o @
Roontral knob(® = M Radius of the contral knob at the control bax
T control knob(¥) = Tcmttol_geu(Y) Torque reguired to control endoscope from control gear
T control_knob(¥)

Fcan!xd_knob(y'z) = Farce transmitied at the control knob

Rcmhol_lmob(z)

F
MA(y,2) := it Mechanical Advantage of the system

Feontral_knob(Y 2

Mechanical Advantage for a .6042. 0.75, and 1.0 inch diametral pitch gear for 2.5, 3.0, and 3.5 inch diameter knobs

MA(6042,25) =2002 MA(75,25 =1613 MA(10,25 =121

MA(6042,30) = 2403 MA(T75,30) =10935 MA(10,30) =1 452

MA(6042,35) = 2803 MA( 75,35 =2258 MA(10,35) = 1694
3.5 T T

3
MA( 6042 ,2)2 4+
MA( 75,2)
MA(10,z) 2 N

Deontral_kmob(2)

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

94



