





Appendix A16
As noted above the installation of the bronze bushings significantly reduces the forces needed to
rotate the shaft and list the motor. The difference between using 25lbs of force and 64lbs of force
to rotate the shaft is worth the extra time and money spent on implementing the design changes.



Appendix A17
Shown below is the analysis of the lifting arm seats pin. This pin is subjected to the greatest
shear forces in the design and results in a shear of 2040psi. This is acceptable because it does not
approach the yield strength of the material.




Appendix A18
Shown below is the redesign of the lifting axle. It was necessary to redesign the axle because the
dog and pawl system has to be welded onto it for the system to work. A weld on a shaft as
hollow as the one noted in appendix A13 would warp and not allow for easy rotation or reliable
stopping power if the dog and pawl system were needed to prevent sudden dropping of the load.




Section 11: Appendix B Drawings

Appendix B1
Shown here is the top view of the swim platform. This drawing illustrates the dimensional
constrictions of the motor head and the swim platform. The requirements state that the motor
must not interfere with the swim platform at any stage of the installation or use of the motor. As
a result the motor mount must hold out the motor in a cantilever type fashion.
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Appendix B2
Shown here is the drawing B2, this part is welded onto the mount insert plate and transfers the

torque generated by the counter moment to the motor.
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Appendix B3
Shown here is the drawing of the Counter Moment design. This part is used so that the motor can
be lifted at a specified angle relative to the swim platform. Without this part, the lifting would be

useless as the orientation of the motor wouldn’t allow for easy installation.
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Appendix B4
Shown here is the drawing file of the 3x.375”” pin. This pin is used in the assembly of the
removable lifting apparatus pieces and throughout the assembly for mating parts.
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Appendix B5
Shown here is the drawing file of the motor receiver. This piece has an adjustable insert that will

be affixed by the 2.5x.5 pin. The adjustment allows for the motor to be lowered onto the receiver
plate and then be pushed back to the desired extension.
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Appendix B6
Shown here is the base plate on which the whole motor will be affixed. The holes are matched
drilled from the holes that already exist on the motor clamp. 5/16” bolts will be used to fasten the

two parts together. This part will transfer the torque generated by the counter moment arms to
the motor and will result in parallel lifting.
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Appendix B7
Shown here are the extension arm seats. This part serves to support the extension arms when
they are installed. By using congruent dimensions the seat will accept the extension arm being
inserted into it. The parts will be fastened together via pin connection.
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Appendix B8

Shown here is the Jig designed to ease the drilling of the .056” pin hole found in the pin in
Appendix B11. This Jig serves to reliably make cotter pin holes on the rounded surface of the

manufactured pins.
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Appendix B9
Shown here is the permanent fixture that will be bolted to the motor clamp via its own bolts. This
part serves to transfer the weight of the motor to the counter moment arms through the counter
moment pegs in order to lift the motor at an appropriate angle.
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Appendix B10
Shown here is the drawing for the pawl. This part will act as both a safety restraint as well as a
holding device for the user if the installation needs to be paused at any moment. It works as any
dog and pawl system will work and only allows the axle to turn one way which is decided by the
user.
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Appendix B11

Shown here is the Dog part of the dog and pawl system. This part will act as the stopping
mechanism that the pawl will rotate about.
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Appendix B12
Shown here is the lifting axle. This part will serve as both the spool and the vertical support of
the lifting mechanism. See assembly for views of how the dog and pawl system will function
when attached to the axle. The hole will be where the hand crank inserts and transfers torque, see
B15.
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Appendix B13
Shown here is the drawing for the hand crank. This part will be used by the user to transmit a
torque through the lifting axle in order to lift the motor. It will slide into the hole on the lifting
axle and be pinned with a cotter pin.
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Appendix B14
Shown here is the alignment bracket designed and constructed during the week of 3/01/18. It’s

purpose is to maintain the alignment of the lifting arm holes to the lifting axle. It is vital for easy
installation and use of the device.
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Appendix B15
Shown here is the bushing purchased from Mcmaster Carr on 2/28/18. This part serves to reduce
the friction of the rough surfaces of the holes on the lifting arms and the rough surface of the

lifting axle.
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Appendix B16

Shown here is the assembly drawing, part names, and notes for manufacture.
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Appendix B16 Cont.
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Section 12: Appendix C Parts List

Part

Base Plate
https://www.metalsdepot.co
m/steel-products/steel-plate

4" Rectangular Tubing
https://www.metalsdepot.co
m/steel-products/steel-

square-tube

Pulley Wheel
Pin
https://www.metalsdepot.co

m/steel-products/steel-
round-bar?product=1103

Pin
2>’ Rectangular Tubing
https://www.metalsdepot.co

m/steel-products/steel-
sguare-tube

Welding Materials

1” Square Bar
https://www.metalsdepot.co

m/steel-products/steel-
square-bar

Axle
https://www.metalsdepot.co

m/steel-products/steel-
round-bar

Shipping
Labor
Student Hours

Contracted Hours

Material

Stainless
Steel

Stainless
Steel

N/A

Stainless
Steel

Stainless
Steel

Stainless
Steel

TBD

Steel

Steel

Rate
$1.25/hr
$15.00/hr

Appendix C1
Dimensions Metals Depot

25x24x24”° $79.64
8’x1.57°x1.5” $76.50
2(4>’Diameter) $4.00
2(.5°x4.57%) $4.84
3/16°x7%° $2.00
27°x27°x2° $21.54
17x17°x24” $11.16
9”x.5” Round Bar $2.92
$78.42

Total Hours Cost
$150.00 $187.50
$5.00 $75.00

Price B (CWU

Burvee)

$50.00

$125.49
$3.05

$2.99

$2.65

$50.54

Actual

$50.00

$76.50
$3.05

$2.99

$2.00

$21.54

$11.16

$2.92


https://www.metalsdepot.com/steel-products/steel-plate
https://www.metalsdepot.com/steel-products/steel-plate
https://www.metalsdepot.com/steel-products/steel-square-tube
https://www.metalsdepot.com/steel-products/steel-square-tube
https://www.metalsdepot.com/steel-products/steel-square-tube
https://www.metalsdepot.com/steel-products/steel-round-bar?product=1103
https://www.metalsdepot.com/steel-products/steel-round-bar?product=1103
https://www.metalsdepot.com/steel-products/steel-round-bar?product=1103
https://www.metalsdepot.com/steel-products/steel-square-tube
https://www.metalsdepot.com/steel-products/steel-square-tube
https://www.metalsdepot.com/steel-products/steel-square-tube
https://www.metalsdepot.com/steel-products/steel-square-bar
https://www.metalsdepot.com/steel-products/steel-square-bar
https://www.metalsdepot.com/steel-products/steel-square-bar
https://www.metalsdepot.com/steel-products/steel-round-bar
https://www.metalsdepot.com/steel-products/steel-round-bar
https://www.metalsdepot.com/steel-products/steel-round-bar

Total Cost $516.22

Receipts

ORDER # 9274630

Thursday 12/28/2017 12:59 PM

Customer ID: N/A
Payment Type: Visa
Order PO Number:

Shipping Method: UPS Ground
Address Type: Residential
Tracking Number:: N/A




Appendix C2

ORDER DETAILS

Item Description Qty Size Price Total
R112 | 1/2 inch Dia. Hot Rolled A-36 4 $4.84 $4.84
Steel Round 1
P114 1/4 inch THICK A36 Steel 2'x 2 $56.04 $56.04
Plate 1
T111225 1-1/2 X 1-1/2 X 1/4 wall 8' $71.00 $71.00
0 AB500 Square Steel Tube 1
T122250 | 2 X 2 X 1/4 wall A500 Square 2' $21.54 $21.54
Steel Tube 1
SQ11 | 1" x 1" Hot Rolled A-36 Steel 2 $10.94 $21.88
Square 2
Order Comments / Delivery Instructions: Sub-Total: $175.30
Shipping: $78.42
Sales Tax: $0.00




Customer accepted and agreed to Terms & Conditions of Sale. Order $253.72
Total:

Shown above is the receipt from Metals Depot’s first order for the project. The parts included are
the extension arms, base plate, pins, and motor seat arm.



Appendix C3

ORDER # 9277329 Shipped on Friday 01/26/18 12:00 AM

Customer ID: N/A
Payment Type: Visa
Order PO Number:

Shipping Method: UPS
Address Type: Residential
Tracking Numbers:
HYPERLINK

"http://lwww.metalsdepot.com/catalog/order-
tracking/9277329" 1Z29E9W90347008066

1Z29E9W90348756470
ORDER DETAILS
Item Description Qty Size Price Total
R11 1 inch Dia. Hot Rolled A- 4 $19.00 $19.00
36 Steel Round 1
T1112250 | 1-1/2 X 1-1/2 X 1/4 wall 8 $71.00 $71.00
A500 Square Steel Tube 1
P114 1/4 inch THICK A36 1'x 2' $30.52 $30.52
Steel Plate 1
Order Comments / Delivery Instructions: Sub- $120.52
Total:
Shipping: $74.37
Sales $0.00
Tax:




Customer accepted and agreed to Terms & Conditions of Sale. Order $194.89
Total:

Shown above is a purchase for the project. Parts constructed from these materials include:
counter moment peg, mount plate insert, lifting axle, and square brackets.

Appendix C4
Furchase Crder 022000UG
Total $13.80
Inwaice 56975981
Invaice Date 2120118
Fayment Terms 2% 10, Net 30
Deduct $0.00 on merchandize if paid by 3248,
mail Fayrment to hchiaster-Carr
PO Box TES0
Chicago IL 60680-TES0
four Account 99382200
Ordered Shipped Balance Frice Total
2 2 I an B.22
Each Each
Merchandise B.22
Shipping 7.68
Total F13.80

Shown above is the receipt for the Bronze Bushings installed onto the lifting axle.



Section 13: Appendix D Budget

Appendix D1
Shown here is the list of parts required for the assembly of the project. The prices of the
components do not vary wildly across the market as they are mostly standard parts like tubing
and plates and pins. As can be seen in the assembly below there are 4 half inch by 4.5 inch pins.
As measured the length of square tubing on SolidWorks requires 7.83 feet. For sake of making
unforeseen mistakes the designer will order 8.5 feet. The base plate will have to be bought in
standard dimensions and then machined to the specifications of the project. The standard size
that is closest to the dimensions in the design is the 24 inch square plate. The pulley wheel is sold
by McMaster-Carr and comes in the standard size of .5’’x4”’. The pulley will serve to redirect
the forces of the hand crank. The hand crank is also sold on McMaster-Carr and will suffice for
the 38 pound force requirement as it creates a moment large enough around its axis that ten
pounds of force will lift the motor. All parts ordered from McMaster-Carr have a hyperlink to
their website for easy citation. All other pricing was gathered via phone call with the suppliers.
The total cost after accounting for man hours provided by the welder and the designer is at
$516.22 before tax. This is not within the spending limit set by the customer and will require
some out of pocket expense from the designer or other interested parties.

Parts List:

# Part Material Dimensions

1 Base Plate Stainless Steel 25x24x24>°

2 4” Rectangular Tubing Stainless Steel 12°x1.5”°x1.5”
3 Pulley Wheel N/A 2(4’’Diameter)
4 Pin Stainless Steel 2(.5°x4.5”)

5 Pin Stainless Steel 5°x7.5”

6 Motor Seat Axle Stainless Steel 9°x.5”°

7 Motor Seat Slide Stainless 1’ Square Bar
8 Counter Moment Stainless 4’x1.5” Round Tubing
9 ¥4 Tubing Stainless 127x2”°



Section 14: Appendix E Schedule

Estimated Project Duration:
92 Hours

Actual Project Duration to 6/1/18:
142 Hours

Schedule:

Quarterly schedules provided below. Milestones are marked with the blue triangles and task
dates are marked with the green cells. Quarterly duration estimates are provided at the bottoms
and the actual durations will be fulfilled as the quarter’s progress. For direct access to the
spreadsheet use the hyperlink provided below.

Hyperlink to fully detailed Gantt Schedule.

Doug Dunbar Senior Project Schedule Fall Quarter
E e 5 £ B E e E E B el
§ 5 I £ 2 & 3 %2 8 8 g2

Task ID No. Task Estimated Duration Actual Duration % Complete S 5 = 2 = = = = = = = = =

Al Proposal

A2 Project Approval 0.5 0.3 100% A\

A3 Function Statement 0.5 05 100%

A4 Requirements 0.5 0.3 100%

A5 Methods 05 05 100%

A6 Analysis RADD 3 6 100%

AT Discussion 0.75 1 100%

A8 Parts 23 3 100%

A9 Budget 1 25 100%

Al0 Drawings 2 35 100%

All Schedule 3 3 100%

Al2 Testing Methods 1 1 100%

Al3 Summary 1 13 100%

Al4 Appendices 25 35 100%

Al Website 35 33 100%

Al Final Draft 25 2 100%

A17 Submit 0.25 025 100%

Total Fall Quarter 27 3275 100%

Figure 55

Doug Dunbar Senior Project Schedule ‘Winter Quarter
g oy B2 OH g B o3 8 o208 e
% 238 fz 85§38 88

Task ID No. Task Estimated Duration Actual Duration % Complete = & = = S & @& & 6 ® = @& @

Bl Analyze costs 15 2 100%

B2 (Call Suppliers 0.75 1 100%

B3 Aqcuire Quote and Decide 0.3 0.3 100%

B4 Develop Consrtuction Plan 33 4 100%

B3 Drawing Tree 03 0.75 100%

B6 Develop Budget 1.3 1.3 100%

B7 Predict Construction of Device Duration 15 025 100%

B8 Cut Qut Joist Seats 2 L3 100%

B9 Weld Joist Seats onto base plate 0.3 0.3 100%

B10 Clean/Grind Joist Seats 0.5 025 100%

Bll Counter Moment ] 100%

Bl12 Cut counter moment tubing to length 025 0.3 100%

B13 De-burr counter moment 0.25 0.25 100%

Bl4 Drill Torque Pin Holes L3 L3 100%

B15 Dirill Lifting Bolt Holes 0.5 0.5 100%

Bld Drill Torque Pin Peg Hole 0.75 1 100%

B17 Base Plate ] 100%

B18 Design DXF file for base plate 1 1 100%

B19 Cut base plate 0.3 0.3 100%

B20 De-Burr Base Plate 0.75 0.75 100%

B21 Soften edges and corners of base plate L5 1 100%

B22 Prep Joist Seat Surface for Welding 0.3 0.3 100%

B23 Drill Fastening Holes on Base Plate 15 2 wovs [N

B24 Weld Lifting arms at 90dsg 03 0.75 100%

B23 Dirill dog and pawl hole on port side lifting arm 0.3 0.3 100%

B26 Cut slot for weld seem in telescoping arm 2 1 100%

Figure 56


https://docs.google.com/spreadsheets/d/1kxjvs9iYb8o23QI2vwVPT1pQYtSd8vmbpZJz0SDnBSs/edit#gid=0

B26 Cut slot for weld seem in telescoping arm 1 100%
B27 Mill chamfers for ease of telescoping action 25 100%
B28 Match drill mount reciever outside of telescoping arm holes 1 100%
B20 Clean up mount reciever holes and faces for paint 0.75 100%
B30 ‘Weld Counter Moment Pegs onto mount plate 0.25 100%
B31 Mount Apparatus 100%
B32 Cut Mount Seat 1.5" Square tube 05 03 100%
B33 Cut Mount Seat Arm to Length 05 05 100%
B34 Drill Holes into Mount Seat 0.3 05 100%
B35 Prep Base Plate for Welding Mount Seat 0.75 05 100%
B36 Prep Mount Seat Bottom for Welding 0.5 0.3 100%
B37 Weld Mount Seat onto Base Plate 0.3 05 100%
B38 Cut & Turn Pins from Round Stock 35 33 100%
B30 Mount Plate 1 100%
B40 Design mount plate DXF file for plasma cutter 0.75 .5 100%
B41 Cut out Mount Plate from steel plate 0.3 05 100%
B42 Clean up mount plate edges 0.3 0.5 100%
B43 Prep mount plate for paint 0.5 0.75 100%
B44 Drill Mount Plate Set Screw Holes 025 075 100%
B43 Lifting Apparatus (2X) 3 100%
B46 Cut Extension Arm Bracket to Length 1 1 100%
B47 Drill Pin Hole into Arm Bracket 05 0.75 100%
B48 Cut Peg insert from Solid Steel 0.25 0.25 100%
B40 Clean Up Edges 0.25 [ 100%
B30 Prep Extension Arm and Peg for Welding 0.25 0.3 100%
B31 Design Pin hole Jig 03 03 100%
B32 Build Pin Holes Jig 0.75 03 100%
B33 Add two new cotter pin locating holes for small pins 0.5 0.3 100%
B34 Cut out Swim Platform Square Washers 0.75 1 100%
B35 Clean up Edges of washers 025 05 100%
B36 Drifl bolt holes in Swim Platform Washers (] [ 100%
B37 Cut fha Vertical Partion of the Lifting Arms 15 n7s 100%
Figure 57

B49 Clean Up Edges 025 0.5 100%
B30 Prep Extension Arm and Peg for Welding 025 0.3 100%
Bsl Design Pin hole Jig 0.5 0.5 100%
B32 Build Pin Holes Jig 0.75 0.3 100%
B33 Add two new cotter pin locating holes for small pins 0.3 0.3 100%
B34 Cut out Swim Platform Square Washers 0.73 1 100%
B35 Clean up Edges of washers 0.25 0.3 100%
B36 Drill bolt holes in Swim Platform Washers 0.3 0.3 100%
B37 Cut the Vertical Portion of the Lifting Arms 1.5 075 100%
B38§ Drill pin holes in lifting arms 1 0.3 100%
B39 Drill axle hole into lifting arms 1.25 1.5 100%
B60 Prep Surfaces for Welding 05 05 100%
B61 Clean Up Edges 025 0.25 100%
B62 Cut and Mill Round Torque Bars 35 45 100%
BG63 Design Alignment Bracket 0.5 0.5 100%
B64 Cut alignment bracket 075 075 100%
BG5S Match drill alignment bracket to lifting arms 15 2 100%
B66 Buy shaft bushings 025 025 100%
B67 Turn shaft for bushings press fit 0.3 1.5 100%
B68 Press fit bushings onto shaft 025 03 100%
B69 Weld reciever to base plate 0.3 0.3 100%
B70 ‘Weld lifting arm seats onto base plate 05 03 100%
B71 Weld mount plate reciever to mount plate 0.3 0.3 100%
B72 Drill mount plate locating holes 1 15 100%
B73 Dirill rope holes onto shaft 0.75 1.5 100%
B74 Drill hand crank hole onto shaft 025 03 100%
B75 Turn hand crank minor diameter to fit into shaft 0.5 0.3 100%
B76 Dirill cotter pin fastener hole onto hand crank 025 025 100%
B77 Heat and bend hand crank handle 0.75 0.3 100%
B78 Plate Receiver 15 15 100%
B79 PAWL 0.3 1 100%
B8O ‘Complete Construction 65.75 66.75 100%

Figure 58




Doug Dunbar Senior Project Schedule Spring Quarter

S g 22 OZ oo og B EHE oo BB
. . : 5 & = S & = ® &2 8 a ¥ 3 2
Task ID No. Task Estimated Duration Actual Duration % Complete & % % = S m & =& & & e 3 2
c1 Absract for Source 1 15 100%
c2 Test 1
c3 Secure each load Bearing Part to an Immobile Surface 25 25 100%
c4 Record Initial Position 05 05 100%
(&) Position Dial Indicator on Point of Interest on Part 0.25 0.25 100%;
c6 Record Dial Indicator Value at Start 023 023 100%
c7 Apply the Load 0.25 025 100%
Cc8 Record Final Dial Indicator Value 025 023 100%
co Document if the Apparatus Passed/Failed to Meet Requireme 0.3 0.5 100%
c1o Repeat for each Loading Bearing Part 1 1 100%
C11 Test 2 100%
C12 Dissassemble the Apparatus 025 05 100%
Cc13 Explain to the User how to Assemble the Device 0.3 0.5 100%
Cc14 Start the Timer when the User Begins Assembly 025 025 100%
C15 Stop the Timer when the User Ends Assembly 0.25 0.25 100%
C16 Record Assembly Time for 3 Trials 1 4 100%
c17 Document if the Apparatus Passed/Failed to Meet Requireme 0.3 0.75 100%
Cl Test 3 0 0 100%
Cc19o Qutline Procedure 0.735 0.75 100%
c20 Determine Testing parameters. 025 025 100%
c21 acquire testing supplies 2 2 100%
c22 ‘Write procedure for hand crank test 2 2 100%
c23 acquire testing supplies 1 1 100%
c24 relocate device to boat motor location 1 1 100%
C25 gain consent from customer to test device 1 15 100%
C26 Install motor onto mount plate 0.3 0.75 100%
c27 turn the hand crank to lift the motor 0.25 0.235 100%
Figure 59
ci6 Record Assembly Time for 3 Trials 1 4 100% —v
€17 Document if the Apparatus Passed Failed to Meet Requirems 0.5 0.75 100%
C18 Test 3 0 0 100%
c19 Outline Procedure 0.75 0.75 100%
c20 Determine Testing parameters 0.25 0.25 100%
c21 acquire testing supplies 2 2 100%
c22 ‘Write procedure for hand crank test 2 2 100%
C23 acquire testing supplies 1 1 100%
C24 relocate device to boat motor location 1 1 100%
€25 gain consent from customer to test device 1 15 100%
C26 Install motor onto mount plate 0.5 0.75 100%
c27 turn the hand crank to lift the motor 025 0.25 100%
C28 record the average force during rotation on the hand crank 0.25 0.25 100%
c29 compare data with predicted rotational force 0.25 0.25 100%
C30 100%
€31 REPORT 0.5 0.3 100%
€32 Document Construction Process 1.5 175 100%
C33 Document Testing Process 3 4 100%
C34 Document Testing Results 2 3 100%
C35 Analyze Test Results 2 2 100%]
C36 Interpret Test Results 1 2 100%
€37 Document Test Conclusion 2 3 100%
C38 ‘Write Report Conclusion 1.5 1.5 100%
c39 Fimnalize Report and Submit 15 15 100%
c40 Complete Testing r 24.25 2.5 100%

Total Project Duration Estimate = 92 Hours

Total Project Duration Actual = 142 Hours

Figure 60

Total Project Duration: 142 Hours



Section 15: Appendix F - Expertise and Resources

e Capovilla, Dennis.

e Johnson, Craig.

e Mott, Robert L., Machine Elements in Mechanical Design. 5th Edition.
e Pringle, Charles.

e Burvee, Matt

e Stockman, Nolan

e Bramble, Tedman

e Metals Depot service@metalsdepot.com https://www.metalsdepot.com/catalog/cart



mailto:service@metalsdepot.com
https://www.metalsdepot.com/catalog/cart

Section 16: Appendix G —Testing Data

Test 1
Results:
Part Deflection under Loading Predicted Deflection Under
(thousandths of an inch) Loading (see Calculations)
Portside Lifting Arm 59, 62, 62 44.04
Ave=61
Starboard Side Lifting Arm 59, 62, 62 33.85
Ave=61
Telescoping Receiver Arm 21,21, 22 15.77
Ave=21.3
Test 2
Results:
Trial 1:
Installer Name Installation Time (Mins)
Doug (Designer) 25
Larry (Customer) 28

Optimizations:
More slack in hanging ropes, this allows the user to install the counter moment arms much more
easily.

Trial 2:

Installer Name Installation Time (Mins)
Doug (Designer) 20

Larry (Customer) 18

Optimizations:

Use a ladder to ease hand crank rotation. The top of the cranking is about 8 feet above the ground
because the swim platform is about 5 feet tall, the lifting arms are 20 inches tall and the hand
crank adds another 14 inches.

Trial 3:



Installer Name Installation Time (Mins)
Doug (Designer) 12
Larry (Customer) 13
Optimizations:
None.

Test 3
Results:
Position | Force | Force | Force | Force | Force |Force | Force |Force | Force | Force
0° 27 29 29 31 26 31 29 29 29 30
90° 27 27 28 28 26 26 27 29 25 25
180° 27 27 29 29 30 31 33 32 27 27
270° 29 29 28 30 26 25 30 29 28 27
Average force used to lift motor: 28.2 Ibs




Section 17: Appendix H — Evaluation Sheet

Blank Data Collection Forms:

Results:

Test 1

Part

Deflection under Loading
(thousandths of an inch)

Predicted Deflection Under
Loading (see Calculations)

Portside Lifting Arm 44.04
Starboard Side Lifting Arm 33.85
Telescoping Receiver Arm 15.77

Results:
Trial 1;

Test 2

Installer Name

Installation Time (Mins)

Doug (Designer)

Larry (Customer)

Optimizations:

Trial 2;

Installer Name

Installation Time (Mins)

Doug (Designer)

Larry (Customer)

Optimizations:

Trial 3:

Installer Name

Installation Time (Mins)

Doug (Designer)

Larry (Customer)




Optimizations:

Test 3

Results:

Position | Force Force Force Force Force Force Force Force Force Force

00

90°

180°

270°

Average force used to lift motor: Ibs




Section 18: Appendix | — Testing Report

Test 1

Summary:

The purpose of this test is to compare the calculated deflection values for each load bearing part
to the actual deflection of the parts. As noted in the requirements sections of the Engineering
Report no part shall deflect more than 3/8ths of an inch or .375 inches. The designs will be
acceptable if they meet this requirement. If the part fails to meet the requirement but does not
permanently deflect the part design will still be considered a successful design. Permanent
deformation will require redesign.

Time:

Conduct the test during the week of 4/9/18.

Duration:

The test should consume no more than 3 hours.

Place:

CWU Machine Shop Room 107

Risks:

Take care not to damage the knee of the Partner Mill while clamping and loading the test
equipment. Wear safety goggles while in the machine shop.

Resources:

1. Magnetized Long Arm Adjustable Dial Indicator

2. Rigid Table (Horizontal Mill Knee)

3. Granite Flat Table

4. Tnuts (2)

5. Tightening Nuts (2)

6. Wheeled Hydraulic Lift Cart (weight transport and relief)
7. Clamping Bracket

8. 230lbs of weight (Tensile Testing Weights Rm. 127)

9. Hanging rope and weight holder

10. Loaded Apparatus Parts

Procedures:
Lifting Arms



N
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~

8.
9.

Notes:

Secure the part to a flat and rigid table with clamp and nuts so that the load can be place
18inches from the edge of the table.

Set up a dial indicator on the same level as the support on the granite table, ensure it is
magnetized and secure.

Touch the dial onto the test piece as close to the loading point as possible and zero it.
Secure the weight holder to the part with the rope and its hook.

Load the weight holder with the test weights while the table holds all weight.

Apply the load = 225Ibs to the point of loading on the test piece by relieving the lifting
table (pull the release handle).

Record the deflection of the piece by recording the reading on the dial indicator.

Pump lift table until the weights are not loaded onto the part.

Repeat the test for each lifting arm.

The starboard side lifting arm is the shorter of the two arms. See figure 1

Telescoping Receiver Arm

1. Secure the part to a flat and rigid table with clamp and nuts so that the load can be
8inches from the edge of the table.
2. Set up a dial indicator on the same level as the support on the granite table, ensure it is
magnetized and secure.
3. Touch the dial onto the test piece as close to the loading point as possible and zero it.
4. Secure the weight holder to the part with the rope and its hook.
5. Load the weight holder with the test weights while the table holds all weight.
6. Apply the load = 225Ibs to the point of loading on the test piece by relieving the lifting
table (pull the release handle).
7. Record the deflection of the piece by recording the reading on the dial indicator.
8. Pump lift table until the weights are not loaded onto the part.
9. Repeat the test for each lifting arm.
Notes:
Results:
Part Deflection under Loading Predicted Deflection Under
(thousandths of an inch) Loading (see Calculations)
Portside Lifting Arm 59, 62, 62 44.04
Ave=61
Starboard Side Lifting Arm 59, 62, 62 33.85
Ave=61
Telescoping Receiver Arm 21,21, 22 15.77
Ave=21.3




Discussion:

Shown in Appendix A3, A4, and A5 of the Engineering Report the deflection of these loaded
parts was, in order of the results, .0440inches, .0440inches, and .01577inches. It is worth noting
that the tested parts exceeded the calculated deflections by approximately 25% consistently. This
error can be accounted for in several areas, but it is most likely that the error is caused by the
roughness of the moment of inertia calculations for each part. A Finite Element Analysis would
be required to have a moment of inertia more reflective of reality. No part deflected more the
.375inches. No part was deflected to the point of permanent deformation and as per the
requirements of this project all parts are therefore successful in design.

Conclusion:

The designs of the loaded parts have resulted in an overall success as per the requirements of the
project. No part deflected to the point of permanent deformation or the maximum proposed point
of .375inches and as a result the requirement of safety and durability noted in the Engineering
Report has been met.



Test 2

Summary:
The scope of this test is to determine if the design of the device allows for the user to install their
outboard motor in a timely manner. As noted in the requirements sections of the Engineering
Report, the installation of the motor shall not exceed 30 minutes. This timeframe includes
mounting the counter moment arms, inserting the lifting arms with the axle in its holes, rotating
the shaft to lift the motor, inserting the receiver bar into the mount plate, and sliding the motor
and receiver bar to the desired distance from the swim platform. The success of the design will
depend on the 30 minute mark not being exceeded. If the user fails to install the motor within
that time frame the test will be determined to be a failure. Secondary goals to be observed in this
test are: safety of the device (does the user feel financially and physically secure), and ease of
lifting (does the shaft rotate easily/with less force than a third of the weight of the motor).
Time:
Conduct test during the week of 4/16/18.
Duration:
The test should consume no more than 5 hours.
Place:
Residence of the customer and his boat and motor.
Risks:
The user and customer should take care not to be directly underneath any hanging loads or
unsupported device parts.
Resources:

1. Timer

2. Test motor (20HP)

3. Design Device

Procedure:

1. Assure that the motor mount base plate is securely fastened to the swim platform of the
boat.

2. Locate the outboard motor below the swim platform by wheeling it out on its storage
rack.

3. Locate the device and its removable components within reach of the swim platform and
motor.

4. Start the timer

5. Insert the lifting arms into the arm receivers on the base plate.

6. Insert the pins into the lifting arm receivers so that the pin heads are facing outward and
install their cotter pins.

7. Install the counter moment arms onto the counter moment pegs of the mount plate.

8. Pin the counter moment arms into place so that the pin heads are up.



9. Install cotter pins into counter moment pins.

10. Rotate the hand crank and proceed to lift the motor to the point where the mount plate
receiver tube is aligned with the receiver arm on the base plate.

11. Insert the receiver arm into the mount plate and pin the two parts together.

12. Install the cotter pin in the receiver tube on the mount plate.

13. Remove the tension in the lifting ropes and remove the counter moment arms.

14. Slide the motor and receiver bar to the desired distance from the swim platform.

15. Remove the lifting arms from the base plate.

16. Stop the timer.

Notes:

Be sure to never be underneath any of the loaded or pinned parts during any point of the
installation. Take notes of the installation process and attempt to find process flaws. Note these
flaws and determine ways to optimize the procedure. Implement these optimizations in the
following trial. Perform three trials and analyze the resulting time differences.

Results:

Trial 1:

Installer Name Installation Time (Mins)
Doug (Designer) 25

Larry (Customer) 28

Optimizations:
More slack in hanging ropes, this allows the user to install the counter moment arms much more
easily.

Trial 2:

Installer Name Installation Time (Mins)
Doug (Designer) 20

Larry (Customer) 18

Optimizations:

Use a ladder to ease hand crank rotation. The top of the cranking is about 8 feet above the ground
because the swim platform is about 5 feet tall, the lifting arms are 20 inches tall and the hand
crank adds another 14 inches.

Trial 3:

Installer Name Installation Time (Mins)
Doug (Designer) 12

Larry (Customer) 13

Optimizations:



None.

Discussion:

The installation of the motor never took more than 30 minutes which would indicate a success
for the design. The optimizations, paired with the practice of uninstalling and reinstalling several
times lead to a reduced installation time overall. As shown in the data the time difference
between the designer and customer is rather negligible and both of their install times reduced
significantly. The counter moment design was not successful. The motor would not remain level
with the swim platform and this is likely due to the roughness of the calculations to determine
the moment needed to balance it. A solution has been devised and will be implemented as the
quarter progresses. Because of the counter moment not working properly, the design required to
users to install the motor. One to balance the motor and the other to rotate the hand crank. With
the redesign in progress it is likely that this problem will be resolved. During the first installation
of the motor the lifting rope knot came undone on the starboard side of the apparatus, luckily the
portside hanging rope remained intact and neither the motor nor the user were damaged. After
tying a new knot, the lifting ropes performed effectively for the next six trials. Secondary goals
were met, the customer verbally indicated satisfaction in both the design safety and efficacy.
Rotating the hand crank seemed to require less than 38lbs of force (1/3 the weight of the motor)
but testing in the future will determine if this observation is valid. It was noted that this design,
though useful, would be more apt in installing a larger outboard motor, one in which no two
average boaters would be able to lift (2001bs +).

Conclusion:

Overall the design has effectively gone from concept to reality. With a few incumbent
modifications, this outboard motor installer is a useful and practical tool for the average boater.
As shown in the video on the website, the installation of the motor takes an incredible 7 minutes.
The expectations for the design have not only been met but exceeded.



Test 3

Summary:

The testing of the third requirement will require the mount to be fully constructed. This test will
use the hand crank of the lifting mechanism. The cranking of the hand crank will require the user
to apply a force to the handle. The force will not exceed 38 pounds of force when rotating the
handle. Another aspect of the 38 pound force limit will be in the setup of the motor install
apparatus. The removable pieces should not weigh more than 38 pounds each. As noted in
Appendix A15-16 the force required to rotate the lifting shaft is calculated to be approximately
25lbs. If this calculation is accurate then this portion of the project requirements will be a
success. This test will require a fish scale, a spring-loaded scale to measure the force required to
rotate the hand crank. The scale will be affixed to the handle of the hand crank most
representative of where a user would place their hand. Data will be recorded at four locations and
averaged, the four points are located at 0, 90, 180, and 270 degrees from normal +/- 15 degrees.
The motor will have to be lifted completely off the ground and hanging by the lifting ropes
attached to the lifting axle for each position. Measurements shall be taken throughout the entire
lifting distance spanning 36 inches and requiring 11 full rotations; 44 data points will be taken
and averaged to provide a relatively accurate assessment of force. Data will be presented below
in the results subsection of Testing & Analysis.

Time:
Conduct test during the weekend of 5/6/18.

Duration:
The test should consume no more than 3 hours.

Place:
Residence of the customer and his boat and motor.

Risks:

The user and customer should take care not to be directly underneath any hanging loads or
unsupported device parts. The spring scale should be securely and safely attached to the hand
crank.

Resources:
1. Spring Scale
2. Test motor (20HP)
3. Design Device

Procedure:
1. All pieces to the removable lifting mechanism will be weighed. Volumetric mass
measurements performed on SolidWorks may also provide these data.



2. To test whether the hand crank will require more than 38 pounds of force the motor must
be ready to be lifted by the mechanism. The 38 pounds of force must be sufficient to
move the motor any distance. This test does not require the motor to be accelerated at a
rate that would require a torque greater than what 38 pounds of force could create.

The user will set up the hand crank so that it is horizontal.

The user will apply a load downward (to lift the motor) with an attached spring scale to
the handle of the hand crank handle.

Record the reading of the scale.

Rotate the shaft 90 degrees to lift the motor.

Stop at 90° from normal and record the force at that position.

Rotate the shaft to 180° from normal and record the force at that position.

. Rotate the shaft to 270° from normal and record the force at that position.

0. Rotate the shaft to the starting position at 0° and record the force.

1. Lift the motor completely to its installation position recording the force at each of the
four positions: 0°, 90°, 180°, and 270° at each passing.

12. Average the results.

B w
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Notes: ensure that the dog and pawl safety catch is not taking on any loading while recording the
data at the various points.

Results:

Position | Force | Force | Force | Force | Force | Force |Force |Force | Force | Force
0° 27 29 29 31 26 31 29 29 29 30
90° 27 27 28 28 26 26 27 29 25 25
180° 27 27 29 29 30 31 33 32 27 27
270° 29 29 28 30 26 25 30 29 28 27
Average force used to lift motor: 28.2 Ibs

Discussion:

The predicted values for the third test were accurate to the actual values. With an error of
approximately 13% the design was successful. The hand crank force never exceeded 38lbs while
lifting the motor onto the boat. The error in calculation is likely due to the poor fit of the bronze
bushing into its hole. The portside bushing was a tight fit and this restricted it’s rotation on its
ID. Rotation is preferred in the ID of the bushing because the shaft is polished and smoother
there. The tightness of the fit caused the bushing to rotate inside the lifting arm hole rather than
the shaft to rotate in the bushing. Removal of the bushing and re-polishing the shaft is possible
and the fit requirements will be stricter in the next manufacture process.




Conclusion:

The design of the lifting arms and axle were a success. Although the predicted values were again
a little short like the deflection tests, the requirement was never exceeded. The lifting/rotating
force remained under the maximum force limit of 38Ibs and thus the design was a success.
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DOUGLAS J. DUNBAR

2125 East Mount Daniels Dr.
Ellensburg, WA 98926
Phone: 1-509-859-6449

Email: dunbard@cwu.edu

EDUCATION
@ High school diploma from Sequim High School, Sequim, Washington (2013)

@ Enrolled in Mechanical Engineering Technology Program, Central Washington University, Ellensburg,
Washington (will graduate in June, 2018).

€ American Red Cross Certifications:

* First Aid Expires: 03.27.19
* CPR/AED use for the Professional Rescuer Expires 03.27.19
* Lifeguard/Professional Rescuer and Lifeguard Instructor Expires 01.01.19

WORK EXPERIENCE (PART TIME)

Aquatic Maintenance Lead (August, 2017 - Present) at Kittitas Valley Memorial Pool, Ellensburg,
Washington
Responsibilities:
e Monitor & maintain the pool pumps, gauges, boilers, and drainage systems
Inform my superiors of potential or current mechanical problems with pool equipment
Perform weekly water/filter changes for the hot tub
Adjust chemical makeup of pool or hot tub water if the chemicals are out of spec.
Account for daily monies and fill out a transmittal for the City of Ellensburg
Deliver daily monies to City Hall
Record employee weekly hour accumulations and correct if necessary
Complete Aquatic Facility Operator (AFO) Course by May, 2018

Lifeguard and Staff Trainer (June, 2013 — August, 2017) at Kittitas Valley Memorial Pool, Ellensburg,
Washington
Responsibilities:
* Monitor and adjust pool equipment, pumps, piping, heating and chemistry
* Maintain a clean and safe environment for patrons
* Conduct lifeguard/staff meetings and training sessions
* Conduct random lifeguard emergency drills and evaluate performances
» Monitor and update lifeguards on rescue skills, CPR, AED and first aid use
* Supervise and communicate patron & lifeguard rules for two pools, a hot tub and a sauna
» Teach American Red Cross Lifeguarding Courses
* Interview Lifeguard Applicants regarding lifeguarding, lifesaving skills, work experience, and personality
« Evaluate applicants’ performance and provide a report to my supervisor
* Account for daily monies and fill out a transmittal for the City of Ellensburg
* Deliver daily monies to City Hall
* Record employee weekly hour accumulations and correct if necessary



Lifeguard (June, 2009 — May, 2013) at Sequim Aquatic Recreation Center, Sequim, Washington
Responsibilities: Supervise and communicate rules for patrons using two pools, two saunas, a rope swing, waterslide, and a
hot tub,
and respond appropriately in emergency situations.

OTHER SKILLS AND EXPERIENCES
4 Able to communicate in Spanish (4 years HS) and American Sign Language (1 year CWU)
@ Awarded Eagle Scout rank by the Boy Scouts of America
@ High school activities:
* Honor Society
* Soccer team (Captain)
* ASB Leadership Team
* Swimming team (Varsity Captain)

REFERENCES

BRIAN JONES, Mechanical Engineer
Boeing Aerospace Company
3003 W Casino Road
Everett, WA 98208
Phone: 425 234 8609
Email: brian.p.jones2@boeing.com

LEE DUNBAR (Uncle), Former Vice President and Software Engineer. Currently, a Technical Fellow.
FUJIFILM SonoSite, Inc
4102 Tamarack Bay Road
Loon Lake, WA 99148
Phone: 206 972 9718
Email: lee.dunbar.dei@gmail.com

ALEISHA HALEY (Cousin), Senior Verification Engineer
FUJIFILM SonoSite, Inc

22011 30" Dr. S.E.

Bothell, WA 98021

Work: 435951 1200

Email: aleisha.haley@fujifilm.com

JODI HOCTOR, Aquatic and Recreation Supervisor
Kittitas VValley Memorial Pool
815 E Sixth Ave
Ellensburg, WA 98926
Work: 509 962 7210
Email: hoctorj@ci.ellensburg.wa.us

DIANE STARKWEATHER, Secretary
Kittitas VValley Memorial Pool
815 E Sixth Ave
Ellensburg, WA 98926
Work: 509 962 7210 (available M-R 8 AM-3:30 PM)

AUSTIN LAW, Chemical Engineer
Janicki Bioenergies
Seattle, WA 98105
Personal: 360 797 4735
Email: Austin.law@janicki.com
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