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The prototype and testing of the Intel Robotic Tablet Charger has been completed by the Portland State University senior capstone team and is ready to be delivered and presented to Intel. The team has gone through the final design process, manufacturing of the prototype and completed evaluating that the customer’s product design specifications (PDS) were met. This paperpresents the final chosen concept of the Robotic Tablet Charger, including testing and evaluation results on various parts of the PDS document.
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[bookmark: _Toc326489346]Introduction

Tablets provide a means of escape and entertainment. Immobile individuals who use tablets must have a source for charging their tablet. Often, the locations of wall outlets are not always accessible for these individuals. The current market does not provide a means for transporting a tablet in need of charging to a designated charging station. Furthermore, current market tablet chargers plug into standard 60Hz wall outlets or computer universal serial bus (USB) ports. The locations of these are not ergonomically designed for individuals with limited mobility and reach. Because of this, injury could be a result of over exertion.
[bookmark: _Toc325889836][bookmark: _Toc326489347]Mission Statement

The goal of our team is to design and prototype a robotic device which will transport a tablet in need of being energized to a designated charging station. This will resolve any issues of charging the tablet and ergonomics of the current charging methods for persons of limited mobility. The Robot Tablet Charger prototype will abide by all PDS requirements and be presented at the Intel Hillsboro Campus in June 2012. 
[bookmark: _Toc325889837][bookmark: _Toc326489348]Top-Level Alternative Designs

In the research and development stages for the basic structure of the robot, a number of ideas were evaluated and discussed. These designs were compared to a set of requirements established by the PDS report. A list of the requirements and their summaries that the robot must satisfy is presented below.
· Maneuverability: depends on how well the design is capable of a turning 180 degrees
· Weight: depends on the number of components as well as the materials used
· Stability: the number of wheels and placement of the wheels
· Cost: based on number of components and materials
· Simplicity: based on design and selected components
· Ease of Use: depends on location and design
 From this list a total of three robot chassis; two tablet holders and two charging station designs were developed. The benefits and issues of each design are represented below in Table 1.
[bookmark: _Toc326489429]Table 1. Comparison between three chassis and two tablet holder designs highlighting their benefits and issues.
	Design
	Benefits
	Issues
	Figure

	Chassis – A
	· Stable
· Less material required
· Lightweight
· Tighter turning radius

	· Additional parts required

	[image: ]

	Chassis – B
	· Stable
· Tight turning radius


	· Difficult to manufacture
· Too many parts
· Solid axle produces 
· turning issues

	[image: ]

	Chassis – C
	· Tight turning radius
· Light weight
· Fewer parts required
	· Unstable
· Higher manufacturing 
· cost
	[image: ]

	Holder – A
	· Easy to manufacture
· No movingcomponents
· Strong one- piece design
	· Weight
· Lack of adjustability
· Hard to manufacture
	[image: ]

	Holder –B
	· Cheaper to manufacture
· Less time to manufacture
· Less material needed
· Lightweight


	· More parts are required to construct
· Not as rigid
	[image: ]

	Charger – A
	· Less material required.
· Less resistance with connection
· More rigid
	· Complex design
· More time required to manufacture
· Sharp edges
	[image: ]

	Charger – B
	· Simplistic design
· Self-centering platform
	· Needs precious alignment
· Less rigid
· More parts required
	[image: ]



From the scoring matrix presented in Appendix A and Table 1, it was concluded that tablet holder B, charging station A and chassis A were the most beneficial design. The major reasons for choosing chassis A is due to its maneuverability and stability. This is generated by the two drive wheels and the two ball casters. The casters provide the robot with a tighter turn radius and the capability to avoid objects. Also they give the robot a lower center of gravity and the proper ground clearance.  

The major reasons for choosing the tablet holder design B is its adjustability and less material is required for manufacturing. The major issues with design A of the tablet holder is that it would require a lot more time to produce. Furthermore, it doesn’t conform to the constraints of the rapid prototype machine. 

The major reasons for going with the charging station design A is that the contacts require less force to make a connection. The issues that developedwith charging station design A is that the platform doesn’t provide an adequate self-centering unit and more moving parts are required to make a connection. These moving parts can lead to error in the connection process if the components are not held to a tight tolerance in the construction phase.


[bookmark: _Toc325889838][bookmark: _Toc326489349]Final Design

The team came to an agreement that the choices of chassis A, tablet holder B and charging station design A will fulfill all the major requirements established in the PDS. These requirements consist of having the capability of traveling over multiple surfaces, having a low center of gravity and providing an easy interface with the included tablet. The design will consist of two motorized driving wheels and two metal ball casters for stability in the front and rear of the robot. This design will best fit our requirements due to a decrease in turning radius. To keep the center of gravity low, the batteries, control board and two electric motors will be mounted on internal brackets that are suspended 1.5 inches off the ground. This ground clearance will be sufficient for traveling over carpets and other low obstructions.
[bookmark: _Toc325889839][bookmark: _Toc326489350]Mechanical Design:
[bookmark: _Toc325889840][bookmark: _Toc326489351]Chassis:
In parallel to designing a chassis for the Robot Tablet Charger, FEA analysis was performed on several different thicknesses of sheet metal.We used this information to size the correct gauge of material to avoid deformation [see Appendix B]. For the purpose of cost, strength and the ease to modify the design— chassis A was sent off to Eagle Precision to be manufactured using 18 gauge low carbon steel. With the precision needed for the holes in the chassis to mount the electrical parts, Eagle Precision was required to drill the holes.  The chassis was then assembled using 3mm bolts with washers and self-locking nuts. A completely assembled chassis can be seen in Figure 1.
[bookmark: _Toc325889841][bookmark: _Toc326489352]Tablet Holder:
A non-metal tablet holder was chosen because the team wanted to utilize Intel’s 3D printer due to the low cost and short lead time. Intel’s 3D printer could accommodate parts that fit within a 10”x10”x10” space. Thus,due to the space limitations of Intel’s 3D printer, our group manufactured the assembly in many parts that were then later assembled. After the holder was assembled and mounted to the chassis using 3mm bolts; the team decided that having a single steel L-bracket did not make the holder rigid enough.  Therefore, two L-brackets were utilized.
[bookmark: _Toc325889842][bookmark: _Toc326489353]Charging Station:
The charging station was designed to allow the robot to interface the tablet and battery with a wall charger with ease. The overall charging station design was constructed out of ABS Polycarbonate plastic by Intel’s 3D printer and 3mm bolts were used to assemble.  The main assembly consists of the platform, cross member supports and guides. The guide’s purpose is to self-align the robot prior to engagement for charging. The charging station (seen in figures 1 and 2) also consists of a male and female assembly, each of which must come into contact to complete the electrical connection.
Female
The female charging assembly consists of a back plate, female support and brass points; all of which were assembled using 3mm bolts. The main achievement in the design of this assembly is to protect the connection points for safety reasons and to allow the male cover to lift in order to complete the connection. The male brass pins come into contact with the female brass points creating the connection. However, to make sure a connection is always achieved, the points act as a spring to guarantee a good connection. This can be seen in Figure 2.
Male
The male charging assembly consists of a base, support, cover and brass rods; all of which were assembled using 3mm bolts. The cover in this assembly protects the brass rods for safety until making contact with the female support, lifting the cover open exposing the rods. There are a total of four rods, two of which are positive and negative. One set of rods are used for charging the tablet, and the other set are used for charging the robot battery pack.  This can be seen in Figure 2.
[bookmark: _Toc326489354]Electrical Design:

[bookmark: _GoBack]The main electrical components for the final design comprised of two motors, a control board and H-Bridge, a two amp fuse, a single rechargeable battery pack, an on/off switch and miscellaneous connectors. A detailed layout of these parts and electrical schematic can be seen in Figure 3 and 4. The major achievement that our group had was in controlling the motors and being able to wireless control the robot. The software that was used is provided by EZ-Robot and was very simple to operate.

[image: ]
[bookmark: _Toc326489388]Figure 1. Tablet charging station and entire robot assembly prior to engagement.
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[bookmark: _Toc326489389]Figure 2.Tablet charging station at engagement showing male-cover lifted and connection between rods and points.
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[bookmark: _Toc326489390]Figure 3. Electrical components of the Intel Robot Tablet Charger and their locations
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[bookmark: _Toc326489391]Figure 4.Detailed electrical schematic.A EZ-Board V3 is the control board, along with the 'red' H-Bridge

[bookmark: _Toc325889843][bookmark: _Toc326489355]Design Evaluation

The crucial components that the robot must fulfill for the performance and functionality of the customer needs is as follows; ability to recharge the battery of the robot and tablet once docked; be capable of rotating 180 degrees; have a wireless proximity of forty feet and be able to travel over multiple surfaces. The method that will be utilized to evaluate the ability to recharge the tablet and robot is to dock the chassis into the charging station and test the amount of voltage emitted from the connections. If the voltage output of the connections is equal to the input voltage then it can be concluded that there is no voltage drop in the circuit. The testing procedures of the maneuverability of the robot will involve having it rotate 180 degrees in one spot for three consecutive trials. The proximity and multi-surface test will be done simultaneously by having the robot travel forty feet over tile, rug, and hardwood surfaces.
Furthermore, the control board and motors of the robot were powered by a 7.2V rechargeable battery and therefore meets the criteria of under 14V Power Source. The evaluation for the function and performance is shown in Table 2 below.

[bookmark: _Toc326489430]Table 2.Evaluation process of the functionality and performance of the robot.
	Requirements
	Actual
	Goal Met

	Ability to recharge tablet: 19.0 volts 
	19V
	Yes

	Battery voltage < 14V
	7.2V
	Yes

	Rotation angel: 180 degree
	360 degree
	Yes

	Distance travel: 40 feet
	52 feet
	Yes

	Travel over hardwood
	-
	Yes

	Travel over carpet
	-
	Yes

	Travel over tile
	-
	Yes



[bookmark: _Toc325889844][bookmark: _Toc326489356]Evaluation for Safety and Ergonomics:

The chassis of the robot is designed to eliminate most electrical hazards. The body of the robot is covered by metal sheets which have the circuit put completely inside. All wire connections are covered by heat shrink to avoid being touched by mistake. The brass rods (seen in Figure 2) on the robot are designed to have a cover that will then lift exposing the rods when the robot docks.
When the tablet is in position for recharging, the total height of the system is 16 inches (See Table 3). This is high enough for the users to eliminate any abnormal bending motion while sliding the tablet into the tablet holder. Therefore it can help the users avoid injury when using the robot. 

[bookmark: _Toc326489431]Table 3.Evaluation process of the safety and ergonomics of the robot.
	Requirements
	Actual
	Goal Met

	Height > 6.0 inch
	16 inch
	Yes

	Avoid injury
	-
	Yes

	Avoid Electrical hazards
	-
	Yes


[bookmark: _Toc325889845][bookmark: _Toc325889846][bookmark: _Toc326489357]Evaluation for the Reliability:

The life span of the battery as well as all electrical devices can be decreased if the connections are interrupted. Therefore, the surface of the docking station has stops designed to keep the robot stable in charging position, which helps the system being connected to the outlet continuously.

The mission of the Robotic Tablet Charger is not only charging the tablet but the battery for the robot itself. To help users not be confused between the plug for the battery and the tablet, one is designed to be a male plug and the other is female.
[bookmark: _Toc325889847][bookmark: _Toc326489358]Evaluation for Material and Mobility:

Although this robot is a mobile device, it needs to have an appropriate size that can be noticed easily to avoid accidents. The prototype of the Intel Robotic Charger has the dimension of 9x9x11inch (LxWxH), which can be observed clearly when people are walking in the room. The total weight of the robot is 5.0lb, It is heavy enough to not being tiped up when the tablet is secured in the tablet holder. The sheet metal body is hard enough to support all the robot and the tablet without being deformed when the robot moves (see Appendix B).
[bookmark: _Toc325889848][bookmark: _Toc326489359]Evaluation for Maintenance:

If maintenance is required, access to the inside of the robot chassis requires the removal of 8 easily accessible screws.  The tools required to remove the top of the chassis are an 8mm crescent wrench, a Philips head screwdriver and a 5mm Allen wrench.  Access to replaceable parts, such as the fuse, are easily accessible without the removal of chassis components. 
[bookmark: _Toc325889849]

[bookmark: _Toc326489360]Evaluation for Cost and Financial Performance:

The overall cost of the Robotic Tablet Charger is $234.56 out of a $500.00 budget set by our sponsor. We came very much so under budget due to the ability to use Intel's 3D printer and Eagle Precision for the sheet metal parts. A complete Bill of Materials can be seen in Appendix E.
[bookmark: _Toc325889850][bookmark: _Toc326489361]Evaluation of Structural Integrity:

Severe deformation of the sheet metal due to the loading caused by tablet transport cannot be tolerated. An adequately stiff frame was determined through use of Finite Element Analysis to choose 18 gauge steel as the building block for the chassis (see Appendix B). 
[bookmark: _Toc325889852]

[bookmark: _Toc326489362]Conclusion

In conclusion, the robotic tablet charging system designed by this capstone team fulfills all major requirements set forth by the customer in the PDS requirements, all while remaining within budget.  The final design of the robotic charger is able travel more than 40 ft wirelessly, turn 360 degrees, operate on multiple surfaces, and successfully transport the tablet for charging.  The docking station works as designed and is able to help correctly align the charging contacts, of both the robot and tablet, even if its approach is not exactly head-on.  Currently the robotic charger needs to be controlled manually with a Bluetooth enabled device both to pick up the tablet and to return to the docking station.  The team is working on a method of automating the robot so that it will be able to return to its docking station autonomously after being controlled to the tablet’s location.  In addition, a shell is to be designed to place over the chassis to give the robot a more finished look. 
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[bookmark: _Toc326489432]Table 4.Concept design evaluation matrix of the chosen designs and their weighted totals.
	
	Maneuverability
	Weight
	Stability
	Cost
	Simplicity
	Ease of Use
	Weighted Total

	Chassis Designs

	Chassis A
	4
	3
	3
	3
	4
	-
	11

	Chassis B
	3
	3
	3
	3
	3
	-
	9

	Chassis C
	2
	4
	5
	4
	2
	-
	9

	Tablet Holder

	Holder A
	-
	3
	-
	4
	2
	3
	4

	Holder B
	-
	2
	-
	2
	5
	4
	10



[bookmark: _Toc325889855][bookmark: _Toc326489366]Product Design Specification Details:

Listed below is the Product Design Specifications developed from the information provided by Intel. The design criteria contained in the tables has been prioritized to fit the customer needs.

[bookmark: _Toc326489433]Table 5. Safety Criteria
	Safety
	Criteria
	Customer
	Metric
	Target
	Basis
	Verification
	Priority

	
	Electrical shock
	Intel
	Design &
material
	Aluminum &
plastic
	Electrical hazard
standards
	Electrical measuring
equipment
	High

	
	User & robot
collision
	
	Vision distance
(in)
	24
	Avoid collision
	Experiment
	



[bookmark: _Toc326489434]Table 6. Ergonomic Criteria
	Ergonomic
	Criteria
	Customer
	Metric
	Target
	Basis
	Verification
	Priority

	
	Convenient
operation
	Intel
	Height (in)
	> 6.0
	Avoid injury
	Measurement
	High



[bookmark: _Toc326489435]Table 7. Performance Criteria
	Performance
	Criteria
	Customer
	Metric
	Target
	Basis
	Verification
	Priority

	
	Battery powered
	Intel
	Battery pack
	1
	Supplied battery
harness
	Motors operational
	High

	
	Rechargeable
battery
	
	Volts
	< 12.0
	Controller capacity
	Plug into outlet
	

	
	Utilize outlet 
charging station
	
	
	110
	Wall outlet
	Robot placed on
charging station
	





[bookmark: _Toc326489436]Table 8. Environmental Criteria
	Environment
	Criteria
	Customer
	Metric
	Target
	Basis
	Verification
	Priority

	
	Travel over
hardwood
	Intel
	Inch
	0
	Flat and smooth
	Robot tested on
hardwood
	High

	
	Travel over carpet
	
	
	1
	Different surface
heights
	Robot tested on carpet
	

	
	Travel over tile
	
	
	0
	Different textures
	Robot tested on tile
	



[bookmark: _Toc326489437]Table 9. Company Constraints Criteria
	Company
Constraints
	Criteria
	Customer
	Metric
	Target
	Basis
	Verification
	Priority

	
	Compatibility with
CL900 tablet
	Intel
	2.1mm barrel
power jack
	Yes
	Tablet to interface
and charge
	Manufacturing
	High



[bookmark: _Toc326489438]Table 10. Testing & Documentation Criteria
	Testing
	Criteria
	Customer
	Metric
	Target
	Basis
	Verification
	Priority

	
	Testing the design
	Intel
	Number of tests
	< 10.0
	To refine the design
	Full test run w/o
any issues
	High

	
	Robots ability to
interface with 
charging station
	
	Inches off from
ideal position
	1
	Robot may not enter
charging station
correctly
	Test robot entering
charging station
	



[bookmark: _Toc326489439]Table 11. Maintenance Criteria
	Maintenance
	Criteria
	Customer
	Metric
	Target
	Basis
	Verification
	Priority

	
	Use common tools
	User/Intel
	# of tools 
required
	< 3.0
	Component
replacement
process
	Design stages
	Medium

	
	Accessible
components
	
	# of components
to maintain
	3
	
	
	



[bookmark: _Toc326489440]Table 12. Size & Shape Criteria
	Size & Shape
	Criteria
	Customer
	Metric
	Target
	Basis
	Verification
	Priority

	
	Ground Clearance
	Intel
	Inch
	1.5
	Accommodate
for all ground
surfaces
	Design stages
	Low

	
	Robot width
	
	
	12
	Stability/ 
accommodate
for components
	
	

	
	Robot length
	
	
	12
	
	
	

	
	Height of robot
	
	
	16
	
	
	



[bookmark: _Toc326489441]Table 13. Aesthetics Criteria
	Aesthetics
	Criteria
	Customer
	Metric
	Target
	Basis
	Verification
	Priority

	
	Attractive
	General 
public
	Yes/No
	Should be 
visually
appealing
	design attracts attention
	Provide a survey
	Low





[bookmark: _Toc326489442]Table 14. Materials Criteria
	Materials
	Criteria
	Customer
	Metric
	Target
	Basis
	Verification
	Priority

	
	Light weight
	User/Intel
	lbs
	< 10.0
	If batteries die, one
must manually
move robot
	Weigh / design
analysis
	Low

	
	Semi-disposable
	
	% Recyclable
	> 75.0
	Environmentally
responsible
	Design
	




[bookmark: _Toc325889856][bookmark: _Toc326489367]Appendix B.

[bookmark: _Toc326489368]Motor Sizing Equations
Objective:
The purpose of the following calculations are to determine adequate motor torque to move our robot. It is important to select a motor that has enough torque, but does not sacrifice linear velocity. The PDS requirement that involves the robot traveling over forty feet pertains to this limitation; if the speed is too slow, the robot will take a very long time to navigate.
It was found that a motor torque of approximately 115 oz*in would be sufficient to break static friction between the rubber wheels and concrete, causing the robot to slip as it traversed its course. We believe appropriate assumptions were applied in order to come to this conclusion with a factor of safety (FOS) = 2 applied to the weight of the robot.
Given:
A drive wheel with a torque applied at the wheels center line is at rest on a hard surface such as wood or concrete. Find the torque necessary to break contact between the two surfaces. 
[image: ]
[bookmark: _Toc326489392]Figure 5: Free body diagram of a drive wheel indicating a driving torque at the centerline, with friction present. The purpose of this analysis is to find the torque that will break the static frictional force.


Assumptions:
· Weight of the total robot is roughly 12 pounds and is supported by the two drive wheels, W = 12lbfFOS = 2
· Static friction coefficient is between concrete and rubber, μs= .8
· Wheel diameter is 3 inches, D = 3in


Solution:
Summing the forces in the Y direction yields,


Summing moments about the shaft centerline,

Substituting for the frictional force Ff = μsN,








[bookmark: _Toc326489369]Chassis sizing analysis 
Objective:
The purpose of performing an analysis on the chassis is to determine an adequate structure for transporting the tablet. The greatest force on the system would be when the robot is stationary and the user loads the tablet into the tablet holder and presses it into the barrel jack. It is, therefore, necessary to implement a static analysis for the entire structure. Without proper support, the robot will not meet the PDS requirement of traveling over 40 feet. 
The following analysis is comprised of a Finite Element Analysis. Three different sheet metal sizes- 18, 20, and 22 gauge- have been chosen for analysis to compare against one another. It was determined that 18 gauge sheet metal was an adequate material for chassis construction. 
Because the final chassis design is not chosen, analysis is based on a preliminary design. It is believed that an adequate FOS of 4 has been applied to the load on the top sheet to account for excessive force during the docking process. 
Given: 
A load of 3 pounds is applied to the top surface of the structure shown in fig 6. Three low carbon steel sheet metal sizes – 18, 20, and 22 AWG- are to be analyzed to determine the best option.
[image: ]
[bookmark: _Toc326489393]Figure 6: A load of 3 lbs is applied to the top of the robot, compare three different sheet metal sizes to determine the best option for the application.


Assumptions:
· A FOS of 4 is applied to the load the tablet causes to account for uncertainties in loading characteristics, F = 12 lbs
· The load is evenly distributed across the top of the chassis, 
· 18 AWG steel thickness = 0.048 in [1]
· 20 AWG steel thickness = 0.036 in [1]
· 22 AWG steel thickness = 0.030 in [1]
· The chassis is constrained at the motor wheel connection as well as the caster location.
Solution:
Because the chassis is symmetric in one direction, the analysis can be split in half.  A symmetry constraint replaces the previously present material. Two fixed constraints are applied to simulate bolting on the structure, see Fig 6. It is assumed that the two plates cannot move relative two each other in the highlighted areas due to the clamping force applied by the bolts. A static, linear analysis was implemented for each metal size with the results shown in Figure 7. The stress and displacement values are listed in Table 15 to summarize the findings. 
 (
Fixed constraint
) (
Fixed constraint
)[image: ]
[bookmark: _Toc326489394]Figure 7: Applied pressure load of .122 lb/sqr in and necessary boundary conditions to fully constrain the structure.

 (
Max displacement and Stress
)[image: ]
Figure 7B: Shown from left to right are the displacement magnitude results for 18,20,22 AWG sheet metal sizes.

[bookmark: _Toc326489443]Table 15: Obtained F.E.A results for the three metal sizes
	Metal Size (AWG)
	Max Stress (ksi)
	Max Displacement (in)

	18
	1.38
	0.013

	20
	2.45
	0.031

	22
	3.45
	0.054



As Shown in Table 15, all sheet metal sizes, theoretically, are adequate for supporting the load; the Yield stress for low carbon steel is approximately 30 ksi. [2]
Since yielding is of no concern in all three cases, it is necessary to compare displacement. Our robot will have very little clearance between the motors and the top plate. Also, charging connection components will be attached in the center of the robot with little clearance as well. For this reason, little deflection is desired; 18 gauge steel has the least amount of deflection and is therefore chosen for our application. 
[bookmark: _Toc326489370]Appendix C.
[bookmark: _Toc326489371]Project Gantt Chart


 (
Figure 
8
. Project Gantt chart showing timeline and completion dates of project
)[image: ]

[bookmark: _Toc325889857][bookmark: _Toc326489372]Appendix D.
[bookmark: _Toc325889858][bookmark: _Toc326489373]Detailed Drawings:
[bookmark: _Toc325889859][bookmark: _Toc326489374]Charging Station
[image: ]
[bookmark: _Toc326489396]Figure 9. Charging Station: Base- left
[image: ]
[bookmark: _Toc326489397]Figure 10. Charging Station: Base- right
[image: ]
[bookmark: _Toc326489398]Figure 11.Charging Station: Base- support
[image: ]
[bookmark: _Toc326489399]Figure 12.Charging Station: Female- base
[image: ]
[bookmark: _Toc326489400]Figure 13.Charging Station: Left guide
[image: ]
[bookmark: _Toc326489401]Figure 14.Charging Station: Right guide


[bookmark: _Toc325889860][bookmark: _Toc326489375]Charging Station: Female
[image: ]
[bookmark: _Toc326489402]Figure 15.Charging Station: Female- back plate
[image: ]
[bookmark: _Toc326489403]Figure 16.Charging Station: Female- contact
[image: ]
[bookmark: _Toc326489404]Figure 17.Charging Station:  Female- pin
[image: ]
[bookmark: _Toc326489405]Figure 18.Charging Station: Female- point
[image: ]
[bookmark: _Toc326489406]Figure 19.Charging Station: Female- support


[bookmark: _Toc325889861][bookmark: _Toc326489376]Charging Station: Male
[image: ]
[bookmark: _Toc326489407]Figure 20.Charging Station: Male- bracket
[image: ]
[bookmark: _Toc326489408]Figure 21.Charging Station: Male- cover pin
[image: ]
[bookmark: _Toc326489409]Figure 22.Charging Station: Male- cover
[image: ]
[bookmark: _Toc326489410]Figure 23.Charging Station: Male- pin
[image: ]
[bookmark: _Toc326489411]Figure 24.Charging Station: Male- support


[bookmark: _Toc325889862][bookmark: _Toc326489377]Robot:
[bookmark: _Toc325889863][bookmark: _Toc326489378]2Amp Fuse
[image: ]
[bookmark: _Toc326489412]Figure 25. Robot: Fuse base


[bookmark: _Toc325889864][bookmark: _Toc326489379]Battery Block
[image: ]
[bookmark: _Toc326489413]Figure 26.Robot: Battery block


[bookmark: _Toc325889865][bookmark: _Toc326489380]Ball Caster
[image: ]
[bookmark: _Toc326489414]Figure 27.Robot: Ball caster


[bookmark: _Toc325889866][bookmark: _Toc326489381]Chassis
[image: ]
[bookmark: _Toc326489415]Figure 28.Robot: Chassis- bottom frame
[image: ]
[bookmark: _Toc326489416]Figure 29.Robot: Chassis- motor block
[image: ]
[bookmark: _Toc326489417]Figure 30.Robot: Chassis- rear bracket
[image: ]
[bookmark: _Toc326489418]Figure 31.Robot: Chassis- tablet bracket
[image: ]
[bookmark: _Toc326489419]Figure 32.Robot: Chassis- top frame


[bookmark: _Toc325889867][bookmark: _Toc326489382]H-bridge
[image: ]
[bookmark: _Toc326489420]Figure 33.Robot: H-bridge block


[bookmark: _Toc325889868][bookmark: _Toc326489383]Switch
[image: ]
[bookmark: _Toc326489421]Figure 34.Robot: Switch support

[bookmark: _Toc325889869][bookmark: _Toc326489384]Wheel Hub
[image: ]
[bookmark: _Toc326489422]Figure 35.Robot: Wheel hub


[bookmark: _Toc325889870][bookmark: _Toc326489385]Tablet Holder
[image: ]
[bookmark: _Toc326489423]Figure 36.Robot: Tablet holder- bottom spacer
[image: ]
[bookmark: _Toc326489424]Figure 37. Robot: Tablet holder- charger base
[image: ]
[bookmark: _Toc326489425]Figure 38. Robot: Tablet holder- left guide
[image: ]
[bookmark: _Toc326489426]Figure 39. Robot: Tablet holder- right guide
[image: ]
[bookmark: _Toc326489427]Figure 40. Robot: Tablet holder- tablet slide
[image: ]
[bookmark: _Toc326489428]Figure 41. Robot: Tablet holder- tablet spacer



[bookmark: _Toc325889871][bookmark: _Toc326489386]Appendix E.
[bookmark: _Toc325889872][bookmark: _Toc326489387]Bill of Materials

[bookmark: _Toc326489444]Table 16. Bill of Materials
	Item
	Part number
	Description
	Manufacturer
	Cost (not incl S&H)
	Unit
	Quantity
	Total Unit Cost

	1
	6468002
	TENERGY 7.2V RC Car Battery
	Fry's Electronics
	$24.99
	EA
	1
	$24.99

	2
	1445
	67:1, 6mm shaft, Metal Gear motor
	Pololu
	$39.95
	EA
	2
	$79.90

	3
	1439
	Pololu Wheel 90x10mm Pair - Black
	Pololu
	$9.95
	PK
	1
	$9.95

	4
	713
	TB6612FNG Dual Motor Driver
	Pololu
	$8.45
	EA
	1
	$8.45

	5
	2184
	Servo Extension Cable 12" Male - Female
	Pololu
	$2.49
	EA
	6
	$14.94

	6
	5864493
	FUSE BLOCK
	Fry's Electronics
	$1.79
	EA
	1
	$1.79

	7
	GMA_5x_2A
	GMA 2A 250v Fast Blow Fuses
	Amazon
	$3.99
	PK
	1
	$3.99

	8
	1945892
	SLIDE SWITCH DPDT ON/ON
	Fry's Electronics
	$0.99
	EA
	2
	$1.98

	9
	955
	Ball Caster with 3/4" Metal Ball
	Pololu
	$4.99
	EA
	1
	$4.99

	10
	B001RNFQK8
	Male 2.1mm Plug Pigtail
	Amazon
	$9.99
	EA
	1
	$9.99

	11
	B001RNHQ3S
	Female 2.1mm Plug Pigtail
	Amazon
	$5.49
	EA
	1
	$5.49

	12
	95947A010
	Metric Aluminum Female Threaded Hex Standoff 4.5mm Hex, 14mm Length, M3 Screw Size
	McMASTER-CARR
	$0.68
	EA
	4
	$2.72

	13
	92005A118
	Metric Pan Head Phillips Machine Screw Zinc-Plated Steel, M3 Size, 8mm Length, .5mm Pitch
	McMASTER-CARR
	$2.60
	PK/
100PC
	1
	$2.60

	14
	91166A210
	DIN 125 Zinc-Plated Class 4 Steel Flat Washer M3 Screw Size, 7mm OD, .45mm-.55mm Thick
	McMASTER-CARR
	$1.55
	PK/
100PC
	1
	$1.55

	15
	93245A098
	Metric Alloy Steel Flat Point Sckt Set Screw M3 Size, 4mm Length, .5mm Pitch
	McMASTER-CARR
	$8.19
	PK/
100PC
	1
	$8.19

	16
	90576A102
	Metric Zinc-Plated Steel Nylon-Insert Locknut Class 8, M3 Screw Size, .5mm Pitch, 5.5mm W, 4mm H
	McMASTER-CARR
	$3.09
	PK/
100PC
	1
	$3.09

	17
	None
	Wheel hubs
	PSU Machine
Shop
	$0.00
	EA
	2
	$0.00

	18
	None
	3D printer parts
	Intel
	$0.00
	EA
	25
	$0.00

	19
	None
	Sheet metal parts
	Eagle Precision
	$0.00
	EA
	2
	$0.00

	20
	702
	IR Sensor
	Pololu
	$49.95
	EA
	1
	$49.95

	TOTAL:
	
	
	
	
	
	
	$234.56



7 | Page

image2.jpeg




image3.gif




image4.jpeg




image5.png




image6.jpeg




image7.png




image8.png




image9.png




image10.png




image11.png




image12.png




image13.png
Male-Cover (see-through) 5





image14.png




image15.png
7.2v,.3-3A
CHARGER

CCONNECTION/DISCONNECT

BATTERY, 7.2V, 3000MAh NiMH

2AFUSE]

EZ-BOARD V3

MOTOR 1

3
MOTOR 2




image16.jpeg




image17.png




image18.png




image19.jpeg
U, Magnitude U, Magnitude U, Magnitude
+3.1132-02 +5.3708-02

42,8538
4215048

02

81395006 13485008 12015604





image20.png
Oﬁnrr 2011 2012
project |
Iecermber oo (- hren aor by [

Project Pan T
© Branstorming /911
© Design Concepts 712
 Progress Presentation & Design Revien esting 2/20/12 i
© Engineering Colaatons 3y
* olspuaiwe iz =
© Develop DS 2712
© Research o/
©Folow up PDS Meeting 12
' Colaborat Informaton 15712
©Group Fina PDS Meetng /2612
 Emai Sponsor Capy o PDS iz
© PDS Report & Presentation 1/30/12 3
 Develope Progress Report 32
© Colaborate Report Informaton /2
 Folow up Progress Report Mestng EQ =
 Emal Sponsors Copy of Progress Report____3/9/12
o Progress Report. 31412 *
 Prepere Progress Report Presentation 2412 —_—
© Progress Report Presentaton 22712 Y
© Manufacture Prototype fel2
© Assenble Prototype /32
< programming S/
o Test s/i8/12
©Fnal Concept Presentation Meting spyR
© Frish Fnal Report &f5/2
© presentaton efe/2





image21.jpeg
I z

140 1133
] JEESY)
e

TS

v

on ‘omal ams

4304VHO 1318V1 D1LOROY

s

S STONYTIY T

510" $3903 duvHS

TIV A¥348 ANY SHRNE TIY IAOWIE L

£Q3H10343 IIMHIHLO SSTIN

En
* 05T
4 oFo Y [y
B2, In G
p 050 "
TV NYHLHS - §OXEW .
< TV NAHLOL0 P XT STOXE
080 529
STOL OO XE
'L
€8T
gl & 0T
v y !
| m :
§T0 o 651 oSL8L w
L0k e





image22.jpeg
SPSTIONYTIY T

a wowsa Y

51053903 d¥¥HS
TI AY 3 AN SHANG T IAOWTY L

‘Q3H15345 JSIMATHLO SSTINN

¥IDUVHO 1319V DILOFOY
SION

Ha e
i
sro 3]
T
1070 L HY - G OXEW 5
szorolro@® EE:E
* +
iR
| oot
W02 oF e e
T ! N, wew }
— %o o AT o
= i . ¥

zor 500




image23.jpeg
L z € 4 s

140 L1330 GUIIS | SMMWBOSVOSIONO0 | 4 vu-o uswann atvis GHALIS St STTONY v
W 1404ds 358 v P | OS540 V3 W G000k
e on oma 375 v Ry AT R e S0 53003 davHS
TR iR Biinos natwaosan | 1TV IVI4E NY SHHNG 1TV IA0WIE L
S8507 ik
HIOYVHO 13791 DILOGOY bty OO0 QY AYRION ‘03410345 IIMIIHIO SSIINN
| S SiaTNg SIION

BI9345 39MEHLO SETNN

mw.P ) 4 ow.o

' 269 S20

050 §20

te s




image24.jpeg
' z e
LIl TUAOS | SMWAAIVOLIONOT | g o 5 suswannn atvis Shios
9 AsvaITvEd v 1 wisivin TIOMA Y 4O I oG T
13 oN omal 35 o Eimomy IO MCH D105 5 s

4ID¥WHO 1318V 1 OIOR O diyisio] | TS0UNOD Y MvaLiOL

T

v s
SPSTONYTIV T

S10°5§39a3 davHS
TIv ¥v3d9 ANV SHNNE 1TV IAOWIS L
£Q3103dS ISWANIHIO SSIINN
SILON

TIWNAHLELO D X ¥

590

00z

50
050

$002 8T0@ 1

00 020

TIWNAHLELO @ X ¥




image25.jpeg
58




image26.jpeg
L z B v b

140 Liz3Hs TUFWOS | OWHOINOTIONOD 1y s wasann sivis SviLios SrSIONY TV T
9 3aino o v I it HOHY B 50 i OG0 T .
Bl AN Y Al R L0 53503 dvHS
A ON‘oMa 33 GOdTRINY s GvIo S Notwioi s | 1TV MY3dE ANV SHANG TTY IAOWIE L
4308VHD [318V1 OILOROY ayinny [ AUBNGO oY pvanion £33 ISWANIHLO SSITNN
o s HIM SLON

T

o345 1amtanLo s ~TT %50
0L0
1

‘.|_.H 050
mwmmim mﬂ

o5

1 om.oi i om.oi i

508




image27.jpeg
' 2 e
140 LIs LLIOs | SMIIVOTIONOD | g o« weraann aivis Sviisos
v AovaTE v 7 v Dok 10 vy Nottongoniss
¥IO¥VHO 1318V1 DILOBOY siohvislo] [—AINO0 ANy iviavon

TUL o4z aamaamio ssamn

v s

ST STIONY TV T

51O $3OA3 davHS
TI¥ Av3HE ANV SHANG TT¥ IACWIS L

£Q3HIO3dS IWANIHLO SSTINN

SILON

V-V NOILD3S

S€0

i

L

500 070

0Lr0%e

20X

800XE

14

{sroxe

S0C

A

SU0%T




image28.jpeg
140 LizHs
¥ LOVINOD IT¥W34

Lza1vos

v

3y on "omal 3zs

430AVHD 1319v1 DILO90d
iy

2 €

Ll

0go

&

ST STONYTIV T

510" 53903 davHS
TIv AV3E ANV SHANE TV IAOWIS "L

£Q3193dS ISIMAIHLO SSTTNM

¥9°0

SILON

02

051
L

erod

0

200




image29.jpeg
s

57 STIONY TV

510°§39a3 divHS
TIv Av3HE ANY SHANE TV IAOWIN 'L

341035 ISMHTHIO SSTINN
SILON

5 z L3
HHOTuS LEAW0S | S TVOSIONOS s ame v s arvisannivo s
v wanws Y T | ot ol
430YVHO 1319V1 DILOTOY sbiaer | TR0 QY Livinow
TUL ' qaaoaes asmaanto ssmn
erog

08l




image30.jpeg
SPSTIONYTIY T

9 o1 s v

510'53903 divHis
TV AYEHT ONY SHANA TIVIAOWEE L

“Q2MID34S ISIMEIHLO SSTNN
SEION

¥IOUYHO LITEVL DLLOTOY

L
— ! )
| f | s o0

020 050




image31.jpeg
SYSTIONY TV T
% osnszwn 1053903 divHs
a on omal s T A3 AN SN TV IAOWIE L

43IDUWHO 13781 OILOFOY ‘Q3ID345 FJMUIHLO SSTTNN

i Saon
H]=0
T
1070 & HY - G OXEW
STOROLOP X¥ g0z
oro A
ol Ly
S i
0%E oY
¥Z°0 L HY - GOXEW
e TEOROUOD Xy
o B
0E0 5E A
EI) £l

1 .’\V

o5 : oo + |
oo ,|TJ# M

NAHLELOD S0 GE0





image32.jpeg
' z €
140 L133Hs Z1awos | oNmvaa avesion 0a asmot

o mowemw Y UV G
= on o 330 F T M o e
#393YHO 131891 011080 S | meaos v vanion

TUL - qauoais samumnio s

s

ST STIONY TV T

510 $IO A3 davHS
TIv ¥v3d9 ANV SHANE TV IAOWIS L

£Q3d10:

3dS ISMANIHIO SSITNM
SILON

e

YZO R HY - OXTN
PEOLOLOQ X

4
T
S0

¥Z0 & H9 - G OXON

8T AT SUTXT

3 (234 0E0L 0I0@ X€E
\ II0XT]
 t | ¥ ] f
T I A A O N
0£0%Z | Foxe
- f f

850XT

00 L




image33.jpeg
v | mamroomwy |y i
4IOUTHO FTEVLOILOROY | f.h&m&m
aw

SPSTIONYTIY T

1053903 divHS
TIV 348 NV SHHNG T IAOWI |

Q3415345 JMHIHLO SSTTNN
SILON

507

E0P




image34.jpeg
¥ ETEEE v

¥IDUWHO 1318W1 OILOOY
s

P STONY TV T

510° $3903 divHS

EE

e

00z

TIV 9348 ANY SRING TIY AOWEH L

1Q303dS IIMATHLO SSTINN
EION





image35.jpeg
140 L 33Hs L a1v0s
v Nid 3791 <
ay on "omal 325
430AVHD 1319¥1 DILO90d
Xty

z e

180

s

WSTSTONYTIV T

510°539a3 davHS
TIv AVIHE ANY SHANE TV IAOWIN 'L

341035 ISMHTHIO SSIINN

SILON

cLrog




image36.jpeg
' z e v s

10 L3 v amos o sToNY TV T
9 LIOddns T v °
510° 3903 d¥vHS
AT 'ON_"OMmal 325 TIW A3 ANY SHENG TV 3AOWI L

£Q31410343 IIMHIHLO SSTINN

43OAVHD 1318¥1 DIIOBOY
SLON

T

910 L H9 - SO

150 Foxe | zzorolo® xr
1 :
£
0%z | 120
———
| B3
S00L 820D I 1 ’ SOTXC "
TIVNIHLELO D X =4
7 00l
meﬁLj P ———
" A i ]| [PN]
€0 I | ©£0 oro PPN
i &l szo |} Ty
N 7 : Or 0L ELOD X
gLo 0 M enrerow _Goxe

§T0%E




image37.jpeg
' z e v s
140 113Hs Lzawos | owmviavosion o o
By A QNI SHSHPHESI e
v wvean i s s Lt
) R T N A i L0 53503 daVHS
A QRESMdRa: il adO0 aviNGS Nolvmaoi | 1TV AV ANY SHINE 1TV IAOWNIE L
4308VHO 13181 D108 0Y Aoy [ TINOD o siviakiow $Q31103dS ISMATHIO SSTINN
o s HIM 30N
FUL | qaaoas asmisnio s
SE0 SE0 SU0
#\ A s

0£0

O

00z




image38.jpeg
W 4001 aaLve v

¥IOHHO 13181 OILOTOH
s

a
; =l
TTW NAHL HS - G OXEW ero ]
IV NAHL OO @ X T =)
B0 rel E.o*’ 0570 ]
= :
et [ T 1| e
! | i
-

0z0 [ 52708




image39.jpeg
1 2 e [ s

140 L133ks tza9as | omveazwosionoa aavanons .
P R —— S S B s aun sins SHTCH SHSTIONY TV 2
v i | IO 5% 0 I M HOHL 5 SR

A3 on omal 318 v A s dcus 1653 3 Shimkved S10'$3903 ddvHS

Cloro TNy | sl enIeNe S Notwesin g 11V Av349 ANV S¥ING 1TV IAOWIY L
W01

430YVHD 13191 D1LOF0Y sionpuaey | G Ao 31410345 ISIMITHLO SSTINN
saom 133w RO “SLON

L
0345345 3MEIHLO SEITNN

¥Zo

NAHL 60709




image40.jpeg
v z € v ¥

140 L33 SIS SNMMIGINOSIONOD |y o s pcyann aivis SHOAO8 SF STIONY TV °Z
B awwewouos g Cenmewe |, ASNIAEIELI G -
IR T M i e 510' 53903 divHS
s o oma 325 UOTTR | o SHOHAT I | T 5348 G SNG TV SAOWE 1
4394VHO 1318V1 DIIOR0Y il TIINO0 ONY s iaRion £Q340343 IIMATHLO SSTIND
ot
) A
0Z0) i EE i €U0
L€0
i ¥+ T
ol =] ssl
+ +
+
* i I we
o'l
+ +
006
+ B 2354
+ +
P N 1
t [
sCU] ol
S00 61

S




image41.jpeg
L

140 1133 LTS
v A0019 ¥OLON v
e ON ‘oma ms

43OAVHD 1318¥1 DIIOBOY
T

z €

5

P STONYTIY T

510° $393 duyHS
TIV 348 ANY SHRINE TTY IAOWIE L

05l

1S0L EI0P X2

24

{Q303dS IMAIHLO SSIINN

LN

SI08 X

5

1104 .
1\ naHIog0P
06
501
€71
/5004
S0L 0P X9

SL0

150




image42.jpeg
' z e

AV ELENOS | OISOy g BREE
Vo mowew Y| emeens o
¥IOUVHO 1318VL OILOBOY adiyio] | TAINO BN avimon
Tt
2]

00T L el0P xe 0531

610

Sl

s

ST STONY TV T
0 §3903 ddVHS

TIv ¥v3¥9 ANV SHINE TV IAOWIS L

£Q3103dS ISMITHLO SSTTNN

SILON

050

081




image43.jpeg
t z €
140 133 s | oMmvaazIvosion oa
W 30w e y| e
e o “omal 3z -5 Zannony

L0 0 ® Sy
5000 Py

00+t k

aonvaTIol

SEHONI N 34 O O

9345 39O SN

4IOYVHO 1319V1 DILO90d
T

Qaanons

S TN P AUISEANN 1S INYILEOS
30 NOISNAZA NELLHMHL INORUT
vty | TOAM SV HO 14va NI NOILO 0OREA
NV TN D SEANN IS NYUOd
4011334044 05 301§ DNMVA
SHLHI GINIVLNG' NOLWNS0AN 3HL

B

o5¥ STTONY 1TV

S10°S3003 daVHS

TV Av34E ANV SHANG TIV IAOWIS L

TYIINIUNOD QNY ANV IO .
‘a3

103dS 3SIMATHLO SSTTNN

ISOAEI0P XE

S0

IS0AEI0QP XT

iSIION

8|L0

850

0ot





image44.jpeg
a v oL g oen

SPSTIONYTIY T

10°53903 duvHS
TIV %338 ONY SHENG TV IAOWIE L

‘Q3103d5 JBIAEIHLO SSTTNN
SILON

¥IOYHO 13791 OILOTOH
s

. HE)
7 $=:=
+
e
[ 1
+t Yoso ||
o + =g
i i gz0
+ .
* .
e
9---g .
T oo
[ = 570 f
- EATr G
w7

Sl




image45.jpeg
. : e
110 L3S i5Ev0s | ommromosion 00 @i
e s usmma aas BIESS
IS i
v | oowmam | G S S it
. Jr N
nas “on “oma ramony 1 JBNEISENOS NG
RISl koS NobwaoR 3

BooY

: N0 vy smvizmions
$3IOUYHD 13181 DILOFCH S0

SIHON N 34 SHOISNEWI G

2l ‘Q3ID34S ISMIHLO SSTTNN

2O 4 HY -GOeW
[o3(e K NelNeR B34

oo

5

oGF SITONY MV

S10°$3903 4V HS
MV 349 ANV S3dN9 117 IAOWIY

K4

L

1031412345 ISIMITHLO $SITNN
$3LON

ST0

050





image46.jpeg
v | mownswouws | Y

SPSTIONYTIY T

51053903 d¥¥HS
TI9 AY 3 AN SHANG T IAOWTY L

¥IDUVHO 1319V DILOTOY Q3415345 JSMATHLO SSTINN

050

o S
1
- .
B oo
¥Z0 LHT - TOXEW r{ﬁr
ogodolroP xz
OB 00T s =
3
ER

0E0 E7




image47.jpeg
' z v s
L0 133 LZ:31¥0s | oMmvea 1vos Lon 0a

v SH M v

= on omal ams R

ST STIONYTIY T

510" 393 dAVHS
TIV 348 ANY SHRING TIY IAO W3 L

£Q31410343 IIMIIHLO SSTINN

430¥VHO 1318V1 D1LOROY
LN

T

9C0Lre 0P

TIV NAHLHS - SOENW
TV NYHLOLO @ X9

é

- 0zo
/ i

NaHL600P





image48.jpeg
3 s

57 STIONY TV

510°§39a3 divHS
TIv A¥3E ANY SHANE T1¥ TACININ

z

i,

£Q3H193dS ISIMATHLO SSTTNM

SILON

' 13 e

AEToHVEEL S TLAWOS | SNAIIVOSIONCD |y 1y g sucsann aivis ST §

5 wovenouos |y e

AI0AVHO 1319v1 DILOOY siStvasio] [ OUNOD Y diviiuion
L

SO0,

8.;8.; STl ioo.; 4l ﬁoo.;oo;

0zo

£Z0X€EL0

£9°0

L3

sz

Le0




image49.jpeg
z e

v s

R FLTOS | SMIIILIONGD | e e SIS SHsoNYTYS 52
i LN aaNvING D Nolvwaoan a1V X¥3NE ANV SH3NG T1¥ JAOWIS 'L
43OYVHO 1319V1 DILOI0Y aitvaer | TROMO o Lo 1031410348 ISMAIHLO SSIINN
TUL T qauoaas aamusmio ssmn SN
®
L4
909
| 0] t
850, .
ow.o - - - ey o
Il + > T
H ; 550
020 IZOXELD £

(834




image50.jpeg
= onoun g SpsTONYTIY T
r on-oma. 32 51053903 duvHs
TIVAVIHA QNYSINE TIVIAONES L

¥IOUYHO LITEVL DLLOTOY VOO i Bvithdond QOIS JIMAIHLO SN
SEION

i
) — -
; iy

VEo o

ED
0E0 L OI0D oL
: (G |
I T i st
B50 SZ0Y
T 7 T F T
501 5L

L0 T




image51.jpeg
' z e v s
140 L3S TUINOS| PMIIONONOT g psrann atvss ST of oF STIONY TV 2
v 309 1Hon v BRI o eyl :
: AR sl 53903 avurts
a QNSNS LTI il vinos nows o s TIV W38 AN SHHNG TV IAOWIS L
4IOAVHO LIAVIOIOROY | | uoleiey | Mmoo avamon {Q341034S IIMAIHLO SSTINN
FUL - qanoes aummaznio ssmn SN
Io
0L
oo'g
050
Y20 & HY - SOGN
[ or0 2 00 B ST0d
! i
st E el M
: JT 08 ¥
0L 1ro

057

S0




image52.jpeg
140 LiTHs LZFIOS | ONMVIAIVOSION ©G | 1oy » aususann arvis Srwiisod
CI T O 0 L e

T

YTO R HY - 50w
0g0 L Ol'0 P

s

WGP SIIONY TV T

510 $3OA3 davHS
TIV AvIHE ANV SHdNG TV IAOWIN L

901

P

31410345 ISIMHTHIO SSTINM

SILON

SZ0

SU0 —
00

NYHLLE0P

S0 YTO L HY - 50w

{ zz9 L OI0@ : S0

oo [4

f i .

oM.o [ ]
Lro
150 i 1 _l g0
Lo 020

€90




image53.jpeg
' z e 3 s

140 1338 ZUawos | owmvaazvosionoa aauanons
T wsAND s GHVLEOS S STIONYTIV T
= — a5y bR NS LIS
IR AR it
ClnaThy | sHn oS noLwsom k. | 11V IV34E ANV SHINE 1TV IAOWIE (L
58507k
¥IOYVHD 13191 DILOI0Y oy | T9INGLHO 2 ONWIMWEIRIOH: Q31410345 ISIMHTHLO SSTTNM

SEHONI N 34 O O :SILON

T

9345 39O SN

4! 7 8.; 00

00

¥Z0 & HY - SOEW
002 0L'0P X9

320

¥Z'0

10

§20 FL0od

154




image1.jpeg
pp Portland State




