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[bookmark: _Toc406154292]Abstract
Adverse wintry conditions often cause people stress and delays in their everyday routine due to cold weather and precipitation. Hiring a snow plow service can get expensive, and operating a snow blower is time consuming and strenuous for many. Instaplow is an inexpensive, light weight, inflatable alternative that attaches to the front of a mid-sized sedan and enables the user to clear a path in his or her driveway wide enough to safely exit. Instaplow is designed to work in a situation in which the user wishes to clear his or her snow-covered driveway in a short amount of time without the hassle of shoveling or snow blowing. The device includes a pressure detection system with a user feedback control system to mitigate failure. This report includes a complete documentation of the design process which took place during the 2014-2015 school year at Roger Williams University School of Engineering, Computing, and Construction Management (SECCM). This includes preliminary design alternatives, design progression, related diagrams and charts, planning, prototype construction, testing, and any further analysis conducted during the school year. The final product after this semester’s work is the second Instaplow prototype. This full scale model includes two inflatable air compartments and two rigid, curved plowing surfaces. This prototype does not include an integrated pressure feedback system, but a tabletop model for this system is in the first round of development.  			
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[bookmark: _Toc406154296]Introduction
Every year at the School of Engineering, Computing, and Construction Management (SECCM) of Roger Williams University, graduating seniors complete a senior design course and project. The concept behind the Instaplow project is to create a soft, durable, inexpensive snowplow that can be attached to the front of a mid-sized sedan.  The soft snow plow is not designed as a hard steel, commercial plow but for limited, residential use only.  Commercial snow plows are constructed of heavy steel and designed for a use life of years. They use a dedicated, hard-mounted interface to the front of the vehicle, typically a heavy duty pickup truck or dump truck. The soft plow allows the user to remove 4-8 inches of light snow and drift in the path of the vehicle, safely exit a driveway, and then remove the plow in a relatively short amount of time. The goal for the senior design project is to fabricate a working prototype, either partial or full scale. The five seniors working on the project have the 2014-2015 (two semesters) school year to complete the requirements. The project was originally proposed to the University by Rick Davids, who is the technical mentor. Rick has had a good relationship with the University as a mentor for previous years’ senior design projects. His job has been to guide the group’s design decisions and provide professional knowledge. With the help of Rick Davids and Linda Riley, the Instaplow team has been able to successfully produce prototype 2.0 which will be tested and improved after graduation. 
[bookmark: _Toc279345298]




[bookmark: _Toc406154297]Literature Search
Instaplow is an innovative design that has not been previously created. There are several products on the market that identify with specific components of the plow. One product that has been a vital factor in our research and development is the Nordic snowplow. This plow is designed to accommodate any type of passenger vehicle while attaching to both the front and rear of the vehicle. It is designed out of a lightweight ABS plastic with a weight of less than 50 lbs however still heavier than the specifications of the instaplow.  Figure 1 below is a good visual representation of the Nordic plow.




[image: ]
[bookmark: _Toc405567318][bookmark: _Toc280006259]Figure 1: Nordic plow assembly


A key component of this design is the interface with the bumper. The design has a plastic bumper interface that wraps around the bottom of the bumper. The purpose of this feature is to keep the plow on the ground even with the light weight of the material. Another positive design aspect of this plow is the bungee cord and strap interface that allows use for any type of vehicle. 
	As stated previously, there were not many research articles in this field because of the innovative nature of this design. One component that the group decided would be best was the v-shape plow design. This shape plow is best for a single pass because it will apply a smaller force to the front of the vehicle. In Andre’s email with an employee of the RIDOT he also agreed with the idea to use a v-shape plow with a single pass use. 


[bookmark: _Toc279345299][bookmark: _Toc406154298]Patent Search
[bookmark: _Toc279345300]Patents:
1. Snow plow having an improved attachment means and an associated method 
US 6516544 B1

Google patent proved to be a useful resource in researching the market for current snow plow type products. This design consisted of a two-piece rigid structure in a V-shape that pressed up against the bumper and was mounted to the car via a system of straps.  The straps were to be attached to ring connectors that have to be installed on the frame of the car located in front of the front tires.
[bookmark: _Toc406154299]Discussion of Alternative Design Solutions
There are two major design considerations for Instaplow. The first is what shape to make the plow and the second is how much of the plow should be rigid or inflatable. Snow plows primarily come in two shapes, including V-shape and straight. This discussion will analyze the benefits and trade-offs of both shapes and the reasoning for which shape was chosen for the prototype design. Furthermore, this analysis will include the decision making process behind the hybrid partially inflatable, partially rigid plow design. 

[bookmark: _Toc279345301][bookmark: _Toc406154300]Plow Shape
Snow plow shape is determined precisely by function. Commercial snow plows with a straight-angled plow are designed to remove snow from the roadway entirely by ejecting the snow to the passenger side of the plow. This is ideal for a rigid plow, traveling at speed, with the required support frame to withstand large snow loads. Alternatively, the v-shape plow design is used to clear a lane for travel by pushing snow to either side of the vehicle. This plow shape must still withstand large loads, but the accumulation of snow which results in maximum forces on the plow and vehicle is reduced through this design. The lane is bisected by the tip of the plow as snow is displaced to the left and right side of the lane. Instaplow is designed for an emergency situation in which the user needs to leave his or her driveway, not clear the entire surface neatly. 
[bookmark: _Toc279345302][bookmark: _Toc406154301]Rigid, Flexible, or Hybrid
[bookmark: _Toc279345303]The second major characteristic of Instaplow is its material composition. The plow design must include at least one flexible component. The device interfaces with a vehicle and cannot damage it in any way. A soft interface is the most practical and safe method of attaching the plow to the front of a car in order to provide enough support during operation and to eliminate any risk of damage to the car. Plowing snow with an entirely inflatable, flexible device requires a complex design and high-grade materials. The alpha prototype has been designed with a rigid metal curved surface and cutting edge to more easily break through snow during operation. The hybrid plow is an acceptable combination of rigid and flexible pieces which keeps the design simple but effective.  
[bookmark: _Toc406154302]Discussion
The plow shape and composition of the Instaplow alpha prototype was determined through tabletop model analysis and a Kepner Tregoe Analysis (KTA). The group created six designs, each with small variations. The design drawings can be seen in Appendix A: Design Drawings. After each idea was mapped out on paper, the group members completed the KTA spreadsheet seen in figure 2 below. The high-level system requirements are weighted and each group member ranks the design.

[bookmark: _Toc406154303] 
Figure 2: Kepner Tregoe Analysis provided by technical mentor

[bookmark: _Toc279345304]The next step in refining design alternatives was creating table models of the two highest ranking designs from the KTA, as well as a straight plow which acted as a control test. The top three designs ranked in the following order:

1. Hybrid 2 Compartment Design
2. V-Shape with Rigid Insert
3. Straight Plow

The tabletop testing was completed by passing each model through a small scale layer of artificial snow. The artificial snow is made of the super-absorber sodium polyacrylate. This material is commonly found in baby diapers and is also used to coat grass seed. When water is added to the powder, it expands to simulate snow nicely. The hybrid 2 compartment design performed well as a tabletop model. The plow remained sturdy and pushed the snow to the left and right sides of the model vehicle. Designs 2 and 3 did not perform as well. The primary concern with these two designs was the weight and durability of the tabletop models. Having less rigid components than design 1, the latter two designs had a tendency to lift as the vehicle encountered more snow. This produced a larger layer of snow in the path behind the model vehicle.  The straight plow also had a larger amount of snow accumulation on the table, leading to the conclusion that the hybrid 2 compartment design is the best. This design successfully moved the snow out of the path, remained in place, and experienced minimal accumulation. Tabletop modeling was an important step in the design process. It allowed the Instaplow team to visualize three competitive designs and led to the decision on the final design for the alpha prototype. 

Please refer to Appendix B: Tabletop Modeling for tabletop modeling photo log.

The three tabletop models are also supported by SolidWorks models. The computer models provided the team with a formal design which could be tested using the computational tools in the program. 

Please refer to Engineering Analysis for SolidWorks analysis. 




[bookmark: _Toc406154304]Quality Function Deployment (QFD) 
[bookmark: _Toc406154305]Figure 3: Quality Function Deployment chart created in Microsoft Excel



















[bookmark: _Toc279345305][bookmark: _Toc406154306]Functions Means Tree

[image: Macintosh HD:Users:clintstorm4:Desktop:1.png][bookmark: _Toc405567319]Figure 4: Top Level

[image: Macintosh HD:Users:clintstorm4:Desktop:2.png][bookmark: _Toc405567320]Figure 5: First Level (2.0) - Setup Plow





[image: Macintosh HD:Users:clintstorm4:Desktop:3.png][bookmark: _Toc405567321]Figure 6: First Level (1.0) - Unpackage Snowplow

[image: Macintosh HD:Users:clintstorm4:Desktop:4.png][bookmark: _Toc405567322]Figure 7: First Level (3.0)- Inflate Plow



[image: Macintosh HD:Users:clintstorm4:Desktop:5.png][bookmark: _Toc405567323]Figure 8: First Level (4.0) - Attach Plow


[image: Macintosh HD:Users:clintstorm4:Desktop:6.png][bookmark: _Toc405567324]Figure 9: First Level (5.0) - Inspect Plow


[image: Macintosh HD:Users:clintstorm4:Desktop:7.png][bookmark: _Toc405567325]Figure 10: First Level (6.0) - Operate Car


[image: Macintosh HD:Users:clintstorm4:Desktop:9.png][image: Macintosh HD:Users:clintstorm4:Desktop:8.png][bookmark: _Toc405567326]Figure 11: First Level (7.0) - Remove Plow



[bookmark: _Toc405567327]Figure 12: First Level (8.0) - Stow Plow

[bookmark: _Toc279345306][bookmark: _Toc406154307]Specification Definition 
[bookmark: _Toc279345307]With today’s technology on snow removal there are three categories on removal options. Option one is to buy an expensive snow blower that could cost $500 for a lower quality product or over $1000 for a higher end product. Option two is buy a snowplow for over $1000 that weighs 800 lbs or more granted you have a truck to use the plow. And option three is to break your back shoveling for hours at a time. That is where the idea developed of Instaplow. The plow is designed to attach to the front of a mid-sized sedan in 10 minutes or less. The product is to have a net weight of 25 lbs or less, so that a 5th percentile female can handle the product. Instaplow must be able to remove up to 8” of snow leaving a ½” snow residue for emergency situations. For safety of the user, the plow must not exceed the height of the headlights and must not apply a large force to the front bumper of the vehicle that could trigger airbag deployment. The plow must have an alarming system to alert the user if the stress is too high.  The most important specification is that the entire plow and interface must not exceed a price of $250 to the consumer. 
[bookmark: _Toc280007315]Table 1: Specification Definition
	Client Specifications
	Design Requirements

	Light weight
	Less than 25 lbs.

	Attaches easily 
	Attached by one person using both hands

	Doesn’t require special tools
	Only tools in kit, if provided

	Even a small person can use it
	Design for 5th percentile female

	Doesn’t stress me
	Maintains normal heart rate

	Takes a few minutes to install
	Less than 10 minutes

	Cheap
	Less than $250

	Easy to set up
	Rolls up or rolls out

	I can do it in my garage
	Setup in a 7 ft. wide X 3 ft. deep space

	Easy to inflate
	Assisted with foot or electric pump

	Make it safe
	System Safety Hazard Analysis


[bookmark: _Toc406154308]Design for X
[bookmark: _Toc406154309]Design for Safety:
Instaplow was originally designed for use on the rear of a midsized sedan.  Many issues arose when trying to attach the product to the rear of the automobile. The key issue with mounting Instaplow on the rear of a vehicle is the lack of visibility.  The operator will not be capable of seeing the plow or if there is a complication during use.  Another issue was the tail pipe becoming too hot and causing the plow to fail. It was then determined that the rear of the vehicle was not an ideal place to safely attach a snowplow. Instaplow was then reexamined and changed so that it would be a front mounted inflatable snowplow.  When designing for frontal use, some of the key safety issues dealt with user interface. The product must be visible from the driver seat. The product must also be less than 18 inches in height in order to not block the headlights.  Instaplow took on the V-shape so that as the driver was operating the product, it would be clear that the product was working due to the accumulation of snow visible through the driver’s window. 
[bookmark: _Toc406154310]Design for Durability:
Instaplow is designed to be durable no matter the weather or time of day.  The product is designed to be able to withstand 4-8 inches of snow, making it ideal for emergency snow removal. One of the best aspects of any product is its ability to withstand adversity, which Instaplow does due to its resourceful design. The product does not drag on the ground, but rather glides roughly an inch above the ground. This design prevents any scraping and makes Instaplow a lasting product, which is able to withstand adverse weather. The rigid exo-structure provides a durable edge for cutting the snow 
[bookmark: _Toc406154311]Design for Quality:
Instaplow was designed to be durable, safe, and have efficient install ability.  This product was designed to be a quality project.  The inflatable compartments will be heat sealed in the future to ensure an airtight seal.  The product will contain the best quality material to ensure that it will not rip or tear while being used appropriately.  The device will also be able to survive multiple uses even though it is designed to be a one-time emergency use product. 
[bookmark: _Toc406154312]Design for Install ability:
Instaplow was designed to be installed onto a midsized sedan in under 10 minutes.  The short period it takes to install Instaplow is imperative to its appeal as an emergency use product. The product works in such a way that it opens accordion-style into a V-shape and then is easily inflated for immediate use. Once inflated, the product is attached to the automobile by four straps. Two of the four straps attach to the car at the top edge of the hood by efficiently clipping into place. The other two straps hook into the front wheel-well, attaching Instaplow quickly and effectively to the front of the car.
[bookmark: _Toc279345308][bookmark: _Toc406154313]Final Cost Analysis
[bookmark: _Toc279345309]The goal for this product was to have a cost efficient plow to be used for emergencies. The team aims to have to product cost $200.00. In the beginning of the semester the deployment team received $1000.00 to design a prototype and final product. So far they have used $371.90 for the prototype and plan on using the rest of the money towards their final product. However, having a little over $600.00 will be difficult to work with since the materials needed will be more expensive then the prototype materials. The design team is working closely with Kenyon Industries in order to reduce the cost of the materials needed to manufacture the final product. The plan for next semester is to create the final product with Kenyon industries as a backer and a manufacturer that way, buying the materials in bulk will reduce the overall cost of the Instaplow product. The resources allocated thus far for the prototype can be found in the Microsoft Project plan located in Appendix D. The plan is attached separately from this document because it was printed on a large scale printer.

[bookmark: _Toc406154314]Evaluation of the Competition

	Competition
	Pros
	Cons

	Shoveling
	· Cost efficient
	· Time consuming
· Hazardous
· Labor-Intensive
· Not realistic for everyone (age, physical handicaps)

	Snow Blower
	· More effective than a shovel
	· Requires Maintenance
· Hazardous
· Not realistic for everyone
· Time consuming
· Potential clogging

	Plow
	· Time efficient
· More efficient clearing
	· Requires Truck
· Large and Heavy
· Expensive
· Requires Maintenance
· Not accessible to everyone

	Plow Service
	· No labor required
· Efficient clearing guaranteed
	· Expensive
· Not Instantaneous


[bookmark: _Toc280007316]Table 2: Evaluation of Competition

[bookmark: _Toc279345310]
[bookmark: _Toc406154315]Project Planning
Throughout Instaplow’s design process the development team used Microsoft Project to track their progress, log hours, and allocate resources. Located in the Appendix below is the fully formatted Gantt chart of their process. Figure 13 is short graph of teams’ schedule durations. A typical week for this team consists of a meeting on Monday from 9-10 with group members only, then on Tuesdays the team gathers with faculty advisor Dr.Riley from 11-11:30 to discuss the schedule for the up and coming week, finally every 2 weeks the team would have a Facetime call with their technical mentor Rick Davids. Throughout the rest of the week the team’s hours are allocated appropriately and then logged into a timesheet on the Google drive. Then AJ Aroesty, Microsoft Project manager, modifies the project plan. The plan consists of a Scope, Analysis/Design requirements, research, Design, Development, Documentation, and Testing. Since Instaplow is only in the alpha prototype stage testing the device is scheduled for later next semester as well as creating the final product and creating a deployment concept to track how well it will do in the market. Below are basic key points to the teams’ Microsoft Project plan.



Scope:
1. Determine project scope
2. Draft preliminary resources
Research:
1. Article Research
2. Patent Research
Analysis/Design Requirements:
1. Needs Analysis
2. Draft Requirements
3. Develop Delivery Timeline
Design:
1. Concept Drawings
2. Solidworks Modeling
3. Table-Top Models
Development:
1. Prototype Development
2. Final Product Development
Testing:
Documentation:
Deployment:
Meetings:
1. Client Meetings
2. Dr.Riley Meetings
3. Group Meetings
 
[image: C:\Users\aaroesty865\Desktop\Graph.PNG]
[bookmark: _Toc280006260]Figure 13: Microsoft Project developoment plan



[bookmark: _Toc279345311][bookmark: _Toc406154316]Detailed Prototype Design

Instaplow took form after beginning to model on RC cars with the preliminary concepts.  The best design based on the ratings off the KTA was then constructed into the preliminary prototype.  The design was then constructed on solid works, which can be seen in Appendix C: Detailed Prototype Design. 
The design was then taken to the next stage.  The search for products and materials to use in the construction of the prototype began.   Construction of the inflatable compartments required that inflatable air mattresses were obtained and then cut, altered, and resealed via sewing and gluing. The original attempts at sealing the inflatables resulted in failure.  There are two separate inflatable pockets that are stacked.  The lower pocket is larger than the top portion such that it can be wedged under the bumper as to keep the plow lower to the ground.  The upper inflatable presses up against the front of the bumper.  There then is a center post on the front of the inflatable that has two hinged panels attached.  These panels are the rigid structure for Instaplow.  For the rigid portion of the design, 30-gauge pipe metal was chose to be used as our prototype representation.  Here in Appendix C: Detailed Prototype Design the two inflatable compartments can be seen side by side.
Throughout the course of the semester, team Instaplow has kept a detailed record of all spending.  After totaling up all of the receipts on file, all table top testing, and prototype materials ran us $362.00.  The team now has just over 600 dollars for further investments in the fall.  The cost breakdown for the semester can be seen in Appendix C: Detailed Prototype Design





[bookmark: _Toc406154317]Engineering Analysis
[bookmark: _Toc406154318]SolidWorks Fluid Flow Simulations
SolidWorks fluid flow simulations were performed on each of the three design concepts selected from the KTA chart. The simulations showed the load distribution when the plows came in contact with snow. 

The Straight Edge Plow shown in Figure 14 below had a lot of snow build up in the front of plow. The snow builds up to a point where it overflows across the top of the plow. This would cause too much of a load on the front of the car’s bumper, making it unsafe, and could cause the air bags to deploy.
[image: ]

	





Figure 14: Straight Edge Plow SolidWorks Fluid Flow Simulation
















The Fully Inflatable V-Plow shown in Figure 15 below had a better load distribution when coming in contact with the snow than the straight edge plow. This design has a less of an impact load on the front bumper as some of the snow is being pushed to the side of the vehicle. The design still causes snow build up over the plow, which needs to be avoided for safety reasons specified by the client. 

[image: ]
Figure 15: Fully Inflatable V-Plow SolidWorks Fluid Flow Simulation

[image: ]The Hybrid 2 Compartment Plow shown in Figure 16 had the best load distribution. The snow is pushed away to the sides of the vehicle, and does not build up over the plow. This plow was selected for prototype building because it was the safest design adhering to the client’s specifications. 







Figure 16: Hybrid 2 Compartment Plow SolidWorks Fluid Flow Simulation


[bookmark: _Toc406154319]Glue test 
 In order to reseal the inflatable mattress, a glue test was performed to find the strongest seal to make a more durable product. Figure 17 shows the control had the strongest seal, not breaking until the applied maximum load was 9586.06 g. The contact cement had the weakest seal, breaking at a load of 504.53g.
[image: ]Figure 17: Glue test








[bookmark: _Toc279345313][bookmark: _Toc406154320]Manufacturability
[bookmark: _Toc279345314][bookmark: _Toc406154321]Fabrication Plan
This section includes a fabrication plan for the Instaplow alpha prototype.

The prototype is made up of one-twin size mattress and a queen size mattress. The mattresses are cut into two separate V-shape pieces and resealed together with two different glues. The top piece was put together with hot glue and the bottom piece was sewed together and resealed with rubber cement. The top inflatable is 68in. by 32in. in depth, and the bottom inflatable is 74in by 35in in depth. The two inflatables combined inflate to a height of 10in. The bottom inflatable slightly goes under the bumper to prevent the mattress from lifting up off the ground.  Each mattress has a curvature shape cut in the back to comfortably fit the shape of a mid-sized sedan’s bumper.  

The valve ports from the inflatable mattresses were reused and placed at the back of the V-shape plow to allow easy access for the user to inflate the product. The plows are stacked one on top of the other with dual lock and industrial strength Velcro.  

The rigid portion of the plow is attached to the front of the two mattresses with dual lock as well. A stronger adhesive was added to the back of the dual lock for stronger support. The rigid portion consists of two sheets of 8in. x 60in. round pipe and has been unrolled and shaped to meet the design specifications for a curved, rigid plowing surface.




[bookmark: _Toc279345315][bookmark: _Toc406154322]Packaging plan
The packaging plan for Instaplow consists of a small carrying case that will be able to hold the device in a compact form.  The idea is that the inflatable portion of the plow would be able to close together like an accordion such that the front rigid edge of the plow would act as a case.  The thought of incorporating four hinges was used to abbreviate packaging plan. Two hinges will be located halfway down the rigid section of the plow such that the length of the plow when in its carrying case will be half the original length.  The other hinges would be connecting the rigid structure to the front support post.  These hinges will allow the rigid section to fold from its V-shape compressing all of the inflatable material in-between the structure.  The packaging plan will consist of a bag that will slide over the compressed rigid structure and be small enough in size so that the product is possible to store neatly in the trunk of your car. 
[bookmark: _Toc279345316][bookmark: _Toc406154323]Test Plan
[bookmark: _Toc279345317]The first test that will be done is blow up the compartment and determine the maximum pressure that will hold using a pressure gage. Another important component of this design is the durability of the material. The material that is used for the plow must be durable because it can be used on a number of surfaces that could include shape rock, pavement, gravel and more. We will test the strength of the material by added a 30 lb weight to the top of the compartments and dragging it across different surfaces. Another big factor that must be tested is the pressure on the front of the vehicle. The way this can be tested is to use the schools gator and determine the pressure on the frontal area of the vehicle. With the gator we will not have to worry about airbag deployment making it a good candidate. 
[bookmark: _Toc406154324]Operation 
[bookmark: _Toc406154325]High-Level Operational Requirements
The first major high-level requirement is providing a safe operational scenario for the user and the user’s automobile. Instaplow will be exposed to large forces when pushing snow loads. Most automobiles have airbag sensors within the headlights. Instaplow must successfully transmit these forces away from critical areas to avoid airbag deployment or other damage to the vehicle. A burst in one or multiple air compartments could also be harmful to the user. Instaplow must provide the user with pressure feedback in situations when an air compartment may rupture. 
When Instaplow is not being used it is being stored. It must be durable enough to withstand storage in a cold place during the winter and warm place during the summer. All seams and fixtures must remain fully intact during extended storage. Durability is a major high-level functional requirement because Instaplow will receive wear and tear during the winter season. 
Instaplow must also be easy to assemble and dismount from the vehicle. Instaplow is intended to save time and hassle. It must inflate in a short amount of time, attach to the vehicle using a simple harness mechanism, and have a simple way or being removed from the vehicle.  

The high-level operational requirements are summarized below:

· Safety for user and vehicle
· Pressure feedback system
· Durable during storage 
· Easy assembly and dismount

[bookmark: _Toc406154326]User Class and Modes of Operation
[bookmark: _Toc406154327]Class/Categories of Users
For Instaplow to be successful, a wide range of users must be considered. The maximum weight requirements are based on the lifting capacity of a 5thpercentile female, roughly 100 pounds at a height of five feet. Instaplow must also work effectively for the 95thpercentile male, roughly 220 pounds at a height of 6’4”. This range of functionality includes the majority of consumers who will likely be interested in using Instaplow.
[bookmark: _Toc406154328]Sample Operational Scenarios
There are two primary operating scenarios that have requirements which need to be met by the design of the plow. The scenarios depict realistic conditions for which the plow is being designed. There will be a range of variation in any real situation, but the two scenarios described below most closely relate to the design constraints of the plow.

[bookmark: _Toc406154329]High Stress Scenario
The first scenario can be called the ‘high-stress’ scenario. In this situation, a 5th percentile female must un-package, assemble, operate and use Instaplow before leaving for work.  The female assembles Instaplow in her garage with the door closed. This is a low-light area and is also cold. She puts on gloves before beginning to assemble Instaplow, but lacks mobility because of her business attire and arthritis. The female has 30 minutes to successfully un-package, assemble, plow, and store the device. This can be considered a high-stress scenario because of time constraint and working in a tight space. She does not have time to read the user’s manual, but is familiar with the way Instaplow is used. She assembles and inflates the plow in five minutes. She takes five more minutes to secure the plow to her vehicle. The next ten minutes are spent clearing her driveway enough to get out. The last ten minutes are spent removing Instaplow from her vehicle and storing it for next use. 
[bookmark: _Toc406154330]Low Stress Scenario
The second scenario can be called the ‘low-stress’ condition. The user is an adult male wearing work clothes, gloves, and winter boots. He is working in a well-lit garage space with enough clearance around his vehicle to remain fully mobile during operation. He is familiar with the device and has read the user’s manual. The man has 60 minutes to complete the same task as the female. He begins unpacking and assembling Instaplow. The device inflates successfully in five minutes. The man needs ten minutes to mount the device to his vehicle. He plows his driveway for 30 minutes, and uses the rest of the time to dismount and store Instaplow. 

Redesign
Prototype 1B
[bookmark: _GoBack]
Prototype 2.0


[bookmark: _Toc279345318][bookmark: _Toc406154331]Maintenance 
The main use of  Instaplow is for instances when the user is in an emergency and needs to get out of the driveway. The lifespan of the plow is for a single season with approximately 5 to 8 uses. Therefore, there will not be much maintenance necessary. When the product is needed for use it, the compartments will be inflated and the aluminum rigid structure is Velcro to the compartments. In order to package the product after use the rigid structure is removed from the inflatable compartment. Next the compartments are deflated and both pieces are put in the packaging bag. At the end of the products life the inflatable material may be disposed of. The aluminum material may be recycled or brought to a dump for scrap. 


[bookmark: _Toc279345319][bookmark: _Toc406154332]Additional Considerations 
[bookmark: _Toc406154333]Economic Impact
Currently on the market there are a few products that consumers may purchase for snow removal. These products consist of a standard plow that attach to a truck, snow blowers, shovels and the Nordic plow. There are also services that will come plow one’s driveway multiple times throughout a snowstorm. If the Instaplow is released on the market this will have an economic impact and decrease the sales on current products. The snow blower, Nordic Plow and shovel will potentially have a dip in sales due to the functionality of the Instaplow and price. The Instaplow at a price of $200 is significantly cheaper than its competitive products. The standard snowplow should not be affected because this will be needed for large snowstorms that these other products will not be able to handle. 

[bookmark: _Toc406154334]Health, Ergonomics, Safety Considerations
As for any product, one of the main focuses is on the safety and ergonomics.  When designing this product there were a variety of safety considerations that had to be dealt with. The primary safety factor was keeping the force on the bumper to a minimum so no damage would be done to the vehicle and no airbag deployment. This was dealt with by creating a V-Shape plow design allowing the snow to run off both sides of the vehicle and ultimately reducing the force. Another solution to this problem was adding inflatable compartments interfacing the bumper. This acts as a cushion for the vehicle also reducing the damage to the vehicle. The final solution to this problem was adding an alerting system to the user for when the force on the plow reaches its final capacity. When the pressure gets to large on the plow a sensor with LED lights will flash red warning the user to stop plowing. When designing this plow another safety consideration was lighting. The consumer could use this product at any time of day or night. This meant that the maximum height of the plow could not exceed the height of the headlights; therefore the plow will not exceed 18”. The Instaplow is designed to mount to mid sized sedans therefore the product must be usable for a variety of consumers. Therefore, a maximum weight of the product is 25 lbs of less. This is a reasonable weight for male of female to handle with a fair amount of ease. 

[bookmark: _Toc406154335]Environmental Impact
With today’s society there has been an increase in demand for environmental friendly products. Instaplow does fit into this category with providing little impact to the environment. The rigid structure of the plow will be made out of a high strength plastic material. At the end of life of this product the rigid structure will be recycled. The strapping interface is made up of ratchet straps therefore these can be kept for a variety of different uses. The material of the inflatable compartments have not been determined at this point but the hope for next semester is to use a durable, cheap and environmentally friendly product.  

[bookmark: _Toc406154336]Societal Impact, Political Impact, Ethical Considerations and Sustainability Considerations
Currently there are no societal or political impacts as a result of the production of Instaplow. Society will still function as it has, as there have been snow removal tools for many years the Instaplow just adds to the functionality of snow removal. When designing this product there were no ethical or sustainability considerations. 


[bookmark: _Toc279345320][bookmark: _Toc406154337]Lessons Learned




Conclusions
Over the course of the Fall 2014 Semester this group of five seniors have worked diligently on designing an inflatable snowplow for residential use. The design that was chosen for the prototype was a v-shape plow design made up of inflatable compartments and a rigid structure. There are two inflatable compartments stacked on one another and attached by Velcro. The bottom compartment is larger than the upper, which allows it to sit under the bumper of the vehicle with the upper compartment sitting up against the bumper. By having the compartments under the bumper and up against the front it acts as a wedge keeping the plow down on the ground. Attached to the front is a rigid aluminum rigid structure that will act as a supportive surface when impacting the snow. At the center of the rigid structure is a tube that will act as a hinge for the two aluminum pieces. The alpha prototype for Insaplow will be improved dramatically in the second semester of the 2014-2015 school year. The team will continue working hard to make a product which has never been created before. 
[bookmark: _Toc279345321][bookmark: _Toc406154338]Future Efforts
Instaplows’s design team is still hard at work and is making future efforts to ensure that the product is complete. During the winter intersessions, the team plans on looking for sponsorships to further increase their budget for the final product. After the completion of the alpha prototype the teams’ plans for moving forward consist of testing phases, creating the interface, and creating the safety alert system of the design. The team hopes to collaborate with Kenyon Industries to produce the final product. While the development of the final product is taking place the team will be creating the interface design and will also be creating a safety alert system to ensure that the user does not use the device improperly or if there is a malfunction with the device. Once those milestones are met the team will focus on the deployment of the product and producing a carrying bag to hold the device.
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[bookmark: _Toc280006261]Figure 14: Hybrid 2 Compartment Design
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[bookmark: _Toc280006262]Figure 15: V-Shape with Rigid Insert
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[bookmark: _Toc280006263]Figure 16: V-Shape Design Concept
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Appendix B: Tabletop Modeling
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[bookmark: _Toc280006264]Figure 17: Hybrid 2 Compartment Design
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[bookmark: _Toc280006265]Figure 18: Hybrid 2 Compartment Design Angle View
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[bookmark: _Toc280006266]Figure 19: Hybrid 2 Compartment Design Snow Test
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[bookmark: _Toc280006267]Figure 20: Straight edge Design
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[bookmark: _Toc280006269]Figure 22: Straight edge Design Snow Test
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[bookmark: _Toc280006270]Figure 23: Inflatable V-Shape Design Angle View[image: ::Desktop:20141103_085617.jpg]
[bookmark: _Toc280006271]Figure 24: Inflatable V-Shape Design
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[bookmark: _Toc280006272]Figure 25: Inflatable V-Shape Design Snow Test
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[bookmark: _Toc280006274]Figure 27: Side by Side view of inflatable compartments
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Figure 28: Fully inflatable Solidworks Design

[bookmark: _Toc406154343]Appendix D: Microsoft Project Plan PDF:
[bookmark: _Toc280006273]Figure 26: Microsoft Project Plan


[bookmark: _Toc406154344]Appendix E: Bill of Materials
	Bill of Materials

	Qauntity
	Item #
	Desciption
	Unit Price
	Line Total

	1.00
	YelS2000
	RC Car
	 $48.88 
	 $48.88 

	1.00
	Shipping
	Ground Shipping
	 $14.97 
	 $14.97 

	1.00
	SNO-500
	Gal
	 $13.19 
	 $13.19 

	1.00
	 
	Queen Air Mattress
	 $23.45 
	 $23.45 

	2.00
	 
	Block Styrofoam
	 $2.79 
	 $5.58 

	1.00
	 
	12 GR Block Styrofoam
	 $3.99 
	 $3.99 

	1.00
	 
	Frosty Snow 3QT
	 $4.99 
	 $4.99 

	5.00
	 
	Clay SClLPY3 2 oz
	 $2.33 
	 $11.65 

	1.00
	 
	Energizer Max 9v
	 $8.99 
	 $8.99 

	1.00
	41161
	Pint Original Contact Cement
	 $8.78 
	 $8.78 

	2.00
	82361
	8x60 Round Pipe
	 $10.25 
	 $20.50 

	1.00
	253307
	Project source 2-in Brush
	 $2.98 
	 $2.98 

	1.00
	354701
	Loctite Prof Spray ADH 13
	 $9.98 
	 $9.98 

	1.00
	 
	Stapler
	 $11.22 
	 $11.22 

	1.00
	 
	Staples
	 $4.69 
	 $4.69 

	1.00
	 
	5 min Epozy 10 0z
	 $5.99 
	 $5.99 

	1.00
	 
	Stapler arrow Head plier
	 $20.99 
	 $20.99 

	3.00
	56648
	Twin air bed
	 $12.99 
	 $38.97 

	2.00
	64268
	Protect and serve veh
	 $14.99 
	 $29.98 

	1.00
	2382497
	Glue gun
	 $16.99 
	 $16.99 

	1.00
	80338
	pool vinly repair
	 $6.99 
	 $6.99 

	1.00
	91815
	Stapler desk assorted
	 $6.99 
	 $6.99 

	1.00
	 
	small glue sticks
	 $7.99 
	 $7.99 

	1.00
	 
	large glue sticks
	 $8.99 
	 $8.99 

	
	
	
	Sum
	 $337.72 

	
	
	
	Tax
	0.07

	
	
	
	Sum After Tax
	361.3604


[bookmark: _Toc280007317]Table 3: Bill of Materials
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Installation Steps (Front)

STEP 1: Position the plow with its padded braces
in front of the vehicle. It weighs less than 50 Ibs

soit can be easily moved into position. (The plow
can also be attached to the back of the vehicle as

another option).

STEP 2: Attach the two straps to the top of the
car's hood near the windshield. The straps are
adjustable to fit any size vehicle.

STEP 3: Hook the two bungee cords to the front
wheel well area,
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Glue Type Maximum Load (g)

Pool Glue 8072.46

Spray On Adhesive 1261.33

Hot Glue 2114.29

Control  9586.05

Contact Cement 504.53
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ID Task Task Name Duration Start Finish Predecessors Resource Names  |sep 7,14 Sep 14, '14
Mode sim|tlwlrlels|s|m
0 - Instaplow 84 days? Tue 9/9/14 Thu1/1/15
Development
1 | m Scope 2 days Tue 9/9/14 Wed 9/10/1¢  —
2 & mm Determine 1 day Tue 9/9/14 Tue 9/9/14 Team s Team
project scope
3 | wm Draft 1 day Wed Wed 2 Team Fess Team
preliminary 9/10/14 9/10/14
resources
4 | mm Scope complete 0 days Wed 9/10/14Wed 9/10/143 19/10
5 | mm Analysis/Design  6.25days? Thu9/11/14 Fri9/19/14 4 I
Requirements J'
6 |v Conduct needs 5 days Thu9/11/14 Wed 4 Team
analysis 9/17/14
7 |& wm Draft 0.13days  Fri9/12/14 Fri9/12/14 6 Ryan - Ryan
preliminary
Requirements
8 |& mm Develop 1 day Fri9/12/14 Mon 7 Team . T
Delivery 9/15/14
Timeline
9 |« mm Critical 0.25days? Thu9/18/14 Thu9/18/14 8 Andre ,Clint
Measurements
Task Inactive Summary I I External Tasks
Split Crvecninonoooos Manual Task I I External Milestone <
Milestone L 2 Duration-only Deadline £
Project: Instaplow Developmen Summary 1 Manual Summary Rollup = Progress
Date: Fri 12/5/14
Project Summary I I Manual Summary 1 Manual Progress
Inactive Task Start-only C
Inactive Milestone Finish-only i
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ID Task Task Name Duration Start Finish Predecessors Resource Names  |sep 7,14 Sep 14, '14
Mode sim|tlwlrlrels]s|m
10 | wg Obtain 8 hrs Thu 9/18/14 Fri9/19/14 9 Team
approvals to
proceed
(concept,
timeline)
11 |« g Analysis complet 0 days Sat9/13/14 Sat9/13/14 10,9 »%7
12 L) Design 31.25 days? Tue 9/16/14 Tue 10/28/1:11 i
13 | mg Draft Concept 0.13days  Tue9/16/14 Tue 9/16/14 Andre
Drawings ,Chris,Clint,Ryan
14 |[F@ =y Solidworks 3 hrs Mon Mon 13 Chris
Modeling 10/13/14 10/13/14
15 |[EH wy Gather 0.38 days? Sat 10/18/14 Mon 14 Clint,Al
Materials for 10/20/14
Table-Top
Model
16 | 1wy Conduct 5.25days  Tue Tue 14
Table-Top 10/21/14 10/28/14
Model
17 |« mm Table-Top 2 hrs Tue Tue Andre
Model#1 10/21/14 10/21/14
18 |« Wy Table-Top 2 hrs Tue Tue Chris,Ryan
Model#2 10/28/14 10/28/14
19 | =y Table-Top 1.5 hrs Wed Wed Clint
Model#3 10/22/14 10/22/14
Task Inactive Summary I I External Tasks
Split Crvecninonoooos Manual Task I I External Milestone &
Milestone L 2 Duration-only Deadline £
Project: Instaplow Developmen Summary 1 Manual Summary Rollup = Progress
Date: Fri 12/5/14
Project Summary I I Manual Summary 1 Manual Progress
Inactive Task Start-only C
Inactive Milestone Finish-only i
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ID Task Task Name Duration Start Finish Predecessors Resource Names  |sep 7,14 Sep 14, '14
Mode s Tlwltlelsls|m
20 |&F Design complete 0 days Tue 10/28/1¢Tue 10/28/1418
21 -y Development 15 days Sun 11/16/1:Thu 12/4/14
22 - Prototype 12.38 days Sun Tue 12/2/14 20
Development 11/16/14
23 [EH wm Begin 8 hrs Sun Sun Andre
Construction 11/16/14 11/16/14 ,Clint,Chris,Ryan
of Alpha
Prototype
24 |EH g Compartment 4 hrs Mon Mon 23 Andre ,Ryan
2 of 11/17/14 11/17/14
Prototype
25 |& wm Seal 1.5 hrs Wed Wed 24 Clint
Compartment: 11/19/14 11/19/14
26 |[EH wy Construction 8 hrs Wed Thu 25 Andre
Continued 11/19/14 11/20/14 ,Chris,Clint,Ryan
27 EH wm Mini Model 3 hrs Thu Thu 26 Andre ,Ryan
for Riley 11/20/14 11/20/14
28 [EH wm Compartment 3 hrs Tue 12/2/14 Tue 12/2/14 27 AJ ,Andre
3 of ,Clint,Chris,Ryan
Prototype
29 | mm Safety Training 0.13days  Tue 12/2/14 Tue 12/2/14 AJ ,Chris,Clint,Rya
30 |&F W Sewing 1.5 hrs Thu 12/4/14 Thu 12/4/14 Chris,Clint,Ryan
Compartment 3

Task
Split
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Project: Instaplow Developmen
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Summary
Project Summary
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ID Task Task Name Duration Start Finish Predecessors Resource Names  |sep 7,14 Sep 14, '14
Mode sim|tlwlrlels|s|m

31 - Development 0 days Tue 12/2/14 Tue 12/2/14 28

complete
32 p! Testing 0 days Thu1/1/15 Thu1/1/15
35 -y Documentation 34 days Wed 10/29/1Fri 12/12/14
42 - Deployment 0 days Tue 9/9/14 Tue 9/9/14 ¢ 9/9
VIV Research 37 days Tue 9/9/14 Tue 10/28/1:
48 | Meetings 57.06 days Tue 9/16/14 Tue 12/2/14 i
49 | mm Client Meetings 44.13 days Tue 9/23/14 Thu

11/20/14

57 |« W Dr.Riley 57.06 days Tue 9/16/14 Tue 12/2/14 I

Meetings
69 |« m Group Meetings 52.13 days Mon Mon

9/22/14 12/1/14

80 |&f mm Microsoft Project 60.5 days Tue 9/16/14 Fri 12/5/14 I

Management
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