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Abstract 

          For the completion of the Engineering 90 design project, we designed, constructed, 

assembled and tested a works-like prototype of an oven accessible to the handicapped.  The 

innovative components of the oven include a conveyor to load and unload food to avoid the need 

to reach into the heated cavity, a door that rolls back into the oven to minimize protrusion from 

the oven body, and an automated system with food sensing for ease of use.    

 

Background 

 The original concept of this project was to create a combined microwave and 

conventional oven, as envisioned by Professor Macken. The goal of this design project was to 

create a works-like prototype of this product.  The product would be specially designed to be 

accessible for handicapped users.  In order to design this product, user needs were identified, a 

variety of concepts were generated and narrowed down to the final design, materials were 

selected, and finally, components were built and tested leading to revisions in the design.  

This report is organized as follows.  Research on the user needs and the current products 

on the market will be discussed first, including the purchase of an oven for use in this project.  

From there, the report will be divided into the three main design components: the conveyor 

design, the door design, and the control system.  Each of these sections will include the design 

goals and initial concepts considered, as well as details on the construction and materials used.  

Following this will be a description of the housing built for the oven, heat testing performed, user 

input and subsequent modifications, and the details of a looks-like model of the product.  To 
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conclude the report will be an acknowledgements section, a bibliography referencing the sources 

used, and the appendices.     

 

User Needs Research  

Extensive research has shown that ovens have not been designed for the handicapped. 

Specifically the American Federation for the Blind has also stated that no specialty products exist 

for the blind.  Although there are ovens that have tactile controls that can be used by the blind, 

these products have not been optimized for their use.  The National Federation for the Blind’s 

Suggestions for the Blind Cook indicates the necessity of tactile controls for temperature as well 

as methods to avoid contacting the heated components of the oven.  

 Similarly, handicapped users in wheelchairs have reach constraints that are often ignored 

in the design of ovens.  While there exist ovens that open to the side instead of up or down, these 

still prove to be inconvenient to use.  There is clear need for a consumer product that addresses 

these concerns. An accessible countertop oven could make use of a rollback door to minimize 

outward protrusion from the oven body by the door. Additionally a loading mechanism was 

envisioned that would eliminate the need for the user to reach into the heated cavity. These ideas 

inspired this design. 
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 Research on this project began with reading the Americans with Disabilities Act (ADA) 

and visiting various appliance stores to learn about the existing products on the market.  While 

the ADA outlines building codes for handicapped people, it also showed us the reach constraints 

of handicapped users (Figure 1).  Specifically of interest to us were the reach constraints of 

handicapped users for countertops. It is expected that handicapped users can place their 

wheelchairs below countertops, minimizing their reach constraints. This would be an added 

benefit of a countertop oven for an individual in a wheelchair.   

 Upon examination of the available countertop ovens, we realized that there were many 

combination microwave ovens already on the market.  It was decided to focus on creating an 

accessible oven since it would not be novel to combine a microwave and an electric oven and 

additionally, to minimize the existing features that would need to be considered in the design.   

Figure 1. Reach constraints of 
handicapped users 
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Design Requirements 

 Because components of our design would occupy at least part of the oven cavity space, a 

larger capacity countertop oven was desired.  Unfortunately, most of the larger ovens were 

combination microwave ovens.  While a conventional oven was desired, there were none that 

would suit the size requirements of this project.  A true oven was desired, rather than a toaster 

oven.  Ideally the oven would be capable of cooking a full meal.  Likewise, an electric 

countertop oven was desired. The reach constraints that would be considered in design would 

therefore be the countertop reach constraints mentioned earlier.  Ample research on the internet 

and inquiries at local appliance stores narrowed down the options to three convection ovens: 

Hamilton Beach® Countertop Convection Oven, Waring Pro CO1500 1.5 Cu. Ft. Professional 

Convection Oven, and Haier RTC1700 Extra Large Capacity Convection Oven.  Eventually, the 

Hamilton Beach® Countertop Convection Oven (Figure 2) was purchased at Boscov's in Media, 

PA because of its immediate availability. 

 

 

Figure 2. Hamilton Beach® 
Countertop Convection Oven 
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Outline of Design and Construction 

Concurrent with the aforementioned oven purchase was the designing of the components 

to add to the oven.  Many concepts were generated, which are detailed in the Initial Concepts 

sections for both the conveyer and the door.  Following the selection of the designs to pursue, 

materials were purchased and construction began. Construction started first on the conveyer 

system, and is detailed in the Conveyer Design section of the report.  During the initial 

construction of the conveyer, the door went through several design iterations and material tests 

before construction could begin.  The first door constructed proved to be unsatisfactory, and 

further construction was necessary. The details of the design and construction of the door are 

explained in the Door Design section of the report. 

 Following the construction of the mechanical components of the design, the electronic 

components of the oven were selected and code was written to have the oven automatically 

perform the required steps.  The oven was put through several iterations in order to perfect the 

timing set in the code.  The design of the electronic control system as well as the control box are 

described in the Control System section. All code is included in Appendix C.  Additional testing 

was done with thermocouples to ensure minimal heat loss and to confirm that the sensor and 

mechanical components would function at high temperatures. The results of this testing are 

explained in the Testing section of the report.  The results of testing proved that adjustments had 

to be made for high-heat performance.  Additionally a looks-like prototype was designed in 

SolidWorks to show how a consumer version of the Accessible Oven would look. Images of the 

prototype as well as descriptions are included in the Looks Like Model section of the report.  
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Conveyer Design 

Design Goals 

The conveyor mechanism is one of the main components of the accessible oven.  It 

function is to bring food into and out of the oven while minimizing user contact with the heated 

cavity.  The conveyor functions by having a wire belt run across rods driven by sprockets on a 

shaft connected to a motor.  The conveyor is composed of two bars of Unistrut, eight aluminum 

blocks, eight brass bushings, wire belt, a drive shaft, an idle shaft, two spacer rods, two guide 

rods and four adjustable feet. The estimated cost of purchasing these components is $250.00. 

However the cost of these components in a consumer oven would be significantly less. The 

conveyor is driven by a Groschopp 12 Volt DC motor. The dimensions for the conveyor 

mechanism are depicted in Figure 3.  

 

 

 

Figure 3. Conveyor dimensions 
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Initial Concepts 

          Several weeks were dedicated to the generation and selection of a design to address the 

needs of handicapped users.  Concepts for the loading mechanism included using gravity to bring 

the food down an incline and having an arm that would extend out to catch the food (Figure 4).  

The problems with these ideas were that there needed to be something that would be able to be 

stored in the back of the oven and extend when necessary. This would allow the loading 

mechanism to be insulated from the heat of the oven during cooking, and would make it possible 

for users to touch the mechanism without burning themselves.  It was difficult to consider a 

design that would fit a tray that would be the size of the cavity of the oven into the back or side 

of it without making the product extremely large.  One idea was to make hinges in a loading arm 

so that it could roll into the back of the oven.  Another idea was to use two trays instead of one.  

However, flaws in these ideas made them unreasonable to pursue, and another avenue was 

chosen instead.  A conveyor mechanism was deemed the best option. 

 

 

Figure 4. Initial concepts using an incline (upper left), extension arm 
(upper right), hinged arm (lower left), and two trays (lower right). 
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 Construction of the Conveyor Mechanism 

  

 

There were several design constraints that were considered when creating the conveyor 

mechanism (Figure 5).  The first major design constraint was that the conveyor apparatus needed 

to clear the heating coils that were on the floor of the oven.  To address this concern, feet were 

added to the bottom of the conveyor structure that would allow for the adjustment of the height 

of the conveyor (1). Holes were drilled into the bottom of the conveyer structure, and these holes 

were tapped. This allowed threaded feet to be screwed into these holds, and for their height to be 

adjusted by screwing or unscrewing them from the base of the conveyer structure.  Using these 

elements, the conveyor was adjusted to clear the heating coils, while also maximizing cavity 

space in the oven.   

Figure 5. Diagram of the Conveyer Mechanism 
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Selecting an appropriate belt material was another major design consideration.  The 

design called for a belt that would be driven by two gear sprockets on either end of the conveyor 

(2).  Exactly how this would be achieved required the consideration of several alternatives.  One 

idea was to connect metal rods to two chains that would be driven by the gears.  The eventual 

construction used, however, was wire belt that fit into more wire belt so that the length could be 

easily adjusted by adding or taking away chains.  These belts are commonly used in large toaster 

ovens found in public eating areas like dining halls.  Due to the special spacing between the 

wires (0.375”), a drive and idle shaft with appropriate gear spacing were ordered from the 

manufacturer of the belt, APW Wyott.   

The conveyer structure was designed to fit within the body of the oven while also 

supporting the selected drive and idle shaft. It was also essential that the shafts be able to rotate 

freely.  Two bars of Unistrut were cut of equal length to serve as the frame of the conveyer (3). 

One inch aluminum blocks were cut such that they would fit within the Unistrut frame. The 

aluminum blocks could slide freely through the Unistruct making their position easily adjustable. 

The design was made as adjustable as possible from the beginning to make the eventual 

alignment of the frame simpler. Set screws were placed inside the aluminum blocks so that their 

position could be fixed after the conveyer was successfully aligned. To connect together the 

Unistrut frame, two aluminum spacer rods of equal length were cut (5). These rods were 

mounted into the aluminum blocks within the Unistrut. In addition the drive and idle shafts were 

mounted into the aluminum blocks. To allow the idle and drive shaft to rotate freely in the 

aluminum blocks, brass bushings were ordered. The bushings were press fit into aligned holes in 

the aluminum blocks, and reamed to the shaft diameter.  This is shown in Figure 6.   
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After finishing construction of the basic frame, the components needed to be aligned.  

This was eventually achieved by using parallels and trial-and-error. Alignment was performed by 

repeatedly adjusting the aluminum blocks, and tightening the set screws. Then ease of rotation 

was tested. This process was repeated until the shafts turned with little friction. The set screws 

were then tightened further to ensure that they would not shift position during rotation of the 

conveyer. 

 A coupling was developed to connect the selected Groschopp motor to the drive shaft. 

The coupling used set screws to maintain the connection between the motor and the shaft. Also, 

since the ordered drive shaft was not long enough to extend beyond the aluminum blocks, an 

extension was cut from available aluminum rods and welded to the shaft.  

  

Modifications of Initial Design 

 After the basic construction was completed, the conveyer mechanism was tested. It was 

clear that due to the length of the conveyor, the wire belt could not support the weight of a plate 

Figure 6. Driving shaft in a brass 
bushing inside one of the front 
aluminum blocks. 
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or tray without sagging.  Guide rods were placed parallel to the Unistrut in order to avoid this 

problem (4).  These rods were mounted directly to the top of the spacer rods, and were designed 

to be of adjustable height. After testing the conveyer’s functionality, the rods were filed. This 

ensured that after repeated cycling of the conveyer the belt would still run smoothly. 

          Another problem was revealed only after the conveyor had been in prolonged use.  As the 

wire belt rotated, it would occasionally get caught in the screws holding the guide rods to the 

spacer cross rods (5).  Once this happened, the motor would continue to rotate, causing the belt 

to deform.  These screws were shortened to prevent the wire from contacting the screws. This 

allowed free rotation of the conveyor track.  A photograph of the conveyor is shown in Figure 7.  

   

Figure 7. Completed conveyor 
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Motor Selection  

 The design of the conveyor system necessitated a drive motor to maintain constant low 

rpm rotation of the conveyor track.  This motor was selected during the construction of conveyer 

system. The first step in motor selection was to estimate the torque requirements for the system. 

We assumed that the drive and idler shafts of the conveyor mechanism would rotate with low 

friction (as a rough estimate we used 0.1 as a coefficient of friction). The maximum expected 

loading of the conveyor track would be approximately 10 pounds, therefore about 1 pound of 

force would be the maximum drive needed to turn the conveyor. The radius of the conveyor’s 

drive teeth was 0.565 inches, therefore the torque requirements of the motor would be 0.565 lb-

inches. However to be cautious we did a worst case estimate assuming a coefficient of friction of 

1, which gave a maximal torque requirement of 5.65 lb-inches.  

          After consulting with Ed Jaoudi, we found several DC motors used for previous E90 

projects that would meet our worst case torque 

requirements. However most of these motors operated 

at very high speed. The design required a low speed 

motor so that food loading would not be violent or 

overly rapid. The immediate option was to order an 

ideal motor to fit our design needs, or to make use of 

the one low speed, high torque motor available.  This 

Groschopp 12V motor, Model PM6015-PS1960, 

produced over 88.9 lb-ft of torque and through a 

reducer operated at 13.3 rpm (Figure 8). Although it 

Figure 8. Groschopp motor used in 
the conveyor 
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was much larger than ideal, we ultimately selected the motor to avoid unnecessary expenses for 

the project. This motor would be directly coupled to the drive shaft of the conveyor system to 

move the track. Its direction was easily reversible by switching the polarity of the applied voltage 

to the motor.
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Door Design 

Design Goals 

In order to prevent protrusions, the newly designed door would be made of a flexible 

sheet material that could roll on top of the oven.  With this design, opening and closing the door 

would not require wheelchair-handicapped users to move away from the oven.  As the door is on 

the front of the oven, it was desirable to design it in accordance with ASTM C1055-03:  Heated 

System Surface Conditions that Produce Contact Burn Injuries (Appendix A).  

 

Initial Concepts 

There were two main ideas on how to approach the creation of a door that would not 

extend outwards.  The first idea was to make the door using panels and have it open similar to 

the way a garage door functions.  The panels would be made out of some clear material, perhaps 

glass, and would be connected to a gear system that would pull the bottom panel up.  However, 

methods for connecting the panels seemed overly complex.  Another issue was the complexity of 

the gear mechanism that would have to function at high heats inside the cavity of the oven.  The 

second idea, which eventually was pursued, was to use a flexible material that could roll similar 

to a window shade.  This idea was deemed the most realizable. 

 

Material Selection and Initial Testing 

The main criteria of the door material were that it withstand high heat, was food-safe, and 

could easily be worked. Potential materials obtained for the door were silicone baking sheets, 
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alumina insulating sheets, and silicone rubber-coated glass fiber fabric.  Testing on the different 

materials included heat tests on a hot plate as well as over the heated cavity.  

According to ASTM C1055-03, for consumer products, no more than first-degree burns 

in 60 seconds is desirable. Table 1 shows the temperatures and times that cause first-degree 

burns [1]. 

Table 1. Temperatures and Times that Cause First-Degree Burns [1] 

Temperature (°F) Minimum Time for First-Degree Burn (s) 

122 60 

131 5 

140 2 

149 1 

 

The silicone rubber-coated glass fiber fabric was PyroblanketTM, a product used as a 

flame-protective blanket in outdoor and offshore applications 
[2]

. The advantages of this material 

were its high-temperature resistance (melting point > 1000°C) and imperviousness to 

contaminants. The fiber blanket can easily be sewn. The issue with using this material in door 

construction, however, is that it is not intended to be used in food appliances.  The fiber fabric 

was tested using 1-layer, 2-layers, 4-layers, and 8-layers on a hot plate.  Only at 8-layers did it 

pass the standards outlined by ASTM C1055-03.  However, use of this material was limited 

because of its questionable food-safety as well as the 8-layer required thickness. 

 Silicone mats are rubbery products used as baking sheets. They are heat resistant up to 

500°F, as well as food-safe. Unfortunately, the rubber consistency of the product makes it 

difficult to manipulate for construction.  On their packaging it was specified not to heat these 

products on a hot plate.  Therefore, testing was achieved using alligator clips to cover the 
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opening of the oven while the oven was heated for 20 minutes.  With 1-layer or 2-layers the door 

was too hot.  4-layers was adequate, but also quite thick. 

 After consulting with Professor Orthlieb about the available insulators in the materials 

lab, alumina insulating sheets and boards were obtained.  Alumina insulating sheets are 

functional at temperatures as high as 3002°F. They are used as thermal insulation in furnaces, 

which make it desirable in its high temperature capacity, but low in its safety to use in an oven 

[3]
.  It was explained that the alumina sheets should not be a respiratory hazard unless they were 

in direct contact with the food.  This material was therefore considered in the design of the door. 

Translucent solid silicone was also tested, a material which was discovered in the later 

stages of the project.  This material is functional up to 450°F, and is used in applications such as 

cushioning electronic assemblies, LCD displays, and food services [4].  Its FDA approval makes 

it an especially appropriate material for this project.  Its transparency is also a desirable 

characteristic not found in most of the other material choices.  The thickness of the sample tested 

was 0.125”.  Testing was done on 1 and 2-layers of this material.  2-layers of the translucent 

solid silicone passed the ASTM standard. 

Data from material testing can be found in Appendix B. 

 

Door Construction 

          The results of the heating test proved that multiple layers of the different material would 

be necessary to satisfy the requirements of ASTM C1055-03.  The issue then became how to 

connect the separate layers.  Sewing/threading, riveting, gluing and stapling were different ideas 

of how to approach this aspect of the design. 
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          The first design used three silicone mats sewn together with the leftover wire belt in 

between the layers of silicone.  The wire belt would be attached to wires to pull the door over the 

top of the oven and would also provide some separation between the layers of silicone for further 

insulation.  We visited several dry cleaning and shoe repair shops in hopes of sewing the material 

together.  However, there were several issues that we ran across with this process.  Most of the 

clerks that were consulted said that they could not sew through the rubbery material of the 

silicone without ripping it.  One store said that it would be possible to sew through the material, 

but they did not have any heat-resistant thread.  As the heat rises in the oven, the door and thread 

would also become hot, and it was crucial that these materials not be flammable at 400°F. 

          Several high temperature- resistant glues were purchased as another option of connecting 

the layers of material.  PC Fahrenheit and Loctite Clear Silicone were the adhesive sealants 

eventually tested.  PC Fahrenheit is stable up to 500°F and used for repairs on items such as 

mufflers, engine blocks, grills, and steam pipes [4].  Loctite Clear Silicone is commonly used for 

windows, kitchens, and bathrooms [5].  Small samples of the silicone mats and alumina insulating 

sheets were tested.  Testing proved that these glues would be unusable in the design.  The glue 

would not bond two silicone mat samples together or the silicone to the alumina insulating sheet.  

Other heat-resistant glues were considered; however, many of them were designed for use in 

automotive products and would not be suitable for use near food. 

 

Door Prototype #1 

          The first version of the door that was built used two silicone mats and two alumina 

insulating sheets connected by rivets (Figure 9,10).  
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The same alligator clipping method described above was used to test one layer of alumina 

sheet between two silicone mats.  The insulation was not enough, however.  There were concerns 

that using two layers of silicone would stiffen the door, but it was decided that a hot door was 

worse than a loss of flexibility, and the two-layer alumina design was selected. 

          Riveting proved to be difficult because of the flexibility of the silicone.  The rivets would 

compress the material and fall out on the other side.  Testing was done on scraps of the extra 

material to figure out a method that worked to combat this problem.  Eventually washers were 

inserted on each side of the silicone and in the middle to prevent tearing.  Once the main body of 

Figure 10. Riveted door on 
the oven. 

Figure 9. Door prototype #1 as seen from the side. 
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the door was riveted, it was desirable to cover the bottom of the door with another layer of 

silicone material.  This would prevent the alumina from flaking off out of the bottom of the door. 

          The door material became distorted because of the rivets.  Testing of the prototype showed 

that the door did not run smoothly through track.  Teflon tape was used to help the door run 

smoother, but the movement was still not fluid.  Likewise, the tape kept tearing in channel.  

Finally, gaps were cut in the alumina to make it more flexible, but the prototype did not function 

as well as we would have liked and another design was pursued.  

 

Door Prototype #2 

The main goal of the second design was to ensure that the door would run more smoothly 

through the track. All prior design constraints would also have to be met, including use of food 

safe materials on the inner side of the door (facing the heating cavity), and use of materials with 

heat resistant properties.   

Since the silicone mats were food-safe they were still preferred as the material for the 

inner and outer walls of the door (since they could potentially contact food during the loading 

process).  The second door design however did not make use of rivets. The distortion of the door 

by the rivets in the first design was considered unacceptable, and it was decided that hand 

threading the door together with wire would improve its appearance and functionality. The use of 

alumina insulating sheets inside the door was retained, however. 

          The second door was constructed as follows. A 15 inch long segment of extra conveyer 

track was used as the base of the doors structure. The conveyer track would fold along a tight arc 

in one direction, indicating that it could easily travel up and down a curved surface along the top 
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of the oven. Since the track was rigid horizontally, it would also provide a more solid door for 

the user than did the first design. Starting at the bottom end of the section of conveyor track, ½ 

inch high strips of alumina were mounted onto the track alternating on each side of the track. For 

example, a strip would be mounted on the back surface along the bottom of the track. Then a 

strip would be mounted on the front surface ½ inch above the bottom of the track. The third strip 

would once again be on the back surface, and would be 1 inch from the bottom of the track. This 

pattern repeated until about 8 inches of track had been covered in this alternating pattern. The 

alumina was mounted to the conveyor track, by threading thin wire through the alumina by hand, 

and tying it around segments of the conveyor track. The insulation was mounted on alternating 

sides of the door to create air pockets within the door (on the side opposite the alumina at any 

given height.) These air pockets would help improve the insulating properties of the door due to 

air’s low thermal conductivity. 

 

          After the insulation had been attached to the conveyor track, the back side of the oven was 

attached to the conveyor track insulated structure. A silicone mat was hand threaded to the 

Figure 11. Backside 
of door prototype 
#2 
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structure using a thin metal wire. The front side of the door was also attached in a similar manner 

using an additional silicone mat. Threading was performed along several lines of internal 

conveyor track to both silicone mats to ensure a strong connection. The backside silicone was 

attached more tautly than the front side, since the front side of the silicone would be stretched as 

the door traveled around a curve (Figure 11).  

During testing of the first door it had become clear that silicone material did not run 

cleanly through the guides we had created. Experimenting with metal rods showed, that a 

horizontal cross cavity rod would run smoothly up and down the channels in front of the oven. 

To improve smoothness of oven motion, a metal rod was mounted across the bottom of the door. 

The rod was placed between the front and back silicone mats and was threaded to the internal 

conveyor track to keeps its position fixed. The door was tested, and ran acceptably through the 

channels in front of the oven with the metal rod keeping position in the channels at all times.  

          To improve the professional appearance of the door, a layer of PyroblanketTM was 

mounted across the front side of the door. The PyroblanketTM was stapled along the corners to 

the previously described door structure. Although the outer surface of the door was no longer 

food safe, the use of an extra outer layer of material had an additional benefit of lowering the 

outside temperature of the door during cooking (Figure 12). 
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          Tests of the doors functionality while connected to the selected motor confirmed its 

successful function, although additional changes were made to the door supports as described in 

a later section. Heat tests were also performed and the door maintained function under heating at 

400 degrees, albeit at a slower rate of opening and closing. 

 

Door Prototype #3 and #4 

Although Door Prototype #2 successfully met all of the project’s design constraints, 

materials testing revealed that translucent silicone might be a superior construction material for a 

commercial oven door. Since heat testing of translucent silicone was not possible until later in 

the semester, it was not initially clear that the material had some advantages over the other 

materials being considered. However after obtaining a sample of the material it became clear that 

the translucent silicone was heat resistant and FDA approved like the silicone baking sheets, 

Figure 12. Final door 
used in oven with 
Pyroblanket TM on the 
outer layer 
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while also being significantly easier to work with in construction. Two design prototypes were 

created from the sample to demonstrate the potential application of the material for an oven door. 

Due to time constraints heat testing of these prototypes could not be performed. Information on 

these designs is included in this report as supporting information for the potential construction of 

a consumer product. It is important to note that Door Prototype #2 functioned successfully after 

repeated testing, and the focus of these designs was not to replace Door Prototype #2 in the 

works like model. Instead its purpose was to determine how feasible this material would be to 

work with in construction, and to determine if a viable door could be made from it.  

Prototype #3 was constructed with two layers of translucent silicone.  These solid sheets 

were connected together using a row of screws along the left and right sides of the door.  

Additionally, a single screw was attached at 

the bottom of the door to ensure that the 

structure remain rigid during loading (Figure 

13).  Prototype #4, also constructed from 

translucent silicone, was made out of three 

layers for increased insulation.  The three 

layers were fixed together with screws.  

Instead of a solid sheet, the material was cut 

into five panels (Figure 14).  These panels 

were connected with hinges screwed to an 

extra strip of material.  The hinges allowed the door to be flexible in one direction but not the 

other. The hinged design proved to be extremely flexible, however there would be some 

Figure 13. Prototype #3 consisting of two 
layers of translucent silicone 
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concerns about heat loss between the door panels (Figure 15). Additionally construction of the 

door prototypes demonstrated that although the material was more workable than silicone baking 

sheets, silicone material in general can be difficult to cut and connect. 

 

 

 

Door Motor Selection 

          Selection of a motor capable of opening the door proved difficult due to the desire for a 

second lower RPM motor. If the motor raising the oven door was too rapid the process would 

Figure 14. Prototype #4 showing 
flexible five panel hinged design 

Figure 15. Prototype #4 showing 
gaps between hinged panels 
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seem violent and could damage the door. Testing several motors currently available in the 

engineering department, indicated that under loading some of the high RPM motors would rotate 

at a much lower speed. Ultimately a Torque Systems DC Servomotor was found to be the most 

ideal motor currently available. It could produce enough torque to lift the door, and also to 

extend the springs. Additionally although it rotated more quickly than would be ideal, it was 

acceptably slow that the door was not damaged during testing. 

 

Door Motorization 

           

          In order to motorize the movement of the door, a motor, motor mount, rod, and cable were 

used.  The cable, which has a maximum tensile strength of 11pounds, was tied to the wire belt 

inside the door (Figure 11).  The cable was also connected to a rod at the back of the oven 

(Figure 16).  This rod was coupled with the motor (Figure 17), causing the door to rise when the 

motor is powered.  A motor mount was required to connect the motor to the back of the oven.  

The motor mount is simply an aluminum angle that is fastened to the roof of the oven by three 

Figure 16. Back rod connected to 
motor 
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machine screws. The angle is also fastened on its other face to the door drive motor. 

 

   

 

 

 

 

 

 

 

 

 

Additionally, two guide channels were added to constrain the movement of the door.  

Notches were cut on the back edge of the channels to allow the door to curve earlier for smoother 

movement (Figure 18).  To further aid in a fluid door motion, a rod was added to the top of the 

oven behind the door that would roll with the door.  The rod was mounted into the existing body   

Figure 17. Motor mount and 
coupled rod. 

Figure 18. Guide channel with back edge 
cut off. 
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of the oven. Small holes were drilled into the oven body, and the rod was rested in these holes. 

Holes were drilled into the ends of the rod and tapped such that a larger washer could be fixed to 

each end of the rod. These larger washers would serve to fix the rods position within the oven, 

while still allowing free rotation of the rod. To ensure free movement of the rod, it was also 

covered in Teflon tape after several tests of door function (Figure 20). The use of the Teflon tape 

slightly improved smoothness of door opening and closing. In addition to this rotating rod, ½ 

angled aluminum was formed into a support track to support the door if it opened beyond the 

vertical channels (Figure 19, 20).These channels were made adjustable, and were filed at 

connection points to ensure smooth running of the door along the track. Testing of he door 

confirmed that it ran smoothly on the created track, and that the rotating rod allowed it to be 

lowered and raised more rapidly. 

Figure 19. Adjustable Guide  Figure 20. Teflon Covered Rod  
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Spring Selection 

 The spring component was crucial to the door design.  The springs had to fit in the 0.375” 

channels that held the door in place.  They had to have a high enough spring constant to bring the 

door down, but not too high that the motor would not be able to smoothly bring the door up.  We 

were fortunate enough to find springs in the machine shop that fit our requirements and did not 

have to order springs online that would match with calculations made.  The length to use for the 

springs was determined experimentally.   

 Several iterations were required to figure out an appropriate way to fix the springs to the 

door and to the oven.  The eventual design used is as follows.  The springs were attached to two 

small aluminum plates fixed to the bottom of the oven.  The bottoms of the springs were tied to 

washers that kept the spring in place.  The top of the springs were connected to the bottom rod of 

the door.  They were tied to prevent them from slipping through the drilled holes (Figure 21).        
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Figure 21. Spring  when the door is closed and open. 
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 Control System 

Design Goals 

 The design of the control system involved a series of basic goals. The first of these goals 

was to make use of varied tactile controls to ease control of the system for the visually impaired. 

This implementation is explained in the Initial Concepts and the Controls sections. An additional 

goal was to automate the loading and unloading procedure for the oven. This would make the 

system simpler to control, and prevent unintentional misuse of the system.  

 To automate the loading and unloading process, electronic methods of motor control 

were selected for the door and conveyer system. The control systems for the door and conveyer 

are outlined in the Conveyer Control and Door Control sections respectively.  To automate the 

process, a Programmable Integrated Circuit (PIC) was used to control the conveyer and door 

motors following a basic loading procedure. This loading/unloading process is detailed in the 

Automated Loading and Unloading section. A food sensing system was also developed and 

employed to further simplify the loading process. This food sensor allowed the oven to 

automatically load food fully into and out of the heated cavity, preventing the user from ever 

having to reach into the oven during the heating process. For a blind user, the use of a food 

sensor would be even more ideal, since they would not have to control the loading of the food 

directly. This could have been dangerous, if the user was unsure if the food was fully loaded into 

the oven body. This food sensor was then integrated with the door and conveyer controllers using 

the PIC.   The implementation of the food sensor, and details of its functionality are included in 

the Food Sensing section. 
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Initial Concepts 

          The Hamilton Beach oven that was altered for this project has three control knobs. Since 

knobs are considered superior to touch buttons for visually impaired users this part of the control 

system did not need to be altered significantly. The top knob is the temperature control knob, the 

middle knob is the cooking type knob (ex. Convection, Bake, Broil), and the lowest knob is a 

timer. The timer knob has a stay on position that will leave the oven on as long as it is plugged 

in. The oven also has four heating coils (two on the top of the heating cavity and two at the 

bottom). The broil function turns on the two upper heating coils, bake turns on all four heating 

coils, and convection turns on all four heating coils as well as an internal fan. These basic 

controls were not altered. However, two embossed markings were added to the temperature 

control knob after showing the product to a visually impaired user. These markings will be 

discussed in further detail in the User Input section.   

          Additional controls were added for the conveyor system as well as the motorized door. A 

PIC (16F877A) was used to control the conveyor motor, the door motor, and also a food position 

sensor. Control push button switches were connected to the PIC, and mounted into a plastic 

enclosure. The PIC was programmed to follow a loading and unloading procedure for ease of 

use. The control system was tested repeatedly under heating, and the programming was altered to 

improve functionality. This program is available for reference in Appendix C.  

 

Door Control 

          The door to the oven is raised using a Torque Systems, PM Field DC Servo Motor. This 

motor requires a DC input of 12 Volts, and was initially controlled by turning off and on a DC 



 E90: Accessible Toaster Oven  2009 

 

 

 

34

power supply. To control the door electronically, a high power N type transistor (MJE3055T) 

was implemented as a switch. The drain of the transistor was attached to a 12 Volt power supply, 

and the source was grounded. The gate of the transistor was connected to an output pin of the 

PIC 16F877A. By setting the output voltage of this pin to high (5V), the transistor was 

effectively turned on, applying the 12 volt voltage to the DC motor. This would cause the door to 

rise until fully open. As long as the input pin was left high, the door would remain fully open. 

However switching the input pin to a low voltage (0V) would cause the transistor to switch off, 

turning off the motor. The door would then be pulled closed by two springs. This open and close 

mechanism would be controlled by the PIC as part of the oven’s overall function. 

 

Conveyor Control 

          The conveyor loading and unloading mechanism was driven by the Groschopp P0615-

PS1960 motor attached to the drive shaft. It was necessary for the motor to rotate clockwise to 

unload the oven and counterclockwise to load it. Therefore the applied 12 DC volts to the oven 

would need to be able to reverse polarity. Initially a simple reversible switch was considered to 

run the motor in both directions. However, a goal of the project was to control both motors 

electronically such that oven function could be automated as much as possible. By requiring a 

manual switch to reverse polarity, the direction of rotation of the motor could not be controlled 

by the PIC. Therefore electronic methods of reversing polarity were considered. 

 After consulting with Professor Cheever, an H Bridge mechanism was considered. A 

diagram of an H bridge is shown in Figure 22. 
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If the gate of transistor one is called input A, the gate of transistor two is called input B, the gate 

of transistor three is called input C, and the gate of transistor four is called input D, then turning 

A and C high would turn the motor forward (while leaving B and D low). When A and C are 

high current is through the motor in one direction.  This direction is reversed by turning B and D 

both high (while leaving A and C low).   Then the current will be in the opposite direction, 

causing the motor to rotate in the opposite direction. In this way an H-bridge allows an electron 

input signal to determine the direction of rotation of a DC motor.  

 Two H-Bridge IC’s were ordered to control the conveyor motor. The L6203 ICs were 

selected at the advice of Professor Cheever. They could handle the maximum current drive (3.4 

amperes) and were also immediately in stock. After their arrival, leads were soldered to the base 

Figure 22. Diagram of an H-Bridge[6] 
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of the H-bridge IC since its legs would not fit into a conventional breadboard. The test circuit 

from the datasheet was built and tested [7].  The logic switches available on the breadboard were 

used as inputs for the H-Bridge in testing. However before the circuit was completed and 

connected to the drive motor, Professor Cheever informed us that a variable speed motor 

controller had been used to control the Groschopp  PM6015-PS1960 in a previous E90. After 

finding the KBBC 24 Volt Motor Controller it was immediately realized to be superior to the H-

bridge IC that had initially been selected. The KBBC Motor Controller (Figure 23) was 

significantly more expensive than the L6203, however due to its availability from a previous 

project and its superior functionality it was selected to control the conveyor mechanism. 

 

 

 The KBBC Motor Controller has several functional modes that allow for logic signals to 

reverse the direction of rotation of a DC motor. Although the KBBC motor would not be 

included in the design of a consumer product, the following information is included to clearly 

explain how the works like prototype produced in this project functions. 

Figure 23. Photograph of motor controller 
[8]
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The KBBC motor controller has many adjustable features, such as speed controls and 

acceleration and deceleration controls. After consulting with the datasheet for Motor Controller 

well as its instruction manual it was determined that the Wig-Wag mode of operation would be 

most suitable for conveyor control [8][9]. The Wig-Wag mode allows reversal of motor direction 

without adjusting any knobs, only through input logic signals. This was ideal since the PIC 

16F877A could be programmed to output logic signals to control motor operation. The following 

table (Figure 24) describes the input signals that control motor operation in Wig-Wag mode: 

 

 

Since the conveyor would be in neutral mode for much of the oven’s use, it was 

important that the PIC 16F877A be able to output 2.5 +0.3 Volts as well as a high and low 

output. Consulting the PIC control manual however quickly resolved this issue, as the PIC could 

output both a high output (5 Volts), a low output (0 Volts), and a floating output (2.5 V). The 

motor was connected to the PIC and several tests were run to confirm correct functioning. The 

variable speed knob on the controller was adjusted to slow the speed of the conveyor slightly 

until it seemed ideal for loading. Additionally the accelerate and decelerate knobs were tweaked 

until the loading operation seemed ideal. 

 

 

Figure 24. Motor Controller Operation Table [9] 
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Food Sensing 

 

To further automate the food loading and unloading process a method to detect the 

position of the food was designed. The food sensing system would minimize the need for a user 

to directly control the conveyer motor, allowing the food to completely and enter and exit the 

oven automatically.  

Several options were considered to detect food position. It was decided that the simplest 

implementation would be tested first, and more complex methods would be considered 

afterwards if the first method failed. This first design idea, involved using a simple photodiode in 

photovoltaic mode to read the light levels outside the oven. The photodiode would be mounted to 

the side of the Unistrut conveyor track, and an LED would be shined directly onto the 

photodiode from across the channel. In this orientation food placed onto the track would obstruct 

the signal from the LED to the photodiode. Low voltage readings on the photodiode would 

indicate the presence of food. This simple design was constructed and readings were taken of the 

diode’s output voltage using a multimeter. The setup did not work effectively. The voltage 

readings on the photodiode were very low with or without the presence of food on the conveyor 

track. To improve the design reflective tape was obtained, and wrapped around the photodiode 

casing (Figure 25). This increased the light incident on the sensor, and increased the voltage 

Figure 25. Sensor used in food 
sensing 
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readings. As testing continued, it was determined that the cross channel LED did not 

significantly improve performance of the system. Since light levels in the room were already 

fairly high (assuming standard room lighting) the photodiode would register a voltage swing of 

about 0.3 Volts without the presence of the LED. This level of voltage change would be enough 

to register consistently using the Analog to Digital Convertor built into the PIC 165877A. 

Connecting the sensor to an analog to digital input pin on the PIC confirmed that it would 

register the presence of food in a room as long as some lighting was present. The position of the 

sensor was also reconsidered due to the removal of the cross channel LED and the reliance on in-

room lighting. Since lighting in the room can reasonably be expected to come from above the 

photodiode, it was mounted at the base of the oven facing upwards (Figure 22). This would 

maximize light incident on the sensor in ordinary home environments. Additionally since the 

food would now be loaded directly above the sensor, it increased the ease of food detection.  The 

food would directly block the light above from reaching the sensor. Rough testing of the setup 

indicate that it will function effectively as a food sensor in a variety of lighting environments. To 

expand the project the food sensor could be made more robust, perhaps sensing a pulsed light 

signal to differentiate the signal from ambient light.  

 

Integration of Control System  

 Following the creating and testing of the food sensor, the selection of the KBBC Motor 

controller, and the successful control of the door motor, the entire process was automated via the 

PIC 165877A. The source of the door motor transistor was soldered to ground of the PIC. The 

drive transistor’s drain was soldered to the negative terminal of the door motor. The door motor’s 
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positive terminal was connected to positive power supply. Also, the gate of the drive transistor 

was connected to input/output pin E2 on the PIC. By programming the PIC to raise this value to 

high the door would successfully open and remain open. Programming the PIC to set the value of 

E2 low would close the door and it would remain closed.  

          The next step in the integration process involved combining the KBBC Motor Controller 

and the PIC. Pin C0 on the PIC was connected to the motor control input for Wig Wag mode. 

Ground of the PIC, was soldered to ground of the KBBC Motor Controller, and also connected to 

ground of the power supply. Positive power supply was connected to the supply input of the 

KBBC Motor Controller. Testing confirmed that applying a low voltage to pin C0 would rotate 

the conveyor drive motor counterclockwise, a neutral or floating input would turn the motor off, 

and a high input to pin C0 would turn the motor clockwise.  

          The food sensor was then connected to the PIC. The positive lead was soldered to ADC 

pin 3 on the PIC, and the negative lead was grounded. Testing confirmed that an numerical value 

representing the scaled voltage from the sensor was being successfully obtained. The value 

varied depending on the amount of light incident on the sensor. In a typical lighted room the 

value recorded by the pin would be around 25 or 30. When covered by food the sensor reading 

was typically between 5 and 10 by the pin. However since light levels in a room would be 

variable the sensor’s ambient light level was calibrated before each use. For example, after 

turning on the oven would read the light level by the sensor several times, and use the average 

value as an approximation of the light level present in the room. This value would then be used 

as a point of comparison to determine if food was present in the room. Values below 50% of the 

ambient room value could typically be expected to indicate the presence of food. However the 
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sensitivity level of the sensor is adjustable, and testing will be performed to find the ideal value 

for operation.  

 To protect the electronic components, as well as increase the ease of use of the oven, the 

KBBC Motor Controller and the PIC were placed inside a plastic enclosure. The KBBC Motor 

Controller was mounted several inches above the PIC such that their components would not 

come in contact if the enclosure was moved. An LED and two push button inputs were mounted 

to the outside of the casing. These components were also connected to the PIC. The LED 

functions as a READY light indicating that the oven is ready for user input. The first push button 

mounted in the middle of the panel, is a circular button, and is used to open and close the door. 

The second push button is an unload button that is used to bring food back out of the oven. 

Labels were placed below the buttons and the light to indicate their function.  

  An AIM Precision Regulated DC Power Supply (with output 13.8 V DC with maximum 

current 10 Amps) is used to drive the KBBC Motor Controller and the drive transistor for the 

door motor. This high current power supply is required since the conveyor motor draws 3.4 

Amperes during operation, and the smaller available power supplies could only output 2 

amperes. 

 

Applicability to Consumer Product 

 The previously mentioned control system functioned successfully as a prototype model of 

the Accessible Oven. However it is important to note that several of its design features would be 

altered significantly in a commercial product. Several of the components chosen were selected 

due to their immediate availability in the Engineering Department. For example, the Groschopp 
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motor that controlled conveyer operation far exceeded the torque requirements necessary for this 

oven. Ideally a smaller, and cheaper motor could be employed. The same is true for the motor 

that controls door operation. Using smaller motors would also allow less expensive drive 

electronics to be employed, while lowering overall power consumption. Other features however, 

such as control by a PIC would likely remain unchanged in a consumer product. 

 

Automating Loading and Unloading 

 After all the control buttons, inputs, and outputs had been connected to the PIC, it was 

programmed to load food in for a user and perform several functions automatically. The general 

procedure the PIC runs is shown below, followed by the rationale for this automated procedure.  

 The oven waits for the Door Open/Close Button to be pressed. Once the button is 

pressed the door opens. 

 After the door is opened, the oven automatically calibrates the food sensor to the 

ambient light level of the room. It waits to load the food until the food sensor is triggered. 

 After the food has passed beyond the sensor (it once again detects full room light) 

it continues to rotate the oven for a small amount of time to ensure that it is fully within 

the oven cavity. The oven records that food has been loaded inside it. 

 The oven waits either for more food to be input (loading would proceed as before) 

or for the door Open/Close Button to be pressed. 

 If the button is pressed the door will close. At this time the food would be 

expected to be cooking.  
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 If the Open/Close Button is pressed the door will open. The user can check the 

food determine if the food is finished cooking. If the Open/Close Button is pressed again, 

the door will close so that cooking will resume.  

 If the Unload button is pressed the conveyor will bring food back out to the user. 

The food will stop either once it is fully passed the oven door, or if it is a larger item it 

will stop immediately before it hits the front panel of the oven casing.  

 If the Open/Close Button is pressed, the oven door closes. The oven is now once 

again ready for loading. 

This procedure was designed to be easy to follow and intuitive. Loading of the food is 

entirely automatic after the user places an item onto the conveyor. The door does not close after 

loading so that the user has the opportunity to check if the food before cooking. After food has 

been placed in the oven, the unload button can be used to bring the food back to the user. The 

user does not need to flip any switches to make the conveyor motor load and unload food. Also 

the user is not expected to turn the motor off once the food is in position. This would be 

particularly difficult for blind users who would have to locate the position of the food by touch. 

The automation of loading greatly simplifies the cooking process and could be beneficial for any 

user. Additionally the unload procedure successfully allows a user to avoid reaching into the 

heated cavity. Similarly to the loading process, the automation of the unloading simplifies 

overall operation for the user and minimizes need to use controls. The timer built into the oven 

could also be of use during cooking. All code run by the PIC 165877A in implementing this 

automated loading and unloading process is included in Appendix C.  
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Controls 

 

The controls for the door and conveyor mechanisms were chosen to be tactilely different 

in order for blind users to easily distinguish between them (Figure 26).  The door mechanism is 

controlled by a circular button, while the conveyor uses a square-shaped button.  A ready light 

was also added for other users to indicate the ready-status of the oven.  

Figure 26. Control box 
with tactilely different 
buttons 
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Housing 

 

To prevent contact with the front of the conveyor, a housing was built to enclose the oven 

(Figure 27).  As the conveyor extends from the inside cavity to outside of the oven and is made 

of metal, it conducts the heat generated by the heating coils.  It was therefore desirable to create a 

barrier between this heated object and the user. 

  The material needed to be transparent to allow users to still see the conveyor, insulating 

so it would not become hot, and strong.  Plexiglass was used to create the front and side walls of 

the housing.  The bottom piece that connects the plexiglass to the oven did not need to be 

transparent, and therefore, was made out of a ½” sheet of aluminum.       

 Larger screws connected the aluminum base to the bottom of the oven while small ¼” 

screws connected the plexiglass to the aluminum. A hole was constructed in the left wall for the 

connector between the conveyor and the motor. 

Figure 27. Housing on the 
front of the oven. 
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Testing  

  

 

After construction of the door and conveyor mechanisms were complete and functioned 

as defined in the programming, testing began to ensure that the oven would continue to function 

at high heats.  The oven was set at 350ºF and left to heat for 15 minutes.  At this point, the door 

was opened and a plate was loaded into the heated cavity.  After heating for another 15 minutes, 

the door was opened and the plate was taken out.  The conveyor and the sensor functioned at the 

high temperature, however, the door began to jam once the oven was heated.  The cause of this 

failure of movement seemed to be the formation of an air pocket between the layers of the door.  

As the door was heated, the different materials that comprise the door thermally expand at 

different rates, causing air to fill between the layers of materials. The addition of the air to the 

Figure 28. Heat testing using thermocouples 
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depth of the door prevented it from going over the curve at the top of the oven.   

  In order to address this issue, the springs were shortened to increase the downward force 

to bring the door down.  Likewise, small slits were cut into the back of the door to allow the air 

in the cavity to disperse.  The oven was run through several iterations of the aforementioned 

procedure until the oven functioned adequately. 

 An additional facet of the heat testing was to check the heat properties of the oven.  The 

construction of the door and conveyor left space in the oven where heat could dissipate.  A 

thermocouple was placed on the tray in the cavity of the oven and another was placed on the wall 

of the oven (Figure 28).  The oven was set to a temperature of 400ºF.  After 20 minutes, the tray 

was at 363ºF and the wall was 240ºF.  Ideally insulation would be inserted in the gaps in the 

conveyor to reduce this heat loss. 
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User Input 

 In order to understand if the product was intuitive to use and satisfied the user needs as 

identified at the beginning of the project, a user was brought in to test the oven.  The blind user 

was first acquainted with the product and its various features, followed by a test of its 

functionality.  She recommended making changes to the temperature dial as it had no tactile 

indication of the different temperatures.  In order to address this concern, a sticker was placed on 

the dial that would indicate to the user where the dial was pointing (Figure 29).  This way, users 

could remember the temperature reading based on the location of the sticker. 

  

  

 

 

Figure 29. Comparison of the temperature dial before and after the user’s 
recommended addition. 
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Looks-like Model 

          The scope of this project was to create a works-like prototype of the accessible oven.  

However, this opens up the question of what the product would actually look like if it were sold 

to consumers.  In order to address this question, a looks-like prototype was modeled in 

SolidWorks and can be seen in Figure 30.  This model contains the components that are in the 

works-like prototype, but builds them into the body of the oven for easier manufacturing.  The 

motors used in the actual product would be much smaller than those used in the prototype.  The 

cavity of the oven can be separated from the electronic controls section (Figure 31) to allow 

users to clean the oven. 

 Another aspect of this oven that makes it different from our prototype is that there are 

different tactile controls.  Each of the controls can be separated by function by the type of 

movement required to adjust the setting.  Additionally, speakers could allow for auditory 

confirmation of oven settings. 

  

   

Figure 30. Looks-like model 
made in SolidWorks 
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Figure 31. Detachable control section.  Each of 
the controls requires a different type of 
movement. 
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Appendix A: ASTM C1055 – 03 
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Appendix B: Material Heat Test Data 
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Appendix C: C Code 
 

#include "C:\Documents and Settings\mcalafu1\Desktop\MotorControl\main.h" 

 

void main() 

{   int adcChan4; //sensor reading from Channel 3 

    int level; //calibrated light level 

    int i;  //generic counter 

    int found; 

    int open; //refers to status of door 

    int count; //generic counter 

    float time; //records time of conveyer operation as a safety mechanism 

    int stat; //status indicator 

     

   //RA4 is the door control button 

   //RB0 is the motor control button 

    

   setup_adc_ports(NO_ANALOGS); 

   setup_adc(ADC_OFF); 

   setup_timer_0(RTCC_INTERNAL|RTCC_DIV_1); 

   setup_timer_1(T1_DISABLED); 

   setup_comparator(NC_NC_NC_NC); 

   setup_vref(FALSE); 

    

   setup_adc(ADC_CLOCK_DIV_32); 

   setup_adc_ports(ALL_ANALOG); 

   set_adc_channel(3); 

 

 

   output_low(pin_e2); //door is closed 

   output_float(pin_c0); //c0 is conveyer pin 

   //RA5 is analog channel 4 

   delay_ms(1); 

   output_high(pin_b1); 

   //Oven ON 

   stat = 1; //oven is empty 

   //output_high(pin_e2); 

   

   

   while(1){ 

 

    

   //WHEN DOOR OPEN BUTTON PRESSED 
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   if(input(pin_a4)==FALSE){ 

      output_low(pin_b1); 

       

      //OPEN DOOR 

       

      output_high(pin_e2); //open door 

       

      //Wait for door to open 

      delay_ms(1000); 

       

      //CALIBRATE OVEN 

       

      level = 0; 

      i = 0; 

      adcChan4 = 0; 

       

      while(i<5){ 

         delay_ms(1); 

         adcChan4 = read_adc(); 

         delay_ms(5); 

         level = level + adcChan4; 

         delay_ms(1); 

         i = i+1; 

      } 

         level = level/5; //find current light level 

         level = .50 * level; //level is recalibrated... any light lower than this 

                             //level is assumed to be due to presence of food 

        

      output_high(pin_b1); //Indicate that oven is ready for loading 

       

      i=1; 

      found = 0; 

       

      delay_ms(5); 

       

      while(i==1){ //DOOR OPEN LOADING MODE 

             

            adcChan4 = 0; 

            count = 0; 

             

            while(count < 3){  

                 adcChan4 = adcChan4 + read_adc(); 

                 delay_ms(5); 
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                 count = count + 1; 

            } 

            adcChan4 = adcChan4/3; 

             

             

            while(adcChan4<level){ //Then food is in the path! 

               output_low(pin_b1); 

               found = 1; 

               output_low(pin_c0); //Make the conveyer motor turn! 

               stat = 0; //oven is loaded 

 

               adcChan4 = 0; 

               count = 0; 

             

               while(count < 3){  

                

                  if(!input(pin_a4)){ //Close the door and stop the conveyer 

                  i=0; 

                  delay_ms(5); 

                  adcChan4 = 300; 

                  count = 9; 

                  } 

                 

                  adcChan4 = adcChan4 + read_adc(); 

                  delay_ms(5); 

                  count = count + 1; 

               } 

               adcChan4 = adcChan4/3;             

               delay_ms(1); 

                

               if(count == 10){ //if button is triggered 

               }else{ 

               count = 5;} 

                

               } 

             

            if(count == 5){ //if food is passed the sensor ‐‐> allow it to get in 

                  delay_ms(3000); //allow motor to turn long enough to get food 

            }                //fully in ‐‐> unless button was pressed 

          

         output_float(pin_c0); //Stop the conveyer motor 

         output_high(pin_b1); 
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         //if(stat == 0){ 

         //  if(!input(pin_c3){ 

             

          

         if(!input(pin_a4)){ //close the door and stop the conveyer 

            i=0; 

             

         } 

       } 

       output_low(pin_b1); 

       //LOADING COMPLETE ‐ TIME TO CLOSE DOOR 

       //output transistor door open pin low  

       open = 0; //DOOR IS CLOSED 

        

       i = 0; 

       output_low(pin_e2);   //closes door 

       delay_ms(5); 

       output_high(pin_e2); 

       delay_ms(3); 

        

       while(i<4){ 

       output_low(pin_e2); 

       delay_ms(50); 

       output_high(pin_e2); 

       delay_ms(6);        

       i= i+1; 

       } 

        

       output_low(pin_e2); 

       i=0;       

        

        

       delay_ms(2000); //Time for the door to close 

       output_high(pin_b1); 

        

      i=1; 

  

      if(stat == 0){ //oven needs to be unloaded, something is inside 

       

      while(i != 0){  

         level = 250; 

         delay_ms(1); 
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         if(!input(pin_a4)){ //DOOR OPENING ‐ UNLOAD MODE  

           output_low(pin_b1); //turn off ready light 

           output_high(pin_e2);  //opens door 

           open = 1; //DOOR IS OPEN 

           delay_ms(2000);//Wait for door to open 

           output_high(pin_b1); //turn it back on 

            

           //Recalibrate the sensor 

               level = 0; 

               i = 0; 

               adcChan4 = 0; 

       

               while(i<5){ 

                  delay_ms(1); 

                  adcChan4 = read_adc(); 

                  delay_ms(5); 

                  level = level + adcChan4; 

                  delay_ms(1); 

                  i = i+1; 

                  delay_ms(1); 

                  adcChan4 = 0; 

                  } 

               level = level/5; //find current light level 

               level = .5 * level; //level is recalibrated... any light lower than this 

                                //level is assumed to be due to presence of food 

                

               delay_ms(1); 

         } 

                       

           while(open == 1){ //While the door is opened                       

             

             

             

            if(!input(pin_c3)){ //If Conveyer Unload is pressed 

             

               output_low(pin_b1); //turn off ready light 

 

                

               found = 0; 

                

               output_high(pin_c0); //move out the food 

               stat = 1; 
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               while(found == 0){                  

                                                                          

                  adcChan4 = 0; 

                  count = 0; 

                   

                  while(count < 3){ 

                      

                     if(!pin_a4){ 

                        i = 0; 

                        found = 1; 

                        count = 3; 

                        delay_ms(1); 

                     }  

                      

                        adcChan4 = adcChan4 + read_adc(); 

                        delay_ms(5); 

                        count = count + 1; 

                  } 

                   

                  adcChan4 = adcChan4/3; 

                   

                  if(adcChan4 < level){ 

                        found = 1; 

                  } 

                } 

               level = level * 1.7; 

               time = 0; //reset time counter 

                

               while(found == 1){ 

                  if(time < 4.2){ 

                   

                     if(!pin_a4){ 

                        i = 0; 

                        found = 0; 

                     }   

                

                     adcChan4 = 0; 

                     count = 0; 

                      

                     while(count < 3){ 

                                        

                        if(!pin_a4){ 

                           i = 0; 
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                           found = 0; 

                           count = 3; 

                           delay_ms(1); 

                        }  

                      

                        adcChan4 = adcChan4 + read_adc(); 

                        delay_ms(5); 

                        count = count + 1; 

                     } 

                   

                     adcChan4 = adcChan4/3; 

                     delay_ms(5); 

                    

                     if(adcChan4 > level){ 

                        found = 0; 

                        delay_ms(10); 

                     } 

                     else{ 

                        time = time + 0.023; 

                     } 

                      

                 }else{ 

                  output_float(pin_c0); 

                  found = 0; //the object is big, and is already fully out 

                  output_high(pin_b1); //turn it back on 

                 } 

               }    

                output_float(pin_c0); //stop conveyer 

                delay_ms(10); 

                output_high(pin_b1); //turn it back on 

            }            

               

            if(!input(pin_a4)){ 

               i = 0;} 

                

            if(i == 0){ 

               //CLOSE THE DOOR ‐ We're done! 

        

               i = 0; 

               output_low(pin_e2);   //closes door 

               delay_ms(5); 

               output_high(pin_e2); 

               delay_ms(3); 
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               while(i<4){ 

               output_low(pin_e2); 

               delay_ms(50); 

               output_high(pin_e2); 

               delay_ms(6);        

               i= i+1; 

               } 

        

               output_low(pin_e2); 

               i=0;    

        

               output_low(pin_b1); //turn off ready light 

               delay_ms(2000);//Wait for door to close 

               output_high(pin_b1); //turn it back on 

               open = 0; 

               i = 0; 

            } 

           } 

            

           if(stat == 0){ //oven still needs to be unloaded 

               i = 1;}                

            

      } 

     } 

   }     output_high(pin_b1); //ready light is on 

   }        

       

 

    

} 


