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ABSTRACT 
 
 The Sliding Car Door is a Mechanical Engineering Technology senior design project and 
this report covers the entire process from initial ideas to final working prototype.  The 
standard four door car has not had any major changes into the way it opens.  The door 
typically opens using a hinge system.  This has problems when opening a door in a tight 
parking spot and does not allow for easy access in and out of the vehicle. 
 Research was done to see of a possible fix to this problem and how a door opens.  Three 
products were looked at and two of the three were just sport car features that were not 
practical to everyday use.  The one that would provide a decent fix would be the minivan side 
door which is operated on three tracks and slides back.  This door does not require much 
space in order to open the door.  A rough idea was formulated on how the door would 
function, but input of customers was required in order to get a good understanding of what 
the people were looking for in a product.  A survey went out to fourteen people and helped 
formulate a guideline of how the door needed to be designed and what requirements it 
needed to meet. 
 Three designs were developed that all essentially had the door swing out and then 
forward, but only one of the designs truly met the customers need and was call the Two 
Bracket Track Design.  This concept had two tracks running along the middle portion of the 
vehicle and bottom portion of the vehicle which would allow for stability and clearance of 
being able to enter and exit the vehicle without any hazards in the way.  The design would be 
ran under several different calculations to prove the design be able to function properly and 
withstand external forces. 
 A bill of materials was then generated in order to account for what was needed to make 
the design into reality.  An existing car would be used to prove the design and be fabricated 
from there.  The brackets that would support the door would be the only specialized item that 
could not be bought or made by oneself.  The rest of the project was built using reciprocating 
saw, angle grinder, and electric drill along with standard wrenches. 
 After the build was accomplished the design went under several test and analysis to 
prove the design would be function.  The design was able to pass all the test and function.  
There are still additional processes needed to be done before this becomes a functional 
product, but the base prototype was completed to show the concept does work. 
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INTRODUCTION 
 
PROBLEM STATEMENT 
 
 The car door has not had many major changes to how the door opens since the 
beginning. The car door has typically swung out by a hinge connected to the car.  The 
modifications to the door have been small to the standard four or two door vehicle and have 
typically come from how the door swings open. The typical modifications to a door for a two 
door car is the door to swing up with hinges being placed on the top of the door or by the 
door lifting up from the typical area of the hinge like the style of many high end cars like 
shown in Figure 1 (1). The hinge on the back doors of a four door car has been changed 
also. The typical modification is the hinge is placed toward the passenger traveling in the 
back of the car seat as shown in Figure 2 (2). These modifications and standard design 
typically run into problems when parking on the street or in a tight parking spot. The problem 
with the door and how it opens in a tight spot or on the street is there is worry of damaging 
your car or another car. The solution to this problem is by making the door pop out and slide 
forward for the front two doors and then the two back doors pop out and slide back. 

 

 
Figure 1 – Wing Doors 

 

 
Figure 2 – Suicide Doors
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INTERVIEWS 
 
 In the interview process, as seen in Appendix A, three different people were selected 
with different backgrounds to help get a better consensus on what features the product should 
have included in it. 
 The first interview was with the older car user by the name of Norman Schibik (3).  The 
design was then discussed with Norman and he liked the design as seen in Appendix A.  
When asking about the benefits of the design he said he thought it would create easier access 
to the car.  He did stress that some failures may come from outside features such as gas cap 
interfering with back doors opening and other concerns with some internal features of the car 
door itself which will not be covered in my project.  When asked if he knew anything similar 
to the product he did not know of any. 
 The second interview was with a mother with children by the name of Tina Neumann 
(4).  A concern about child safety was brought into the topic.  The concern was about when 
the door opens and close to makes sure there is some proper detection either by sensors or 
other means to know if a child or anything else was in the path of the door opening.  The 
other concern that arouse is the cost of repair.  She viewed this may be a high dollar item to 
repair if a problem arouse with the product. 
 The third person that was interviewed was body repair mechanic by the name of Tracy 
Ellis (5).  He thought that some of the positives of the design would be the safety factors of 
allowing people to safely enter and exit their cars while parking on the street and allow kids 
not to swing the door out and hit other people’s vehicles.  The features he was concerned 
about were the weight of the door and felt for it to be safe the door needed to be fiberglass. 
The other concern is if the vehicle is in a car accident will the door cause the passenger to be 
trapped inside the vehicle.   
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MINI VAN SLIDING DOOR 
 
 One existing product that is similar to the design is the minivan side sliding door.  This 
is able to slide along the side of the van allowing for a large open space for passengers to 
leave in and out of the van (6).  How this works the use of three tracks.  There is one track 
that goes along the side of the van as seen in Figure 3 (7) and one track at the bottom of the 
doors opening as seen in Figure 4 (7) and an identical track to bottom rack at the top of the 
door opening.  A similar idea could be used on a car, but some modifications to the middle 
track and no top track are required for proper implementation. 
 

 
Figure 3 - Toyota Sienna (Door Closed) 

 

 
Figure 4 - Toyota Sienna (Door Open)
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BMW Z1 DOOR 
 
 An unique way a two door sports car opens was displayed by the BMW Z1 doors.  The 
part that is unique with the BMW Z1 is the door essentially disappears within the car (8).  As 
shown in Figure 5 (9) the door is in the closed position, but what happens when the door is 
opened the window automatically descends into the car and half of the door slides into the 
bottom portion creating the door opening.  Figure 6 (9) shows the door in the open position.  
This is a unique feature but is impractical.  The door opening is not very large and requires 
lifting a leg up quite a bit to get into the vehicle.  This is nice feature for a sports vehicle, but 
not practical in other uses. 
 
 
 

 
Figure 5 - BMW Z1 (Closed Door) 

 

 
Figure 6 - BMW Z1 (Open Door)
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1954 KAISER DARRIN ROADSTER  DOOR 
 
 Another unique way a car door opens is on another two door sports car, but is much 
older car than the BMW Z1.  The Kaiser Darrin Roadster has a door that slides into the 
fenders in the front portion of the car as being shown in Figure 5 (10) and was invented by 
Howard A. Darrin (11).  These doors have been referred to as sliding pocket doors.  How the 
doors works are once unlatched the door slides forward by the use of a track at the bottom of 
the door.  This is very interesting design, but is impractical for standard car doors.  How the 
Kaiser Darrin Roadster was able to incorporate these doors was by the large front end of the 
car, so for most standard vehicles that don’t have the large front ends it would be impossible 
to incorporate this feature. 
 
 

 
Figure 7 - 1954 Kaiser Darrin Roadster 
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CUSTOMER FEEDBACK, FEATURES AND OBJECTIVES  
 
SURVEY ANALYSIS  

 
 Eleven surveys were returned by customers who would be interested in this product.  
The surveys were completed by three mechanics, two process engineers, and six general car 
users.  See Appendix B for full survey results.  The survey listed nine customer features and 
the price range of how much the customer is willing to pay for the product. The Customer 
Features were to be rated on the survey from 1 for low importance to 5 for high importance.  
The survey also included an area for the current satisfaction of the current car door.  The 
survey showed that Durable and Inexpensive were two of the more important features to the 
customer.  The survey also showed that customers want the price range of the product to be 
between $250 to $750.  Once the information was compiled from the surveys, the 
information was placed into the Quality Function Diagram (QFD) which can be located in 
Appendix C.  The QFD indicated the importance of the customer features to the new design 
and the current product which led to a relative weight.  The percentage of the relative weight 
does not show a giant difference between the features.  There was only a nine percent 
difference between the most important feature Durable and the least important Weather 
Resistant.  The three of the most important features were Durable at a reliable weight of 
sixteen percent, Easy to Maintain at thirteen percent, and Inexpensive at thirteen percent. The 
two of the least import features were Secure at nine percent and Weather Resistant at seven 
percent.  Table 1 shows the information pulled from the QFD which list the most important 
feature to the least important feature. 
 

 
Table 1 – Customer Features 

 
 Once the results were compiled into the QFD from Appendix C, it had shown the 
importance of each feature to the customer.   
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Durable 4.6 3 5 1.7 7.7 0.16 16%
Easy to Maintain 3.9 2.6 4 1.5 6.0 0.13 13%
Inexpensive 4.5 3 4 1.3 6.0 0.13 13%
Easy to Maneuver 4.2 2.9 4 1.4 5.8 0.12 12%
Easy to Operate 3.8 3 4 1.3 5.1 0.11 11%
Safe 4.1 3.6 4 1.1 4.6 0.10 10%
Reliable 3.9 3.3 4 1.2 4.7 0.10 10%
Secure 3.6 3.5 4 1.1 4.1 0.09 9%
Weather Resistant 3.1 2.9 3 1.0 3.2 0.07 7%
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PRODUCT FEATURES AND OBJECTIVES 
 
 The product objectives were taken from the items listed on the survey and proceeds to be 
broken down into customer features as seen in Appendix D.  The customer features were then 
related to engineer characteristics to help form the QFD and the survey results were complied 
into to show the importance of each objective. 
 
 Durable    (16%) 

a) Stand up to 10 lb of force by human contact at any point using a force 
applied in separate areas and measuring in inches displacement caused 
by the force 

b) Door can be slammed shut with no damage to any equipment 
 Easy to Maintain  (13%) 

a) Simple repair done by manuals/repair guides 
b) Repaired with standard tools 

 Inexpensive   (13%) 
a) Cost to modify to be less than $1,500 

 Easy to Maneuver  (12%) 
a) Clean movement of door along track with no hesitation 
b) Handle in location for prime opening and closing position measured by 

average arm length of an adult which will be measured in inches 
 Easy to Operate   (11%) 

a) Guided track for door 
b) Easy to open and close door 
c) Open door in tight parking spaces in a gap between cars of 24 inches 

or more 
 Safe    (10%) 

a) Does not trap passenger in a car accident  
b) Child lock doors for rear doors 
c) No hardware in path of entering and exiting of car 

 Reliable    (10%) 
a) Sliding mechanism life to be the same as the average standard door life 
b) Operate per standard life of parts per the following spec sheets: 

i. Material Spec. 
ii. Hardware Spec. 

iii. Motor Spec. 
 Secure    (9%) 

a) Multi-Latch system for holding door in place when shut 
b) No movement in door when shut, measured by placing force on inside 

and outside of door measured in inches for displacement caused by 
movement 

 Weather Resistant  (7%) 
a) Handle wind gust of 50 mph when door is open and can be measured 

by displacement in inches the wind gust generated on the door 
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 In order to meet the Project Objectives a designer decision was made to meet to 
Customer Importance for the product.  As seen in Table 2, the customer importance is shown 
reflecting the designer importance for each characteristic which determined the relative 
weight reflected in the QFD. 
 

 
Table 2 – Designer Importance 

 
 In order to meet the designer importance for the feature Durable, there will be a high 
focus on what materials are used for the product.  The product materials will meet standards 
to withstand heavy usage of the product and be able to stand different types of forces placed 
on the door. 
 The next important feature was Easy to Maintain.  In order to meet the importance of 
this feature, a heavy focus will be placed on ease of this product to repair if damaged.  This 
will be done by using standard hardware to replace broken parts and using standard tooling to 
fix errors that may occur with the product. 
 The next feature with the same importance was Inexpensive.  In order to meet this 
feature, focus will be placed on keeping the cost of this product down.  This will be done by 
keeping material cost low and using the cheapest possible material that will still meet the 
standards required for other features.  
 The next feature of importance was Easy to Maneuver.  In order to meet this feature, the 
opening and closing hardware will be in locations that do not put stress on the user.  The 
equipment geometry will be the prime focus of this feature and average human body will be 
used to determine the areas where equipment will be located. 
 The next feature of importance was Easy to Operate.  In order to meet this feature, a 
guided track will be used to allow for clean opening and closing of the door. A track will run 
at the bottom of the door opening and will run on the outside of the car. 
 The next feature of importance was Safe.  In order to meet this feature, the geometry of 
how much the door opening is blocked by hardware is taken into consideration.  The design 
will allow as much of the door opening to be clear from the door itself and the hardware.  
This will allow safe entering and exiting of the vehicle. 
 The next feature was Reliable.  In order to meet this feature is to buy or make hardware 
that will last as long or longer than equipment for standard door hardware. 
 
 

Customer 
Features

Customer 
Importance

Designer 
Importance

Relative 
Weight %

Durable 4.6 5 16%
Easy to Maintain 3.9 4 13%
Inexpensive 4.5 4 13%
Easy to Maneuver 4.2 4 12%
Easy to Operate 3.8 4 11%
Safe 4.1 4 10%
Reliable 3.9 4 10%
Secure 3.6 4 9%
Weather Resistant 3.1 3 7%
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 The next feature of importance was Secure. In order to meet the importance of the 
feature is by using multiple latches.  This will allow for the door to properly be secured when 
the door is closed.  
 The next feature and least important was Weather Resistant.  The door will be designed 
to support heavy wind gust and be able to handle the stresses involved.  The equipment 
hardware will be designed to meet the stresses.  
 
ENGINEERING CHARACTERISTICS 
 
 The engineering characteristics were derived from the Quality Function Diagram, from 
Appendix C, after the results of the survey analysis showed the importance of each customer 
feature and the designer’s importance decision.  The importance of each engineering 
characteristic was compared to the relative customer feature. Table 3 shows the importance 
of each engineering characteristics and list them from greatest importance which was 
strength of material and the least important stress on hardware. 
 

 
Table 3 – Engineering Characteristics 

 
Once the Product Objectives and Engineering Characteristics were realized and 

determined, a Schedule and Budget were determined. 

Engineering 
Characteristics Importance

Strength of Material 16%
Standard Tools 13%
Cost of Materials 13%
Equipment Geometry 12%
Guided Track 11%
Clearance Geometry 10%
Life of Parts 10%
Multi-Latch System 9%
Stress on Hardware 7%
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CONCEPT GENERATION AND SELECTION 
 
TWO BRACKET HINGE DESIGN 
  
 The initial concept that is illustrated in Figure 8 is referred as the Two Bracket Hinge 
Design.  As the door is opened the hinges would be the primary way of transporting the door 
through the movement with a chain and gear controlling the middle section providing some 
stability.  The main mechanism controlling the opening action would be the middle section 
gear and chain.  This would be an automated process and control how quickly the door opens 
along with keeping the door parallel to the fender.  The chain would be placed in the door 
and the gear would be located where the door hinge is located.  The gear would have a pivot 
point and would lie on the same plane as the door when closed and when opened the gear 
would be parallel to the door.  Two brackets were required for each hinge and would be 
connected on one end together while the other ends of the brackets would be connected to the 
door and a fixture on the car itself.  

 

 
Figure 8 - Hinge Bracket Concept
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TWO BRACKET SLIDE DESIGN 
 
 The second design of the concept as shown in Figure 9 is called the Two Bracket Slide 
Design.  This relied on two brackets being connected to a roller system and the car at two 
different locations.  One bracketed would be connected to the back end of the door.  This 
bracket would be fixed onto the door and free to run along the tracking system on the car.  
The second bracket would be connected onto the with a limited sliding track and is connected 
to the track connected to the car.  The reason the second bracket is not fixed is because this 
would allow for more movement of the door past the opening of the vehicle allowing for 
more clearance of opening.  This design works by the two brackets sliding into the tracking 
system when closed.  As the door is opened the brackets will swing out ninety degrees and 
this is all controlled by the operator.  The door is then pushed forward by the operator and the 
non fixed bracket will slide and along with the fix, but at the point the non fixed bracket will 
stop and the fixed will continue along the track until opened. 
 

 
Figure 9 - Slide Bracket Concept
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TWO BRACKET TRACK DESIGN 
 
 The third design as shown in Figure 10 is called the Two Bracket Track Design.  This 
design relies on two tracks and two bracket system that will support the door throughout the 
entire slide.  The two brackets would connect a roller bearing system to the door.  The one 
track would be found on the bottom of the vehicle and use one bracket to connect the track 
system to the door.  The second bracket would be connected to the front portion of the door 
located in the center of the door.  The track system would run along the fender and be 
connected to the body.  The bracket would pivot when in the closed position to open the 
bracket would be perpendicular to the door in the open position at ninty degrees. In order for 
the door to open in the front portion of the door, a torsion spring would be used to help open 
the door and keep it in the open position. 
 

 
Figure 10 - Middle Bracket Sketch 

 
SELECTION 
 
 The design selection process did not use any type of selection tool, but focused on which 
design would be feasible.  There was a major issue with the Two Bracket Slide which had 
little to no support in the middle or top section of the door.  There was also problems with the 
Two Bracket Slide Design and Two Bracket Hinged Design in blocking the pathway of 
exiting and entering the vehicle.  The only design the was feasible and eliminate these major 
design issues was the Two Bracket Track System.

12 
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DESIGN CALCULATIONS 
 
SUM OF THE MOMENTS WITH 100 LB FORCE 
 
 The sum of the moments was the critical first step in starting the calculations.  This was 
needed in order to determine the forces that would affect the middle bracket sub-assembly 
and the bottom bracket.  The measurements and weight of the door were required to properly 
determine the sum of the moments.  Figure 11 shows the length dimensions on the door 
along with location of 100 lb force and the weight of the door.   
 

 
Figure 11 - Free Body Diagram of Door 

 
 The actual weight of the door ended up being a little under 50 lbs, but was rounded up to 
50 lbs for the calculations.  F1 is the force that would interact with the bottom bracket and the 
F2 would be the force that acts on the middle sub-assembly.  Appendix G shows sample 
calculations of the sum of the moments in the Y direction and Table 4 shows the results of 
the calculations.  The sum of the moments in the Y direction were only calculated to be used 
for the bending and displacement calculations in Finite Element Analysis. Sample equations 
for all of the above equations can be found in Appendix G. 
 

Results 

F1 156.25 lb 

F2 -6.25 lb 
Table 4 - Sum of Moments in Y Direction Results 
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BENDING STRESS  
 
 Once the forces were determined in the Y direction, these could be used in the 
Solidworks Finite Element Analysis on the middle sub-assembly and bottom bracket sub-
assembly. Figure 12 shows the Solidworks model for Middle Bracket Sub-Assembly and 
Figure 13 shows the Solidworks model for Bottom Bracket Sub-Assembly. 
 

 
Figure 12 - Middle Bracket Sub-Assembly 

 

 
Figure 13 - Bottom Bracket Sub-Assembly 

 
 An additional feature was required in order to get the proper bending stress.  A plate was 
created to be placed in the models for both figures, so the analysis could be fixed at that point 
representing the door the brackets would be installed to.  The forces were applied on both 
ends to figure the worst case scenario for both brackets.  The max force of 156 lbs was used 
for both brackets to add additional safety factor onto the design of the brackets.  Figure 14 
shows the results of the force applied on Middle Bracket Sub-Assembly and Figure 15 shows 
the results of the force applied on the Bottom Bracket Sub-Assembly. 

14 
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Figure 14 - Bending Stress on Middle Bracket Sub-Assembly 

 

 
Figure 15 - Bending Stress on Bottom Bracket Sub-Assembly 

 
 

 After these were ran they show the material selected of 321 Stainless Steel will not fail 
when building the brackets and be able to with stand the forces applied to the brackets.  
 
TWISTING  
 
 The next calculations that would be ran was for twisting when the 100 lbs of force is 
applied to the door like shown in Figure 11.  This set of equations would be with the bottom 
bracket being removed from the door, so the worse case scenario would be applied to the 
door.  This was looked at to make sure the material and bracket design could withstand any 
twist if a force was applied at the very edge of the door and would cause a torque around the 
middle bracket.  Figure 16 shows the general illustration of the twist that would be caused. 

15 
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Figure 16 - Twisting on Middle Bracket Sub-Assembly 

 
 The first step was to determine the torque.  The torque was determined by taking the 
distance of the middle bracket from edge of the door and was multiplied by the 100 lbs of 
force applied and added the weight to the door onto the force applied.  Table 5 shows the 
calculated value. 
 Once that was determined the angular displacement would be determined to see how 
much displacement would be caused by the torque.  321 Stainless Steel shear modulus of 
elasticity would be used and the center of inertia would be calculated using a .75 in by 1.5 in 
rectangle.  This center of inertia was used that way due to the complexity of the bracket 
design.  Once these values were found the angular displacement shown in Table 5 and the 
equation used shown in Figure 17. 
 

Results 
T 4500 in lb 
L 8 in 

G 28 x 106 psi 

J .1075 in4 
θ .685 deg. 

Table 5 - Angular Displacement Results 
 

 
Figure 17 - Angular Displacement Equation 
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 After calculating the angular displacement, there was a need to check to make sure the 
angular displacement was suitable for the design.  In order to do the strain and shear stress 
needed to be found.  The strain equation can be seen in Figure 18 and max shear stress 
equation can be seen in Figure 19.  Table 6 shows the results of each equation.   

 
Figure 18 - Strain Equation 

 

 
Figure 19 - Max Shear Equation 

 
Results 

θ .0119 rad 
c .75 in 
L 8 in. 
ƴ 0.0011 
T 4500 in lb 

Zp .606 in3 

τmax 7425 psi 
Table 6 - Strain and Shear Results 

 
 After these were found, the shear modulus of elasticity can be calculated and then 
compared to the material value of shear modulus of elasticity.  This would determine if the 
design would be safe to use from the twisting stand point.  The equation used can be seen in 
Figure 20 and values are shown in Table 7. Sample equations for all of the above equations 
can be found in Appendix G. 

 
Figure 20 - Shear Modulus of Elasticity Equation 
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Results 
ƴ 0.0011 

τmax 7425 psi 

G 6.75 x 106 psi 
Table 7 - Shear Modulus of Elasticity Results 

 
 
SHEAR STRESS ON BOLT 
 
 The next equation would evaluate the shear on the bolt used for both brackets to connect 
the roller bearing onto the brackets.  The force used to determine was the 100 lbs of force 
used per customer standards and the area of bolt was also used for the shear equation.  Figure 
21 shows the shear occurring to the bolt and Figure 22 shows the equation used. The results 
for the equation can be seen in Table 8.  Sample equations for all of the above equations can 
be found in Appendix G. 
 

 
Figure 21 - Shear on Bolt Diagram 

 

 
Figure 22 - Shear Equation 

 
Results 

Fs 100 lb 

A .3068 in2 

τ 325.94 psi 
Table 8 - Shear Results 

BEARING LOAD RATING 
 
 The bearing load was the next important calculation which would help determine the life 
and the load the bearing would go under.  The first step was to assume the bearing would 

18 



Sliding Car Door Brian Neumann 

take at least a 100 hours of use during its life then the life of the bearing could be determined.  
See Figure 23 for the equation used and Table 9 for the results. 
 

 
Figure 23 - Design Life Equation 

 
Results 

h 100 h 
RPM 100 RPM 

Ld 6 x 105 RPH 
Table 9 - Design Life 

 
 The next step was to calculate the bearing load.  Figure 24 show the equation used.  For 
Pd, 150 lbs multiplied by a safety factor of 2.5 would be used and for the value of k, 3.33 
would be used since it is a roller bearing system.  Once these values were found the bear load 
could be calculated with the design life which was calculated before gives the final value.  
Table 10 shows the values of the equation and variables.  Once bearing load was calculated, 
it was compared to the bearing load the roller bearing was rated for and a factor of safety of 
1.5 was determined, shown in Figure 25.  Sample equations for all of the above equations can 
be found in Appendix G. 

 
Figure 24 - Load Rating Equation 

 
Results 

Ld 6 x 105 RPH 
Pd 375 lb 

k 3.33 
C 321.67 lb 

Table 10 - Design Load Rating 
 

19 



Sliding Car Door Brian Neumann 

 
Figure 25 - Rating of Bearing vs. Design Load Rating 

 
SPRING CALCULATIONS 
 
 The last equations ran were for the torsion spring located on the middle bracket sub-
assembly.  This was important in finding the spring rate to indicate to force required over a 
distance would be required in order to shut the door with the spring involved.  The first step 
was to come up a ideal diameter wire and diameter mean in order to the spring index which 
would allow the calculation of Curvature Correction Factor (Kb).  These items would help 
determine a bending stress for a suitable material for the wire.  The diameter of the spring 
chosen was .625 inch to allow an easy fit around the .5 inch bolt.  The diameter size of the 
spring was chosen at .063 inch.  These two items now allowed for the calculation of spring 
index and calculate Curvature Correction Factor (Kb).  See Appendix G for sample 
calculations of the above equations.  See Table 11 for the value of Kb.  The next step before 
applying the bending stress equation, a moment of the spring was need to be found.  The 
moment used 15 lbs of closing force along with 1 inch distance of the arm length of the 
torsion spring help give a moment for the bending stress.  See Table 11 for results of the 
moment.  Once these were found the bending stress could be calculated and the equation 
used can be seen in Figure 26.  See Table 11 for results.  The bending stress calculated found 
that ASTM Steel Wire  would be suitable to be used. 
 

 
Figure 26 - Bending Stress Equation 

 
 The next equation need to be found was the spring rate which would determine the force 
over a certain distance required to compress the spring.  The moment used in the bending 
stress was reused for this equation and since a 90 degree torsion spring would be used a 
angular displacement of 90 degrees was used.  See Figure 27 for the equation used and Table 
11 for results. 
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Figure 27 - Spring Rate Equation 

 
Results 

Kb 1.081 

M 15 in lb 

Dw 0.063 in 

σ 66.05 ksi 
θ .25 rev 

Kθ 60 in lb/rev 
Table 11 - Spring Calculation Results 

 
 The results shows 60 in lb/rev is required to compress the spring.  This would suitable 
since the moment caused by shutting the door from the opposite end will be greater than the 
sprint rate allow for the door to easily shut. 
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FABRICATION AND ASSEMBLY 
 
BRACKET FABRICATION 
 
 The first operation in the fabricating process was to fabricate the brackets.  This process 
started by finding some plate stock for 321 Stainless Steel.  Source 1 Alloys were able to 
provide the material I needed and Figure 28 shows the raw stock. 
 

 
Figure 28 - Raw Stock 

 
 The brackets were going to be made out of .25 in think plate stock because of the speed 
the brackets could be fabricated in compared to milling the brackets out of bar stock.  First 
the pattern of each piece would be laid out onto the plate stock as seen in Figure 29.  When 
each piece was cut out the additional features would be milled and drilled into the pieces.  
These features would be holes and radiuses show on the drawing.  Appendix H shows the 
drawing requirements of the brackets.  The brackets would then be held together and welded 
into place to complete the brackets. The completed brackets can be seen in Figure 30 and 
Figure 31. 

 
Figure 29 - Pattern Lay-out 
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Figure 30 - Bottom Bracket 

 

 
Figure 31 - Middle Brackets 

VEHICLE MODIFICATION 
 
 Once the brackets were manufactured, the vehicle was ready for modification.  The first 
step in prepping the car was by removing the fender from the vehicle as shown in Figure 32 
and remove all hardware from the inside of the door like window and electric wires to make 
things easier for modification. 
 

 
Figure 32 - Fender Removal 
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 The next step was to cut the pocket at the bottom of the vehicle to allow for installation 
of the bottom track.  Figure 33 show the pocket cut from the vehicle.  The holes when they 
be drilled for both the middle section track and bottom section of track.  After the holes are 
drilled the track is ready for installation. 
 

 
Figure 33 - Pocket Cut 

  
 Once the pocket was cut, a notch was required to allow for the bolt of the bottom bracket 
sub-assembly to enter the closed position.  An angle grinder was use to make this feature and 
can be seen in Figure 34. 
 

 
Figure 34  - Slot Feature 

 
 The next modification is required on the door.  The door needed to be modified to allow 
for one portion of the middle bracket sub-assembly to be installed.  This required cutting a 
portion of the door and drilling two holes.  This can be seen in Figure 35. 
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Figure 35 - Cut for Middle Bracket 

 
 A hole was then required on the bottom portion of the door to allow for installation of 
the bottom bracket sub-assembly.  This can be seen in Figure 36. 
 

 
Figure 36 - Hole in Door 

ASSEMBLY OF TRACK ONTO VEHICLE 
 
 After the holes were drilled into the vehicle, the tracks were ready for installation onto 
the vehicle.  The tracks were then cut to required length and had the holes drilled into track 
for the installation process onto the vehicle.  Once the modifications were done on the tracks, 
they were installed onto the vehicle.  1/2" bolts and nuts were used to secure the tracking 
system.  The bottom track is shown in Figure 37 and the middle track is shown in Figure 38.  
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Figure 37 - Installed Bottom Track 

 

 
Figure 38 - Installed Middle Track 

 
ASSEMBLY OF DOOR ONTO BRACKET SYSTEM 
 
 The first step of completing the sub-assembly was installing one of the middle brackets 
onto the sub-assembly as seen in Figure 39.  The other portion of the middle bracket sub-
assembly was installed onto the middle track as seen in Figure 40 and during this time the 
fender was re-install on the vehicle with the modifications.  The bottom bracket sub-
assembly was then installed on the bottom track as seen in Figure 41. 
 

 
Figure 39 - Door Partial Assembly 
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Figure 40 - Middle Bracket Assembly on Track 

 

 
Figure 41 - Bottom Bracket Assembly on Track 

 
 The next step was to take the door and slide the bottom bracket sub-assembly bolt 
through the drilled hole in the door and then secure in place with a nut as seen in Figure 42.  
The middle brackets, one on the track and one on the door, will slide into place and be bolted 
together.  The torsion spring is then placed on the bolt for the middle bracket assembly.   
 

 
Figure 42 - Installation of Bottom Bracket Sub-Assembly 
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 After the brackets are installed in place and the nuts are tight on the bolts, this has 
completed the assembly of the door onto the vehicle and is ready for use.  The completed 
assembly can be seen in Figure 43. 
 

 
Figure 43 - Completed Assembly 

 
TESTING 
 
TESTING METHODS 
 In order to prove the door works as required, the door had to go under two test along 
with analyzing two other features on the door.  The two testing methods the door would go 
under is the door being able to withstand 100 lbs of additional force and go under repeated 
cycle testing.  Also two other features would be examined which were the clearance required 
to enter the vehicle and the additional space saving from the sliding door compared to the 
hinged door. 
 In order to achieve the testing a plan was laid out for each.  The first test of withstanding 
100 lbs of additional force would require a 100 lbs of weight to be placed on the door.  The 
second test would require the door to open repeatedly 100 times without failure. 
 The two other features to be analyzed by the first clearance of entry way by no hardware 
being in the path of a person exiting and the door also not interfere with the person leaving 
the vehicle.  The next step would be to verify the space saving in the sliding door to hinge 
door and could be done by opening up the sliding door and then open the hinged door for the 
back of the vehicle.  This would provide a nice illustration of the space savings. 
 
TESTING RESULTS 
 The first test that was ran on the door was withstanding the additional 100 lbs of force.  
This was done by taking free weights and placing them on the door using a budgie chord and 
placing weight on the inside of the door.  Figure 44 shows the 50 lbs of weight being held on 
the budgie chord.  The other 50 lbs of weight was on the inside of the door. 
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Figure 44 - Weight Test 

  
 When the weight was applied onto the door there was very little shift in the positioning 
of the door and did not fail when the weight was place on the vehicle.  There was an attempt 
to move the door with the additional weight, but the door did not function properly with the 
extra weight.  This shows the test as a success because the purpose was to be able to 
withstand someone leaning on the door and not having the door fail.  The attempt to move 
the door was just attempted out of curiosity and did not affect the overall outcome of this test. 
 The second test was 100 repeated cycle loads of opening and closing of the door.  This 
would be ran by having a person open the door into the full open position and then shut the 
door in full closed position and repeat 100 times. 
 The test ran successfully, but there was some problems in the opening and closing of the 
vehicle.  The door was able to open and close 100 times, but the closing of the door was 
difficult from time to time.  This was being cause by the bottom bracket not being 
perpendicular to the tracking system causing a bit of a displacement.  The door would have to 
be lifted up in order to shut.  Another issue was the front door did not want to close properly, 
but this was due to the torsion spring and not being a latch for the front portion of the door.  
Overall the door was able to run the test successfully with a couple of minor hitches. 
 The last two items were analyzing if there was any inference in exiting and entering the 
vehicle and the space savings of slide door compared to the hinged door.  Figure 45 shows 
the opening of the vehicle and Figure 46 shows the comparison of slide door compared to 
hinged door. 

 
Figure 45 - Opening of Vehicle 
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Figure 46 - Slide Door vs. Hinged Door 

 
 The opening of the vehicle in Figure 45 shows the clearance of entering and exiting the 
vehicle and how there is plenty of space with to interference from hardware. 
 Figure 46 Slide Door vs. Hinged Door Figure shows the potential space saving of 
entering and exiting a vehicle.  There was roughly 24 inches of space saving when comparing 
the two door (excluding the door mirror). 
 The two test and two analysis help prove the proof of design and that the sliding door is 
a possibility for the future of doors in its potential space savings and help remove risk of 
damaging another's vehicle when opening a door.
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SCHEDULE AND BUDGET 
 
SCHEDULE 
 
 The schedule for the remaining portion of the design and assembly portion is shown in 
Table 4 and was taken from Appendix E.  The schedule is shown to that the proof of design 
was completed by the end of the week of October 13th.  This would allow for solid six weeks 
of modeling and refining the design of the project by the end of fall semester.  This allowed 
for the being of assembly at the start of spring semester and allows enough time for 
modification and testing to be completed. 
 

 
Table 12 – Schedule 

 
BUDGET 
 
 When determining the budget which can be seen in Appendix F, a list of what needs 
would likely be covered was determined.  The chart below indicates the breakdown of the 
estimated cost of the project.  This is an attempt to keep the cost below a total of $1,500. 
 

Materials, Components, and Labor Estimated Cost 
Materials for Slide Mechanism $300.00  
Labor for Machining $250.00  
Miscellaneous $500.00  
Total $1,050.00  

Table 13 - Estimated Cost 
 
 The final cost for building the project was under half of the budgeted amount.  The 
budget was already high at the start of the project to make sure the project would not go over, 
but through donation to the project help keep the final cost reasonable. 
 

Materials, Components, and Labor Final Cost 
Materials for Slide Mechanism $300.00  
Labor for Machining $100.00  
Miscellaneous $100.00  
Total $500.00  

Table 14 - Final Cost

September October November December January Febraury March April
Research
Design
3D Model and Calculations
Procurment of Materials
Winter Presentation
Fabrication and Testing
Final Modifications and Testing
Tech Expo and Spring Presentation
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CONCLUSION 
 
 In conclusion, the Sliding Car Door was a success.  The sliding door was able to past the 
two test with some minor problems in the repeated cycle test, but was still able to complete it 
without failure.  The two other features analyzed in the area of exiting and entering the 
vehicle and the space saved in opening the door was a major success with no major flaws.  
Overall this is a great start into creating a new way for a door to open, but some minor items 
still need to be done in order to make this a marketable product. 
 Some additional features are required before this can become a marketable product.  
There is an additional need for a latch on the front part of the door to properly seal the 
vehicle while driving.  A new latch will cause the door handle to be modified to open to 
hatches at once.  Other feature need are something to cover the tracks for more suitable look.  
Covering a track with some sort of retractable cover would allow for better appearance along 
with protecting the tracks from the elements when on the road.  The track and bearing system 
could be a bit sleeker and be designed for each other which would help any displacement in 
the track system when connected to the vehicle.  The final recommendation for a final 
marketable product would be to make an automated system.  This would allow for even 
easier access to the vehicle by using something on someone's key ring to allow the door to 
open and close.  Also additional new car technology would also be required on the door such 
as retractable mirror to allow for maximum space savings and wireless electronics so no 
wires would be needed to run back from the door to the main body of the car. 
 This project was a great experience and was able to learn a lot.  It had taught me that 
even after spending many hours in designing an item may not turn out right and it is key for 
an engineer to be able to keep calm and come up with a solution to fix the problem.  The 
process was extremely pleasurable in being able to design and build my own design and see 
it come to fruition.  I am excited to use my new found skills from which this project has 
taught and go apply them in my career.
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Interview with older car user: Norman D. Schibik 2465 Willowspring Court 
Cincinnati, OH 45231  09/05/13 
Drives a 2004 Ford 150 Truck and 2006 Ford Focus. 
He uses his car and truck for everyday uses such as getting back and forth 
between work and other things, but does have to use his car for taking care of 
his handicapped daughter. 
He suggestion some features that he would like to see in the sliding doors is 
remote opening of the door which would allow for easy access to car if hands 
are full.  Another suggested feature is to add a sensor for pinching of hands or 
other items when the door is opening or closing. 
Liked my design and thought there will be a lot of benefits from it and one he 
stressed was easier access to the car. 
Important areas that might cause failure is the back doors may interfere with 
the gas cap or pumping of gas if someone opens the door at an improper time. 
He stressed the concern to make the door controls water proof because of 
current cars he has issues with water damaging the controls when it rains. 
He was hopeful that my design could be implemented on more that just four 
door cars and could be translated into a four door truck. 
Did not know of any other car doors that would be similar to my design. 

Interview with car user, Tina Neumann: 5640 East Miami River rd. Cincinnati, 
OH 45002  09/02/13 
Drives a 2000 Honda Civic. 
She uses her car for routine everyday things such as driving to work, picking 
up groceries, and picking up her son from events. 
She would like to have the door to be fully automatic with no handle on the 
outside to give a nice sleek style. 
Concerns that arise from the idea was child safety.  Making sure that some 
kind of sensor is in the door to prevent children from hurting themselves or 
opening door at in appropriate times. 
Other concerns were since this would be a new product cost of repair would be 
high along with safety issues. 
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Minivan Sliding Door 
 
A typical minivan has either one or two side doors that 
completely slide back and allow for a large amount of clearance 
for entrance to the back seats of a van.  This works by having 
tracks on the bottom and top of the door with a rolling slide 
running down the middle of the door.  Benefit to these style 
doors it allows for people and objects to fit inside the vehicle 
with little inference from a car door.   Minivan doors are 
typically good for kids because it allows them to open the door 
and not worry about them opening into another car. 
 
 

  
 
 

 
The minivan door 
would not be easily 
modified to fit a 
standard four door car.  
The car would not be 
able to have the similar 
top and middle tracks as 
the minivan door. 

Interview with Body Repair Mechanic, Tracy Ellis: 1338 Devils Backbone Rd. 
Cincinnati, OH 45233  09/03/13 
Drives a 2002 Hyundai Elentra. 
Likes the idea of the design and would like to see it implemented. 
Suggested to make doors light weight out of fiberglass and then steel 
reinforced for driver safety. 
Areas where problems could arise are after a collision or accident the ease of 
getting out of the car and would the door jam up and trap whoever is inside. 
He thinks there are positive safety features such as parking on streets would 
allow the drive to get out easier and kids should not be able to swing the door 
open and hit the car parallel to it. 
Suggested to look at a Nissan Minivan because Nissan is working on making 
trackless sliding doors for their Quest model. 
 

https://www.
youtube.com
/watch?v=q_
bo_4VX7ZE 
9/4/13 

AII 



 

 

BMW Z1 Doors 
 
The BMW Z1 doors open by pressing the key hole of the door 
which allows the door to either slide open or closed if the door is 
unlocked.  Half of a standard size door slides into the bottom 
portion and the window will automatically retract when door is 
closing.  This design was only used for two door sports car 
convertible.  The design of this style of closing allows for the 
door to almost be completely hidden. 
 
 

 
 

 
Door does not give 
optimum clearance for 
entering a car. 
Older car users would 
have difficulty getting 
into the car if they have 
back or leg problems. 

1954 Kaiser Darrin Roadster Doors 
 
The 1954 Kaiser Darrin Roadster had doors that would slide into 
the body of the car. The car body was specifically designed for 
the door to slide into the front fender of the car.  This worked by 
the door following a track that would safely take the door from 
the closed position to the open position without damage.  
Features were built into the door such as the windows would 
automatically go down when the door would open to prevent 
damaging the window during the slide. 
 

 
 

 
Front has to be a bit 
bulkier to allow for door 
to slide into the car. 
Most car doors would 
have to changed in 
order for the door to 
slide into the fender. 
Could not work for all 
four doors of a car. 

http://www.
autoblog.co
m/2011/10/0
7/1989-
bmw-z1-w-
video-quick-
spin-review/ 
10/10/13 

http://www.google.c
om/patents/US26288
60?pg=PA5&dq=slid
ing+door+darrin&hl
=en&sa=X&ei=NxIx
UueIEY3A4APn0Y
DIDg&ved=0CDcQ
6AEwAA 
9/4/13 
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APPENDIX B – SURVEY 
 

SLIDING CAR DOOR 
CUSTOMER SURVEY 

 
The standard car door has had little innovation on how it opens over the history of the car.  
The sliding car door looks to replace the standard door and become the new standard.  The 
survey is provided to determine the features the consumers would like and how satisfied the 
consumer is with the standard door. 
 

How important is each feature to you for the design of the sliding car door?  
Please circle the appropriate answer.     1 = low importance         5 = high importance 
                     Avg. 
Safe   1 2 3 (3) 4 (4) 5 (3) N/A     (4.1) 
Secure  1 2 3 (6) 4 (4) 5 (1) N/A     (3.6) 
Easy to Operate  1 2 3 (3) 4 (7) 5 (1) N/A     (3.8) 
Easy to Maneuver  1 2 3 (1) 4 (7) 5 (3) N/A     (4.2) 
Reliable   1 2 3 (3) 4 (6) 5 (2) N/A     (3.9) 
Durable  1 2 3  4 (5) 5 (6) N/A     (4.6) 
Easy to Maintain   1 2 3 (4) 4 (4) 5 (3) N/A     (3.9) 
Weather Resistant  1 2 (1) 3 (6) 4 (4) 5 N/A     (3.1) 
Inexpensive  1 2 3 4 (5) 5 (6) N/A     (4.5) 

 
How satisfied are you with the current standard car door?   
Please circle the appropriate answer.      1 = very UNsatisfied          5 = very satisfied 
                     Avg. 
Safe   1 2 3 (4) 4 (7) 5 N/A     (3.6) 
Secure  1 2 3 (5) 4 (6) 5 N/A     (3.5) 
Easy to Operate  1 2 (1) 3 (5) 4 (5) 5 N/A     (3.0) 
Easy to Maneuver  1 2 (3) 3 (6) 4 (2) 5 N/A     (2.9) 
Reliable   1 2 (8) 3 (3) 4 5 N/A     (3.3) 
Durable  1 2 (2) 3 (6) 4 (3) 5 N/A     (3.0) 
Easy to Maintain   1 2 (4) 3 (7) 4 5 N/A     (2.6) 
Weather Resistant  1 2 (2) 3 (8) 4 (1) 5 N/A     (2.9) 
Inexpensive  1 2  3 (11) 4 5 N/A     (3.0) 

 
 
How much would you be willing to add to the cost of a car for this product? 
 
 $0-$250           $250-$500 (5)           $500-$750 (5)         $750-$1000 (1)        $1000-$2000  
 

Thank you for your time. 
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APPENDIX C – QUALITY FUNCTION DEPLOYMENT 
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Safe 9 3 1 3 3 4.1 3.6 4 1.1 4.6 0.10 10%
Secure 3 9 3 3 3.6 3.5 4 1.1 4.1 0.09 9%
Easy to Operate 9 3 3 3.8 3 4 1.3 5.1 0.11 11%
Easy to Maneuver 3 3 9 4.2 2.9 4 1.4 5.8 0.12 12%
Reliable 3 3 3 3.9 3.3 4 1.2 4.7 0.10 10%
Durable 3 3 9 3 4.6 3 5 1.7 7.7 0.16 16%
Easy to Maintain 1 3 9 3 3.9 2.6 4 1.5 6.0 0.13 13%
Weather Resistant 3 3.1 2.9 3 1.0 3.2 0.07 7%
Inexpensive 3 1 9 4.5 3 4 1.3 6.0 0.13 13%
Abs. importance 1.50 2.37 1.34 1.43 1.39 2.32 1.47 1.24 1.53 14.6 47.1 1.0 1.0
Rel. importance 0.10 0.16 0.09 0.10 0.10 0.16 0.10 0.09 0.10 1.0
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9 = Strong
3 = Moderate
1 = Weak
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Durable 4.6 3 5 1.7 7.7 0.16 16%
Easy to Maintain 3.9 2.6 4 1.5 6.0 0.13 13%
Inexpensive 4.5 3 4 1.3 6.0 0.13 13%
Easy to Maneuver 4.2 2.9 4 1.4 5.8 0.12 12%
Easy to Operate 3.8 3 4 1.3 5.1 0.11 11%
Safe 4.1 3.6 4 1.1 4.6 0.10 10%
Reliable 3.9 3.3 4 1.2 4.7 0.10 10%
Secure 3.6 3.5 4 1.1 4.1 0.09 9%
Weather Resistant 3.1 2.9 3 1.0 3.2 0.07 7%
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APPENDIX D – PRODUCT ODBJECTIVES 
 
OBJECTIVES 
 Based on the survey given to potential customers, the product objectives were 
determined and the objectives importance to the product.  The list below if broken into the 
list of features derived from the survey and then list applications of each feature.  This is 
determine the critical applications and features for the overall product. 
 
 Durable    (16%) 

a) Stand up to 10 lb of force by human contact at any point using a force 
applied in separate areas and measuring in inches displacement caused 
by the force 

b) Door can be slammed shut with no damage to any equipment 
 Easy to Maintain  (13%) 

a) Simple repair done by manuals/repair guides 
b) Repaired with standard tools 

 Inexpensive   (13%) 
a) Cost to modify to be less than $1,500 

 Easy to Maneuver  (12%) 
a) Clean movement of door along track with no hesitation 
b) Handle in location for prime opening and closing position measured by 

average arm length of an adult which will be measured in inches 
 Easy to Operate   (11%) 

a) Guided track for door 
b) Easy to open and close door 
c) Open door in tight parking spaces in a gap between cars of 24 inches 

or more 
 Safe    (10%) 

a) Does not trap passenger in a car accident  
b) Child lock doors for rear doors 
c) No hardware in path of entering and exiting of car 

 Reliable    (10%) 
a) Sliding mechanism life to be the same as the average standard door life 
b) Operate per standard life of parts per the following spec sheets: 

I. Material Spec. 
II. Hardware Spec. 

III. Motor Spec. 
 Secure    (9%) 

a) Multi-Latch system for holding door in place when shut 
b) No movement in door when shut, measured by placing force on inside 

and outside of door measured in inches for displacement caused by 
movement 

 Weather Resistant  (7%) 
a) Handle wind gust of 50 mph when door is open and can be measured 

by displacement in inches the wind gust generated on the door  
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APPENDIX E – SCHEDULE 
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Content review (advisor)
Proof of Design Agree (advisor)
Concepts/Selection (advisor)
3D Model - (Sliding Mechanism)
3D Model - (Door Hardware)
3D Model - (Completed Door)
Design Calculations
Design Freeze
Bill of Materials
Shop Drawing
Order Parts
Fabrication
Design Presentation to Faculty
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Project Report to Advisor
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APPENDIX F – BUDGET 
 
Materials, Components, and Labor  Estimated Cost  Final Cost 
Material for Slide Mechanism  $300.00   $300.00 
Labor for Machining    $250.00   $100.00 
Miscellaneous     $500.00   $100.00  
Total      $1,050.00   $500.00 
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APPENDIX G - EQUATIONS 
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APPENDIX H - DRAWINGS 
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APPENDIX J - B.O.M. AND HARDWARE 
 

Bill Of Material 
 

Hardware Quantity Supplier 
321 Stainless Steel Plate 1 Source 1 Alloys 
Unistrut Track 1 5/8" X 1 5/8" 2 Unistrut 
Unistrut Roller Bearing 2 Unistrut 
1/2" Galvanized Bolt 10 Home Depot 
1/2" Galvanized Nut 20 Home Depot 
1/2" Galvanized Washer 20 Home Depot 

 
 

1/2" Galvanized Bolt 
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Unistrut Track 1-5/8" X 1-5/8" 
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Unistrut Roller Bearing 
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1/2" Galvanized Nut 
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