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Problem Statement and Background 

 People with a wide range of mobility disabilities are able to operate vehicles with adaptive 

technologies and devices. However, adaptive vans and trucks are extremely expensive, and can 

cost $20,000 to $80,000 depending on the degree of modification [1].  

 For many consumers, the modification or adaptation of vehicles involves challenging 

implementation and requirements.  Requirements include but are not limited to the installation of 

operating controls, ramps, lifts, and user transfer devices, as well as the removal of such 

technologies for those who may not have disabilities. In some instances, such as the shared use of 

a vehicle by both an able bodied person and a user with physical disabilities, multiple 

configurations of the van may be required. It is extremely important that the configurations must 

be installed and re-installed in a systematic and precise fashion, for safety and proper functionality.  

 While the adaptive technology as a whole has improved over the years, the small market 

segment of power seat removal systems has led to stagnation. Currently, the Assistive Technology 

Center at the Martha Morehouse Medical Plaza at Ohio 

State uses two adaptive vehicles for driver training 

purposes. One of the vehicles is equipped with a 

cumbersome power seat removal interface. This system is 

removed and re-installed by a clinician at least once a 

week and takes at least 5 minutes (usually more) to 

transfer in and out of the vehicle. However, most clinicians 

are physically unable to remove the seat without 

assistance.  

Existing interface. The red handle requires 
significant force to pull, and has a 

dangerous pinch point. 



 The goal of this project is to develop a method and hardware interface that will allow a 

stock vehicle power seat to be easily, quickly, and safely removed and reinstalled to an adaptive 

vehicle, while costing less than existing implementations. 

Methods 

 The design is constrained by both existing vans and by existing power seats. To keep 

installation cost low, the design must easily interface with both of these facets. Based on a set of 

criteria for the device, a range of designs are considered. Design criteria include ergonomics of 

removal, cost, sustainability, safety, and design simplicity. Each design is evaluated by Pugh’s 

method using a weighted decision matrix, where higher priority criteria are given a high weight 

and designs are evaluated on their ability to accomplish each criteria.  

 Proposed removal methods include a rail guide system through the interior of the van, a 

dolly-style tilt lever, a set of castor wheels, and a gurney similar to the existing implementation. 

Proposed locking and detaching mechanisms include a pin lock, mating rail, lever latch, and lift 

jack. Any concept which scored worse than the existing system was deemed infeasible, while any 

higher score was kept for further consideration. The highest scoring locking method and removal 

method were combined for the final proposed design, while elements of other designs were 

implemented as applicable. The final proposed design includes a mating rail with a set of castor 

wheels, while incorporating elements of the pin lock and rail guides. 

Description of Final Approach and Design 

 The removal mechanism features three primary elements: a top mounting cart, a base plate 

with guide rails, and mechanical locking plate to secure the device in place. The top mounting 

surface features a 6061 aluminum plate with castor wheels fastened to all four corners and a mating 

rail centered on the bottom face running twelve inches in length and 2 inches in height. This 



mounting cart is fastened to an OEM power seat allowing the seat to be moved freely within the 

vehicle. The ATP-5 aluminum base plate features two tapered guide rails running the length of the 

plate and a drive shaft that interfaces with a bevel gear mesh to translate a locking plate. A threaded 

rod interfaced with the gear mesh translates an acme nut that is press fit into the 6061 aluminum 

locking plate in and out of a slot machined into both guide rails. The locking plate is driven by 

user actuation drive shaft and in turn, a press fit acme nut moved by a threaded rod. The locking 

plate is translated to a locking position, then an un-locked position by using a 3/8” one way ratchet.  

 This device affords superior usability and functionality over the current design in place. 

Our novel device allows the clinical user to move the power seat in and out of the cart with multiple 

degrees of freedom and perfectly align the chair within the driver’s position on the first attempt. 

The mechanical lock allows the user to securely fasten the chair in place without drawing current 

from the vehicle’s electrical infrastructure. The device can be seen in renderings and figures below: 
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Outcome 

There were two major clinical tests ran to determine the performance of the device.  The 

first is measuring how much torque it takes the user to open or close the latch mechanism to lock 

the chair in place. According to the Canadian Centre for Occupational Health and Safety the 

amount of torque a user has to perform cannot exceed 24 lb, corresponding to 144 in-lb with a 6 



inch wrench.  According to the results using a 6 inch wrench, opening the device results in a 

maximum force of 15 in-lb and closing the device results in a maximum of 25 in-lb.  Both the open 

and close measurements are significantly lower than the 144 in-lb threshold and have a safety 

factor of 9.6 and 5.8, respectively.   

 The second major clinical test the team ran was having a group of clinicians run through 

the current/old design followed by the new/proposed design and take a survey afterward.  The 

survey had a series of eight questions evaluated on a Likert Scale that were duplicated twice one 

for each system.  After getting 8 people to take the survey and attributing numerical values (1-5) 

to the various responses a two-sample t-test was performed in Minitab to see if the new method 

was statistically different and better than the old method.  After running those results it was 

determined that the tests were statistically different with a p-value of 0.000 corresponding to the 

proposed/new method with a 95% confidence interval being better than the old/current method. 

Cost 

 The total cost the team incurred throughout the course of the project can be broken up into 

three segments: raw materials, machining costs, and installation costs. 

 Raw materials consisted of all the individual stock parts of the device and after ordering 

everything resulted in a cost of $300. After obtaining all of the raw materials the total machining 

cost associated with getting all the parts machined and assembled resulted in a cost of $2000. After 

the device is made it needs to be taken to a powered vehicle and the chair of the vehicle needs to 

be fixed to the device.  The bottom plate will then need to be bolted into the bottom of the vehicle.  

This installation cost estimate is around $200. Taking the cost from the raw materials, machining 

costs, and installation cost the total cost per chair unit is around $2,500, neglecting any economy 

of scale that could be gained by casting parts rather than machining. 



Significance 

There is an obvious need for improvement for the currently operating van by Ohio State 

University.  Currently, it is extremely difficult for a person to unlatch the chair and shake it around 

the van to fit the proper configuration necessary for placement or removal.  These improvements 

are necessary for multiple reasons, including safety concerns for driver and remover, ease of 

transport, ease of removal, ergonomic factors, ease of installation, time required for operations, 

and aesthetics of the vehicle.  The culmination of all these areas that are in need of improvement 

clearly displays a need for a new assisted device.  One can see the improvements of the new design 

by comparing it to the old method.  The clinicians all agree that the new method was easier, more 

ergonomic, faster, and more mobile than the old method of seat removal.  The amount of torque 

to actuate the locking mechanism is significantly lower than the current method and well below 

required standards.  The team set out with an initial goal of creating a system that is not only better 

than the current design but one which is also versatile that can be applied to a variety of vehicle 

chairs.  The system meets both of these goals. 
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