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The goal of this Capstone project is to design an advanced drivers’ seat. Current seat designs are limited in their capacity to achieve an ergonomic fit for the various body types within the driving population. The features of this seat are designed to optimize ergonomic fit across a range of 98% of the adult population offering prolonged comfort to the occupant by minimizing the loading of lumbar vertebrae. The components of these features are dynamic, enabling the ability to accommodate a variety of body shapes and sizes by creating a personalized fit. The seat has been designed with innovative systems so it can integrate with future advancements such as an intelligent pressure sensor system that will map the body’s dimensioning and mass to making autonomous adjustments. Through the use of pneumatic bladder systems, the seat will be able to provide ergonomic lumbar support to any occupant within the mentioned range. The seat pan (bottom) will also have a inclined slope at the rear of the seat to prevent the pelvis from rotating posteriorly that can cause unnatural flattening the lumbar curve and increase the risk of injury to intevertebral discs. There will be a void space in this slope to relieve spinal loading caused by normal forces acting on the coccyx bone.
The Need for Project
	To offer a standardized ergonomic drivers’ seat design that will accommodate 98% of the driving population. To engineer the seat for compatibility with future autonomous adjustment systems.

	The design of an advanced drivers’ seat is needed to reduce straining of the musculoskeletal system and extraneous loading of the intervertebral discs that result from seated driving postures. Current designs do contain ergonomic features, but offer a limited range of lumbar support. An ergonomic design that corrects the driver’s posture will reduce the risk of musculoskeletal injury and degeneration of the intervertebral discs. These features will assist in maintaining the natural curve of the lumbar spine and reduce spinal loading.
It is expected that advanced technologies will be researched and developed to improve the performance and design of this recommendation. To decrease the time to market, this design can easily be integrated with future technologies. To further improve the ergonomic accommodation of the seat, and automated intelligent system must be developed. This will further improve the accuracy and customization of the seat contour improving the quality of the ergonomic features.  


The Design Project Objectives and Requirements

	The seat design must support the occupant with adjustable lumbar support, bolsters, and spinal posture correction. Additionally, the seat must integrate with a fully autonomous adjustment system. 
	Design Objectives
The vehicle seat back is comprised of adjustable lumbar and bolster modules. The lumbar module must maintain a 10 inch radius to accommodate the spinal curvature in the lumbar region. It employs vertical and sagittal movement to accommodate 98% of the population. The seat pan contains an inclined slope to prevent pelvic rotation and a void space to relieve coccyx pressure. The front of the seat pan extends forward to better support occupants with longer legs and incorporates the similarly adjustable bolster modules. All included components designed in the seat must be able to integrate with an advanced autonomous system that will make adjustments to the seat by sensor feedback. This system will work dynamically to accommodate occupants as they change from driver to driver. This system will provide greater support and health to the occupant, and reduce the amount of user input to achieve ergonomic fit.
Design Requirements

Research has been conducted in the areas of ergonomics, technology, safety and crash-testing with regard for vehicle seats. The lumbar support surface must be a 10 inch radial curvature. It also needs to move vertically within a range of 5 inches, from an elevation of 7 inches to 12 inches above the seat pan. This will account for occupants of differing spinal curvature locations. The lumbar support surface should move anteriorly and posteriorly approximately 2 inches. A +15° slope from the major seating surface will provide proper orientation of the pelvis. The incline will start 5 inches from the back of the seat pan. This incline will prevent unnatural rotation of the pelvis and promote the natural spinal curvature.



Design Concepts considered
	All alternative design concepts used completely different technologies to achieve ergonomic fit of any occupant.
	Two major concepts were strongly considered in addition to the recommended concept. The first design was comprised of a pneumatic bladder network that would autonomously conform to the occupant. To meet requirements, the seat needed high resolution of bladders controlled via an intelligent pressure regulation system. These bladders would be connected to a force feedback system that would map the occupants’ contours and adjust accordingly providing an ideal customized ergonomic fit. The automated occupant adjustment system would be dynamic and able to accommodate any occupant; it is also capable of being incorporated into the current recommended design.  
Another seat concept was a fully adjustable frame through the use of contour manipulation. Mechanical actuators applied forces to a deformable beam. The beams are constructed to replicate the human spine and are placed on the outsides of the occupant like pillars. The actuators are positioned in a way that allows an infinite amount of possible shapes. This ability makes the seat a candidate for ergonomic fit of 98% of the population. In between the beams is a tensioned mesh to project the shape of the beams across and will be the primary seating surface. The beams will have the ability to move closer together and farther apart.


Recommended Design Concept

	The recommended design uses a hybrid pneumatic and hydraulic system to achieve the movements needed to provide an ergonomic sitting posture to 98% of the population.
	(1) Design Description
The recommended seat design uses the following specific movements to achieve an ergonomic sitting posture for 98% of the population:

· Seat pan bolster width expansion

· Seat pan extension at the front
· Seat back bolster width expansion

· Lumbar support depth adjustment

· Lumbar support height adjustment

Bolster movements are achieved by expansion of air bladders in the sides of the seat pan and seat back. The same expansion system is used in the end of the seat pan, allowing it to extend to a variety of lengths.  The lumbar support is a modular system added into the foam of the seat back. A plastic body provides the lumbar support surface while bladders on the top and bottom of it are filled with fluid.  These bladders provide support in the regions of empty space above and below the lumbar support (this empty space being the range of up and down movement of the lumbar support). Fluid may be pumped from one bladder to another, resulting in deflation and expansion respectively. This bladder displacement moves the lumbar support up and down along its guide rail enabling height adjustment.
Depth adjustment of the lumbar support is achieved with inflation and deflation of a donut shaped bladder in the back of the seat. This bladder pushes a piston connected to the back of the modular lumbar support system. An extension spring in the center of the donut connected to both the frame and lumbar support system returns the lumbar support should the bladder be deflated.

(2) Analytical Investigations
Based on existing ergonomic data the lumbar spine support can maintain a static 10 inches radius to accommodate 98% of the population. In addition to the static radius the lumbar support must be adjustable with 4 inches of vertical travel, from 7 to 11 inches from the seat pan, and 2 inches of seat depth travel. 

The seat pan must be adjustable to accurately provide under thigh support based on the occupant’s size but not be too long as to limit blood circulation. The seat pan will range from 16 inches to 20 inches in length to provide such support.

Pelvic de-rotation of 10° is desirable to encourage proper lumbar curvature without hindering occupant comfort. 

(3) Experimental Investigations

Investigations were done in regards to the negative coccyx space currently implemented in bicycle saddles. Saddles with the negative space were more comfortable than those which did not have the feature. Considerations were given to the different postures bike saddles and vehicle seats provide.
(4)  Key Advantages of Recommended Concept

All seat geometries contributing to the ergonomic characteristics of the lumbar support system are adjustable in the recommended seat design.  The limits of movement of the various components have been engineered such that the seat is suitable for 98% of the population.  With the exception of the closed lumbar support height adjustment system, all seat movements are achieved with a common pneumatic system. Also, the adjustments lend themselves to automation for a future intelligent seat design. Technologies such as CPM and climate control through the lumbar support are also possible future advanced design features that could be integrated with this recommended design.


Financial Issues
	Currently there are no financial issues; this project is not in the phase of cost considerations at the time.
	At this moment we have not encountered major financial issues that would stall project progress. Vehicle seats were donated for greater insight on existing designs. Parts like air compressors and bladders will be used from the donated seats. 

Modular components of our improved seat design should allow for easier, more efficient and economic vehicle seat manufacturing and maintenance.




Recommended Improvements
	Incorporating CPM would reduce musculoskeletal strain and promote natural hydration to the intervertebral discs during long drives.
	To improve the ergonomics of the seat, it is recommended that the technology of Continuous Passive Motion (CPM) be added to the seat cushioning system. CPM is a method of continually moving the joints for therapeutic recovery following injury or orthopedic surgery. For joints to heal properly they must be moved during the recovery process to avoid the development of scarring tissue as well as to allow nutrient bearing liquid to flow to the joint.  

The concept behind incorporating CPM into a driver’s seat is to cycle the muscles and spine within a safe range of motion to keep the joints moving during long drives.  In theory, this feature would defer fatigue of the muscles and enable natural hydration of to the vertebral discs. CPM would be best achieved through discrete air bladders located throughout the seat to provide such cycling movement.
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