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Abstract

Hospitals and clinics require a method to provide elevation and rotation to wheelchair patients.  Currently there is no existing device that is capable of providing this movement. The goal of this project is to create a transportable platform that is capable of lifting a wheelchair and its occupant 3 in. to 9 in. (76.2 mm to 228.6 mm) above ground level and provide 360( rotational capability.  The device needs to be controlled by either the patient or doctor.  The current design features two platforms, and upper and lower, connected by scissor jacks.  The upper platform is translated vertically by two hydraulic cylinders that receive power from a hydraulic motor running off a 12-V battery.  Rotation is preformed by a rotational motor on the underside of the upper platform and is again powered by the 12-V battery.  Transportation is accomplished using four wheels that come in contact with the ground, if desired, only when the platform is in its 3 in. (76.2 mm) position.
Problem Statement

The medical field is seeking improved methods of providing care for patients who use wheelchairs.  To this end, a platform device is desired that enables wheelchair users access to health care procedures.  The device should have two-degrees of freedom (rotation of 360º, and vertical translation from 3 in. to 9 in. (76.2 mm to 228.6 mm) above the floor).  This device should be motorized, transportable, easy to use, and safe.

Background Information

Initial market and patent research was conducted on existing wheelchair platform devices.  The platform devices found were intended for both commercial and residential uses.  All platform lift devices researched were capable of vertical translation.  However, none of the devices found allowed for controlled rotation.  The main function of existing platform devices is to vertically translate the wheelchair and its occupant into cars and up stairs.  Furthermore, the devices were bulky, thus taking up a lot of space, and in most cases were fixed to operate in an assigned permanent location.  This feature of the pre-existing platform devices makes transportation very difficult.  Also, almost all platform devices researched operated on an AC power supply.  In order ideally operate in a hospital setting, the proposed platform device needs to be space-efficient, transportable and able to operate on a DC power supply. 

One example of an existing platform device is shown in Figures 1 and 2.  This device is capable of vertical translation only.  It is currently used in schools and other public buildings, and was not referenced for hospital use.  The elevation time for this device is around 20 seconds to a maximum height of 5.48 ft. (1.67 m.)  The device has a lifting capacity of 600 lbs. and has been tested at 3000 lbs load. The device weighs approximately 270 lbs.  The dimensions for the device during transportation and storage are 37.5 in. x 72 in. (952.5 mm x 1828.8 mm) (Adaptative Engineering LTD., 2003). 
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Figure 1: Mobilift CX, an example of an existing wheelchairs lift (Adaptative Engineering LTD., 2003)
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Figure 2: Top view of the Mobilift CX showing dimensions during operation (Adaptative Engineering LTD., 2003).

The research also provided a book on safety standards for platform lifts, ASME A18.1-1999 “Safety Standard for Platform Lifts and Stairway Chairlifts”, which will prove useful during the testing phase of the proposed design.  Abstract follows (Elevator World, 2003):

Covers the design, construction, installation, operation, inspection, testing, maintenance, and repair of inclined stairway chairlifts and inclined and vertical platform lifts intended for transportation of a mobility impaired person only.  The device shall have a limited vertical travel, operating speed, and platform area. Operation shall be under continuous control of the user/attendant.  The device shall not penetrate more than one floor.  A full passenger enclosure on the platform shall be prohibited.

Product Design Specifications

The following design specifications were provided by the competition:

The device should have two-degrees of freedom (rotation of 360º, and vertical translation from 3 in. to 9 in. (76.2 mm to 228.6 mm) above the floor). The device should be motorized, transportable, easy to use, and safe.  

The following additional design constraints have materialized during the design of the device.  Most importantly, the device must feel safe, and be safe for the user.  Taking into account the heaviest power-wheelchairs and the heaviest foreseeable patients, the device must be able to safely lift, rotate, and hold 600 lbs.  The lifting must be done in a smooth, rate sensitive manner.  To satisfy this, the device must accelerate slowly to its peak velocity, as well as decelerate slowly from its peak velocity, so as not to cause a ‘jerk’ to the patient.  For the comfort of the patient, the device should raise from its bottom height of 3 in. (76.2 mm) to its top height of 9 in. (228.6 mm) in approximately 7 seconds (Fronczak).  The device must be able to stop and remain at any height between the 3 in. to 9 in. (76.2 mm to 228.6 mm) range.  The rotation of the device must also be accomplished in a smooth and safe manner.  Again, the rotation must slowly accelerate positively and negatively from its peak rotational-velocity.  This rotation should be available at all times, including periods of vertical translation.  A single, 360° rotation, should take approximately 15 seconds, equating to approximately 4 revolutions per minute (Fronczak).   Rotation should be able to be stopped at any angle.  All movement should be done with minimum noise.  When on the platform, the patient should be ‘locked in’ to completely remove the possibility of falling off the device.  The locking mechanism should only be able to be turned off when the device is in its 3 in. (76.2 mm) lowered position.
The wheelchair patient should be able to gain access to, and control the movement of, the lift independently.  A ramp leading to the device should have a slope that allows the user to easily and safely roll onto the device.  Federal regulations say for every 1 in. (25.4 mm) in rise there must be 12 in. (304.8 mm) of run, creating a slope of 0.0833. (Adaptive Access)  The translational and rotational motors should both be controlled by a single control system.  This control system should be palpable and easily reached by the patient and physician.  The mechanism of control (e.g. joystick, switch, push-button) should be user friendly, accurate, and precise.  

Due the wide variety of users, the device will inevitably be dirtied with undesirable substances.  To ensure these substances are removed, the device must be easy to clean.  Furthermore, any openings or crevices leading to hard-to-get-to areas should be eliminated and/or covered.   If such openings cannot be avoided, such areas should be accessible to maintenance personnel via some simple disassembly of the device.

The size of the desired device must be suitable for use in hospital and clinical (e.g. dentist clinics) settings.  Standard doors are 34 in. (860.36 mm) wide in medical clinics and hospitals.  Accounting for a comfortable clearance, the device should be no wider than 32 in. (812.8 mm).  A single individual must easily transport the device.  This includes moving, turning, and stopping.  It is likely that the device will occasionally be used in areas lacking power outlets; therefore, the device should generate its power internally, via batteries, which can be recharged via a power outlet.   

Categorical Design Development

The proposed design has six key components, which are: 

1. Base: Provide structural support to the upper frame of the platform during normal operations such as translation and rotation. 

2. Upper frame: Consisting of two parts, (1) A frame to support the circular disk during rotation and transmit forces to the lifting mechanisms, and (2) the circular disk and remaining border.

3. Lifting mechanism: This allows the upper frame of the platform to translate upwards and provides the necessary support to maintain elevation.

4. Rotational motor: This will rotate the circular disk, which is located on the upper-half of the platform. 

5. Control interface: System that will allow controlling of vertical and rotational aspects of the platform.

6. Transportation features: Allow the device to be easily transported from one location to the other.

The following sections will discuss each of the categories in more detail, specifically discussing the developments in each category that led to the current proposed design. 

Base

The base underwent minimal development throughout the semester.  Initially the structure of the base wasn’t determined; therefore the only changes made were in relation to the dimensions of the base and the overall platform.  Changes in the width of the platform were restricted in order to satisfy the standard widths of hospital doors, which are 34 in. (860.36 mm).  The width for all the proposed designs was set at 32 in. (812.8 mm), equal to that of hospital beds, which are easily transported between hospital rooms.  

The length dimension of the base and the overall platform was more flexible to change.  The length of the platform was directly related to the lifting mechanism imposed; therefore it underwent change in parallel with the changes to the lifting mechanisms. Initially, the length of the device was set at 32 in. (812.8 mm) thereby making the platform a square. However, this proposed design raised the question into whether there would be enough room to place the necessary lifting mechanisms, such as the scissors jacks, the hydraulic cylinder pistons, and the rotational motor. 

For the mid-semester proposed design the overall base dimension was a 32 in. x 40 in. (812.8 mm x 1016 mm) rectangular platform.  This design allowed for more room for the lifting mechanism components. 

More changes were made after the mid-semester design.  Specifically, the new dimensions for the platform were set at 32 in. x 36 in. (812.8 mm x 914.4 mm).  In order to provide room for the 12 V DC power supply and hydraulic motor, a new section was attached to the platform giving it an extra length of 8 in. (203.2 mm). The height and the width of this new addition are still being considered and will depend directly on the height of the power supply.  This new setup allows for more room to place the battery and any hydraulic flow adapters that might be too large to fit under the platforms 3 in. (76.2 mm) height. 

Upper frame

The upper frame of the platform developed in parallel with the development of the lifting mechanism. The length dimensions of the upper platform were dependent on the lengths of the scissors jacks used.  Initially, the upper frame of the platform was composed of two layers.  The top layer was flush with the level of the circular disk, which rested and was supported by the lower layer of the upper platform.  The lower layer contained a small hole in the center to allow for the motor shaft to pass through and connect to the circular disk.  Also, the lower layer contained the ball bearings that reduced the friction between it and the circular disk to allow for smooth rotations.

Due to changes and developments made to the rotational motor’s position and type of bearings used, the upper platform had to undergo changes to accommodate the new design setup.  The ball bearings were replaced with six roller bearings, arranged in a symmetrical fashion.  These bearings provided the support for the circular disk, thus eliminating the need for the lower layer, which added dead weight to the system. 

The upper frame of the platform has two main functions.  First, the platform should be able to support the combined weight of the wheelchair, patient and the circular disk. Second the upper platform should successfully transmit the loads to the scissors jacks without causing failure. 

Lifting mechanism

Several options were considered to provide vertical translation to the upper frame of the platform device. These are:

1. Vertical Screw(s): In order to lift up to a height of nine inches, the screw(s) would need to be at least nine inches tall.  Placing the screw in the center of the platform would not be ideal since clearance on some wheelchairs is low.

2. Screw Jack(s): A system of jacks driven by torque motors.  The jacks are small enough to fit under the three-inch platform, and can extend upwards to at least six inches.

3. Hydraulics: Capable of providing the large forces necessary for lifting heavy weights, it could also be used to aid in transportation.  

The first proposed design utilized the screw jack system driven by a torque motor in the center of the platform.  Two scissors jacks were aligned with the length of the platform on either end and connected along the width of the platform, where the torque motor will be placed.  The problem this setup raised was whether it would be able to support the maximum weight for lifting of 600 lbs. 

The second proposed design was proposed at mid-semester and it involved using hydraulics to provide the necessary power to raise the platform.  The same setup was used as for the screw jack system.  Scissors jacks 20 in. (508 mm) in length, pivoted at the center.  One end of each jack was fixed while the other allowed rolling on a track. The rolling ends of each jack, which were connected at the base, were connected together along the width of the device using a bar.  This bar was then connected to a double acting hydraulic piston cylinder, which can push or pull on the bar to raise and/or lower the platform using the scissors jack setup. 

Rotational motor

As of this time, no rotational motor has been chosen.  The only development in this component was in relation to the location of the rotational motor.  Initially the motor was to be placed underneath the lower surface of the upper frame, connected to the center of the circular disk via a shaft.  However, in this setup the motor would have to produce large amounts of torque, and the loads on circular dick might result in failure of the motor shaft.

The second proposed design was to place the motor along the rim of the circular disk and run a belt around the circular disk and the motor. However, it would be difficult finding a belt having a 0.25 in. (6.35 mm) thickness that would provide the necessary strength and durability.

The third and current proposed design is to place the motor along the outer edge of the circular disk that contacts the underside of the circular disk. This setup will reduce the amount of force that needs to be generated by the motor to rotate the disk.  Power to the motor will be provided from the 12 V DC power supply. 

Control interface

Control of the motorized motion will be available to both patient and physician via a simple control panel.  The controls must be easy to operate and intuitive so that a patient with no experience can operate the device.  This component of the design has not seen much development.  The current proposal involves using a joystick to control both types of motion.  In this instance, left and right on the joystick control rotation while forward and back control vertical translation.  Pre-set buttons with specific angles (i.e. multiples of 45º) will also be found on the control panel for convenience.  One issue still being considered is how to allow both patient and doctor control during all configurations of the platform.
Transportation features

Due to the weight of the platform, transportation will be made available by rolling.  This component of the design also did not see much development.  The first design was to place the wheels on the underside of the base.  However, this raised the question whether device would roll during operation.  This design was later improved by considering wheels that would lock into place when the device is in use.  However, this would result in extra work to be done by the operator to lock and unlock all wheels.  The mid-semester design considered placing the wheels on the upper frame.  The wheels would lift up with the upper frame.  When needed to move, the hydraulics could provide the necessary force to lift the device above the wheels, after which the wheels could be locked in the down position. 
Final Design

The components of the final design are as follows: 
1. Base

2. Upper frame 

3. Lifting mechanism 

4. Rotational motor

5. User Interface

6. Transportation features

Base (Figure 3)

The base of the device will consist of a 32 in. x 36 in. (812.8 mm x 914.4 mm) rectangle made from rectangular-tube steel pipe.  The steel pipe is 1.25 in. (31.75 mm) in the vertical direction and 2 in. (50.8 mm) in the horizontal direction with a wall thickness of 0.0833 in. (2.12 mm).  Dimensions of the steel tube were chosen to provide the needed strength while limiting total volume used.  The vertical dimension was limited by the total resting height of the platform, 3 in (76.2 mm), while the horizontal dimension was limited by the space needed within the platform for numerous devices without surpassing the desired 32 in. (812.8 mm) width.  Reasons for deciding upon the 32 in. x 36 in. (812.8 mm x 914.4 mm) dimension will be discussed in the Upper frame section.   The two tubes running length-wise will each have two L-shaped protrusions extending out approximately 1 in. (25.4 mm).  These protrusions will be used to hold the stationary ends of the scissors jacks (to be discussed later).  Below the steel rectangle will be a thin (thickness still to be determined) sheet of metal to enclose the platform.  This steel will not be used for structural support, allowing it to be very thin so as not to increase the overall resting height of the device.  Its only requirement is that it needs to be durable and last as long as the rest of the platform.   

In addition to the 32 in. x 36 in. (812.8 mm x 914.4 mm) rectangle formed by the rectangular steel tube, an additional section on the width-side will be added (adding to the length, 36 in. (914.4 mm) dimension).  The function of this piece will be to house the 12-V power supply and hydraulic motor.  The purchased power supply and motor are greater than 3 in. (76.2 mm) in all dimensions and therefore could not fit underneath the 32 in. x 36 in. (812.8 mm x 914.4 mm) section, which needs to retract to a total height of 3 in. (76.2 mm).  The width of this section will be approximately 28 in. (711.2 mm) to allow for wheels to be placed on the width, 32 in. (812.8 mm), tubes (to be discussed in the Transportation section).  Dimensions of the length and height of this section have not been decided upon and will be a function of the dimensions of the battery and power supply.  

A ramp will be placed at the opposite side of the aforementioned additional section (again, adding to the 36 in. (812.8 mm) dimension).  The ramp will have the ability to fold up and act as a safety constraint by not allowing the user to roll off the platform (figure 10).  Due to this, it will be recommended that the ramp be folded-up after the patient has safely gained access to the upper platform.  The ramp will be 36 in. (812.8 mm) in length to obtain a slope of 1 in. (25.4 mm) rise for every 12 in. (304.8 mm) run.
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Figure 3: Top view of bottom platform

Upper frame (Figures 4 and 5)

The upper frame consists of two connected pieces.  The bottom piece (of the upper platform) consists of a 32 in. x 36 in. (812.8 mm x 914.4 mm) rectangle made from the 1.25 in. x 2 in. (31.75 mm x 50.8 mm) rectangular steel tube.  Two more pieces of rectangular tube will be added length wise two inches towards the middle from the inside of the outer length-wise tube.  One piece of rectangular tube will be added running parallel to the width-wise pieces positioned exactly half way between the two width-wise pieces.  This bar will have a hole in its center, representing the female end, into which the male end of a screw from the above circular disk will be inserted to hold the disk in place.  Four corner pieces of solid metal will connect to the inner length-wise tubes to the width-wise tubes.  The extra supports (in addition to the 32 in. x 36 in. (812.8 mm x 914.4 mm) border) were added to increase the strength of the upper frame and to provide locations to attach the roller bearings (to be discussed).  

The second, upper piece, of the upper frame consists of a 32 in. x 36 in. (812.8 mm x 914.4 mm) steel plate with a thickness of 0.25 in. (6.35 mm).  A 31 in. (787.4 mm) diameter cylinder will be cut out of the rectangular plate with 1/32 in. (0.795 mm) of material being removed to allow a gap between the disk and the remaining border.  The bottom frame of the upper platform will support the border, consisting of the original rectangle less the disk.  The cylindrical disk will be supported by six roller bearings.  If, upon construction, it is found that the disk needs added support, ribbing will be added to the underside of the disk.  The roller bearings will be placed, equally spaced, on the bottom frame of the upper platform.  These bearing are designed to allow the disk to rotate freely.  On the underside of the disk will be a small protruding bar that locks into the centrally-located width-wise tube, preventing the disk from being removed from the device. 

Overall dimensions were decided upon individually.  The 32 in. (812.8 mm) width was chosen for two reasons.  One, standard doorways are 34 in. (863.6 mm) wide and design criteria called for 2 in. (5.08 mm) of clearance.  Two, a minimum of 0.5 in. (1.26 mm) play was desired around the entire exterior of the rotateable disk.  This play is maintained in all locations with a width of 32 in. (812.8 mm), anything less would cause the clearance to drop below 0.5 in. (1.26 mm) in two opposing locations.  The 36 in. (914.4 mm) dimension was decided upon to allow room for the cylinders and to ensure that the scissors jacks would have enough room to operate.
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Figure 4: Top view of upper-frame
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Figure 5: Bottom view of assembled upper-frame, consisting of bottom frame and circular disk.
Lifting mechanism (Figures 6, 7 and 8)

The lifting mechanism will consist of four scissors jacks and two hydraulic pistons with accompanying motor and battery.  All scissors jacks will be identical.  Each jack will consist of two steel bars in an X-configuration connecting the bottom platform to the bottom frame of the upper platform.  The two bars will be connected in the center of the X, though the connection will allow rotational movement about the horizontal axis.  At the bottom plate, one bar will be connected in a stationary fashion to the L-shaped protrusions (discussed in the Base section), while the other bar will be able to move along tracks.  The bar that is allowed to move on the bottom will be connected in a stationary fashion to the upper platform.  Conversely, the bar that is connected in a stationary fashion to the bottom plate will be allowed to move along tracks on the upper platform.  In the most upright, 9 in. (228.6 mm), height position, the bar-ends of the scissor jack will be at the nearest distance apart they ever achieve.  In the resting, 3 in. (76.2 mm) height position, the jack will be in its flattest and widest position; the ends of the bars will be the farthest distance apart they ever achieve.  

The bar, which is allowed movement on the bottom plate, will be connected, via more steel bars, to the hydraulic cylinder.  The cylinders will be in their most extended position when the platform is at its lowest, 3 in. (76.2 mm), height.  To raise the platform, the hydraulic cylinders will retract, which will cause the bar with the moveable bottom end to move toward the opposing stationary bottom end of the opposing bar in the jack.

As previously mentioned, there will be a total of four scissors jacks.  Two scissors jacks will be placed on each length side of the platform.  Each scissors jack will be connected to the set of steel bars, which connects to the two hydraulic cylinders.  Two cylinders, as opposed to one, were needed to generate the needed force to lift the platform from its 3 in. (76.2 mm) position, the position where the most force is needed due to the mechanical advantage.  See appendix B for relevant calculations.  The two cylinders are connected, by tubing, first to a T-junction, which leads to the formation of a single tube.  From here, the tube leads to a 4-way, 3-position, dual solenoid, proportional, directional valve.  After exiting this valve, the tube will lead to the hydraulic motor.
The two hydraulic cylinders will be powered by a 12 V DC hydraulic motor, which is housed in the additional part mentioned in the Base section.  The motor needs to generate 3000 psi for the hydraulic cylinders to produce the required force.  The 12 V DC motor will be connected to a 12 V DC car or motorcycle battery, which is also housed in the additional section.  A battery was chosen so the device could be run without using wall power, and having wires running across the floor.  However, the battery will need to be charged periodically by wall power. 
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Figure 6: Lower frame with hydraulic cylinders and corresponding connections
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Figure 6: Base frame (Figure 5) with scissor jacks

[image: image8.jpg]



Figure 7: Base frame with scissor jacks (Figure 6) with upper platform

Rotational Motor

The rotational motor’s rotating axis will connect to the bottom side of the cylindrical disk.  It will be firmly attached or welded to the frame of the upper platform and connected to the 12 V DC power supply.   Though without complete assurance, the rotating axis of the motor will connect with the cylindrical disk near the outer edge of the disk to reduce the amount of force it needs to generate to rotate the disk as well as decrease the chance that it will need to be geared down.  As of the writing of this paper, the rotational motor has not been ordered because the force it must produce is not known.   This force depends very heavily upon the coefficient of friction between the roller bearings and the cylindrical disk.  It is desired that the rotational motor will posses some sort of clutch mechanism that will cause the motor to slip if too much weight is being applied to the disk.  This clutch would serve as a safety mechanism by two functions: (1) alerting the user that too much weight is being applied when rotation is not functioning and (2) avoiding the rotational motor from burning out when under excess stress.

User Interface

The user or operator will control the vertical and rotational movements of the platform with a joystick mounted to the platform.  This joystick will move up and down with the upper platform so as to be made accessible to the user at all times.  Initially the joystick will be hard wired to the motors, but changing the configuration to a wireless system remains a possibility for future consideration.

Transportation features (Figures 8 and9)

The platform will contain four wheels that allow it to be moved by a single person.  These four wheels will be connected to the upper platform borders of the width sides to avoid increasing the overall width of the platform.  Each wheel will have two positions; (1) a vertical position directing the wheels away from the ground, and (2) a directly opposite vertical position pointing the wheels toward the ground.  Changing between these positions will only be possible when the upper platform is above its lowest-most position.  When the wheels are locked into their vertically down position, (the position designed for translation) the hydraulics will force the upper platform down to its lowest position where the wheels will come in contact with the ground.  The force provided by the hydraulics will lift the bottom platform off the ground, causing the wheels to be the only parts of the device in contact with the ground.

One wheel will be placed on either side of the ramp, which will be designed to be only 28 in. (711.2 mm) wide, allowing 2 in. (50.8 mm) on each side for the wheels.  The same design will be used in building the opposing additional section; the addition section will be 28 in. (711.2 mm) wide, again allowing 2 in. (50.8 mm) for each wheel.  

The upper platform will contain a three-sided border around the exterior of the 32 in. by 36 in. (812.8 mm by 914.4 mm) upper piece (the fourth side of the border will be the ramp in its flipped-up position).  This border will consist of three pieces of steel tube welded to the upper platform.  Due to regulations, the border will need to be 2 in. (50.8 mm) in height.  The under side (side facing the ground in the down position) of the ramp will have a three-bar pivoting structure attached (figure 10).  This structure will flip up when the ramp is in its upper position to be used for pushing.  
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Figure 8: Entire design in retracted position
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Figure 9: Entire platform in extended position (ramp would be in up position)
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Figure 10: Device in transportable position

Cost Table


Structural Analysis

Circular Plate Analysis using ANSYS

Set-Up:

The first component analyzed is the circular plate that is responsible for supporting the patient. To accurately model the plate, a 5/8 in. diameter hole was placed in the middle of the 31 in. diameter circular plate.  A thickness of 1/4 in. was chosen for the final design and Shell 93 elements were used to model the lines.  A Young’s Modulus of 

30,000,000 p.s.i. and a Poisson’s Ratio of .3 were chosen to properly simulate steel.  Due to symmetry, only one-half of the circular plate was modeled and symmetry boundary conditions were applied to the dividing line.  Since the plate rests on radial track bearings, four key points were added to apply a constraint in the vertical or z-direction.  The key points were spaced 60 degrees apart starting at -90 degrees from horizontal.  This spacing created key points which exactly duplicate the constraints imposed by the design of the wheelchair device.  In ANSYS, the Partial Annulus function was used to accomplish this set-up under Create – Areas – Circle.  

After the appropriate areas were designated, they were divided up by a manual size control for the small inner circular lines, the vertical dividing lines, and the outer circle lines at 4, 8, and 10 divisions per line respectively.  This produced a uniform mesh when meshed under Areas – Free.  

Loading was applied in two ways.  To simulate a uniform load over a small circular area, a point load of 55.5 lbs. was placed on each of the 9 nodes of the inner circle. When summed together, these result in a 500 lb. load applied at the middle of the circle. Normal loading of the plate consists of a wheelchair that will apply force to four areas of the plate.  The back wheels are assumed to carry 85% of the patient’s load and the front wheels only 15%.  Since the device is rated for 500 lbs. and symmetry will consider only two wheels, loads of 212.5 lbs. and 37.5 lbs. were applied to model the back and front wheels respectively.  Loads were placed on nodes that were located approximately at the same position that an average wheelchair would be positioned on the plate.  This results in the larger load placed at node 519 at a position of 11.15 in. in the x-direction and -8.05 in. in the y-direction.  The smaller node is located at node 48 at a position of 8.3 in. in the x-direction and 7.68 in. in the y- direction.   

Results:

A preliminary analysis of the circular plate was provided by Young & Budynas from Roark’s Formulas for Stress and Strain 7th Ed.  In Roark’s, there are many different formulas for a flat circular plate with a constant thickness.  However, the most representative situation is provided in Table 11.2, Case 16 on page 491.  This is not the exact situation because it does not take the 5/8 in. diameter hole into consideration; however, it is useful for comparison purposes and thus for checking the ANSYS set-up of the plate.  Maximum deflection is calculated from the equation:
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A max deflection of .141 in. resulted from the equation (Appendix A).  When modeled in ANSYS, a max deflection of .288 in. was the result.  Although the deformation is twice as large, a larger ANSYS value was expected due to the hole present in the middle of the plate.  The contour of the deformation distribution was also taken into account.  Since the plate is supported on the outer edges, the deformation goes from a maximum in the middle to a minimum of 0 at the edges as expected (Figure 3).
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Figure 3: UZ Deformation of the circular plate centrally loaded

This device is rated for a maximum load of 500 lbs.  As such, the circular plate must not surpass its yield stress point in a worst case scenario.  For a circular plate, the worst case would be a point load placed directly in the middle of the plate.  Although such a situation is impractical, it is best to design for such situations due to safety concerns.  Typical yield stress of structural steel is approximately 50,000 p.s.i.  When modeled in ANSYS, a max stress of 50,067 p.s.i. is introduced to the middle of the plate (Figure 4).
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Figure 4: 1st Principal stress at central loading

These stresses are introduced to the bottom of the plate.  It is important to keep in mind that this situation arises from a virtually impossible situation.  To simulate the situation in real life, 500 lbs. would have to be directly applied to the very edge of the hole in the large circular plate.  However, it is reassuring to know that the design accounts for the worst case scenario and handles it as approaching the yield stress of the material.

Normal loading was also analyzed for completeness and two loads were applied directly to two existing nodes.  This loading also assumes a 500 lb. maximum but the loads are applied to simulate a wheelchair resting on the circle.  Stress analysis produces a maximum of 9500 p.s.i. which is well below the yield stress of structural steel (Figure 5).
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Figure 5: 1st Principal stress under normal loading

Deformation of the plate is also important to consider due to rotation.  There is a structural component underneath the plate that has been designed for 1/16 (0.0625) in. clearance.  This clearance is only necessary for the outer 3 in. of the circle.  According to ANSYS, this clearance stipulation is not violated throughout the whole circle.  In fact, the max deflection is 0.0271 in. (Figure 6) which is well under the 1/16 in. provided.  As expected, this maximum value occurs at the center of the plate. 
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Figure 6: UZ Deformation under normal loading

A final value of 1/4 in. steel was chosen with the aid of several parameters (Table 1).

	Plate Thickness

(in)
	UZ max CL (in)
	σ max CL (p.s.i.)
	UZ max NL (in)
	σ max NL (p.s.i.)
	Total Weight 

(lbs)

	3/16
	.683
	88,508
	.0642
	16,759
	38.175

	4/16
	.288
	50,067
	.0271
	9,500
	50.4

	5/16
	.148
	32,305
	.0139
	6,131
	63.7


Table 1: Comparative analysis data

When considering the smaller thickness of 3/16 in. there is one value that immediately puts a designer on edge.  This value is the maximum stress from center loading.  A value of 88,508 p.s.i. is well above the yield stress which means permanent deformation of the material has occurred.  When engineering a structural component, a factor of safety should always be considered.  Although this loading is unpractical, it doesn’t mean that it will not occur.  The device is rated for 500 lbs. which means it should be able to withstand that design limit, even in the worst case scenario. 

Values for the larger 5/16 in. thickness look very enticing at first glance.  However, over engineering a structural component has drawbacks as well.  The increased weight means transportation of the device will be more difficult.  More material also implies a higher cost which should always be avoided if possible.  In addition, the total height of the device should be 3 in.  Adding an extra 1/16 in. is not a whole lot; however, every little bit starts adding up when there is only 3 in. to work with and 500 lbs. to raise.

Analysis of Lifting Mechanism Component using ANSYS

Set-Up:

The steel used to build the structurally important part of the lifting mechanism is a piece of rectangular steel tubing with dimensions of 1.25 X 2 X 1/12 in. (H X W X T).  Shell 93 elements were chosen with a defined thickness of 1/12 in.  A Young’s Modulus of 30,000,000 p.s.i. and a Poisson’s Ratio of .3 were used to properly model steel.  Key points were created at the end of all cut sections (Appendix B).  Only half of the component was modeled due to symmetry.  Key points were then connected by lines and areas formed to simulate the cut sections to be welded together.  Since the separate areas had to act as one singular area, the Glue option was used under Modeling – Operate – Booleans – Glue – Areas.  The total area was then copied and moved 1.25 in. in the negative z-direction.  These areas were then connected by vertical lines and areas for the edges were created.  

Problems arose when meshing for the component with only one support arm was attempted.  The file was sent to Professor Carl Martin and he supplied an appropriate mesh.  For the component with two support arms, a manual size division of .25 per unit length was chosen for all lines and then all areas were meshed as free.  After meshing, 10 nodes were applied a load of 442.5 lbs. in the y-direction since the maximum force one hydraulic cylinder can generate is 4,425 lbs.  5 nodes at the top of the bar and 5 nodes at the bottom were chosen to replicate the loading supplied by the cylinders connected to a clamping unit.  Symmetry boundary conditions were applied to the lines where the component was split in half.  On the opposite side of the component, lines at the end of the bar located at 13.75 in. in the x-direction were constrained in the y and z-direction.  


Note: The two models have an opposite y-axis correlation. 

Results:

A simple preliminary analysis was provided by Beer, Johnston, and DeWolf in Mechanics of Materials: 3rd Ed.  The area to be considered was the stress created by bending of the bar near the applied load.  When designing structural components it is important that the yield stress is not exceeded.  For comparison purposes, the distance from the applied load that the bar would feel the approximate yield stress was solved for as the variable x in the equation:
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Force was assumed to be 4,425 lbs. and the moment of inertia for the specified steel tubing was calculated (Appendix C).  A distance of approximately 1.5 in. was found.

When modeled in ANSYS, the distance from the first applied load is approximately 1.18 in. for the yield stress.  This value is from the bar with a singular support and is a very rough comparison calculation without question.  However, this is a complex component which is exactly why it is being modeled in ANSYS.  There is no way that the complex geometry can be modeled as simple bending in a preliminary analysis but at least the results were in the same ballpark. 

Stress analysis of the component was the primary purpose of the model.  When plotted as a contour plot the stress concentration locations were a bit of a surprise (Figure 7).  
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Figure 7: 1st Principal stress of singular support component

The maximum stress was 293,636 p.s.i. which is way above the yield point.  In addition, it is the corner of a weld joint that experiences the high stress and not the area around the applied load.  To make sure that the tubing itself could handle the loading, the area around the applied load was evaluated more closely (Figure 8).  At this location, the maximum stress is 68,053 p.s.i. which is not within the acceptable range.  
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Figure 8: 1st Principal stress of area near the applied load

For completeness more so than necessity, total deformation of the component was plotted (Figure 9).
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Figure 9: UY Deformation of component with singular support

A max deformation of .1172 is experienced in the top left corner of the component.  This correlates to practically a 1/8 in. deformation.

For the double support system, stress concentrations mimicked that of the one support system (Figure 10).
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Figure 10: 1st Principal stress of the double supported component

Max stress was found to be 205,544 p.s.i. in the bottom right weld joint.  Analysis of the area under loading was performed as well (Figure 11).
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Figure 11: 1st Principal stress of the area near the applied load

A max stress of 43,350 p.s.i. is experienced which is within reason. Again, for completeness, deformation of the total system was evaluated (Figure 12).
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Figure 12: UY Deformation of the double supported component

Max deformation of .06 in. occurs where the load is applied which correlates to approximately 1/16 in.

The doubly supported system was chosen over the singularly supported system due to design considerations and the following parameters (Table 2).

	Design Component
	Max σ

(p.s.i.)
	σ @ applied load

(p.s.i.)
	Max Deformation

(in)

	Single support
	293,636
	68,053
	.1172

	Double support
	205,544
	43,350
	.06


Table 2: Comparative analysis data

If the hydraulic cylinders are kept at their pre-set maximum pressure values of 2,000 p.s.i. then they are capable of producing 4,425 lbs. of force each.  This equates to a grand total of 8,850 lbs. when only approximately 6,700 lbs. of force is necessary for the rated load of 500 lbs.  One could argue that the max pressure could be reduced and thus the cylinders would output more force and the stress on the lifting mechanism component would be less.  However, adding another straight support bar of steel tubing is easy from a manufacturing standpoint and will not add much weight. Most importantly, the overall design of the lifting device is not affected if another support bar is added to the component.

In addition, the numbers speak favorably for the doubly supported component.  Stress at the applied load is less than the yield stress for only the doubly supported component.  This component is also supposed to stay as rigid as possible during the transmission of the lifting forces for alignment purposes.  The singularly supported bar has a deformation maximum of approximately twice that of the doubly supported bar. 

For the maximum stress there are two design possibilities. One option is to make a large bead for the fillet weld and not grind it down which will allow for reinforcement of the joint.  The other is to simply add a small structural support in the form of a scrap piece or an L joint.  This option would add more strength to the highly stressed area and a stress of 205,544 p.s.i. is not something to take lightly.  However, it is also important to consider that the modeling of this system may contain errors at the connection points between the bars.  Even though the other reactions seem reasonable, that is a very large stress and may not be properly representative of the system in operation.  Nonetheless, a personal recommendation of welding an extra piece of support steel at the joints is the final decision. This decision is based on the “better safe than sorry” concept combined with the ease of accomplishing the alteration in the manufacturing process.

Ramp:

Figure 13 shows the diagram used for the ramp stress analysis. Calculations follow.
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Figure 13: Forces acting on ramp

W1 + W2 = W Total 
Assumptions

W1 = 0.15 * W Total 
W2 = 0.85 * W Total 
Ry + Fy = W Total 
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W1 * x1 * cos( + W2 * (x1 + x2) * cos( = 36 * Fy * cos(
W1 * x1 + W2 * (x1 + L) = 36 * Fy

x1 + x2 + x3 = 36

x1 * (W1 + W2) + W2 * L = 36 * Fy 
x1 * WTotal  + W2 * L = 36 * Fy 
Aluminum yield stress:

(y = 300 MPa

Formula for rectangular bar under bending stress:
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Assume maximum weight (500 lbs = 192.78 kgs) falls on back wheels at center of ramp (18 in = 0.4572 m): 

W2  = m * g

W2 = (192.78 kg) * (9.81m/s2)

W2 = 1891.17

M = W2 * (0.4572 m)

M = 864.64 Nm

B = 31 in = 0.7874 m

Solve for h (thickness of aluminum plate):
h = 0.469 cms = 0.1845 in ( 3/16 in
Testing and Results

The final prototype was assembled and tested for proper function.  Because this prototype had some obvious defects, detailed tests of mechanical strength were not possible.  Rather, testing involved using the hydraulic system to raise and lower the platform to various positions under different conditions and observing the performance of the system.

Lifting Mechanism: Scissor-Jacks

The scissor-jack portion of the lifting mechanism worked as desired.  During the construction process it was determined that in order to keep the jack arms in alignment some form of constraint on the position at each hinge was necessary.  To accomplish this, we lathed grooves into the hinges on both sides of the desired position and pressed E-style external retaining rings onto the hinges post-assembly.  These rings succeeded in preserving the location of each hinged joint, greatly reducing the likelihood of misalignment in the scissor-jack system.

The construction technique we used to fabricate each jack arm worked well.  This involved cutting and the individual pieces of steel to rough length on a band saw and cutting a rough arc on the appropriate ends on a mill.  A jig was fabricated to facilitate positioning during the welding process.  The arms were welded next, and an end mill was used to remove excess weld bead.  After welding, a CNC mill was used to precisely cut the arcs at each end and put through-holes at exact positions relative to the cut ends.  Eight arms were fabricated in this fashion, and each was within tolerances, allowing them to be used in the final prototype.  Although this particular construction technique was successful, it would be prohibitively time-consuming for a large-scale operation.

Lifting Mechanism: Hydraulic Cylinders

As stated before, two cylinders were required to provide adequate lifting force with low enough profile to fit under the collapsed platform.  We placed the cylinders as near to each other as possible in order to mechanically link them, making an expensive flow-splitter valve unnecessary.  To do this, a solid block of steel was machined with threaded holes for the rods to screw into.  The block connected the cylinders to each other and to the pusher arm.  The back ends of the cylinders were bolted to a steel plate using threaded bolts that matched the boltholes on the four corners of the back of the cylinders.  During testing, the mechanical coupling of the cylinders appeared to work as intended, as the rods moved in synchrony and one cylinder never got ahead or behind the other.

Lifting Mechanism:  Pusher Arm

The pusher-arm mechanism did not show any deflection or cracking during testing.  It did illustrate one of the faults in our material selection process, because the cold-rolled steel tubing used for this piece warped significantly during the welding process.  This may have occurred because such extensive welding of all the connecting pieces was required.  The end result was an improperly aligned pusher, which participated in throwing the alignment of the entire lifting mechanism slightly off.

One solution to this problem would be better material selection for welded components.  The consultants in the Mechanical Engineering Student Shop also mentioned that milling the holes for the joints to the jack arms after welding (we did that before) might help.  However, due to the size of the pusher arm and the lack of a true three-axis mill in the shop, this was impossible.

Lifting Mechanism: Alignment

After developing the design in Pro Engineer software, it was decided with the help of an advisor that some of the original alignment aides for the lifting mechanism were redundant.  The wheels on the jack arms were designed to fit into tracks milled into the plates that they contacted.  This was intended to keep the arms from deflecting sideways, thereby ensuring equal lifting on each side of the platform.  Originally two stainless steel rods near the edges of the device were added to reinforce this alignment.  However multiple constraints can lead to binding and other problems so these aides were removed from the design of the prototype.

Due to the warping of the steel in the pusher arm, some of the jack arm wheels did not contact the tracks in the proper manner, making the track unable to hold the wheel in proper alignment.  Additionally the tracks proved unable to serve the intended purpose even when the wheels were properly seated.  It is probable that this is due to the tolerances of the track and wheel widths.  The wheels were fabricated to fit loosely inside the track so as not to add friction to the lifting process.  However, this loose fit made it possible for the wheels to turn slightly and ride out of the track during uneven loading.

Because of the play in the lifting mechanism, the original alignment aides would not have been redundant; instead they would likely have helped the device lift evenly.  However it is impossible to be sure since they were not incorporated in the prototype and therefore not tested.  Adding them to the current prototype is impossible, but it would be a simple matter to incorporate them into a future test device.

Although the cylinders stayed synchronized, the rods had enough flexion to allow misalignment of the system.  Under uneven load front-to-back (ramp to pump) the entire lifting mechanism could be contorted slightly, starting at the cylinder rods.  This in turn angled the pusher arm, which led to uneven lifting of the two sides of the device.

Upper and Lower Frames

Both the upper and lower frames of the prototype were fabricated from cold rolled steel tubing.  The material choice led to the majority of the difficulties in constructing the frames.  During welding, the members warped slightly.  This was not enough to make the joints come out of alignment, but did lead to other difficulties.  One side of the top frame was bowed in slightly, so it tended to catch on the backs of the hydraulic cylinders when the platform was collapsed.  The wall of the tubing was partially removed using a grinder, but this only partially alleviated the problem.  The catching persisted, leading to an occasional binding problem that disrupted the alignment of the lifting mechanism.  A similar problem arose from the slight warping at the corners of the platform.  Where the wheels were attached, the upper platform was shifted slightly.  When the platform was lowered, two of the wheels did not sit in the appropriate location.  To compensate, spacers were welded onto the corners, but this led to additional problems.  Eventually after a lot of welding and reinforcing, the wheels were successfully added to the prototype.

Top Plate

The water-jet cut steel plate used for the top platform performed more than adequately.  The bending was negligible, even with 500 pounds loaded onto the platform.  We were not able to load it with a point force, which is how we calculated the thickness.  However, that was designed to be a worst-case scenario, and would never be a realistic situation.  We attempted to locate and drill a hole in the center of the plate to provide an axis of rotation.  Although we were close (within 1/32 of an inch) it proved to be too far off – the edge of the plate rubbed the outer portion of the platform.  To more accurately center the hole, it should be created when the plate is cut initially.

Housing for Hydraulic Pump

A simple yet effective design for a self-contained unit composed of the hydraulic pump and battery was fabricated.  This consisted of a frame built from steel tubing and a mesh of steel strips across the bottom, welded to the frame.  The entire assembly was welded to the bottom platform.  During testing, this assembly was lifted off the ground along with the bottom frame.  Bending at the weld joints and minor stress fractures resulting from this testing were observed.  Welded joints are difficult to calculate strength for, and these calculations were beyond the capability of the designers.  To solve this problem, the weld bead should not be ground down as far, leaving more material to handle the stress of supporting the weight of the battery and pump.

Wheels
A simple hinged mechanism for the transportation system was devised.  For transport, the wheels rest on a flat, solidly welded surface protruding from the upper frame.  For patient use, the wheels are pivoted out of the way, allowing the bottom frame to sit directly on the floor.  To easily allow the position of the wheels to be changed, a magnetic mechanism was developed.  A strong magnet attached to the outer edge of the wheelbase attracts the steel frame, holding the wheel in an upright position.  To pivot the wheel out of the way, enough pressure must be applied to overcome the magnetic attraction.  Upon testing, it was found that it was quite easy to do this by hand.  To minimize bending over, the foot can also be used to position the wheel properly without much difficulty.  Once again, the welded joints proved to be unreliable and had to be re-welded until they passed observational inspection.

Hydraulic System
The hydraulic system worked exactly as intended.  The cylinders were strongly mechanically coupled by the steel block, and could not get unsynchronized.  The flexible tubing that we used ended up making the hose system ungainly.  A slight shift in the hoses in such a way that a metal connector is pinched by the lifting mechanism can lead to failure of the connector, and thus failure of the hydraulics.  To help this problem, steel tubing could be bent into the proper shape and replace the flexible tubing.

The hydraulic pump functioned well after the proper wiring was determined.  The wiring to the pump must be as follows:  Positive from the battery attached to the large, copper post on the switch.  Negative from the battery is connected to ground – one of the outlets from the pump works well.  To start the pump, positive from the battery is connected to the small, silver peg on the solenoid starter switch.  A simple press-button was used to connect the circuit, and worked well to ensure the pump was not running more than necessary.  The hydraulic pump was quiet during operation, however at the end of the stroke the pressure relief valve was noisy if the manual valve was still open.

Using the manual valve, it was decided that a proportional valve is not necessary for smooth, controlled motion.  To limit the velocity of the lifting and lowering, either a valve with a very small open cross-sectional area or a separate flow-limiting valve would be needed.  This is encouraging because either option is much less costly than the 4-way 3-position directional proportional solenoid valve that we thought we would need.

Proposed Changes
Using the results from building and testing this prototype, we would make many changes to the design of the next prototype.

· Rotate lifting mechanism 90 degrees – This makes hydraulic connections much simpler, reducing likelihood of pinching the hoses with the lifting mechanism.  Distributes weight of pump and battery to both sides of mechanism, reducing the uneven loading during transportation.

· Lift from 4 in. to 18 in. – The restrictions placed on us by the design competition limit us to 3-9 in. above the floor.  4 in. minimum allows use of one cylinder.  18 in. maximum allows use of 2 in. railing while adding functionality.

· Use single, larger hydraulic cylinder – Reduces cost and complexity.

· Make outer portion of upper plate out of stiff plastic – Reduces weight of device by approximately 25 pounds, and reduces material costs.

· Drill hole in circular disk at time of cutting – Ensure proper positioning.

· Reduce size of tubing for frames – Reduces overall weight.

· Use steel pipe for hydraulic fluid – Cleaner, shorter distance of tubing.  Less chance of accidental rupture.

· Add extra alignment aides – Keeps lifting mechanism aligned, reducing tilting of upper platform.

· Grind weld beads only as far as necessary – Add strength to joints wherever possible.

· Use solenoid valve – allows remote control, and if possible use one with small opening to limit speed of lifting.

· Add rotational motor – Did not have funds to add this component this semester.  Very easy to add, and can make it remote controllable also.

· Add safety belt – Airplane-type seatbelt attached to the circular disk.

· Build ramp – 3/16 in. aluminum, 36 in. in length.

· Wheel locks – Stronger clips to hold wheels in “down” position will eliminate the wheel collapsing under certain positions.

· Material selection – Use heat-treated steel to reduce warping during welding.

· Safety shield – Add enclosure to hydraulic pump/battery and to bottom and sides of lifter.

Future Work

The final prototype for this design course has been completed.  Future work involves getting the paper, presentations, and website ready for the National Design Competition.  The competition is being held in late May 2004, with submissions due online by the middle of the month.  If another prototype were to be constructed, it would include all changes outlined in the previous section (Proposed Changes) based on the results of our testing.

Ethical Considerations

Safety is of utmost importance in the design of any device intended for use in a medical environment.  The final design must meet all OSHA and health care providers’ regulations regarding such issues as ramp steepness, rotational and translation velocity and acceleration, weight, ease of transportation, and stability.

Although the prototype does not include many safety precautions, they have been researched and designed.  In the final design, the mechanical section of the platform will be accessible only through an access panel on the underside of the device.  Mechanical analysis of the design has been completed insuring stability and soundness of material selection.  Low walls at the edge of the access ramp serve as protection while loading the patient and to increase stability during use.  Safety belts or clamps will be used to secure wheelchairs and patients onto the device once they are properly positioned.  These mechanisms will remain secured until the platform has returned to the loading position.  The interior of the device will be sealed, for both safety and ease of cleaning.
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Appendix A: PDS

Product Design Specifications

Project Title: National Design Competition: Innovations in Accessible Instrumentation

Team Members: Hani Bou-Reslan, Joel Rotroff, Tom Pearce, Ben Moga
Date: December 9th, 2003 (v2)



A platform device is desired that enables wheelchair users access to health care procedures. The device should have two-degrees of freedom (rotation of 360 degrees, and vertical translation from 3”-9” above the floor). This device should be motorized, transportable, easy to use, and safe.

Client Requirements: 

· The wheelchair user should wheel onto the device using a small ramp.

· The ramp should have a slope of 1/12; the patient should easily roll onto platform without difficulty.

· The device must be motorized.

· The control interface must be easy-to-use for the operator and patient.

· The device needs to be easy to clean.

· The device will be transportable by rolling.


Design Requirements: 

Performance Requirements:

· Must be quiet when operating.

· Must withstand heavy loads up to 600 lbs.

Safety

· The product should not harm the user. There shouldn’t be any exposed circuitry that can shock the operator of the device. 

· The patient should be safely secured while device is operating.

· The device should translate upwards at a slow pace, without jerks. (Approximately take 7 seconds to translate distance of 6 in.)

· The device should rotate 360° smoothly in 15 seconds.

Accuracy and reliability

· Any pre-set buttons, with specific angles, need to be exact.

Life in Service

· Must be reusable for 10 years with service performed every 6 months.

Ergonomics

· Control interface should be simple to operate by patient and/or doctor.

Size/Weight

· The device will be 3 in. in height, and be large enough to comfortably hold a motorized wheelchair.

· The device needs to be able to fit through standard sized doors in hospitals (34.5 in. (876 mm)).

Materials

· Materials used for platform of device need to maintain heavy loads, without bending or failure.

· No material used can be harmful to users.

Quantity

· For now our client would only like 1 working model.

Target Prototype Cost

· $ 2500

Customer

· The customer is happy with a product that will be light weight, silent, easy to use and support a wide variety of motorized and standard hospital wheelchairs. 

Competition

· No product is on the market that is lightweight and capable of both vertical translation and rotation.

Appendix B: Calculation
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Component





Amount





Price





Structural steel platform 32 x 36 x 0.25 in.





1





194.37





Solid steel arms 11.5 x 1.25 x 0.5 in.





8





61.35





Bronze bushings





30





110.26





Steel tubing 48 ft. of 1.25 x 2 in.





1





96.44





Stainless steel rod 0.625 in. diameter





1





28.12





Steel Brace





1





60.61





Hydraulic cylinders (2500 psi)





2





500.16





Hydraulic motor (2500 psi)





1





257.84





E-rings, superglue, and primer





1





18.67





Rechargeable battery + Charger+ Starter





1





188.38





Additional components





-





427.64





Approximate Total





-





1943.84
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