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Executive Summary
The Personal Mobility Lift Chair is a device designed to lift a mobility challenged individual from the floor to a height of approximately two feet, allowing the person to get back into a wheelchair, or use a walker.

The PMLC design team has designed a lift with the following characteristics.

· Small footprint:  The device folds up against the wall when not in use..

· Hydraulic lift mechanism, requiring a handle pump to raise the chair from the ground to the max elevation.
· Load bearing elements constructed of structural steel.
· Aesthetic, durable finish.

· Manually operated.
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1 Introduction
The personal mobility industry has marketed many lifting devices to aid mobility challenged people in their daily lives.  These lifting devices are designed to lift a person from a sitting position on the floor to a sitting position equivalent to the average height of a chair.  The lifting devices on the market today are all large, electrically powered, and expensive.

A Portland resident approached the Portland State University Mechanical Engineering department with a request for a small, human powered lift.  It is his desire to have a lift chair which is human powered, compact, securely attached to the wall and easily maintained.  
2 Mission Statement

The Portland State University PMLC design team’s goal was to design, prototype, test, and place into service a lift chair that satisfies the needs of the primary customer, and the needs of other mobility challenged people.  
3 Product Design Specifications
The PMLC team identified the following elements as those most important to the design of the lift chair:
· Lift Capacity: Lift 250 lbs.
· Lift Travel: Raise chair from no higher than 2” to at lease 24”.
· Lower Easily:  Lowering should not require repetitive motion by the operator.
· Human Powered:  Must be powered by the operator.
· Secure Mounting:  The lift chair must be securely mounted to the wall.
· Low Maintenance:  Customers should not be required to perform maintenance.
· Durable finish:  Finish should wear well and please the eye.
4 Top Level Design Decisions

The PMLC team made two major design decisions:  How to lift the chair, and how to attach the lift chair to the wall?  Additional in-depth consideration of design decisions are found in the ‘A’ Appendices and Appendix E.
4.1 Lift Mechanism
Lift mechanisms explored by the PMLC design team include:  Hand winch, ratchet and hydraulic systems.

· Winch – Hand winches were found to be inexpensive, and would be fairly simple to implement.  Unfortunately even the smallest ones may not be as compact as desired.  Also lowering the seat easily would be problematic.
· Ratcheting System – This system would be a modification of an existing bumper jack style system where a ratcheting arm would lift the seat along a notched track.  This system is inexpensive but safety measures would have to be designed to lower the seat smooth and safely.  

· Hydraulic lift – Although somewhat expensive, hydraulic cylinders and pumps were found researched as a solution to lift the chair directly.  Other methods using multi-bar linkages to lift the chair were examined in order to use a less expensive hydraulic cylinder with a shorter stroke.
After evaluation, then design team opted to go with a scissor bar link hydraulic lift, as is satisfied the PDS criteria better than either of the other options.
4.2 Wall Mount/Track
The PMLC team examined the following systems as a means to mount the lift chair to the wall and allow it to travel up and down:  Shelving system mounts, garage door track, and guide rods on bearings/bushings.

· Shelving Systems – Though possessing a high load capacity, shelving systems had no provision for vertical travel

· Garage Door Track - Allowed for good vertical travel, and securely mounted.  Possible loud/dirty.

· Rods/bushings – This system is clean, silent and provides excellent vertical travel and stability.

The team decided to use bushings traveling on precisions rods to mount the lift chair.
5 Final Design
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Figure 1: PMLC Model

   
  Figure 2: PLMC Prototype

5.1 Carriage 
5.1.1 Frame
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The carriage frame is constructed of A36 steel.  Formed top and bottom pieces are joined together by six vertical members and two diagonal straps.  With the exception of the carriage top and bottom, all other members are completely reversible.  The scissor assembly attaches to the carriage with two 1/4” thick formed brackets bolted to the center member.  These brackets are slotted to allow for vertical adjustability.  The frame can be seen in its final form in figure 3.   With the exception of the carriage top and bottom, all other elements are completely reversible, an important step in design for manufacture.

Finite element analysis was used to verify the design.  The frame was found to have a minimum factor of safety of 2.7 at the jack and center pin areas but very large throughout the rest of the frame.  Appendix A-2 illustrates this analysis.

5.1.2 Carriage Cover
Sheet metal will be used to cover the frame, shielding all moving components within the frame.
5.1.3 Seat
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The PMLC seat is constructed of 3/16” thick A36 steel.  A multi-hole pattern was selected in an effort to keep overall weight down.  The seat is attached to the carriage by a pair of 3/8 bolts, which act as a pivoting hinge, and seatbelt attaching points. The seat is shown in Figure 4.
[image: image73.jpg]



5.2 Lift Mechanism
5.2.1 [image: image74.jpg]


Scissor members
Three different sizes of scissor members are used. Figure 6 shows the scissor mechanism composed of three short members, six long members, and one slotted upper member.  The slotted upper member is designed to connect with the bottle jack.  All members are laser cut out of A36 steel.  Members are joined with 3/8” shoulder bolts, washers, and nylock nuts.
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By inspection the upper scissor member will be under the largest load due to its length and the large moment arm.  The upper scissor member was analyzed and found to have an acceptable factor of safety of 2.1.  Appendix A-1 contains the analysis for this design.  After assembly, it was found that adding an additional identical upper scissor member helped keep the whole assembly lined up to the jack pin.  With two upper scissor members the factor of safety effectively doubles.  

5.2.2 [image: image76.jpg]


Jack
[image: image77.jpg]


The PMLC team selected a small, 2-ton bottle jack shown in Figure 6 for the project. The small footprint of the jack (approximately. 3” x 4”) allows it to be bolted inside of the carriage base.  The threaded portion of the jack is fully extended and a fork welded to the pad to join the jack to the scissor lift.  The valve is controlled via a knurled knob mounted on a universal joint, joined to the valve shaft with a pin.  The jack handle is a section of 1” OD pipe, approximately 18” long, which clips to the carriage when not in use.
5.2.3 [image: image78.jpg]


Base
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The PLMC base is constructed from a flat ¼” thick A36 plate, to which two tabs are welded.  A 3/8” shoulder bolt joins the lower scissor members to the base.  The base is fixed to the floor via 3/8” bolts.  This base is used in the prototype.  For production this base will be incorporated with the bottom mount for the rods.
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5.2.4 Carriage mount
The carriage mount was constructed from two flat ¼” inch A36 steel plates.  A 3/8” shoulder bolt completes the assembly. This assembly is bolted to carriage and acts as a link pin supporting the carriage.  
[image: image81.jpg]



5.3 Wall Mounting / Track
5.3.1 Bushing Blocks / Bushings

The bushing blocks are composed of 1/4 inch A36 steel plate.  Each bushing block is a welded assembly fabricated from 3 laser-cut, steel parts.  A base plate and two identical bushing support arms. Using two support arms creates a stronger support arm and allows a longer bushing.  The base plate and bushing support arms are laser cut with tabs and slots to assist with assembly.  Bolt holes are slotted to allow for adjustability when mounting the blocks to the frame.  The bushings selected are SAE 841 bronze flanged-sleeve bearings with an inner diameter of 7/8 inch.  These bearing are inexpensive, maintenance free, and resistant to shock loads and wear. A press fit is used to secure the bushing to the block.

5.3.2 Bottom Mounting

The bottom mount for the guide rod is formed from ¼ inch A36 steel plate.  The mounts are laser cut and bent to their final shape.  Two bottom mounts are used. The bottom mounts are aligned with the top mounts and bolted to the floor using lag bolts.  While this mount system was used in the prototype, for production, a single bracket incorporating the two mounts and the scissor base will be used.  This will allow for simple alignment with the top mount.
5.3.3 Top Mounting

The top mount for the guide rods is formed from ¼ inch A36 steel plate.  The mount is laser cut and bent to its final shape. This mounting bracket has multiple hole locations to allow for adjustment when placing on a wall.  Lag bolts are used to secure the mount to the wall studs.

5.3.4 Rods

The guide rods are hardened precision shafts.  These are case hardened and precision ground for an exacting diameter and straightness tolerance. To resist the twisting force of lift chair frame a shaft with a 7/8 inch diameter is selected.  See Appendix A-3 for design calculations.
5.4 Fasteners and Finish
5.4.1 Fasteners  (Design calculations in Appendix A-4)
Scissor Assembly:  The scissor lift is assembled using 3/8” diameter shoulder bolts.  Three of the fourteen shoulder bolts are longer than the others, and are used in connecting the scissor mechanism to the base plate, carriage frame, and the hydraulic jack.  All of the bolts are subjected to a shear stress, but no tensile or compressive stresses.  A 3/8” diameter was selected because its common diameter fits the design and function of the scissor mechanism, and the team had an inexpensive supply of this style/size of fastener.  The bolts were analyzed assuming a 50 pound lift chair and a maximum operator weight of 250 pounds.  The factor of safety for the bolts failure is 11, which is acceptable.  

Bushing Blocks:  The upper bushing blocks are attached to the frame using four ¼”-20 UNC socket head screws each.  The lower bushing blocks also use ¼”-20 UNC fasteners, two each, socket head screws and flat socket head screws (for clearance issues.)
Seat:  The seat is attached by two 3/8”-16 UNC socket head screws.  These screws also act as the seat hinge, and seatbelt attachment point.  

Wall and Floor Mount:  The wall mount is bolted to wall studs using four 3/8” lag screws.  The prototype floor mounts use four ¼” lag bolts screws each.  The final design will use four total.

Jack:  The bottle jack is attached to the frame by two ¼”-20 UNC bolts.  These bolts are fastened during the manufacturing process, rather than installation.

5.4.2 Finish
The lift chair is finished with Cardinal 60% gloss black powder coat.  This finish adheres well to steel, galvanized steel, and aluminum, as well providing good impact resistance, as well as resisting most solvents, oils, acids and alkalis.  The powder coat is no bar to recycling of the chair.  Powder coat specifications can be found in Appendix F.
6 Evaluation and Verification of Prototype
The prototype was evaluated using the PDS criteria.  All main criteria were accomplished with the exception of the lift capacity.  The chair lift was unable to lift 250 lbs.  
	Specification
	Priority
	Target
	Metric
	Verification 
	Accomplished

	Lift Capacity
	High
	250lbs
	lbs
	Prototype  
	No

	Lift Travel
	High
	1”  to 24”
	 Inches
	Prototype
	Yes

	Lower Easily
	High
	Yes
	Yes/No
	Prototype
	Yes

	Human  Powered
	High
	Yes
	Yes/No
	Prototype
	Yes

	Secure Mounting
	High
	Yes
	Yes/No
	Prototype
	Yes

	Low Maintenance
	High
	Yes
	Yes/No
	Prototype
	Yes

	Durable Finish
	High
	Yes
	Yes/No
	Prototype
	Yes


7 Conclusions

While testing the lift chair under load the team observed that the forces on the carriage frame from the hydraulic jack and the carriage lift pin caused the frame to rotate and bind at the bushing/rod location.  The lift could not over come this binding. Additional, unpredicted forces produced by the jack caused the frame to deform.
After careful consideration of the problem the PMLC team has proposed the following solutions.
1. Place roller bearings on the center link points of the scissor mechanism. Place a guide slot or guild block in the carriage frame for the roller bearings to bear against.  This would counter act the rotating forces created by the jack’s eccentric location in the frame. 

2. Redesign the bushing blocks to house roller bearings rather than bushings.  This would lower friction and remove the binding points in the linear guides.  A drawing of this redesign is provided in Appendix B 

Appendix A-1:  Scissor Member Analysis

Summary:

The objective of this analysis is to determine the proper size of the top scissor member for the lift.  By inspection, the top member will be under the largest load as it is longer than the other scissor members and under a large bending load.  The figure below shows the location of the upper member in red.
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The dimensions of the upper scissor member and a simplified schematic are shown below.  The simplified schematic does not take into account the angle of the member or the stress concentrations on the holes.  The maximum stress is present when the most bending stress is applied. A simplified horizontal analysis of the beam is ideal as it is at the point of maximum bending stress.  A safety factor of at least 2 is desired.  The members made from A36 steel and 1/4” thick.
[image: image3.emf]
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Given:


-Beam dimensions above


-Vertical force of 300 lbs located at end of slot


-Yield strength of steel 36ksi


-I=0.2373in4
Find:


-Factor of safety and if bar dimensions need modification

Assumptions:


-Stress concentrations around holes/slot ignored, max stress on top and bottom of beam

Solution:


Bending Stress
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Shear Stress
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Von Mises Stress
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Conclusion:

Factor of safety is within desired range so upper scissor member design is acceptable.

References:

J. Shigley, Mechanical Engineering Design, 7th edition, McGraw Hill, 2004

Appendix A-2:  Frame Analysis

Summary:

The objective of the analysis is to check the carriage frame design for possible failure.  The frame is constructed entirely from 3/16” A36 steel with exception to the vertical center supports and the center brackets.  They are constructed from ¼” A36 steel.  Parts were all laser cut, formed and welded together.  The center brackets are bolted with 3/8-16 bolts.  The figure below depicts the finished carriage frame.

[image: image9.emf]
Analysis of the forces on stress on this frame requires FEA software due to its indeterminacy being completely welded together.  The frame was modeled using SolidWorks and analyzed using Cosmos works software.

Given:


-Proposed carriage frame depicted above

Find:


-Factor of safety

Solution:

The frame was meshed in 3-D using 10-node tetrahedron elements.  The boundary conditions used are shown in the figure below.  The sides are restrained by pillow blocks and rods and the center is restrained in its radial direction.  The force is acting downward in the bottle jack location and is set at 300 lbs. 

[image: image10.jpg]



The figure below illustrates the factor of safety in different areas of the frame.  Most areas have extremely large FOS except for the red areas near the jack and center pin locations where the FOS is a minimum of 2.7.

[image: image11.emf]
Conclusion:

The minimum factor of safety was found to be 2.7 and concentrated in the jack and center pin locations.  The frame was found to be sufficiently rigid and with an acceptable factor of safety.  
Appendix A-3:  Guide Rod Analysis

Summary

The objective of this analysis is to determine an adequate guide rod to resist the torque load of the lift chair.  The following figure shows a free body diagram of the lift chair.

Forces F1, F2, F3, and F4 are the reaction forces seen in the guide rods at the points were the bearings will be located.  The forces F1 and F3 are combined to determine the force acting on the upper right bearing bracket location.  Forces F2 and F4 are combined to determine the forces acting on the lower left bracket location.  The greater of these forces is used to determine bending maximum bending stresses in the guide rods.  From this a guide rod was selected.

[image: image12.emf]
Given: 

Assumed weight of Chair and Occupant: W = 300 lbs

Force from the bottle jack: F-BJ = 259 lbs.

Geometry based on the Free Body Diagram.

The guides rods selected are 7/8” diameter and 48”in length.  

Yield Strength of Rod is assumed to be 51 kpsi

Find:

The reaction forces F1, F2, F3, F4 and the combined forces F-UL, F-LL.

The factor of safety for bending stress for the guide rods selected.

Assumptions:

The frame is very rigid.

Solution:

For the forces in the front view:

The sums of the moments about the point were F2 acts on the frame are equal to zero.
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The sums of the moments about the point were F1 acts on the frame are equal to zero.
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For the forces in the side view:

The sums of the moments about the point were F4 acts on the frame are equal to zero.
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The sums of the forces in the x direction are equal to zero.
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Combining the forces acting on the upper right and lower left bearing bracket locations results in the following forces:

Force on the upper right bearing location F-UR:
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Force on the lower left bearing location F-LL:
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The maximum bending stress occurs at the midpoint to the rod length.  Using the maximum force F-UR = 172lbs at this point yields a maximum bending stress of 31377psi.
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The factor of safety is:
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Conclusion: The factor of safety is above the minimum acceptable level and therefore a 7/8 inch diameter rod will suffice for the design.

References:

J. Shigley, Mechanical Engineering Design, 7th edition, McGraw Hill, 2004
Appendix A-4: Fasteners

Stress and Safety Calculations for 3/8" shoulder bolt
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This analysis is for one loaded bolt with the maximum weight of the lift chair and the operator
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Appendix B

Drawings:
[image: image37.png]¢
2
@

2

@

Quantity 3 ]





[image: image38.png](800 ]

{1600
{17425 )

(174) {100 |

Ouontity: 6





[image: image39.png]o5
2 NN
¢
&
%,
1625 ] < -
(eas) gy
(1/4)

Quantity: 1





[image: image40.png]( 28.125 )
( .187 ) _|I|_.|A 2.625 )
||_ ALL RADII R.188

4X 3.188+.030

N _ACCORDANCE WITH ANSI/ASME Y14.5M-1994
W

A36 STEEL, 3716*

DIMENSIONS [0 MILLIMETERS
ARE IN  INCHES

o MOUNT, ROD, UPPER

L () ¢
THREE PLACE DEC.(X.XXX) ¢

Mo Y [“eeers 423,07 Beers |
NS | SHEET 1 OF 1 ﬁ.....,_uz_.o-_o




[image: image41.png]XNOI SV30-1

N¥3L1lYd 1v1d

SIHNI B NI W
SYILINITUN TI SNOISNINIQ

«881L° 11QvY
aN38 v




[image: image42.png]ALL RADII R,188

1.688+,030

_uz_.ommrm>mm E
[ EN. NO. | =~ OESCRIPTION OF CHANGE | oo |

DIMENSIONS O, MILL IMETERS 3/716* A36
ARE IN B INCHES

UNSPECIFIED TOLERANCES [mme

- TOP, CARRIAGE
THREE PLACE DEC. (X.00() +

w0 [Feeers [ 67,07 [ ooters |
NS | SHEET 1 OF 1 |[C [ PMLC-15

1 A ¢ MV




[image: image43.png]XNOL Sv3a-1

1e-0d___| 9] 1 40 | 133KS
3

NI yv

SIHONI B
SHILMITIIN ‘T SNOISNINIG

et SIINVYIT0L 0314193dSNN

~9l/¢

9y
WG F1A _INGV/ 1SNV HLTA JONVOHOOOY N1 SIONVEITOL X SNOISNINIC

JONVHD 40 NOJL1d1¥3S30

El
-

00000000

o]
o]
[¢]
Q
(o]

o]
(o]
o
o
o}
o}
o}

000000

0000

88L"y 11avy 11V

0£0°¥G.8°C XT

( szi'sz )





[image: image44.png]1.75%.03
(1.03)

]

ALL BEND RADI I

1.12%.03

1

.25*

I I
W] e JReese  Tw
[REV] E.N. NO. [ ~ DESCRIPTION OF CHANGE | g

REV1ISIONS

DIMENSIONS & TOLERANCES IN ACCORDANCE WITH ANS|/ASME Y14 5M-1994
WA

DIMENSIONS O MILL IMETERS .25" A36 STEEL
ARE IN 9 INCHES

UNSPECIFIED TOLERANCES [vme
O PLACE DEC. (X.X) ¢ BRKT, SUPPORT,

LA g SCISSOR, UPPER

vﬁrmﬁﬁ.x.ng E!u\_\ou l.um.mmmm
E SHEET 1 OF 1 |'C | PMLC-41

1-DEAS 10NX






[image: image45.emf]

 EMBED AcroExch.Document.7  [image: image46.emf]

 EMBED AcroExch.Document.7  [image: image47.emf]

 EMBED AcroExch.Document.7  [image: image48.emf]

 EMBED AcroExch.Document.7  [image: image49.emf]

 EMBED AcroExch.Document.7  [image: image50.emf]

 EMBED AcroExch.Document.7  [image: image51.emf]

 EMBED AcroExch.Document.7  [image: image52.emf]

 EMBED AcroExch.Document.7  [image: image53.emf]

 EMBED AcroExch.Document.7  [image: image54.emf]

 EMBED AcroExch.Document.7  [image: image55.emf]

 EMBED AcroExch.Document.7  [image: image56.emf]

[image: image57.emf]

 EMBED AcroExch.Document.7  [image: image58.emf]
Appendix C

Bill of Materials:
	Item
	Cost per Unit
	Units
	Total Cost

	Bottle Jack
	10.00
	1
	10.00

	Base A-36
	1
	1
	1.00

	Bracket Support
	1
	2
	2.00

	Base Carriage  A-36
	2.25
	1
	2.25

	Top Carriage  A-36
	2
	1
	2.00

	Frame Member 1  A-36 Angle Iron
	1.5
	4
	6.00

	Frame Member 2 A-36
	1
	2
	2.00

	Frame Member 3 A-36 
	1
	2
	2.00

	Scissor Member Long
	1
	6
	6.00

	Scissor Member Short
	0.5
	3
	1.50

	Scissor Member Top
	1.25
	1
	1.25

	Bearing Block
	4
	4
	16.00

	1/4-20 UNC x 0.75" Capscrew
	0.07
	22
	1.54

	3/8-16 UNC x 1"  Capscrew
	0.12
	12
	1.44

	3/8-16 UNC x 0.75"  Bracket Support
	0.12
	2
	0.24

	3/8-16 UNC x 1.73"  Jack
	0.5
	1
	0.50

	3/8-16 UNC Nut (Nylock)
	0.12
	13
	1.56

	Hardened Precision Steel Shaft 48" Length 7/8" OD
	42.17
	2
	84.34

	SAE 841 Bronze Flanged-Sleeve
	3.08
	4
	12.32

	Steel Washers  ID: 0.375"  OD:
	0.22
	30
	6.60

	Nylon Washers 1 x 13/32 x 1/16
	0.28
	13
	3.64

	Bungee Cord 24"
	2.97
	1
	2.97

	Galvinized Steel Tube OD: 1"
	3.72
	1
	3.72

	 
	 
	 
	 

	Totals
	 
	129
	170.87


Appendix D:  PDS

Product Design Specifications (PDS):
	High Priority
	Medium Priority
	Low Priority


	Requirements
	Target
	Metric
	Basis
	Verification

	Lift Capacity
	250
	lbs
	Customer defined
	Prototype

	Lift Travel
	2-30
	inches
	Customer defined
	Prototype

	Lowers easily
	< 1
	Minute
	Team defined
	Prototype

	Human Powered
	< 35
	Pounds

Force
	Customer defined
	Prototype

	Time to raise
	< 1
	Minute
	Team defined
	Prototype

	Adjustable height/width
	18-25
	inches
	Team defined
	Prototype

	Ergonomics
	Comfort
	n/a
	Team defined
	Prototype


	Requirements
	Target
	Metric
	Basis
	Verification

	Pinch points
	none
	n/a
	Team defined
	Prototype

	Secure mounting
	secure
	n/a
	Team defined
	Prototype

	Lap belt
	Retain operator
	n/a
	Team defined
	Prototype

	Locking mech. for ratchet
	Positive locking
	n/a
	Team

defined
	Prototype


	Requirements
	Target
	Metric
	Basis
	Verification

	Match decor
	White, off-white
	n/a
	Team defined
	Prototype

	Compact, foldable
	Compact, foldable
	n/a
	Team defined
	Prototype

	Smooth, symmetric
	Smooth, symmetric
	n/a
	Team defined
	Prototype


	Requirements
	Target
	Metric
	Basis
	Verification

	Environment
	Indoor apartment
	n/a
	Customer defined
	Prototype

	Maintenance free
	15
	Years
	Team defined
	Prototype

	Simple installation
	<2
	Hours
	Team defined
	Prototype

	Tight, smooth action
	Not loose
	n/a
	Team defined
	Prototype

	Long wearing finish
	15
	Years
	Team defined
	Prototype


Appendix E:  Final Design Evaluation & Selection


8 Final Design Evaluation and Selection

8.1 Evaluation:

Each of the PMLC team members were asked to design two different lift mechanisms without adding wall mounting or seating; a total of eight designs.  Independently, all team members arrived at a hydraulic cylinder/multi-bar link concept design.  The two other designs were the hand-crank winch and ratcheting jack type.

Hydraulic Lift Design Concept: 

All team members came up with similar scissor-lift mechanisms for hydraulic lifting.  The main distinction between the different designs was the location of the cylinder and pump.  An example of two basic concept designs can be seen in Figure 3.  One sketch shows the hydraulic cylinder in line with the center pins of the scissor lift and the other shows the cylinder creating a moment about a lower linkage bar.  The power input in all concepts was assumed to be a manually operated hydraulic pump with repetitive lever action.  
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Figure 3: Hydraulic Lift Design Concepts

Winch Design Concept:

The winch design concept is based off of a small commercially available hand winch.  The winch would wind a cable or rope attached to the top of a track. Either circular hand motion or a customized lever ratcheting system would be the source of manual input.  Figure 4 illustrates the basic concept of the winch lifting mechanism.
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Figure 4: Winch Design Concept

Ratcheting Design Concept:

The ratcheting design concept is based upon a modification of a commercially available bumper jack seen in Figure 5 below.  This design is very similar to the winch mechanism but instead of using a cable the ratcheting is done along a vertical notched/slotted track.  Like the other concepts repetitive lever action is required to lift with this concept.  
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Figure 5: Ratchet Design Concept

8.2 Selection:

The team developed a ranking system based on the criteria established in the PDS document.  The team used the weighted ranking system as its chief tool for the selection of the top-level design concept.   Figure 6 tabulates results of this ranking.

	 
	Weight
	Hand winch
	Hydraulic

Scissor
	Ratchet

	Performance
	3
	2
	5
	2

	Ergonomics
	2
	3
	3
	3

	Quality/Reliability
	3
	4
	4
	5

	Safety
	3
	3
	4
	3

	Aesthetics
	1
	2
	4
	4

	Cost
	2
	4
	2
	3

	Totals
	 
	43
	53
	46


Figure 6:  Concept Design Decision Matrix

Based upon the design matrix, the hydraulic scissor concept was the final selection of the team.  Performance and safety were heavily weighted requirements of the design and the hydraulic lift accounts for those especially well.  

9 Detail Design Progress

9.1 Refined Concept Design:

The first step taken was to refine the hydraulic scissor-lift design to be based on specific components.  Due to cost restraints, custom hydraulic cylinders/pumps are unavailable so the system must be built on existing commercial products.  There are many manually operated hydraulic pumps and cylinders on the market today but most are for extremely heaving loads and are quite expensive.  Ultimately the basic 2-ton automotive bottle jack was chosen as the means to lift.  Bottle jacks are extremely inexpensive and contain both the pump and cylinder in a relatively small package.  The downside is the jack must be used in a vertical position and the pump handle is fixed along side the cylinder.  Taking these restrictions into account Figure 7 demonstrates the refined design concept chosen using bottle jack parameters.
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Figure 7: Refined concept design using bottle jack

9.2 Scissor Lift Member Analysis:

The scissor members must allow the chair to reach the minimum 24” height as specified in the PDS while also being able to withstand the weight of the trolley and passenger in addition to the dynamic forces applied when pumping the jack.   A detailed static analysis has been done on the upper member acting as the active moment arm from the jack.  From the analysis this arm is specified to be a 2 ¼” wide and ¼” thick based off A36 steel.  The other scissor members are specified to be 2” wide ¼” thick.  The team is taking extra care in designing this portion of the lift as it will be difficult to modify other aspects of the apparatus if the scissor member dimensions need changing.  Finite element analysis is being used to further verify and inspect the results.  As a result of careful analysis, design progress is slower than expected but still on track according to the PDS Gantt chart.  Figure 8 shows a current solid model depiction based on the chosen dimensions of the scissor members. Note: Features such as the seat, trolley enclosure, and linear guide shafts were placed in the model ad-hoc and are scheduled for detailed design.
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Figure 8: Solid model based off analysis of scissor members

Appendix F:  Powder Coat Specifications
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Figure 11: Top Mount





Figure 10: Bottom Mount





Figure 9: Bushing Block Assembly





Figure 8: Carriage Mount





Figure 7: Scissor Base





Figure 6: Jack





Figure 5: Scissor Mechanism





Figure 4: Folding Seat





Figure 3: Carriage Frame
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