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Executive Summary

At some time or another, everyone has slipped and fallen.  While most people are able to get back up on by themselves, some cannot.  According to the US Census Bureau’s data on Americans With Disabilities 2002, there are over 23 million people, 15 years and older, in the United States that use wheelchairs or walkers.  Sometimes, when these people fall, they are unable to get back upright, or back into their wheelchair unaided.  This is especially true of disabled persons living by themselves.  Often times, a personal mobility lift chair is used.  Personal mobility lift chairs on the market today have three things in common:  They are electric, expensive, and big.  The lift chair design team at Portland State University’s Maseeh College of Engineering and Computer Science wants to change this.

A Portland resident approached the MCEC asking for a human powered lift that was compact, suitable for a small apartment.  The MCEC Personal Mobility Lift Chair senior design team is designing such a device, with a prototype for testing and evaluation to be delivered in May 2007.

The purpose of this document is to familiarize the reader with the progress the design team has made so far, including product design specifications, searches, and design decisions.
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Introduction and Background

In late 2006, Jim Lafky, a local Portland resident contacted Dr. Faryar Etesami with a problem.  Mr. Lafky’s daughter is paraplegic and lives alone in an apartment.  Though she is mobile via use of a walker, when she falls, she cannot get back up unaided.  While on the floor, Mr. Lafky’s daughter can move herself and her walker to a device to help her back up.  However, almost all commercially available lift chairs are too large to be practical.  The apartment she lives in is small, and floor space is at a premium.  The ideal device, as described by Mr. Lafky, would mount to a wall, fold up when not in use, be human powered, and easy to operate.  

Mission Statement

The Portland State University’s Personal Mobility Lift Chair (PMLC) design team’s job is to design, prototype, test, and place into service a lift chair that satisfies the needs of the primary customer, Mr. Lafky’s daughter, and the needs of other mobility challenged people.  The major features desired by the team’s customer(s) are:  good performance, small size, human power, and ease of use. Additional factors that the design team must consider are:  safety, reliability, cost, and life in service.
Project Plan

Once the project was selected and defined, an outline was created showing the important dates.  These dates were used to determine critical project deadlines and aid with tracking progress.  The project plan includes:  the creation of the Product Design Specification (PDS) document, an external and internal search, generation of design concepts, evaluation of design concepts, detailed design development, prototyping, and testing.  

The design team is currently working on the development of a detailed design.  The design and analysis of the lift chair components will be complete by the end of March.  Prototyping will be competed by the middle of May.  Test and evaluation of the prototype will be completed late May.  The prototype will be delivered to the customer early June.  The project outline is illustrated in the form of a Gantt chart showing the important elements.
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Figure 1:  PMLC Team Gantt chart
Final PDS Document

The PDS document is used to define the operating criteria, needs of the customer, team defined criteria, priorities, engineering metrics, and targets.

Through the PDS the design team set its design goals.  The PDS is used to check the development of the design against the customers needs.  Any changing factors which influence the design will be checked against the PDS to keep the team on track.  The main PDS criteria are listed below.  Pertinent portions of the PDS document, including house of quality, are located in Appendix A (p. 14).

	High Priority
	Medium Priority
	Low Priority


	Performance

	Requirements
	Customer
	Target
	Metric
	Basis
	Verification

	Lift Capacity
	Lafky
	113
	Kg
	Customer defined
	Prototype

	Lift Travel
	Lafky
	5 to 61-76
	cm
	Customer defined
	Prototype

	Lowers easily
	Lafky
	< 1
	Minute
	Team defined
	Prototype

	Human Powered
	Lafky
	< 150
	Newton
	Customer defined
	Prototype

	Time to raise
	Lafky
	< 1
	Minute
	Team defined
	Prototype

	Adjustable height/width
	Lafky
	46-63
	cm
	Team defined
	Prototype

	Ergonomics
	Lafky
	Comfort
	n/a
	Team defined
	Prototype


	Safety

	Requirements
	Customer
	Target
	Metric
	Basis
	Verification

	Pinch points
	Lafky
	none
	n/a
	Team defined
	Prototype

	Secure mounting
	Lafky
	secure
	n/a
	Team defined
	Prototype

	Lap belt
	Lafky
	Retain operator
	n/a
	Team defined
	Prototype

	Locking mech. for ratchet
	Lafky
	Positive locking
	n/a
	Team

defined
	Prototype


	Aesthetics

	Requirements
	Customer
	Target
	Metric
	Basis
	Verification

	Match decor
	Lafky
	White, off-white
	Visual inspection
	Team defined
	Prototype

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

	Smooth, symmetric
	Lafky
	Smooth, symmetric
	Visual inspection
	Team defined
	Prototype


	Quality, Reliability, and Maintenance 

	Requirements
	Customer
	Target
	Metric
	Basis
	Verification

	Environment
	Lafky
	Indoor apartment
	n/a
	Customer defined
	Prototype

	Maintenance free
	Lafky
	15
	Years
	Team defined
	Prototype

	Simple installation
	Lafky
	<2
	Hours
	Team defined
	Prototype

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

	Long wearing finish
	Lafky
	15
	Years
	Team defined
	Prototype


Customers

The PMLC team’s primary customers are Jim Lafky and his daughter.  External customers include:  Handicap equipment manufacturers, hospitals, the elderly, caretakers, and assisted living residents. 

Main Performance Criteria for the Customer are:

· The device must be able to lift 250 lbs.

· The device must travel from 2 to 24-30 inches.

· The device must be human powered.

· The device is to be used in a small apartment.

· The seat should be about the size of a desk chair’s seat.

· The device should be a compact as possible.

· The device should cost under $200.
Main Performance Criteria for the Design Team are:

· The device must lower easily.

· The device is to be ergonomically designed.

· The device must have a secure mounting system.

· The device must have a locking mechanism.

· The device must be maintenance free.

· The device must have a long life in service.

· The device needs to rise in minutes.
· The device needs to have minimal pinch points.
· The device needs to have a safety belt.
· The device needs to have a smooth action.
External Search Summary

An external search was made to identify competing products.  The search concluded that there are no existing products that fit all the requirements that the lift chair.  There are many products that lift people out of bathtubs, into vehicles, or out of hospital beds but none that are inexpensive, compact and wall mounted.  The attention of the search was put towards any related products that may provide the means for various functions of the lift chair.  The two products found below were the closest to the design requirements of the chair.  
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The Beluga:



Lifts 2.5” to 16”



Electrically powered



300lb lifting capacity



32lb weight



$1700

This lift chair provides the capacity and nearly enough travel as required by the customer.  The price, power source, and size do not meet the requirements however.

ErgoLift:
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Battery powered


Lifts required height (value unknown)


Hydraulic operation


400lb capacity


$3700

This lift is designed for lifting hospital patients of all sizes and thus is very large.  Nearly all requirements of the lift chair are not met but the ErgoLift demonstrates the use of a hydraulic mechanism for lifting.  Manually pumped hydraulic versions are also available.  

Internal Search Summary

The PMLC team conducted its internal search in three sections: seat, wall mount, and lift mechanism.  

Seat:

Since the lift chair is to be as compact as possible, pre-existing folding seats were looked at.  Shower seats were the most common folding, wall-mounted seats available.  Shower seats come in a variety of wood, cushioning and molded plastics.  Flat sheets of plastic (HDPE/UHMW), and steel were discussed as well.  
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Figure 2: Example of commonly available compact shower seat
Wall Mounting:

Different mechanisms were looked at for mounting the chair to the wall.  Due to their high load capacity, shelving systems were looked at for mounting ideas.  Methods include basic drywall screws fastening notched rails into one or two studs. The possibility of using the floor as a way to support the vertical loading was also considered.  Using two cylindrical rails to support the load and to guide the lift carriage was another option.  
Lift Mechanism:

There are numerous seats and wall mounting methods on the market today that are inexpensive and easily modifiable. However, there are no commercially available products that are designed to lift a human up and down a wall.  Thus, the lifting method is the foundation to which the rest of the apparatus must be designed.  Many different methods were found as possibilities:
· Hydraulic lift – Although somewhat expensive, hydraulic cylinders and pumps were found as a possibility 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.

· 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.

· Gear/Crank System – This system would have to be custom designed as either cranking pulleys to lift the chair or a wall mounted rack/pinion system.  It would be more complex than the other systems.

· 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.  
Final Design Evaluation and Selection
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
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.  
Detail Design Progress

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
Scissor Lift Member Analysis:
The team is currently working to finalize the analysis of the scissor members.  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
Remaining Detailed Design: 
Lift Mechanism/Trolley
· Further verification of geometry and stresses on scissor members.
· Detailed analysis of pin joints.  Initial calculations show a 5/16-3/8” sized bolt or pin to be reasonable.
· Detailed design of trolley.  It must resist flex from the moment created by the hydraulic jack.  Rough design already completed.

Wall Mount/Linear Guide
· The team is currently looking at T-Slot rails, guide rods, and standard tubing.
· Standard tubing may be chosen as the least expensive option, and prototyping used to determine its effectiveness over high precision linear shafts.
Seat

· The current seat design calls for a flat plate, with two bolted joints to act as hinges.
· Seat belt will fasten two the two bolted joints.

Conclusion
The team has completed a PDS document and developed a house of quality as guidelines for the project.  These PDS guidelines come directly from the customer expectations for the product.  The team has also completed an external search of competing and related products.  This search verified that design of a new product is necessary.  Many similar products were found but none that meet all of the requirements of the PDS.  The team’s internal search yielded three top designs.  From these the hydraulic scissor concept was selected to best meet the requirements of the PDS.   

The PMLC project is currently on pace for the expected completion in June 2007.   Although there is a relatively slow start with the detailed design, the work is becoming easier and design options are narrowing as more components are finalized.  A 2-ton bottle jack was selected as the hydraulic power source and the scissor member analysis is near completion.  The team has plans to have a final detailed design completed by the first week in April.

After the design is finalized, the team needs to develop a bill of materials to specify the parts and costs necessary for prototyping.  Manufacturing methods and facilities then need to be chosen.  A prototype is to be produced and tested by June 2007.  
Appendix

PDS Interview letter:

Hi guys, 
 
I met w/ Mr. Lafky Monday afternoon, and he was able to clear up a few things for us.  Jim's daughter is mobile, she walks with a walker.  If she falls however, she cannot get back up or crawl (too painful on the knees.)  She can scoot around though, (Jim's term.)  What they are looking for is basically a wall mounted apparatus w/fold down seat that she can get on, raise, and go back to moving around w/her walker.
 
Answers to specific PDS-type questions:
 
Minimum height:  Height of the seat, <2"
 
Max height:  2'-3' (2.5' most likely, about chair seat height)
 
Dimensions:  Seat size (like a desk chair)
 
Weight:  Jim's daughter is about 140lb
 
Lifting Power:  Jim requested human power only  (maybe a cost issue, but I don't think so)
 
Portability:  None.  Ideally will be mounted on wall, though it could be removed and reinstalled elsewhere.
 
Footprint:  As small as possible.  Small apartment, floor space crucial.  Seat should fold up against wall when not in use.
 
Storage:  Mounted on wall
 
Environment:  Carpeted apartment, assume stud/drywall type wall (Jim didn't know for sure)  Newer apartment
 
Color:  Probably whitish (rental apartments are usually white/off-white)

PDS House of Quality:

	House of Quality
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	Engineering Parameters
	
	
	
	Competitors

	Customer Needs
	Importance
	User
	Time to lift 
	Power Source
	Cost
	Safety
	Mounting method
	 
	A
	B

	Performance
	
	5
	Customer
	 
	 
	 
	 
	 
	
	 
	 

	
	Ergonomics
	(2)
	Customer
	***
	*****
	**
	***
	 
	
	*
	 

	
	Time
	(1)
	Customer
	*****
	****
	**
	 
	 
	
	 
	***

	
	Adjustability
	(2)
	Customer
	***
	 
	**
	***
	 
	
	 
	 

	Safety
	
	1.25
	Customer
	 
	*
	*****
	 
	*****
	
	**
	 

	Aesthetics
	
	1
	Customer
	 
	 
	**
	 
	**
	
	 
	 

	Price
	
	1.25
	Customer
	 
	*
	***
	*
	 
	
	 
	***

	Weight
	
	.25
	Customer
	*
	***
	*
	*
	*
	
	 
	 

	Installation
	
	.25
	Customer
	 
	 
	*
	****
	****
	
	****
	 

	Reliability and Maint.
	
	1
	Customer
	 
	 
	**
	 
	***
	
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	A
	x sec/min
	110 VAC
	1700
	***
	free standing
	
	
	

	
	
	
	B
	x sec/min
	110 VAC
	800
	****
	wall mount
	
	
	

	
	
	
	Target
	x sec/min
	human
	500
	****
	wall mount
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