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Abstract

The goal of this project was to design and prototype an affordable, mobile and more
compact medical lifting device that can safely lift an immobile patient from a bed to a wheelchair
or restroom without requiring an external electrical power source. This project also aims to
decrease the number of back injuries reported by nursing assistants, completing the lifting
process mechanically opposed to manually. Throughout the early stages of this project,
reiterations of the model were executed resulting in the desired outcome for the final design.
Following, the final design was manufactured into a prototype made of Aluminum 6061 to
decrease costs of fabrication. Load testing was completed to simulate when the device lifts a
patient to determine weak points in the design. In conclusion, the Medical Lifting prototype can
lift up to 275 Ibs., which is a lower weight than expected. Additionally, the overall price of this
device is approximately $1,000 and when stored, fits inside a 33 in. X 25 in. X 60 in. cube.
Finally, to increase the strength and safety of this device, the team made recommendations to
redesign a more durable model in the future.
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1 Introduction

Nursing homes serve an essential purpose within our society and our families. There is a
time in an elder’s life where they can no longer live alone because they require some sort of
medical care. In 2012, it was reported about 1.3 million American seniors lived in nursing homes
[1]. A large percentage of these American seniors are in need of assistance in mobility in order to
perform daily functions.

In a study conducted in Illinois, 50% of the population beyond the age of 75 reported
having a hip injury so critical that walking independently was not possible and these injuries
have been the cause of death in numerous situations [8]. With this said, half of the patients in
nursing homes are immobile and require nurse assistants to help with their transfers, mainly from
a bed to a wheelchair or restroom. A high number of back injuries have been reported when
medical lifting devices were not available to assist the nurses in patient lifting. The Bureau of
Labor Statistics documented that nursing personnel have the highest risk for strains and sprains
that lead to musculoskeletal disorder. This is clearly a significant issue, seeing that 181.6 full-
time workers report incidents related to back injuries every 10,000 days [32].

Research also indicates a correlation between the reported high numbers of lower back
problems (LBPs) for assisting nurses with the improper process for lifting immobile patients.
Nursing assistants, also known as nursing aides, are responsible for providing basic care for
patients in hospitals and residents of long-term care facilities, such as nursing homes. This
specific job doesn’t require too much prerequisite, in which “the vast majority of nursing home
employees are aides (67%), with 17% registered nurses and 14% licensed practical or vocational
nurses” [7].

A registered nurse is responsible for the following:

o Performing physical exams and health histories
« Providing health promotion, counseling and education
e Administering medications, wound care, and numerous other personalized interventions
e Interpret patient information and make critical decisions about needed actions
Nursing assistants are responsible for the lifting of patients from their bed or chair to another
location. The lack of proper assisting devices puts the medical staff in physical harm. However,



research has shown that medical lifting devices can decrease the number of reported LBPs for
assisting nurses.

The goal of this project was to design an affordable medical lifting device that can be
stored in a small footprint and does not require an external power source. With the
implementation of the design, the plan is to decrease the amount of back injuries to nursing
assistants as well. This project focuses on the design of the mechanics for the Medical Lifting
Device and transporting individuals inside nursing homes. The material used to lift the immobile
patients was based on affordability and strength to ensure safety of the patient. The team
developed 3D models of the Medical Lifting Device using Creo, a design software, which
provides the parameters needed to calculate stresses to determine weak points in the system. A
prototype was fabricated based on the 3D designs to perform more accurate testing and make
recommendations for a future model. The Medical Lifting Device consists of features to push the

healthcare industry, specifically immobile patients and nurse assistants in today’s medical field.



2 Background

This chapter discusses information about the LBPs reported by nursing assistants along with
the different lifting processes, to determine the specific problems in each to avoid those flaws in
the design of this Medical Lifting project. The Medical Lifting design will aim to decrease the
number of reported back injuries for nursing assistants and improve health care for immobile
patients. The chapter concludes with the primary goals of the design for the medical lifting

device and its features.

2.1 Lifting Processes
Nursing homes have performed the action of lifting a patient every day. Twenty years ago,
the National Institute on Aging released some revealing statistics about elderly patient mobility.
The Illinois Council on Long Term Care took that data and estimated that elderly nursing homes
patients above 75 years old typically demonstrate the following mobility constraints:
-40 % cannot walk more than two blocks;
-32 % cannot climb ten steps;

-7 % cannot walk across a small room.

Ultimately, 50 percent of all the older patients at nursing homes have experienced some
sort of hip fracture, reason why they never walk independently again [9]. In this section, we will
explain the lifting process that nursing assistants go through in order to lift a patient from a bed

to a wheelchair.

2.1.1 Manual Lifting

Lifting an immobile individual is an important task required for a patient to be
transported to a shower, a restroom, a wheelchair or simply to change their current location.
Nurse assistants play a huge role in lifting patients to help transport them and cover their
necessities. For nurses to successfully complete the manual transfer there is a specific procedure
to follow.

The process begins with raising the patient's torso, while using the bed to adjust the angle
at the waist. Once the patient is adjusted, Nurse #1 and Nurse #2 roll the person onto their side
using the bed sheets underneath to shift their posture. Nurse #1 aligns the patient’s neck with
their spine. Nurse #2 bends the patient’s knees and gently pulls them as close to their chest as

possible. Ultimately, the process was completed without any rotation of the torso on the patient



while slowly lowering the patient to their destined location [10]. Hence, the manual lifting
process requires a minimum of two nursing assistants to transport a patient to avoid twisting their

torsos when lifting them.

Figure 1: Nurses Manually Lifting Immobile Patient from Their Bed

Figure 1 shows two nurses performing the same manual process described previously.
Sometimes a third person can be helpful to readjust the patient’s feet. Manually lifting an
individual requires a particular process and even if the steps are cumbersome, the manual lifting
process is used to ensure proper lifting while preventing back injuries for the nursing assistants.

Consequently, if the manual lifting process is completed incorrectly, assisting nurses will be
injured. “Manual patient handling such as lifting and transfer of patients/residents from one
destination to another has been identified as a high-risk activity” [10]. The injuries reported are
typically due to the muscular overexertion from improper lifting techniques.

Presently, nurse safety is a concern in the health and medical fields. Studies show that “nursing
employees suffer more debilitating back as well as other injuries than almost any other
occupation” [16]. The distribution of lower back problems [3] across professionals are shown in

Figure 2.



LBP Reported Across Different Professions
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Figure 2: LBP Reported Across Different Professions

To reiterate the reported LBPs, one nurse is quoted emphasizing her work pains, "You
barely can even take care of [the patients] the following day" [32]. Nearly all nursing assistants
work full-time at nursing homes because those buildings function 24 hours a day, seven days a
week [32]. The hefty hours worked by nursing assistants paired with the physical demands of the
job often leads to overexertion. The chance of overexertion is amplified in nursing homes which
lack the funds to purchase lifting devices. The lack of equipment leaves nurses no choice, but to
manually carry their patients from one point to another. The repetitive motion of lifting patients
that generally weigh heavier than the nurse assistants weigh, plays a major role in the cause of
LBPs for nursing assistants [32].

The physical demands on the nursing assistants are costly to nursing homes as well as to the
employees. One hospital in Virginia claimed they “spent almost $1 million during a recent four-
year period just to hire replacements for employees who got hurt so badly they had to go home”
[25]. The financial burden of replacing injured nurses and not having them consistently tend to
their patients leads to decrease in patient care with the current nurse safety [25].

With this medical dilemma in mind, research has gone into determining the effectiveness and



value of medical lifting devices. Further research will help the goal to redesign a medical lifting

device that will decrease the “heavy lifting, awkward postures, and high push/pull force” [25].

2.1.2 Mechanical Lifting Process

With innovative medical technology and constant funds invested into patient care, lifting
devices are improving in various manners to transfer a patient from one place to another [15]. In
a nationwide study, researchers implemented safe lifting and mechanical lifting devices in
hospitals and recorded the amount of LBP their nursing staff experienced after the use of the new
lifting techniques and technology. Both experienced nurses, who were accustomed to lifting
patients manually, and new nurses, who had never experienced this burden, were participants in
this case study. Figure 3 represents graphically how LBPs decreases by 10% in both experienced

nurses and new nurses with an increase in using the new lifting methods and devices.
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Figure 3: Effect of Lifting Devices on Nurses' LBP

Although a decrease in LBPs is great for the nurse assistants, the goal of the study is to

increase that margin of decrease in nurses’ LBPs. Mechanical lifting devices gave the first push



to decrease the LBPs. Further, in this report three designs are analyzed and determine what

features are superior to benefit the mechanical lifting design.

2.2 Analysis of Lifting Devices

There is a notable decrease in injuries affecting nursing home assistants with the use of
assisting mechanical devices. Although there are various lifting devices, they all entail the same
concept of using a harness to support a patient when being lifted vertically using an electric
motor or hydraulic pump. Three different designs and their attributes are analyzed to learn the
successes and flaws of each. Through the analysis, each design’s concept and the potential flaws
are interpreted with respect to the requirements of this project. Those requirements include a
design that is affordable, a non-electrical power supply source, and a convenient position for
compact storage along with its transportability.
2.2.1 Ceiling Lifting Device

The ceiling lifting design is a particular mechanical device that is located directly above

an individual’s bed. Two nurses are required to operate this device safely. Nurse #1 tilts the
patient to Nurse #2 where they can place one side of the harness underneath the patient. Nurse #2
repeats what Nurse #1 did so the harness can be completely places underneath. Once the harness
is attached to the ceiling device, a motor connected through a cable drum then lifts the patients so
they hover about one foot from their bed. Once the patient is suspended in the air, they can
follow the guardrails attached to the ceiling to transport to different parts of the room while still
suspended in the harness. This device can hold up to 400 Ibs. and requires zero physical strain on
the nurse during the transfer. Figure 4 shows a patient using a ceiling lifting device along with

the supervision of two nurses.



Figure 4: Ceiling Patient Lifting Device

The Evaluation of the Effectiveness of Portable Ceiling Lifting in a New Long-Term Care
Facility conducted a study where the results represented a 75% inclination of the staff wanting to
use a ceiling lift because it reduced the risk of LBPs compared to the manual process of lifting a
patient [29].

Although this design is great for transporting an immobile patient off their bed, the
design concept is very dependable on a power source and is impractical for situation where
patients need to be transported outside their rooms. Alone, the installation of these devices is a
large-scale project and expensive. One hospital stated that they “ripped up parts of the ceilings
and installed lifts in all 207 patient rooms, at a cost of roughly $2 million” [27]. On average,
installing a permanent overhead lifting device costs $16,000 per room.

The ceiling device carries an important concept of lifting a patient up from their bed
without straining the nurse assistants, but the design alone does not meet some of the most
fundamental requirements for the goal design: mobility and affordability.

2.2.2 Mobile Lifting Device

This design is used to lift an individual for support and for transportation. Some of the

design considerations are related to the design requirements of this project. Those requirements

are having a mobile base [12] with elongated front legs [30] [37].



Figure 5 illustrates where the extending caster brackets [32], the cover plate or base
housing [34] coupled to legs [30], and the frame mounting post [36] extending upwardly from
cover plate or base housing [34].

Figure 5: Lifting Design #1

Like many of the models researched, an actuary motor that is connected from the frame
of the base to the arm of the lifting device is used in this example. A rechargeable battery that
can be removed from the entire system which powers this actuator. In a very similar process as
the ceiling lifting device, the patient is safely strapped into the harness by placing the sling under
their spine. The sling then folds across the front of the patient and Nurse #1 and Nurse #2 will
have to make sure that the opening of the sling is not large enough for the patient to fall through,
but also not small enough to hurt the patient. The mobile lifting device is then lowered to attach
the straps onto the matching loops. The nurses will have to ensure that the clips and loops are
attached securely. Figure 6 is a page from a FDA approved pamphlet with safety guides to place

a patient into a mobile lifting device.



Place Patient (s ]
in Sling

' Using the wrong sling or attaching the sling incorrectly
= may cause serious injury to the caregiver or patient.

n Place patient in sling.

 Position center of sling under patient’s spine.

¥ Place leg straps flat under patient; do not let material fold.

v Make sure sling opening is not large enough to let patient slip out

or too small to let patient fall out.
g Lower sling bar down to patient. Do not let sling bar hit patient.

Attach sling straps to sling bar J
as directed by manufacturer. ?6:;‘

o

v Use matching loops from each
side to ensure sling is balanced.
Choose loops that provide best
angle and position for patient.

v Ensure all clips or loops are
secure and will stay attached
as patient is lifted.

v Ensure straps are not twisted.

v Ensure patient’s head and/or
back is supported, if needed.

Figure 6: Kwikpoint's and FDA's Patient Lifts Safety Guide (pg. 8)

Although this mobile lifting device appears to be a relatively good option for the design
of this project, it does not match the desired components of a compactable base. Without this

feature, the design does not complete the goal of reducing its own space.

2.2.3 Transportable Lifting Device

In addition to the ceiling lifting and mobile lifting devices, the market for lifting devices
includes a compactible transporting device. With space restrictions in nursing homes, there is a
need to transfer immobile patients with a “compact, lightweight and easily portable patient
transfer device to assist caregivers in transferring patients between beds, wheelchairs, cars, etc.”
Unlike the previous lifting processes, this compact model utilized a U-shaped lifting structure
that goes around the patient and under the patient’s arms for its process to function. Once the
lifting device is around the patient, a nurse must rotate a crank attached to a vertical actuary
lifting the patient.

Figure 7 displays the device and its adjustable, rectangular base that utilizes a telescope
concept. The telescope concept allows the legs to extend the wheels to a specific outwards
distance as well an inwards distance. The desirable feature about this design is the ability to

compact the legs closer to the base and essentially reshaping the device. As shown in the right-

10



hand side image, the wheels are closer to the base, only possible with vertical pins attached to
each leg so it can rotate inwards. The pins allow the transporting device to reduce its space

perfect for the hallways in nursing homes.

Figure 7: Lifting Device #2

Although this design has favorable features of being compactible and lightweight,
patients have commented, the device is not properly secure and stable during the operation. For
example, the patient’s torso has minimal support, which is not ideal when transporting immobile
patients. In reference to the lifting mechanism, the crank method requires more energy from the
nurses and takes longer to operate opposed to a motor, spring or hydraulic pump. Another issue
with this model is that the patient must already be in the upright position. Therefore, if the
patient is not originally sitting in a chair the design is ineffective.

In the next sections, the favorable features of the devices described are analyzed based on
the design requirements for this project.

2.3 Design Requirements

Lifting an immobile patient with a medical device resulted to work better than manually
lifting them. Medical lifting devices aid nurses with their responsibilities to provide health care
for their patient. Nurse assistants who work with medical lifting devices have improved health

and experience less LBPs as explained in Figure 3. Despite the advances in medical technology,
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today’s design concepts carry flaws. In order to have good patient care and safety for nursing
homes’ patients, the consideration of nurse’s health and safety must be improved. Previous
designs mentioned possess unique features, which assists nurse assistants.

All the designs have same function of transporting patients, with the most autonomous
being the ceiling lift. An important feature from the ceiling lifting device is the method to hang
above the patient’s bed, allowing only vertical movement to occur. However, the ceiling lifting
design holds a financial burden. In an article where hospitals and nurses were asked to express
their opinions, common themes came up when referring to the issues with todays’ lifting devices.
Those comments are listed below:

1. “Devices ... are too expensive for most home and institutional use”.

2. “Floor lifts usually have relatively small wheels which can jam and catch on
carpeting and other objects”.

3. “... [Lifting Devices] do not allow the lift's wheeled base to fit under them making
it very difficult to move patients to and from these beds or tables with floor lifts”

4. “Many homes and even some long term care institutions have rooms that are too
small to accommodate all this equipment.”

Obijectively, nursing homes lack funds and cannot afford the renovation and installation
of these devices. Compared to a mobile device that costs on average $6,000, installing a ceiling-
lifting device is just too expensive [3].

The mobile lifting device can lift patients vertically and transports them among different
rooms in a nursing home facility. Moreover, the mobile lifting design contains legs that elongate
to counterbalance the weight it is being submitted to, as well as adjusting themselves to prevent
failure. These concepts will interplay along the design process of this project.

The mobile lifting device does not meet the requirement to decrease its size. Figure 8
represents nursing homes’ blueprints for a single resident bedroom floor, demonstrating why

storage space is essential and limited for a large device.
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Figure 8: Typical Drawing for a Single Resident Bedroom Floor Plan

The goal is to incorporate a medical lifting design that can fold itself for better storage
and transportation because nursing homes deal with constant transportation of patients in
wheelchairs. Medical staff and patients walk through those same hallways, which leave limited
amounts of room to transport a medical lifting device. Designing a self-compacting device,
allows nurse assistants to easily transport the assisting device between rooms utilizing minimal
hallway space. The wheels are another important feature to consider for the goal. The wheels
must be designed with a specific diameter to avoid jamming on surface and on itself when
compressed.

Along with the FDA, an important design aspect is the American with Disabilities (ADA)

requirements that the project must follow for the device to be allowed in the nursing homes. The
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ADA requirements measures an accessible doorway to be a minimum opening width of 32 in.

and an opening of 90-degrees as seen in Figure 9 below [2].

Figure 9: ADA Regulated Doorway
Wheelchairs’ typical seat height are 19” to 20” above the floor; therefore, the bed’s
height is less than or equal to 20 because anything higher causes problems for most wheelchair
users. There is a 7” vertical clearance under the bed for lift access. Hallways are a minimum of

36” for a wheelchair to move through a clear hallway as seen in the Figure 10.

Figure 10: ADA Regulated Hallway
All of these concerns expressed by nurses around the nation will be used in the design
considerations for future improvement of a lifting device design. The goal is to design a medical
lifting device that will have the ability to safely lift patients at the large-end of the scale, fit in

different size rooms, compress its frame to transport easily and run on minimal power. In
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addition to those features, it will be made with durable materials, but stay within a reasonable
price range to be affordable to nursing homes. These additions to today’s lifting devices will
make mechanical lifting more attractive for nursing homes; therefore, decrease the severity of
injuries to future nurses.
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3 Design Goals and Specifications

The goal of this MQP is to design a collapsible Medical Lifting device that will safely
transport a nursing home patient from their bed or wheelchairs to other locations within the
nursing home. The Medical Lifting device maintains the basic functionalities of existing medical

lifts and aims to reduce the manufacturing cost compared to those costs in today’s market.

3.1 Functionality

1. Size and Portability: The device is designed to compress 40% of its total size when not in

use for easier storage and mobilization.
a. The Legs of the device must have the capability to telescope to a smaller length to
decrease the total size of the device to accommodate for limited storage space.
b. The Boom component that holds the patient must be collapsible to reduce the
space necessary for storage. Nursing homes can be undersized and Medical
Lifting devices tend to account for a lot of surface area making them impractical.

2. Maneuverability: The device aims to grant accessibility to all ADA regulated facilities,

specifically door frames, bed heights, hallways and bathrooms in a nursing home
environment reference in section 2.4 Design Requirements.

3. Stability: Adjustable legs provide better stability by rotating outward 10-degrees
preventing any tilting during transfer from a seat, wheelchair or toilet. The center on mass
of the patient in the device stays within the framework of the four wheels to eliminate the

potential for tipping.

3.2 Performance
1. Weight Capacity: The maximum weight capability will be a 500lb. patient because the

patient targets are immobile patients who in general have higher weight ranges. The
system accounts with a system to lock the Boom from falling abruptly in case of failure
during lifting operation.

2. Operating Characteristics: The device has to lift the patient vertically providing enough

clearance to transfer an individual from a nursing home bed.
a. The device should secure a patient from laying in a bed at a height of 24 in, based
on the ADA standards mentioned in section 2.4 Design Requirements [2].
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b.

3.3 Safety

The transfer of the patient in the vertical direction must be smooth in such a way
that the patient does not extend past the framework of the wheels. A large change
in the center of mass can cause tipping.

The speed of the patient during transfer in the vertical direction is dependent of

the maximum speed on the hydraulic pump used in the design.

1. Material Selection: The materials in use must withstand the mechanical stresses applied

by the loads of the patient during the lifting cycle.

a.

Chosen materials must have an ultimate yielding strength large enough to
withstand the affected loads. Specifically, critical points such as thin wall, pin
joints, and welded areas.

Mechanical loads are quantified to ensure a safety factor of two, limiting the
potential for mechanical yielding during the lifting process. This factor of safety
will ensure confidence in the integrity of the design.

The materials selected possess a low density to facilitate nurses’ efforts to
maneuver a patient.

Cost effective materials will remain within the project’s budget of $1,000. This
budget will allow the device to be financially competitive with the existing lifting

device market.
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4 Final Component Decisions

After researching methods for the Medical Lifting, a decision matrix was formed to rank
and compare varying methods of patient lifting with different variables. Shown in Table 1 is the
design matrix including all methods of lifting discussed in Chapter 2. Each method was
evaluated based on factors that will help this project’s design meet the established goals. These
include price, mobility, durability, safety, power source, and compressibility. The previously
mentioned factors were then weighted and ranked based on their importance to the design goals
prior to final calculation.

The “Mobile Lifting Device” and the “Compactable Lifting Device” both scored
relatively close to each other. The “Mobile Lifting Device” has a stronger durability score and
the “Compactable Lifting Device” has a stronger compressibility score. Both of these methods

are incorporated into the design for this project.

Table 1: Decision Matrix for the Lifting Devices

Affordability | Mobility Durable Safety Power | Compressibility

Factors: Price Source Total
3 4 2 5 3 4

Weights:
Manual 2 5 1 1 5 5 68
Lifting 6 20 2 5 15 20
Ceiling 1 1 4 4 1 1 42
Lifting Device 3 4 8 20 3 4
Mobile 3 5 4 4 3 2 78
Lifting Device 9 20 8 20 9 8
Compactable | 4 5 3 3 3 5 82
Lifting Device 12 20 6 15 9 20

With a concept for the Medical Lifting Device, preliminary sketches and models were
brainstormed and designed using a 3D modeling software. These designs were altered and
modified weekly to ensure the design would achieve the goals determined for the project.
Throughout this chapter, each component of the design is described along with the reasoning

behind alterations that were made to improve the overall design concept prior to the next step of

prototyping.

18




This project’s design includes compressible features so the upper and lower components

fold neatly inward to shrink its size. The legs are designed to be rectangular, having a telescoping

function in combination with rotatory pins to keep the leg components intact. There is a
Hydraulic Pump attached from the Shaft to the Boom that extends and contracts the Boom
depending on whether the Medical Lifting Device will be in use or in storage. The Shaft is

designed to be fixed to the Base so no mobility exists between the two components.

Figure 11: Complete Medical Lifting Design
Figure 11 illustrates the overall Medical Lifting design along with the immobile patient’s
posture when being lifted from a wheelchair. In the following sections, further description of
each design component are explained.
4.1 The Legs

The entirety of the Leg design was modeled after a telescope which can compress within

itself by utilizing different diameter tubes pressed together as shown in Figure 12.
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Figure 12:Telescope Used to Model Lifting Device Legs

In contrast to the cylinder shaped telescope, the Leg parts have rectangular cross-sections
where the height of the cross-section is higher than the width. The utilization of this design
concept will decrease the stress and displacement due to bending in the system when the load of
the patient is applied.

4.2 Leg Back

The Leg Back component is attached to the Base through a pin joint. This component is
designed to be hollow so future components may fit inside once the device is fully compressed.
The cross-sectional dimensions for the Leg Back, 2 in. x 1.5 in., are based on two main factors;
the overall dimensions of the legs for the medical lifting devices inspected at the West Side
House Nursing Center and the availability for hollow rectangular material provided by the
selected vendor.

Next, drill holes were added to the Leg backs to allow for attachments at the pin joints,
providing the 10-degrees of rotation needed once assembled in the Base. The only difference
between the two Leg Backs design are there total lengths. Shown below in Figure 13 is a patent
lifting device that compresses. The figure highlights with a red circle where one leg must have a
longer length than the other leg in order to allow the two legs to coexist in a given area. This

extra length is equivalent to the leg width.
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Figure 13: Lifting Device with One Leg Compressed

Mentioned previously, the Legs must fold into themselves. This is achieved using
rotational motion about pin holes located at the end of the Leg Backs. Along with pin holes, an
opening into the sides of the Leg Back around the pinholes that are equivalent to at least half the
width of the Legs. This will allow movement about the pin joint without collisions to the two
sections of the Leg as shown above. Finally, the material around the pin hole will be fully
rounded the width of the Leg for safety because it is an exposed part and that decreases the
chance of collision during rotation about the pin. Shown in Figure 14 in red is the original
version of the Leg Back, with different modes of attachment at each end. After further
adaptations mentioned above that favor fundamental purpose and efficiency at each point of

attachment, the model highlighted in green was constructed.

Figure(s) 14: Leg Back Models

4.3 Leg Base
Attached to the Leg Back by the pin joint is referred to as the Leg Base. Dimensionally
similar to the Leg Back, the Leg Base is a hollow rectangular tube to allow other leg components

to transfer through and compress with a cross-sectional area of 3 in. x 2 in. and 0.25 in wall
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thickness. The width of the Leg Base is equal to that of the Leg Back, but the height must be
higher than the Leg Back to allow the rotation between the two legs without collisions.

In addition, the connection side of the Leg Bases will have side cuts identical and fully
rounded edges so the same reasons referenced in Section 4.3. The Leg Base is designed to have a
sliding mechanism inside its hollow structure. Based on the specification of the design, the slider
is only desired to move through a given range. This range was determined upon on the total
distance the legs of the previously researched lifting design extended. Shown below in red, is an
initial version of the Leg Base, designed with the above specifications in mind.

Figure 15: Obsolete Leg Base Model

However, further improvements were made to stop the Slider from continuing to translate
after a certain point. The length was increased for translation purposes, and a pin hole was added
to go through both the Slider and Leg Base to constrict further sliding. Shown below in green, is
the established version of the Leg Base model.

Figure 16: Leg Base Model

4.4 Leg Slider
Inside the Leg Base, one can find the Leg Slider. Unlike the Leg components mentioned

earlier, the Leg Slider is a solid rectangular piece whose cross-sectional dimensions are solely
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based on the internal dimensions of the Leg Base. Those dimensions allow it to slide freely.
Similar to the Leg Base, a through hole of identical diameter allows the Slider to reach the
expected length. Shown below are the original and updated versions of the Leg Slider. The
original design is shown on the left and an updated version is shown on the right. Each model
follows the specifications mentioned above. However, the length was increased for fundamental
use and stability, along with increasing the thickness on the modes of attachment on both ends of

the part.

Figure(s) 17: Leg Slider Models
On the face of the Slider inside the Leg Base is a pin support whose length from the Slider
Leg to the pinhole is the width of the leg to allow free, no collision rotating when the Slider is

fully compressed inside the Leg Base depicted in Figure 18.

Figure 18: Slider Leg Fully Compressed Inside the Leg Base

The Leg Slider is connected to the front wheels of the device. With this in mind, sections
of the bar material needed to be removed in a way that the wheel could be bolted in the Leg
Slider as shown in Figure 17. This section cut allows the front wheel to fit in the system and
tapers off at 45-degrees to better distribute the load that the wheel will apply to the Leg Slider
once the load of the patient is applied.
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Figure 19: Legs Folded Into Themselves

To ensure that the entirety of the Leg design can achieve the design goals of lifting a
patient out of a bed and compress into itself, the lengths of both the Leg Base and Leg Slider
component had to have particular lengths. Two inequalities were derived to design the Legs
properly as shown in Figure 20 (left side and right side), based on the design needs for extension

and compression proving a range of values for the length of each component.

1
® y>40-x-2+2

Q/) y<x+3
0 x<33

Figure(s) 20: Range of Values for the Leg Sliders and Leg Bases

In these inequalities, the y-variable represents the length of the Leg Base and the x-
variable represents the length of the Slider. Through these inequalities, one can see that the red
line depicts the lengths necessary for the fully extended device and the black and blue line depict
the constraints on the two variable in order to reach a fully extended position with no collisions.
The conclusions from these two graphs show a dark area were all three inequalities overlap
defining the range of value that the Leg Slider and Leg Base can be for the left and right Leg
assemblies.
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45 Train

The final section of the leg design is referred to as the Train. The concept of the Train was
implemented due to the need for the device to only compress and rotate in toward itself at one
point. Therefore, a mechanism is necessary to keep the entire Leg stiff, except when fully
compressed. Similar to the two Trains connected by a pin joint shown in the Figure 21, a second
Slider was design with similar cross-sectional shape that would slide in both the Leg Bases and
Leg Backs with a cross sectional area of 1.75in x 1.25 in.

Figure 21: Two Trains Connected by a Pin Joint

Connected to the Leg Slider are pin supports. This Train is dimensioned to a certain length
that when the Train bottoms are out at the end of the Leg Back all connecting pin hole for all Leg
sections listed above are coaxial; allowing them all to rotate only when they are at the coaxial
position. Highlighted below is the original version of the Train Model where it incorporates the

fundamental demands mentioned previously into its design.

Figure 22: Obsolete Train Model
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After further development of the Train, the solid rectangular prism was altered to a hollow
pipe with threads connected to two rectangular blocks similar to the first iteration. This
decreased the overall cost of the Train design and reduced the weight without losing the main
goal of the design; to keep the legs rigid except at one point. The Leg Base will need to always
rotate about its pins on the top and bottom of the Base. Therefore, the slots are dimensions to the
head size of the bolts, 0.75 in. x 0.45 in., necessary to connect the Leg Back securely to the top

and bottom of the Base design.

= = |

Figure 23: Train Model

4.6 Shaft

The Shaft was designed at a given height of 5 ft. to add height to the Medical Lifting
design so the patient can be carried. The Shaft will be a rectangular prism similar to the other
parts provided by the vendor with a cross-section of 3 in. x 2 in. with a 0.25 wall thickness base
on the availability of the vendor and to decreased the cost and the overall weight of the prism.
The cross-sectional dimensions of the hollow designed were based on a combination of the
dimensions of the shafts investigated in the research and at the nursing home along with the
dimensional availability of the selected vendor. The overall height of the Shaft was determined
based on the need for the entire device to fit under the ADA standard door frame and be tall
enough to lift a patient from a bed.

A pin hole must be added in order to connect the Shaft to the Boom design allowing the
Boom to rotate through its lifting cycle. The diameter of this hole is determined by the diameter
of the Ratchet hole that will be described later in the chapter. Rectangular slot with a depth of at
least 3 in. perpendicular to the pin hole to allow the Boom to fit inside the shaft for 270-degrees
of motion without collisions. Finally, to increase the strength of the Shaft with its connection to
the Base, two pin holes allowed for steel pins inside of the Base to restrict bending of the Shaft

while assembled inside the Base.
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Figure 24: Shaft Model

4.7 The Base

Based from ADA regulations (noted in Section 4.2 Design Requirements) the dimensions
for the Base were derived. The overall length of the Base cannot extend the ADA-regulated door
size to grant maneuvering through door frames. The overall height is dimensioned to encompass
the Leg Back design’s cross-sectional area mentioned in Section 4.2 Design Requirements to
allow for successful assembly and proper movement about the two components. One of the
design specifications stated that the Legs could freely operate at a different angle so the Legs can
move around various obstacles. Slots located on the sides of the Base allow the Legs to fit inside
and include an 80-degree cut toward the back of the Base. Figure 25 shows the 10-degrees of
movement in only one direction of rotation.

The Base dimensions were limited to the sizes of materials available with Online Metals,

an aluminum distribution vendor.
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Figure 25: Design for Legs with 80-degree Cut towards the Back of the Base

In order to allow the Legs to rotate freely, holes were made to allow for a pin connection

between the two parts.

Figure 26: Initial Rectangular Base Tubing Model
After further analysis, the need to decrease the overall weight and cost of the Base
became increasingly apparent, so it was re-designed to be hollow with a 0.25 in wall thickness.
This dimension was specified from the vendor that sells rectangular tubing as seen in the green

highlighted figure below.
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Figure 27: Rectangular Base Tubing Model

To strengthen the connection between the Shaft and the Base a rectangular pocket was
added in order for the Shaft to be inserted mentioned in the previous section. Finally, all exterior
exposed corners were rounded to insure safety and prevent any user injury. Additionally, this

step aids in material efficiency and weight reduction of the device in its entirety.

4.8 Boom

The Boom was designed to have one-degree of rotation about the Shaft and carry the
entire load of the patient. Similar to all other components of the lifting design, the Boom is a
hollow rectangular prism whose cross-sectional area of 3 in. x 1.5 in. that can fit inside the Shaft
S0 it can rotate about the pin in the Shaft.

In order to decrease the potential for bending about the Boom design, the cross-sectional
area will be greater than the width while still fitting inside the Shaft and being an available size
material from the vendor. Another design consideration used to decrease the bending was to cut
the material at selected angles parallel to the cross-section followed by reassembling them
together form a “C” curved shaped Boom, as shown in the figure below. This idea is used in
many commercial lifting devices with proven success. The curve of the Boom was also designed
to allow full compression of the Boom. The Boom compresses without colliding into the Shaft or
the Hydraulic Pump where the angle between the Shaft and Boom is close to zero; maximizing

the compression for this part of the device.

29



Figure 28: ""C'* Curved Boom

Finally, holes are drilled into each side of the Boom where one is equivalent to hole of the
Shaft for the pin rotation and the other hole corresponds the pin size for the patient sling. The
edges of these sides are fully rounded to decrease probability of injury using the device. The hole
that connects the Boom to the shaft will have a keyhole to allow identical rotation between the

Boom and other future components of the Medical Device.

4.9 Hydraulic Pump

Using a mechanical system to manually lift the patient was our best option because our
proposed design required no electrical power source. Additionally, the lift system is required to
provide enough clearance for the lifting operation at its maximum elongation, while compressing
the Boom as close to the Shaft as possible. To accommodate for this, the project team researched
several hydraulic pumps that had the ability to push/pull accordingly.

A decision matrix was formulated to determine where the pump would be located in
reference to the Shaft design. The two design options include the front of the Shaft and behind
the Shaft, both depicted in Figure 29.
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Figure 29: Illustration of Prototype with Hydraulic Pump in the back and in the front

The image on the right shows the Hydraulic Pump functioning behind the Shaft (external

to the design). While the image on the right shows the Pump in front of the Shaft (internal of the

design). When deciding between the two concepts, five main variables were determined to score

each design and were weighted based on their importance to the design. These included

affordability, functionality, durability, compressibility and attractiveness. Shown in Table 2 are

the results of the decision matrix for both designs where durability and affordability played a

large role in the decision to use the internal pump design. This was due to the fact that the

external design would require a more expansive pump and would cause greater bending stresses

on the Boom during lift.

Table 2: Decision Matric for Hydraulic Pump Location

Affordability | Functionality | Durable | Compressibility | Attractiveness
Factors: Total
Weights: 3 5 4 4 1
Internal 3 4 4 3 5 62
Pump 9 20 16 12 5
External |1 4 2 4 4 51
Pump 3 20 8 16 4

As a result, we selected a Hydraulic Pump with an 8-ton (16,000 Ib.) capacity and a lifting

range from 24.4” up to 44.1”. Considering the pinhole locations where the Hydraulic Pump is

going to be fixed, we determined that enough clearance and compressibility would be achieved.
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In Figure 30 are two case scenarios, the ram of the pump extended and compressed to its
operational and storage positions respectively. At its storage position (Left image), the device
can fix inside a 33 in. X 25 in. X 60 in. cube. At its operational position (Right image), the Legs
and the Boom can extend to 40 in. to reach a patient at the center of a nursing home bed.

Figure(s) 30: Compressed and Uncompressed Medical Lifting Device

This final configuration of the Boom, Shaft and Hydraulic pump was used to determine
the height at which a patient could be suspended above their nursing home bed during lifting.
Position analysis of the assembly in Figure 31 below where the x-axis represents the bed height
for an average nursing home bed and the blue line depicts the patient’s vertical position over the
bed with respect to time. Therefore, the positioning and dimensioning of the three components
will lead to successful vertical displacement of the patient.
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Figure 31: Lifting Process Travel Trace

4.10 Ratchet
Even though the Hydraulic Pump has been proven to have great strength, a device to

ensure the safety of the patient while being lifted in the chance that the Hydraulic Pump failed
was deemed important in the design. This design must allow the Boom to rotate about the Shaft
pin freely, but stop rotation when lowering the patient to impede potential falling.

With this problem in mind, the Ratchet concept was derived. Figure 32 illustrates the
model of the ratchet. Along with this Gear Ratchet, a Pawl that acts similar to a gear with one
tooth that engages to the Gear Ratchet will be included into the design. The Pawl has one curved
end to allow the Gear to rotate freely while the two are engaged, but a flat side as well to impede

rotation unless an external force removes the Pawl from the Ratchet Gear teeth.
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Figure 32: Ratchet and Pawl Model

With this concept in mind, it was important to design a Ratchet what would fit inside both
the Boom design and the Shaft to prevent collisions. The size must be available to be purchased
through a vendor. Hence, the diameter for the Ratchet was set to 2 in. to fit inside the 3 in. thick
Shaft. So, the Ratchet and Pawl were incorporated into the lifting designed shown in the figure
above.

4.11 Pins and Fasteners

The Fasteners have been picked with the design constraints, and functional requirements of
the specific sub assembly they fasten. Starting with the top design of the lift, attachments made
with 18-8 steel hex bolts are designated by a red outline. These attachments are meant to be
relatively fixed, allowing a smaller angle of rotation than that of a pin.
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Figure 33: Fasteners - Top Design

The blue circle, located at the pin attaching the Shaft and Boom, designates a steel pin. The
pin was necessary for rotation about the joint. This accounts for the feature to be more compact

and functionality when the lift is in use.

Moving down the device, the Base consists of similar hex bolt fasteners, designated again
by a red outline. Furthermore, the joint highlighted in blue is held together with a tapered pin to

allow for the telescopic motion for the legs

Figure 34: Fasteners — Base Design
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The hex bolts located on the Base allow for a fixed z-axis, but a 10-degree movement
about the bolts inside the Leg slot.

Lastly, but the fastener with the most load being based upon it, is the quick release pin.
Designated by the blue highlight below, the quick release pin will lock the Legs in place when
the lift is in use.

Figure 35: Pin Used for Leg Length Adjustment

Ultimately, this pin varies from the other pins used in the assembly because it needs a
slightly greater diameter, along with a locking mechanism, to allow for full fixture and

functionality of the legs.

4.12 Wheels

Caster wheels are a favorite amongst the portable patient lifts on the market present day;
however, the majority of these designs do not compact, so this presents a size constraint for the
front set of wheels. A pair of stud-mount ball transfers, shown below, were chosen to satisfy this

size constraint, while simultaneously having half the total load of the lift as a capacity per ball
(2501bs.).
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Figure 36: Front Wheels (Ball Transfers)

These stud-mount ball transfers are cost and size efficient for the demand of the design.
Furthermore, they satisfy the condition of 360-degree movement, leaving the steering to the hind
wheels. Since the design only compacts the front Legs and Boom for storage purposes, this
leaves the back wheels without much of a size constraint. The dual wheels stem casters, shown

below, assure for a smooth patient transition in a working environment.
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Figure 37: Back Wheels (Caster)

With cost efficiency, a load capacity of at least half the total bearing load per caster (200
Ibs.), and swivel steering in mind, these friction-grip stem caster wheels satisfy the functional
demand of the lift.
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5 Material Selection

When converting the design of the Medical Lifting device from a 3D model into a fabricated
prototype, the material was selected based on the design requirements. To do so, CES EduPack
2017 was used for its vast database of materials and their properties. Materials were narrowed
down by ultimate yielding stress necessary for the device established from maximum stresses
predicted to be applied to the device. After filtering these choices, we graphed the favored
materials based on the design specifications, density and cost. The graph plots density on one
axis, along with price on the other, as shown in Figure 38. This representation shows that

Titanium and Aluminum provide the overall best properties for the device.

Price (USD/Ib)
-

Density (Ib/in*3)

Figure 38: Material Selection Properties

With Titanium and Aluminum being the main two materials meeting the requirements,
the only convenient vendor who can ship these materials in the desired shapes and dimensions
for the device is Online Metals Co. With the restricting budget, Aluminum is the material best fit
for the prototype. Its affordability reduces the cost of the entire device including manufacturing
and assembling processes. Appendix B and E present the overall cost if this medical lifting
design were to be manufactured and assembled, such as an industry or factory environment.
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6 Analysis

Static analysis was conducted to verify how successful the design will operate under the
specified loading conditions and to prove the Medical Lifting Device satisfies the design
specifications. In order to determine all the variables involved in the analysis on the design, a
Free Body Diagram (FBD) was derived and broken up into sections in order to solve for all the

variables. Figure 39 depicts the full FBD of the design.

Mp

W =500 Ibs.

19.75 im.

Figure 39: FBD of the Medical Lifting Device
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6.1 Static Analysis

To determine which components will yield under the 500 Ib. patient load, the design was
analyzed in all critical sections. The static reaction forces were mainly localized in the Legs
connecting areas along with the Base.

Analysis was completed only when the lifting device had its legs fully extended and the
Boom is at the desired lifting position. Theoretically, the max. load experienced by each front
caster is 250 Ibs. which is half of the total load of the patient. The forces generated by the wheels
(Fy), against the patient’s load, are directed vertically in the y-direction. An illustration of this is
shown below in Figure 40.

As previously described on Chapter 4, the design specifications of the Slider connecting to
the wheel is constrained in the x- and y-direction by the sliding joint with the Leg Base.
Moreover, the quick-release pin through both the Leg Base and the Leg Slider restricts
translational motion about the z-direction, but the pin allows rotation creating a contact point
between the bottom edge of the Leg Slider and the inside of the hollow Leg Base shown in the

Figure 49. With these assumption static analysis was computed using a system of equation.

SF, = 250 — P, + A,
=M, = —250(19.75) + A, (1)

M, = —250(19.75)

19.75in.

Fw = 250 Ibs.

Figure 40: Contact Point between the Bottom Edges of the Slider

This contact pin creates a reaction force about the edge of the Slider along with the

reaction forces on the pin. In this system the sum of the x-values are statically indeterminate;
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hence, they cannot be solved for. With that said base on the directions of the applied forces, the x

components would be minimal and will be disregarded for the analysis. Static analysis on the

system was calculated and found to be:

Table 3: Static Analysis on the System (Part 1)

Force/Moment Location

Force Applied (Ibs.)/Moment (Ibs.in.)

Wheels (Fw) 250

Pin (Py) 5,187
Floor of Rectangular Tubing (Ay) 4,937
Moment about pin (Mp) 4,937

The Boom, the Shaft, and the Hydraulic Pump all have reactions forces derived from the

500 Ib. load at the end of the Boom shown in Figure 41. The Boom is constrained by the

Hydraulic Pump applying a vertical load and the Pin attaching the Shaft to the Boom. Separately,

the Shaft was analyzed knowing that the Pin and Hydraulic Pump will apply equal and opposite

loads to the Shaft in order to find reactions and moments about the Base. Neglecting the weight

of the device and the gravitational force, the reaction forces resulted to be:
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W =500 lbs.

Figure 41: FBD of the Main Shaft and Boom
Boom
SF, = —500+ A, — P,

=M, = 500(40) — 4, (8)
Tan(10) = ﬂ
Ay
SF, = —A, + P,
Shaft
%F, = —P,— B, +R,
A, =—B,
SF, =B, + P, — R,

p
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M, = —PB,(5.2) — P.(60) — B,(24) + By, (3)

Table 4: Static Analysis on the System (Part 2)

Force/ Moment Location Force Applied (Ibs.)/Moment (Lbs.in.)
Patient Weight (W) 500
Hydraulic Pump on Boom (Ay) 2,500
Hydraulic Pump on Boom (Ax) 440
Pin (Py) 2,000
Pin (Px) 440
Hydraulic Pump on Shaft (By) 2,500
Hydraulic Pump on Shaft (Bx) 440
Shaft on Base (Ry) 4.500
Shaft on Base (Rx) 880
Moment on Pin (Mp) 20,000
Moment on Base (Mr) 41,360

Finally, the reaction forces for the Leg Back components were determined using the FBD
show in Figure 42. This section has vertical forces from both the front and back wheal along
with the loads applied to the Base calculated earlier.

Figure 42: FBD of the Leg Backs

SE,=P,—A,—C,—R, +D,
Mc, = 0 = A,(18) — B,(18) — R, (6) + D, (22.5) — Mr — M,
SF, = C, — R,

After solving for these simultaneous equations, the reaction forces on the Leg Back were

determined and shown in Table 5.
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Table 5: Reactions Forces for the Leg Backs

Force/ Moment Location Force Applied (Ibs.)/Moment (Lbs.in.)
Leg Base on Leg Back (Cy) 2,169

Leg Base on Leg Back (Cx) 880

Back Wheal on Leg Back (Dy) 2,081

Moment on Leg Back (Mc) 9,437

All of the reaction forces calculated in this section were used to create simulations of the
desired loads on each component of the device. This determined deflections and stresses that are
measured in each component, and where they can fail. The data was used to make

recommendations for a future design.

6.2 FEA Simulations

Once the applied loads and constraints were determined based on assumptions for the
system they were applied to the 3D models described in Chapter 4. Using the Creo software to
simulate the loading conditions, deflections and stresses were determined. Mentioned in the
Material Selection chapter the material chosen for the entire design was Aluminum 6061. This
material has an Ultimate Yielding Strength of 40,000 psi. With this information, the Von Misses
stress can be derived from the Creo simulation and the points at which failure is likely to occur.

To formulate these calculations Creo uses the equation below referenced in Robert L.
Norton’s book Machine Design, An Integrated Approach 5th Edition. These equations are
derived by the normal stress (ox), bending stress (ay) and the shear stress (zxy) determined by
the loads, geometries and constraints of the simulation. These inputs provide principal stresses
(Equation 1) and the max. shear (Equation 2). Finally, these principal stresses and max. stresses
are inputted into Equation 3 to determine the Von Mises stresses throughout the entire solid

model (zmax =a12).

cl,2 = (ox+oy)/2+ \/((m: ~oy)2)* + ™y’

1.

Tmax, Tmin = i\/ ((ox — oy)/2)* + Txy*
2.

ov = \/0'12 — 0lo2 4+ 62 + 3012°
3.
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Shown in Figure 43 the stresses were mainly concentrated around the lip of the
Slider. The max. stress was found to be 3,600 psi, which will give this component a
safety factor of 13. Mainly due to the fact that this component is a thick piece of
Aluminum with a cross section that resists bending. The displacement of the design was

also tested and found it to be minimum for similar reasons.

-

Figure 43: Von Mises and Deflection Analysis for the Right Leg Slider

The Leg Base analysis illustrated that the max. stress applied to this component is around
25,000 psi with minimal deflection shown in the Figure 44 below. This model was simulated
with the reaction force applied by the Slider mentioned earlier, accounting for a boundary
condition on the opposing side where the Leg Base is attached to the Leg Back. This boundary
condition completely constraints that side on the beam about the area of the connecting pin hole
similar to a cantilever beam. The max. stress is assumed at the point where the Slider makes
contact with the floor of the Leg Base. This large force led to a compressive stress experienced
by the Leg Base, but should not cause failure to this component. Possible solutions to account for
this load will be to redesign a thicker wall or add a radius to the contact point of the Leg Slider,
increase the surface area of the load. Furthermore, redesigning the junction between the Leg

Base and Slider components will be necessary to prevent potential failure.
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Figure 44: Von Mises and Deflection Analysis for the Right Leg Base

When simulating the Boom, an applied 500 Ibs. load in the negative vertical direction at
the pinhole where the patient will be suspended. Then constraints where set at the position where
the Hydraulic Pump is attached and the pinhole that attaches the Boom to the Shaft. After
running this simulation, there was minimal deflection to the Boom but a large Von Misses stress
of approximately 45,000 psi where the Hydraulic Pump is connected to the Boom. This is very
close to the ultimate yield strength of the Aluminum being used. Avoiding this will include
decreasing the overall length of the Boom along with using a higher-grade material. With this
knowledge, the high stress area will be tested in order to determine the max. load this section
will be able to bear before failure.
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Figure 45: Von Mises and Deflection Analysis for the Boom

The Base was then simulated with the force applied by the Shaft calculated earlier. This
force was distributed about the Shaft area on the bottom of the Base. Since the Base
encompasses both legs, they were simulated at those areas where the Legs will be assembled as
boundary conditions in the y-direction. Then the hole was constricted in the x-direction since it
will be pinned to the Legs where they will be locked during the lifting process. After running the
test, the critical sections were determined to be located at corners of the mount opening for the
Legs on both sides. At this point, the stress is calculated to be 400,000 psi, which is significantly
higher than the 40,000 psi ultimate yield strength. Due to the nature of the Base design, the
redesign will involve increasing the thickness of the side sections and using stronger materials.
With this concern of fracture at this point, this section will be tested once the prototype is

fabricated to determine the load that this section will be capable of bearing.
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Figure 46: Von Mises and Deflection Analysis for the Base

To feel confident in the pin support’s ability to withstand the large load that the Hydraulic
Pump applies in order to complete lift this component was simulated. In order to simulate this, a
constraint was applied to the back of the Pin Support where it will be attached to the Shaft with
threaded bolts and have zero degree of freedom. Then the Hydraulic Pump’s load is applied to
the through hole where the pin connecting the Pump to the Pin Support is located. After
simulation was conducted there was minimal deflection of 0.0013 in. on the top of the support
shown in Figure 47 that should not affect the operation of the device. The maximum Von Mises
stress was located abound the wholes where the pin support is attached to the Shaft at 25,000 psi.
This value for stress is approximately half the ultimate tensile strength of the Aluminum.
Minimal changes will be necessary for the Pin Support with the potential to decrease the distance

between the through hole and the attached side on the Pin Support.
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Figure 47: Von Mises and Deflection Analysis for the Pin Support

When simulating the Leg Back the reaction force applied to the front of the Leg Back
was equally distributed across both lips. Then a constraint was formed around the Leg Back
where the Base is connected restricting movement in the y and z-directions. Finally, the reaction
force of the Back Wheel to the end of the Leg Back. With these variables inputted, the FEA
analysis simulated very high stresses and strains due to the minimal wall thickness and lack of
wall support around the area where the force was applied. The max. deflection reach 0.22 in.,
which can potentially cause the device to drag during the transfer of a patient. In addition, the
Von Misses stress was approximately 200,000 psi, which is greater than the ultimate tensile
strength, along the surfaces of lips and increase around the corners. During redesign, these lips
will need thicker wall thicknesses and wall support to assist with bearing this load. This section
of high stress will be tested to determine at what load yielding will occur.
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Figure 48: Von Mises and Deflection Analysis for the Leg Lips

With the conclusion of the FEA analysis for the selected parts all, the high stress areas
were determined and those values were recorded shown in Table 6. The stresses are ordered from
least to greatest with colors representing how close the segment is to yielding with the red values
representing the components that are predicted to yield under a 500 Ibs. load. This knowledge
shows that some components are not strong enough to withstand the desired load of 500 Ibs.
Hence, they were tested at lower loads in order to predict their exact yielding loads. Strain testing
will help determine which components will need more support to eventually lift the goal load of
500 Ibs.

Table 6: Von Mises Analysis for Device Components

Device Component |Von Misses Stress (psi)
Leg Slider

Pin Support 25000.00
Leg Base 28000.00
Boom 45000.00
Leg Back 200000.00

Base 40000000 |

6.3 Pins and Shear Stresses

In order to determine that the pins used in the design, double pin shear analysis was
conducted to simulate the forces being applied to both sides of the pin. For all pins, the reaction
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forces calculated as stated previously to determine the safety factor. Since all pins selected for
this model are made of stainless steel with an ultimate yielding strength of 75,000 psi, we went
into testing confident that all pins would have large safety factors. All pins were tested with the
same method shown in the Figure 49 using equations referenced in Robert L. Norton’s book

Machine Design, An Integrated Approach 5th Edition. The results are depicted in the Table 7.
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Figure 49: Pin Testing

Table 7: Shear Stresses for All Pins

Pin Type Pin Location | Force Applied (Ibs.) | Shear Stress (PSI) | Safety Factor
Quick- Release Pin Leg Base 8000 20,000 3
Push Pin Hydraulic Pump 2000 8818 13
Pin Boom/Shaft 1,200 6,315 12
Pin Boom/Harness 500 318 230
6.4 Ratchet

Regarding the Ratchet design, it was important to determine the safety factors in order to
prove that it would have the ability to save the patient if the Hydraulic Pump were to fail. A test

similar to a regular bending analysis was conducted given the situation that the Gear was holding
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the entire weight of the patient. Based on the static calculations, the patients’ load would cause a
moment about 20,000 Ib.*in. on the Ratchet and its pin. With the radius of the Ratchet design
being 1 in. it created a tangential force of 20,000 Ibs. around the inner diameter of the Ratchet.
Using the geometries and material properties of the Ratchet, bending equation shown was used
to find the safety factor of eight. With this in mind, the Ratchet design supplied by the vendor
with its mechanical properties and geometries gives us confidence in the mechanism holding the

weight of a falling patient.
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7 Assembly

When fabricating the components of the lifting device we used the tools in the Washburn
Labs and Higgins Labs. This chapter will go through a systematic process in which the entirety
of the Medical Lifting Device prototype was assemble.

1. Shaft and Base

In order to provide a rigid, perpendicular connection between the Base and Shaft
component, the team carefully designed a pocket in the top surface of the Base. Due to this
perpendicular connection between the two parts and the 5-degree angle between them, a corner
weld was added to provide extra strength. The welded corners form a stronger bond between the
Shaft and the Base compared to the aluminum alone. Additionally, shown below in Figure 48,
four stainless steel pins (diameter %) go through the Shafts drilled holes. Two pins are located on

the top surface and two inside the Base to resist for the bending caused by the load of the patient.

5

Figure(s) 50: Assembly between the Shaft and the Base

2. Base and Leg Back (x2)
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As mentioned in Chapter 3, the Back Legs have rotation about the Base to allow the train
mechanism a smooth transition when in use. This smooth translation is achieved after adhering
an Ultra High Molecular Weight (UHMW) Polyethylene plastic sheet to the top and bottom
surface of the Base using an epoxy. Due to these constraints, a short bolt (1" in length, 1/2-13"
OD) goes through the top surface of the Base and the top surface of the Leg Back. An identical
hex bolt goes through the bottom surface of the Base and bottom surface of the Leg Back, for
each leg. Hence, a total of four hex bolts are used for both Leg Backs in order to keep the plastic
sheets in place.

Accordingly, these plastic sheets have drilled ’2” holes at specific measured locations
where corresponding nuts are tightened inside the Leg Back using an elongated socket wrench to
increase reach. It was crucial when tightening the nuts to align them flush with the train slots,
granting smooth translation for telescoping outwards and inwards. However, in order for the
plastic sheet to fit and function appropriately as a low friction surface between both components,
the thickness of the 0.25 plastic sheet had to be slightly reduced using a belt sander. As a result,
the user would not require as much strength to be able to freely rotate the leg backs about the
bolts. Ultimately, the plastic sheet resists and protects the wear and corrosion experienced along

the Base slots.

Figure(s) 51: Assembly between the Leg Backs and the Base

3. Leg Back and Wheel Caster (x2)
The Wheel Casters were installed into the Back Legs by using two aluminum plates at the top
and bottom surface. Each aluminum plate had two holes, one hole where a hex bolt (3" in length,
5/8-11" OD) goes through the top of each Leg Backs and the Wheel Casters block frame.
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Continuously, the second holes in the aluminum plates were designed to insert % stainless Steel
pins to secure a stable union between the plates and the Leg Backs. Because of the large shear
stresses the caster would experience when holding the load of the patient. The pinholes shown in
Figure 50 were a tight fit to create a rigid connection between the two components.

Figure(s) 52: Connection between the Leg Back and Wheel Caster

4. Leg Base and Leg Back (x2)

Obijectively, this joint connection between the Leg Base and Leg Back component has the
greatest potential for failure. At this location, similarly to the Base and Leg Back connection, two
thicker polyethylene plastic sheets (0.375 in.) are adhered using an epoxy to the outside surfaces
of the Leg Back component. The plastic sheets facilitate the necessary 90-degrees inward
rotation required to achieve the maximum compressibility of the device. Nevertheless, this joint
is not only in charge for allowing such rotation but also to fully extend the leg when all leg
components are perfectly aligned. Moreover, this joint grants enough clearance for the inner
sliding mechanism to push the Leg Slider through the entire leg component.

In the same process as the Base and Leg Backs, two polyethylene plastic are adhered
using an epoxy to the outside surfaces of the Leg Back component. Accordingly, this plastic
sheets were shaped using curved smooth edges to prevent any collision with the Leg Base
component. Moreover, the plastic sheets required concentric drilled 2’ holes where the bolts
would rotate after corresponding nuts are tightened inside the Leg Back shown in Figure 53.

Ultimately, short hex bolts (1" in length, ¥-13" OD) are pinned through the top and
bottom of both Legs. All four bolts are fastened with hex nuts inside the Legs shaft connection.
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Consequentially, verifying that the sides for all four hex nuts are parallel to the direction in

which the Train component travels to allow a smooth translation.

f

Figure(s) 53: Assembly between Leg Base and Leg Backs

5. Train (x2)

The train assembly consist of three separate components. Two rectangular blocks, shaped
as an I-beam structure, which slides through the inside of the Leg Backs and Leg Bases. Finally,
the third component are two stainless steel pipes that connect both blocks.

Because neither Leg Sliders nor the Leg Backs are the same dimensions, the pipe
dimensions are measured from the face of both blocks after being threaded inside. The assembly
for this component is delimited so that the maximum distance for the longer pipe will be (13.5"
in length, 5/8-11" OD) and the shorter pipe will be (11" in length, 5/8-11" OD). These are
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assembled by screwing the block on both sides of the piping making sure that both blocks are

parallel on all four sides as shown below.

Figure(s) 54: Train Assembly

6. Train and Leg Slider

The connection between the Leg Slider component and the Train was possible by using
two steel taper pins (large end diameter 0.591”, small end diameter 0.549”). Initially, the rear
side of the Leg slider, opposite side from front casters, has a lip with a through hole of
approximately 0.6”. This through hole is intended to create a loose fit inside the mouth opening
of the rear Train block. Once the Leg Slider and Train fit inside one another and the through
holes are concentric, tapered pins are press fit in the Train Holes using an arbor press machine
while the pin fits loosely through the Leg Sliders hole which. Allowing free rotation of the Leg

Slider about the Train component.
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Figure 55: Train Assembly connected to Leg Slider

7. Train-Leg Slider and Leg Base-Leg Back
To guarantee an easy sliding or translation of both the Train and Leg Slider components inside
the Legs rectangular shaft, the joint connecting the Leg Base and Leg Back has to provide
enough clearance. Realistically, the device assembly is comprised of secure spaces between
components where sliding and wear is not an issue except for the joint area shown below in
Figure 56. Ultimately, all hex nuts sides should be flat at the time the train block goes through
that area. If the hex nuts are not aligned perfectly parallel with the Trains sliding pattern, the

sliding will be almost impossible to achieve.

Figure 56: Assembly between the Train- Leg Slider and the Leg Base-Leg Back

8. Boom and Shaft

The Booms rectangular cross-section fits without effort and remains tight inside the
Shafts slot done to its inner cross-section. Secondly, both components have a concentric %
diameter through hole which should align with one another. Once the holes are aligned, insert a
% diameter stainless steel pin that is key slotted (Keyway: 3/16" Wd. x 3/32" Dp.) as shown
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below in Figure 57. The slotted pin has a rectangular key inserted using an arbor press machine.
Once the key is placed it in the middle of the key slotted pin, the key is hammered on one side to
keep the key from moving transversely through the slot. As a result, the key remains in the
middle only in contact with the Boom and not the Shaft.

Figure 57: Assembly between Boom and Shaft with Key Slot

9. Ratchet and Pawl

Similar to the Boom, the Ratchet has a key slot so it may rotate along with the Boom’s
movement in the y-direction. At a 1.75 radial distance from the center of the pin, the Pawl is
pinned through the shaft where its tooth can engage the Ratchet. Directly below and parallel to
the Pawl is a spring loaded pin with a pliable rubber coating. This pin mechanism allows for the
Pawl to engage with the ratchet when the spring is release along with oscillate up and down on
the rubber coating when transferring from tooth to tooth of the Ratchet. When the spring is
pulled to maximum compression, the pawl disengages from the ratchet. This allows the ratchet

and the boom to freely rotate in the counterclockwise direction.
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Figure 58: Assembly for the Ratchet Mechanism, Pawl Included

10. Upper Pump Support and Boom

The Upper Pump Support is welded using a Tungsten Weld on a flat surface on the
bottom side of the Boom. The through-hole of the Upper Pump Support must be perpendicular to
the Boom. The location is as close to the angled corner to allow for the highest possible vertical
reach of the Boom.

11. Lower Pump Support and Shaft

The location of the bottom support for the Hydraulic pump was located 15-16’ inches
above the top surface of the Base. Reason for this was to provide enough clearance during the
lifting operation when the pump is fully extended. Moreover, the Lower Pump Support design
allows the pump’s crank to be easily maneuvered without any collision with surrounding
components. Because this pump support experiences critical stresses through the shafts cross
sectional area, two ¥4 threaded bolts, 4 inches in length, are inserted from the rear face of the
Shaft as pin supports. Hence, the Lower Pump Support and the Shaft are connected after
tightening the hex bolts through the hole of both components. Ultimately, close to the pump’s
crank, a 0.75 inches threaded bolt goes through a loose fit pin hole where the bolt freely rotates

along the Lower Pump Support.
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Figure 59: Lower Pump Support on Shaft

12. Upper Hydraulic Pump Support
The top half of the Hydraulic pump, including the extension rod, has a through-hole. The
extension rod loosely fits though the Upper Pump support and once the two holes are concentric,

a hex bolt is used to fasten the two components.

NN

Figure 60: Hydraulic Pump Supports

13. Front Wheel and Leg Slider (x2)
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The Front Wheels are threaded and screwed into the corresponding threaded holes

located at the end of each Leg Sliders.
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Figure 61: Front Wheels Connected to Leg Slider

14. Back Wheel and Back Wheel Caster (x2)
The Back Wheels are threaded and screwed in the corresponding threaded holes in both
of the Back Wheel Casters.

Figure 62: Back Wheel Connected to the Back Wheel Caster
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8 Final Prototype Testing

Once the model was completely assembled, necessary steps were taken to test the
performance when lifting a series of targeted weights and scenarios. Using the simulated FEA
from the 3D models, key points were chosen on the design where the stresses are the most

critical.

8.1 Procedure

LabView is used to measure the most affected parts of the lifting device. Strain gages were
attached to these parts. With this program, strain is measured to determine the max. loads each
component can hold. Weights were added to the Boom where a strain gage was attached and
other areas of the Medical Lifting Device. The LabView program helps record the strain
throughout the lifting cycle when the load is applied to stimulate lifting a patient.

The process was repeated with increased weights as a series of scenarios. Through the
collection of the data, the yield strain of the device was determined. Below is the testing
procedure for LabView.

Procedure
Materials
« HARDWARE
o LabView Program
o DAQ Box
o Strain Gages
= Super Glue
= Clear Tape
o Connectivity Plate
o BNC Wiring
o Banana Jacks
o Alligator Clips
o Soldering
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i TTHED |
Figure 63: Wheatstone Bridge Figure 64: DAQ Box
SOFTWARE
o LabView Program

o Microsoft Excel Sheet

PREPARING THE STRAIN GAGES

1.

Measure and cut the strain gage wire at the required length to reach the testing area and
Connectivity Plate.

Separate the black, white and red wires. Cut each until wire looks like the figure below.

Figure 65: Circuit Side

Connect the black and white wires together.

Super glue the strain gage onto the desired testing area for testing. (Note: Wait 10 min.
before moving onto the next step.)

Use the solder machine to attach the wires to the strain gage, each with its separate
channel as shown below.
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Figure 66: Strain Gage Side (White and Black Connected)
WIRING PROCEDURE

1. Set up the circuit using the wiring diagram available below. (Note: Instead of a soda can,

the desired testing area on the Medical Lifting Device is connected to the circuit.)

}l <=
W«EFA—M_ =
U

Figure 67: Wiring Diagram
CALIBRATION PROCEDURE - THE PREPARATION
1. Setup LabView Program as shown in Appendix F.
2. Wire and configure the DAQ Box for the strain gage measurements.

3. Connect strain gage to the circuit.

65



h't—nr nE__r
I. - A A

Figure 68: DAQ Box Connected to the Wheatstone Bridge

Make sure a blank Microsoft Excel file is open, saved and located in the front panel of

your LabView Program.

. Calibrate the strain gages when the Medical Lifting Device is at point Zero.

a. Point Zero is when the pin located at the end of the Boom is in horizontal
alignment with the pin located at the connection between the Shaft, the Ratchet
and the Boom.

b. The Medical Lifting Device must be calibrated with no weight (Note: The

construction rope is attached to the end of the Boom and considered “no weight.”)

Leave LabView running.
. Test the signal of each location of the strain gages.

a. Pump for 15 intervals.

b. Add a 10 Ib. weight onto the construction rope, then hit “Record” for 30 seconds.

c. Hit “Record” to stop recording.
d. Remove the 10 Ibs. and add 25 Ibs., then hit “Record” for 30 seconds.

e. Hit “Record” to stop recording.
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10.
11.

12.

13.

f. Remove the 25 Ibs. and add 45 1bs., then hit “Record” for 30 seconds.
g. Hit “Record” to stop recording.
Pump an additional 15 intervals and repeat the process b. through g.
Pump for the final 15 intervals to reach the maximum height of the Medical Lifting
Device and repeat the process b. through g.
STOP the Program.
Open the Microsoft Excel Sheet. Look at the “Calibrated Macrostrain” (Strain *10"-
6) column and save the file.
Analyze each of the three weights.
a. “=AVERAGE(StartLetterNumber:EndLetterNumber)”
b. “=STDEVA(StartLetterNumber:EndLetterNumber)”
Plot the data of the averaged points by inserting a “Scatter Chart” into the Microsoft

Excel File.
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9 Results

Once the testing mentioned in the previous chapter concluded, the data was collected and
analyzed for each individual component of the prototype in order to formulate the results. This
chapter will explain the results of each of the four tests conducted to the prototype and how they
were found.

For each of the varying loads, angles, and components of the prototype, data points were
collected in order to determine the most accurate value for the micro strain. These data values
were then averaged in order to determine a single microStrain individual to each test. As
mentioned in the previous chapter, the prototype was tested with three different loads for
preservation purposes. Hence, these averaged microStrains were graphed against their given
loads in order to formulate a line of best fit. This linear equation aids in the prediction process
for the ultimate failure of each component without damaging the prototype. The yielding point
for a material begins at 0.2% or 2000 microStrains. To incorporate a safety factor of 2 into the
testing results it was determined that the component being tested would be considered “Failed”
once the graphed line reached 1000 microStrains.

The results showed that there is minimal difference in microStrain when varying the
angles. Hence, the angle at which the microStrain was the greatest was graphed to determine the

failure of each component.
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Figure 69: Medical Lifting Prototype Lifting 100 Ibs.

9.1 Boom

During the tests, the Boom at the maximum weight of 100 Ibs. experienced a microStrain

around 370. The largest of the three angles were graphed because the change in angle had

minimal effect on the microStrain.

Table 8: Boom MicroStrain Values

20 Ibs 45 1bs 100 Ibs
Average STDEVA |Average STDEVA |Average STDEVA
0 Degrees 67.752| 7.85923 168.775| 6.603002 368.8715| 6.780766
15 Degrees 84.87008| 5.456601 178.826| 6.553123 377.9931 8.28224
30 Degrees 83.66848| 8.062062 167.0583| 7.359889 367.3802| 6.102497

Figure 70 depicts the strong positive correlation between the microStrains and their

respective loads applied for the Boom during testing. Given the equation of the linear correlation

it appears that the Boom will not fail until there is a load of approximately 278 Ibs. Give the

quantity of data taken in this sample and the strength of the correlation between the three point

gives us confidence in the predicted failure load. This data is logical due to the fact that there is a
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large moment arm that the load applies and the Aluminum is hollow with a small wall thickness

of 0.125 in.
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Figure 70: Boom MicroStrain Graph

9.2 Pin Support
In an identical process, the averages for each situation tested were calculated for the Pin

support that keeps the hydraulic pump secure during the lift process. These values are shown

below in Table 9.

Table 9: Pin Support MicroStrain Values

20 Ibs 45 Ibs 100 1bs
Average STDEVA |Average STDEVA |Average STDEVA
0 Degrees 79.43 93.837 204.429 70.638 280.044 25.6
15 Degrees 161.787 27.16 279.033 31.57 341.45 523
30 Degrees 250.433 40.3244 285.624 54.084 428.425 38.9

This data was then graphed shown in Figure 71 with a strong positive correlation of

0.985. This linear fit shows that this component of the device will fail when a 351 Ibs. load is

applied. This pin support carries a large load comparatively to other component due to the forces

the Hydraulic must apply to it during lifting. But due to the geometry of the component and the

fact that it is a solid piece of Aluminum, it is able to withstand a larger load.
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Figure 71: Pin Support MicroStrain Graph

Then the averages for each situation tested was conducted on the Base at the point where

shown in Table 10.

Table 10: Base MircoStrain Values

Average [STDEVA|Average STDEVA|Average
0 Degrees 125.0304| 7.288115| 321.5488| 5.320519| 848.7764
15 Degrees 102.0707| 8.96481| 324.4274| 7.804603| 919.5412
30 Degrees 96.83212 91 340.4636| 8.937989| 826.5568

the Base makes contact with the Leg components. This section experiences a moment arm from

the downward forces applied by the Shaft and has no side walls for support. These averages are

STDEVA
9.118002
7.139793
7.339006

The microStrains found while testing the base were significantly larger than and other

109 Ibs. with a 2-degree safety factor.

test conducted. This section tested has a 0.25 in. thickness with no walls to support the load of
the patient. After analyzing the data to predict the future failure of this component the correlation
of load to microStrain was strong with an R value of 0.998 with a load failure of approximately
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Figure 72: Base MicroStrain Graph

Finally, the data for the most critical component of the device was analyzed shown in

Table 8. This section was considered “Critical” due to the thin wall thickness and lack of

supporting walls because of the nature of its design.

Table 11: Legs' MicroStrain Values

20 Ibs
Average |STDEVA

45 1bs
Average |STDEVA

100 1bs
Average |STDEVA

0 Degrees
15 Degrees
30 Degrees

97.94357| 7.809727
168.9719| 7.858576
194.5729| 7.63259

217.5526| 6.561695
264.4758| 7.044759
294.6528| 8.633622

416.286| 6.713095
456.627| 7.404225
453.6582| 7.582726

Once the averages were determined the linear plot of the data was configured with a

strong correlation of 0.9932. This equation for this graph predicted that the max. load this section

can withstand is 270 Ibs. making this section the weakest out of the components tested. This was

assumed due to the geometry and simulated analysis using software.
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Figure 73: Leg MicroStrain Graph

Table 12 displays the max. loads for all components that were tested. In order for the
Medical Lifting to lift the goal weight of 400 Ibs., all components must be capable of

withstanding that load. More structurally sound components must be used in replacement of the

components tested by adding more material or implementing a stronger material with a larger
elastic modulus. Most critical components are the Boom, Base and Legs due to their small wall

thickness along with the loads applied to them during lifting which was predicted though FEA

analysis.

Table 12: Maximum Loads for All Components

Component Max Load
Boom 278 lbs.
Pin Support 351 Ibs.
Base 109 Ibs.
Legs 270 lbs.
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10 Conclusion

Ultimately, the Medical Lifting Device was designed to compete with the most effective
lifting devices available in today’s market. The final prototype was designed using a combination
of the best features of these devices, making sure these requirements met our demands for
customer need. The goals of the design were to not only aid in the prevention of nurse and
caretaker injury but to increase affordability, mobility, and compactable ability regarding
medical patient lifts. Furthermore, this design does not require an electrical power source in
order to improve efficiency and practicality, presenting a wider market outlook.

In order to decrease production costs, the Medical Lifting Device is made from an
Aluminum frame based on pre-existing commercial products. These components aimed to create
the most successful prototype for the Medical Lifting design within the restrictions of the project.
The prototype was tested to evaluate the overall performance of the device and to predict its
failure. The conclusions led that the device would reach the factor safety limit of 2 when 275 Ibs.
of load is applied. This weight is lower than the expected project goal. From the test results
presented, the Medical Lifting design can safely lift an immobile patient from a wheel chair and
lower them into a bed abided by the ADA standards, but the mechanism can only safely lift an
immobile patient. The Medical Lifting Device prototype did not show any signs of tipping while
the tests were conducted. Overall, the performance of the device is limited by the strength of the
Back Leg and Boom components of the device due to their minimal wall thickness and overall
geometry. The estimated price for the production of the Medical Lifting Device is above $1,000,
but this price would decrease if the device were to be mass produced. Moreover, in comparison
to the average price of the top 3 Hoyer Lifts sold our prototype’s price is lower. Some
recommendations for future work and improvement on the Medical Lifting Device have been

included in the next section.
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11 Recommendations

Although this project was completed in a fluent manner, further improvement can still be made
to increase the overall success of the product moving forward.

1.

Change the material from Aluminum to Titanium.

This will maintain the lightweight and affordable aspects of the design whilst increasing
structural integrity. Furthermore, Titanium is a less sensitive metal when it comes to
welding, so this presents a better chance to successfully complete a strong attachment.
Use three Ratchets instead of one.

Adding two Ratchets to the current design will increase the overall strength of the
mechanism. In addition, the overall safety is increased when the patient is being lowered
into a wheelchair or bed.

CNC Machining.

Using CNC machines to automate the manufacturing process will decrease the time to
make each individual part as well as increase the dimensional accuracy of all the
individual components.

Decrease the size of the hex nut.

The overall dimensioning of the hex nuts are larger than necessary causing collisions
inside the Leg components when the Train slides through. With the large size, the hex
nuts have to be at specific orientations for successful movement of the Train. Decreasing
the hut nut size eliminates this requirement and allows for the smooth telescoping
movement.

Use a Hydraulic Pump that allows for a controlled downward motion.

The Hydraulic Pump used in the prototyping is very strong and satisfied the lifting
necessary for the project. Unfortunately, there is no way to control the downward
velocity of the Boom with the Pump. Once the pressurized air is released, the Boom will
accelerate down uncontrollably based on the load applied to it. This cannot be used in a
real nursing home setting and it is recommended that a velocity controlled pump be put in
place to allow safe descend. Ultimately, helping the mechanism meet the goal of safely
lowering a patient onto a wheelchair or bed.

Automate the sliding joint with motors and rotational motors.

How the Medical Lifting Device is design, one must manually pull-out and push-in the
Leg Sliders to adjust the device from its functional position to its storage position. This
has the potential to add excess stress to the operator. It is recommended that this process
be automated using an axillary motor to push and pull on the train mechanism to the
desired positions.

Make all the sliding joints tight fit.

Using tight fits instead of moderate or loose fits between components during
manufacturing will decrease the deflection caused when a load is applied, especially
components with sliding joints.

Add a wheel underneath the connection between the Leg Back and Leg Base.

Deflection occurs between the Leg Back and Leg Base, but adding another set of wheels
underneath will add support to the Medical Lifting Device. With this modification,
deflection in the leg components can be decreased.
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Appendix A: Manufacturing

Part Name

1 Manufactured Machine Used Desired Speed with  |Time Spent to
Component Dimension units Complete

Base

1 Cutting Length Vertical Drop Saw 33in. 1,000 ft./min. 5 min.

2 Two Drill Holes Drill Press 0.532in. 1,145 RPM 15 min.

3 Cutting Slots End Mill 0.51n. 2,000 RPM 1 hr.

4 Corner Radiuses Grind Wheel 0.251n. 1,500 RPM 10 min.

5 | Drill Pocket Hole Drill Press 0.5in. 500 RPM 15 min.

6 Pocket for Shaft End Mill 3/8in. 1,800 RPM 1 hr.

Right Leg Back

1 Face Cut Vertical Drop Saw 19.50 in. 1,000 ft./min. 5 min.

2 | Two Drill Holes Drill Press 0.532in. 1,145 RPM 15 min.

3 Cutting Slots End Mill 0.5in. 2,000 RPM 1 hr.

4 | End face needs to Belt Sander 1.51n. 1,000 PRM 15 min.
be rounded

Left Leg Back

1 Face Cut Vertical Drop Saw 17.25in. 1,000 ft./min. 5 min.

2 | Two Drill Holes Drill Press 0.532in. 1,145RPM 15min.

3 Cutting Slots End Mill 0.5in. 2,000 RPM 1 hr.

4 | End face needs to Belt Sander 1.51n. 1,000 PRM 15 min.
be rounded
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Right Train

1 Cutting Slots End Mill 3/8 in. 2,000 RPM 30 min.

2 Drill Front and Drill Press 0.5in 1,145 RPM 15 min.

Back Holes

3 Face Cut Vertical Drop Saw 3in. 1,000 ft./min. 10 min.

4 Round Edges Belt Sander 0.75 in Radius 1,500 RPM 10 min.

5 | Drill the Vertical Drill Press 5/16 1,145 RPM 15 min.
Holes

6 | Tap the Vertical Die 3/8-11 Manual 20 min.
Holes

Left Train

1 Cutting Slots End Mill 0.51n. 2,000 RPM 30 min.

2 Drill Front and Drill Press 0.5in 1,145 RPM 15 min.

Back Holes

3 Face Cut Vertical Drop Saw 3in. 1,000 ft./min. 10 min.

4 Round Edges Belt Sander 0.5 in. Radius 1,500 RPM 10 min.

5 | Drill the Vertical Drill Press 5/16 1,145 RPM 15 min.
Holes

6 | Tap the Vertical Die 3/8-11 Manual 20 min.
Holes

Train Tubing x2

1 Face Cut Vertical Band Saw 14in 1,000 ft./min. 10 min.

2 | Thread on Either Die 3/8-11 Manual 20 min.

Sides of the Pipe
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Left Base
1 Face Cut Drop Saw 24 in. 1,000 ft./min. 5 min.
2 | Vertical Drill Hole Drill Press 0.532in. 1,145 RPM 15 min.
3 Horizontal Drill Drill Press 0.532in. 1,145 RPM 15 min.
Hole
4 Cutting Slots End Mill 0.51n. 2,000 PRM 1hr.
5 Corner Radius Belt Sander 0.5in. 1,500 PRM 10 min.
Right Base
1 Face Cut Drop Saw 20 in. 1,000 ft./min. 5 min.
2 | Vertical Drill Hole Drill Press 0.532in. 1,145 RPM 15 min.
3 Horizontal Drill Drill Press 0.532in. 1,145 RPM 15 min.
Hole
4 Cutting Slots End Mill 0.5in. 2,000 PRM 1hr.
5 Corner Radius Belt Sander 1.0 in. Radius 1,500 PRM 10 min.
Left Leg Slider
1 Face Cut Drop Saw 31.12in. 1,000 ft./min. 5 min.
2 Milling the Top Horizontal Mill 1in. 500 RPM 30 min.
3 Milling a side Horizontal Mill 1in. 500 RPM 30 min.
4 | Vertical Drill Hole Drill Press 0.5321in 1,145RPM 15 min.
(Tongue)
5 Horizontal Drill Drill Press 0.532in. 1,145RPM 15 min.
Hole (Pin)
6 Vertical Wheel Drill Press 0.4in. 1,145RPM 15 min.
Drill Hole
7 | Cutting the Tongue End Mill 0.51n. 2,000 RPM 5 min.
Slot
8 Corner Radius Belt Sander 0.751in. 1,500 RPM 10 min.
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Right Leg Slider

1 Face Cut Drop Saw 25.37in. 1,000 ft./min. 5 min.

2 Milling the Top Horizontal Mill 1in. 500 RPM 30 min.

3 Milling a side Horizontal Mill 1in. 500 RPM 30 min.

4 | Vertical Drill Hole Drill Press 0.532in 1,145RPM 15 min.
(Tongue)

5 Horizontal Drill Drill Press 0.532in. 1,145RPM 15 min.
Hole (Pin)

6 Vertical Wheel Drill Press 0.4 in. 1,145RPM 15 min.
Drill Hole

7 | Cutting the Tongue End Mill 0.5in. 2,000 RPM 5 min.

Slot
8 Corner Radius Belt Sander 0.75in. 1,500 RPM 10 min.
(Radius)

Shaft

1 Face Cut Vertical Drop Saw 60 in. 1,000 ft./min. 5 min.
(5 ° Angle)

2 | Dowel Pin Holes Drill Press 0.5in. 1,145 RPM 15 min.

X4

3 Cutting Slots End Mill 0.5in. 2,000 RPM 30 min.

4 | End face needs to Belt Sander 15in 1,000 RPM 10 min.
be rounded

Boom

1 Face Cut Vertical Drop Saw 19.50 in. 1,000 ft./min. 10 min.

(Varying Angles)

2 Two Drill Hole Drill Press 0.75in. 500 RPM 15 min.

3 Cutting Slots End Mill 0.5in. 2,000 RPM 30 min.

4 | End face needs to Belt Sander 15in 1,000 RPM 10 min.
be rounded
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5 Weld Segments Tungsten Welder 1/8in. N/A 2 hr.
Together

Lower Hydraulic Pump Support

1 Face Cut Vertical Drop Saw 1.51n. 1,000 ft./min. 5 min.

2 Two Drill Hole Drill Press 0.21in. 1,145 RPM 10 min.

3| Threaded Holes Die Ya-111in. Manual 10 min.

4 | Cutting Side Cuts | Vertical Band Saw 1.5in 1,000 ft./min. 15 min.

5 Drill Pin Hole Drill Press 0.75in. 1,145 RPM 10 min.
(Outer Dia.)

6 Corner Radius Belt Sander 1 in. (Radius) 1,500 RPM 5 min.

Upper Hydraulic Pump Support

1 Face Cut Vertical Drop Saw 3in. 1,000 ft./min. 5 min.

2 Varying Angles Vertical Band Saw About 15 in. 1,000 ft./min. 15 min.

3| Threaded Holes End Mill 0.25in. 1,800 RPM 30 min.

4 | Cutting Side Cuts Drill Press 0.751n. 1,145 RPM. 5 min.
(Outer Dia.)

5 Corner Radius Belt Sander 1 in. (Radius) 1500 RPM 5 min.
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Appendix B: Bill of Materials

PART # PART DESCRIPTION QTY Vendor Individual Total Cost
NAME Cost
Stock Parts
14499 Base Extruded AL 1 Online Metals | $92.90 $92.90
Rectangle Tube
19660 Leg Back Left and Right 1 Online Metals | $46.37 $46.37
Legs Combined in
AL Bare
Rectangle Tube
20304 Train Left and Right 1 Online Metals | $14.84 $14.84
Legs Combined in
AL Rectangular
Tube
9544 Train Tubing | Drawn AL Bare 1 Online Metals $32.15 $32.15
Tube
19958 Base Left and Right 1 Online Metals $63.80 $63.80
Legs Combined in
Extruded AL
Rectangle Tube
17679 Leg Slider Left and Right 1 Online Metals | $101.83 $101.83
Legs Combined in
Extruded AL Bare
Rectangle
7019 Back Wheel Left and Right 1 Online Metals | $21.43 $21.43
Legs Combined in
Extruded AL Bare
Rectangle
19958 Main Shaft Extruded AL 1 Online Metals | $75.77 $75.77
Rectangle Tube
7021 Upper Boom AL Bare 1 Online Metals | $35.28 $35.28
Rectangle Tube
90300A210 Hex Head 14-13 Thread 8 McMaster- $5.65 $45.20
Screw w/Flat Size, 1” Long Carr
Washer
95505A605 Medium- Grade 5, 147-13 1 Bag McMaster- $8.50 $8.50
Strength Steel Thread Size w/50 Carr (Only Used 10)
Hex Nut
08404A460 | 18-8 Stainless | 7/16” Diameter, 2 McMaster- $4.60 $9.20
Steel Ring- | 2” Usable Length Carr
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Grip Quick-

Release Pin
90300A220 Hex Head 15-13 Thread 2 McMaster- $5.87 $11.64
Screw w/Flat | Size, 1-1/2” Long Carr
Washer
98390A445 Steel Taper | 0.591"" Large End | 1 Bag McMaster- $8.07 $8.07
Pin Diameter, 2” w/5 Carr (Only Used 2)
Long
87855T53 Friction-Grip Swivel w/2” 2 McMaster- $9.72 $19.44
Stem Caster Diameter 90A Carr
w/ Grip Ring | Rubber Wheel,
3/8” Stem
Diameter
6460K61 Stud-Mount | 1-1/4” Diameter 2 McMaster- $12.53 $25.06
Ball Transfer | Steel Ball, Black- Carr
Oxide Housing,
15-16” Long Stud
W01-04352 UHMW (0.25in.x 12 in. x 1 Curbell $6.89 $6.89
Sheet, Black 12 in.), Virgin Plastics
W01-04353 UHMW (0.312 in. x 24 in. 1 Curbell $10.34 $10.34
Sheet, White | x 48 in.), Virgin Plastics
(Natural)
45-3A-1 Acetal/POM 0.003” Acetal 1 CS Hyde $13.82 $13.82
Tape POM w/Acrylic Company
Adhesive
90145A720 Dowel Pins Stainless Steel 4 McMaster $4.65 $18.60
0.5” Dia.
Biltek NPTC- Hydraulic Long Ram Jack 1 Walmart $73.55 $73.55
JCPO08-1x Pump Cherry Picker
Replacement
Hydraulic 8 Ton
Manual Engine
Hoist
6283K23 Ratchet Gear | Ratcheting Gear 1 McMaster- $41.00 $41.00
32 Teeth Carr
6283K32 Pawl Pawl for 1 McMaster- $47.00 $47.00
Ratcheting Gear Carr
1497K114 Key Rotary | 3% Dia. (Keyway: 1 McMaster- $8.76 $8.76
Shaft 3/16” Wd. X Carr
3/32” Dp.)
98830A150 Oversized 12” Lg. 3/16” - 1 McMaster- $0.97 $0.97
Steel 3/16” Carr
Machine Key
Stock
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887480024579 Stainless 36” in Length, Home Depot $5.77 $5.77
Steel Pins 0.625” OD
ATA Hex Bolt 2.5”in Length, Home Depot | $0.37 $0.74
3/8” 1D
ACD Hex Nut 3/8” 1D Home Depot $0.12 $0.24
AYB Hex Bolt 2.5”in Length, Home Depot $0.48 $0.96
1” OD
AOB Cut Washer 5/8” in Home Depot $0.33 $0.66
BTE Hex Bolt 3” in Length, Home Depot $1.10 $2.20
5/8-11” OD
BJE Hex Bolt 3” in Length, Home Depot $0.73 $1.46
¥%-13” OD
N/A Hex Bolt 4” in Length, Home Depot $1.05 $2.10
¥%-13” OD
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Appendix C: SolidWorks Drawings
The following drawings are for the Left Leg Back, Right Leg Back, Left Leg Base, Right

Leg Base, Left Leg Slider, Right Leg Slider, Left Train, Right Train, The Base, Back Wheel

Frames, and the Shaft respectively. The images below include the dimensions of each component

and all of those are in inches.
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Left Leg Slider
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Back Wheel Frames
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Shaft
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Appendix D: Manufacturing Process

Operation

Side View of
milling the Base
with the help of
Tom in the MQP
Lab

Vertical Band
Saw to cut of the
Slider Parts

Using the
Vertical Band
Saw to Cut the
Back Wheel
Frame
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Appendix E: Charge for Labor

The table below is the charge for labor required for the production of the Medical Lifting

Device if it were to be mass produced by a factory. These are all rough estimates for each

process in both time and cost. In conclusion, the Medical Lifting Device could be inserted into
the market for a total price of $1,053.75.

Part Name
1 Manufactured Component Time Spent to Complete Cost
(Time to Prepare Machine is Included.) 60 min = $45
Base
1 Cutting Length 5 min.
2 Two Drill Holes 15 min.
3 Cutting Slots 1 hr.
4 Corner Radiuses 10 min.
5 Drill Pocket Hole 15 min.
6 Pocket for Shaft 1 hr.
Total Time 2 hrs. 45 min. = 165 min. $275.00
Right Leg Back
1 Face Cut 5 min.
2 Two Drill Holes 15 min.
3 Cutting Slots 1 hr.
4 | End face needs to be rounded 15 min.
Total Time 1 hr. 35 min. = 95 min. $158.33

Left Leg Back

1 Face Cut

5 min.

2 Two Drill Holes

15min.
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3 Cutting Slots 1 hr.
4 | End face needs to be rounded 15 min.

Total Time 1 hr. 35 min. = 95 min. $158.33
Right Train
1 Cutting Slots 30 min.
2 Drill Front and Back Holes 15 min.
3 Face Cut 10 min.
4 Round Edges 10 min.
5 Drill the Vertical Holes 15 min.
6 Tap the Vertical Holes 20 min.

Total Time 1 hr. 40 min. = 100 min. $166.67
Left Train
1 Cutting Slots 30 min.
2 Drill Front and Back Holes 15 min.
3 Face Cut 10 min.
4 Round Edges 10 min.
5 Drill the Vertical Holes 15 min.
6 Tap the Vertical Holes 20 min.

Total Time 1hr. 40 min. = 100 min. $166.67
Train Tubing x2
1 Face Cut 10 min.
2 | Thread on Either Sides of the 20 min.

Pipe
Total Time 30 min. $50.00
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Left Base

1 Face Cut 5 min.
2 Vertical Drill Hole 15 min.
3 Horizontal Drill Hole 15 min.
4 Cutting Slots 1 hr.
5 Corner Radius 10 min.
Total Time 1hr. 45 min. = 105 min. $175.00
Right Base
1 Face Cut 5 min.
2 Vertical Drill Hole 15 min.
3 Horizontal Drill Hole 15 min.
4 Cutting Slots 1 hr.
5 Corner Radius 10 min.
Total Time 1 hr. 45 min. = 105 min. $175.00
Left Leg Slider
1 Face Cut 5 min.
2 Milling the Top 30 min.
3 Milling a side 30 min.
4 | Vertical Drill Hole (Tongue) 15 min.
5 Horizontal Drill Hole (Pin) 15 min.
6 Vertical Wheel Drill Hole 15 min.
7 Cutting the Tongue Slot 5 min.
8 Corner Radius 10 min.
Total Time 2 hr. 5 min. = 125 min. $208.33
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Right Leg Slider
1 Face Cut 5 min.
2 Milling the Top 30 min.
3 Milling a side 30 min.
4 | Vertical Drill Hole (Tongue) 15 min.
5 Horizontal Drill Hole (Pin) 15 min.
6 Vertical Wheel Drill Hole 15 min.
7 Cutting the Tongue Slot 5 min.
8 Corner Radius 10 min.

Total Time 2 hr. 5 min. = 125 min $208.33
Shaft
1 Face Cut 5 min.

(5 ° Angle)

2 Dowel Pin Holes x4 15 min.
3 Cutting Slots 30 min.
4 | End face needs to be rounded 10 min.

Total Time 60 min $100.00
Boom
1 Face Cut 10 min.

(Varying Angles)

2 Two Drill Hole 15 min.
3 Cutting Slots 30 min.
4 | End face needs to be rounded 10 min.
5 Weld Segments Together 2 hr.

Total Time 3 hrs. 5 min. = 185 min $308.33
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Lower Hydraulic Pump Support

1 Face Cut 5 min.
2 Two Drill Hole 10 min.
3 Threaded Holes 10 min.
4 Cutting Side Cuts 15 min.
5 Drill Pin Hole 10 min.
6 Corner Radius 5 min.
Total Time 55 min. $91.67

Upper Hydraulic Pump Support

1 Face Cut 5 min.
2 Varying Angles 15 min.
3 Threaded Holes 30 min.
4 Cutting Side Cuts 5 min.
5 Corner Radius 5 min.
Total Time 60 min. $100.00

Total Cost:  $1, 053.75 for 23 hrs. 25 min. ($45 per hour)
$2, 341.66 for 23 hrs. 25 min. ($100 per hour)
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Appendix F: LabView Program
The screenshots below are the LabView Program used to conduct the testing on the
Medical Lifting prototype. The four images below are the Block Diagram where one can note the
connections for the commands needed to properly achieve results.
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Below is a screenshot of the Front Panel where the calibration takes place. Here are located the

start, record and off buttons that help gather the data points.
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Appendix G: Base Strain Testing Results

The graphs below illustrate the data gathered when the loads were applied onto the
prototype. Using the Excel file, the average and standard deviations were calculated. Above each
graph are the degrees in which the test was run, the average and the standard deviation. Note that
for each run, 201bs., 451bs. and 100Ibs. were loaded separately onto the Medical Lifting

prototype.
0 Degrees
20 Ibs. = Average: 125.0 Standard Deviation: 7.288
45 Ibs. = Average: 321.6 Standard Deviation: 5.321
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CALIBRATED MICROSTRAIN

15 Degrees
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Appendix H: Leg Strain Testing Results

The graphs below illustrate the data gathered when the loads were applied onto the
prototype. Using the Excel file, the average and standard deviations were calculated. Above each
graph are the degrees in which the test was run, the average and the standard deviation. Note that
for each run, 20lIbs., 451bs. and 100Ibs. were loaded separately onto the Medical Lifting

prototype.
0 Degrees
20 lbs. = Average: 97.94 Standard Deviation: 7.810
45 lbs. = Average: 217.6 Standard Deviation: 6.562
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15 Degrees

20 lbs. = Average: 169.0 Standard Deviation: 7.860
45 lbs. = Average: 264.5 Standard Deviation: 7.045
100 lbs. = Average: 456.6 Standard Deviation: 7.404
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Appendix I: Pin Support Strain Testing Results

The graphs below illustrate the data gathered when the loads were applied onto the

prototype. Using the Excel file, the average and standard deviations were calculated. Above each

graph are the degrees in which the test was run, the average and the standard deviation. Note that

for each run, 20lIbs., 451bs. and 100Ibs. were loaded separately onto the Medical Lifting

prototype.
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Appendix J: Boom Strain Testing Results

The graphs below illustrate the data gathered when the loads were applied onto the

prototype. Using the Excel file, the average and standard deviations were calculated. Above each

graph are the degrees in which the test was run, the average and the standard deviation. Note that

for each run, 20lbs., 451bs. and 100Ibs. were loaded separately onto the Medical Lifting

prototype.
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15 Degrees

20 Ibs. = Average: 84.87 Standard Deviation: 5.457
45 |bs. = Average: 178.8 Standard Deviation: 6.553
100 Ibs. = Average: 378.0 Standard Deviation: 8.282
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Appendix K: Aluminum Mechanical Properties

Mechanical properties
Young's modulus

Yield strength (elastic limit)

Tensile strength

Elongation

Compressive modulus

Compressive strength

Flexural modulus

Flexural strength (modulus of rupture)
Shear modulus

Shear strength

Bulk modulus

Poisson's ratio

Shape factor

Hardness - Vickers

Fatigue strength at 107 cycles
Fatigue strength model (stress range)

OEOOLELEEOOEOOE®

9.66
35
39.7
10
9.85
* 35
* 9.66
* 35
3.71
24 .1
* 9.66
0.325
24.7
* 100
*15.4
* 21

10.2
40.8
46.4
14.4
10.3
40.8
10.2
40.8
310
28
10.2
0.335

107
18
28.2

10%6 psi
ksi
ksi
% strain
10%6 psi
ksi
10%6 psi
ksi
10%6 psi
ksi
10%6 psi

HV
ksi
ksi
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