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DISCLAIMER

This report was prepared by students as part of a university course requirement. While
considerable effort has been put into the project, it is not the work of licensed engineers and has
not undergone the extensive verification that is common in the profession. The information,
data, conclusions, and content of this report should not be relied on or utilized without
thorough, independent testing and verification. University faculty members may have been
associated with this project as advisors, sponsors, or course instructors, but as such, they are not
responsible for the accuracy of results or conclusions.



EXECUTIVE SUMMARY
Our project Lerner exoskeleton actuator is a type of a robotic exoskeleton that is used by people
with neuromuscular disorders to improve their movement mainly by walking. This exoskeleton is mainly
used on the lower part of the body. An example of a neuromuscular disorder is cerebral palsy which is a
disorder found in children when the brain is damaged thus the child cannot be able to move.
Purpose
1. To help improve the lifestyle of people with disabilities.
2. To observe and record data about disabled people and to find measures to enable their wellbeing.
Goal
1. To improve the design of the existing exoskeleton in order to enable free movement of limb
muscles using the engineering requirement.
The use of exoskeletons can be applied in several fields. These are:
a. Medical field- in this case, people with neuromuscular disorders can be able to use exoskeletons
in order to enable movement and for extra energy to those with little energy to move.
b. Civilians- here, exoskeletons are used as a means of research for science and technological
inventions for the purpose of improving the lifestyle of neuromuscular disordered people.
c. Military- exoskeletons for military purposes are made in order to maintain peace and order while
reducing the chances of injuries and death to normal citizens.
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1 BACKGROUND
1.1 Introduction

The team looks into making improvements on the existing exoskeleton such that it could work
better and more efficiently. The robotic exoskeletons are normally used by healthcare industries
in order to assist people with neuromuscular disorders to be able to walk better than how they
walk without the devices. The device has a system with motors that collaborate with the
transmissions produced and give enough support to the ankle joints of the user [1]. Another aim
of this project is to design a series elastic actuator that can assist the patient to have a more
clinical gate and improve the walking movement. First, a new design of the exoskeleton is to be
put in place. The previous form was not comfortable and came along with various difficulties.
The new one is meant to set the record by enabling a stiff point of mounting on the user’s
organ, to be able to adjust to different sizes and ages of users, to be able to be easily put on and
off, to be comfortable to the user as well as to be way lighter than the previous. Secondly, after
making a design using springs in different ways that can help the patient not slip and walk more
comfortable, then the project would have been successfully completed.

1.2 Project Description

The project entails the design, prototyping and manufacturing plan for an exoskeleton actuator
system. The exoskeleton actuator can be classified as an electro-mechanical assistive
technology that uses engineering and computing technologies to actualize the design of an
artificial exoskeleton for use in assisting the disabled to walk again. Other uses of exoskeleton
are to promote occupational safety and operability by enhancing the strength and safety of the
wearer. In hospitals, the exoskeleton is used to assist people with neuromuscular disorders to
walk and perform other functions that they cannot perform on their own. This is done by
assisting their walking usually done when the device’s system collaborates with its motors and
the transmissions produced to support the movements of the ankle joints [1]. Most of the time,
however, the exoskeleton is difficult to be mounted on the user’s limb. This project, therefore,
is meant to improve the existing exoskeleton to another design that can have the series elastic
actuators implemented and successfully help the patient to achieve a no-slip walk and more
comfortable movement and attach it to the exoskeleton in order to make the walking of the user
easier than before.

1.3 Original System

There have been several iterations of an exoskeletal system for use as assistive technology to
individuals with neuromuscular deficiencies. However, the original design was faced with
various technical and operational challenges such as their excessive weights that ended up
burdening users in other areas and hence exacerbating their conditions, others were not strong
enough, there were also issues of low-quality built design and implementation, mismatched
user and product requirements and functionalities, lack of adjustability and fluidity in response
and operations, as well as a barrage of other operational, structural and mechanical deficiencies
(Walsh 35). Such problems and deficiency are what promoted people to seek for more quality
and custom fitted exoskeletons that are capable of meeting their individual needs with the only
deterrent being the expensive nature of achieving such kind of modification and localization.
There is, therefore, a need for investors and factory stakeholders to take into consideration the
factors stated above in order for a higher level of customer satisfaction to be achieved



The original system comprised of a damping mechanism /system made up of springs, plates
and a housing assembly. In the past, several designs were put in place so as to assist people
living with neuromuscular disorders. The previous designs were greatly disadvantageous as
they were; heavy for the user, weak, of poor quality, not able to be adjusted to the user’s
preference and not according to the user’s demands [2]. These disadvantages propelled people
to seek better ways to make and design the exoskeleton in order to eliminate the disadvantages.
However, the new inventions were also more expensive and could not be afforded by everyone
who required the devices. This project is meant to eliminate the disadvantages while also
making the device more affordable to everyone. Therefore, the purpose of this project is to
design a spring and choose the location to place it and have analytical data.

1.3.1 Original System Structure

The original system structure is designed to suit everyone no matter the age difference can able
to use it. The robotic exoskeletons exist in different sizes; there are the big ones that are meant
for adults, while there are smaller ones that are meant for little children [2]. They are normally
strong, flexible and can be used for a long period of time thanks to the high-quality materials
used in manufacturing them. The high-quality materials are used in order to make sure that the
user is comfortable with the functioning of the device. Meaning that the exoskeleton is light
and the chances of being injured are very low if an accident occurs. The exoskeleton is also
designed such that the areas that touch the body have been made with soft materials in order to
reduce friction and increase its comfort during walking [2]. In this way, the design of the
exoskeleton meets all the user’s expectations. Below is an example of the robotic exoskeleton.
1.3.2 Original System Operation

The original exoskeleton operated in two different ways, meaning that it was made in two
different forms [3]. The first form was the one that was operated by the individual. This one is
designed in a way that it contains an operating system fitted with sensors which enable the user
to walk by guiding the movements of the limb. The second form is the one operated by
someone else who is not the original user. This form of the exoskeleton is only allowed to be
used when someone else is available in order to operate it while the user is moving. Despite
their different forms, both of them function successfully when there are no disadvantages being
experienced [3].

1.3.3 Original System Performance

The original system had a successful performance with very little disadvantages. The system is
made with a design that it assists the user’s limbs to move and also provides the user with
energy for those that lack enough energy to move their muscles [2]. The system worked
successfully and had been used in the past few years in order to improve the lives of individuals
with neuromuscular disabilities. The system, however, needs to be upgraded in order to
function well. This upgrading can be done by use of inventive technologies that emerge each
day so as to make the exoskeletons more effective.

1.3.4 Original System Deficiencies

The original system had several disadvantages which this project tends to correct or improve on
them. For instance, the materials used in the designing of the exoskeleton were responsible for
its heavyweight thus causing the user to use most time trying to utilize the device without
having to rest [3]. Furthermore, the way the limb was mounted on the exoskeleton was not
always successful and therefore a better design should be invented in order to enable a tighter
and a more effective grip. This means that the original system could not be adjusted, and the



users had to look for custom made exoskeletons which were far more expensive and time-
consuming [2]. Some materials are also uncomfortable to the user as they tend to cause friction
and irritation on the skin.



2 REQUIREMENTS

The team requires several customer requirements that are wanted by the client in order to look
into the original system’s disadvantages, search for ways to improve on them as well as work
on improving the quality and function of the exoskeleton. These requirements can be compared
to the requirements of engineers too.

2.1 Customer Needs (CNs)

The customer requirements are shown to be given by the client or stakeholders. Therefore, the
team weighted the list if requirements and afterward set a target towards the improvement of
the exoskeleton so as to be able to make a more efficient form of the exoskeleton

Table 1: Customer Needs

Customer Needs Description

Measure torque Measure the required torque in
and out of the pulley and motor

Weight The material of the exoskeleton

Spring location The design of the best location of
spring

Non-invasive No contact of the ankle

simple Make the spring design as easy as
possible

2.2 Engineering Requirements (ERs)

The engineering requirements are created by the team based on customer needs. Engineering
requirements are derived from the customer need and are more detailed according to
engineering perspective.



Table 2: Engineering requirements

Engineering Description
requirements
Measure torque 0-7 Nm out of the motor

0-21Nm out of the lower

pulley
Weight Patient 50 Ibs-1501Ibs
Spring location design selection for the spring
Non-invasive Make sure that metal bars and

pulley system don’t contact
human ankle

simple Simple modular design that
relies on separate but easy to
assemble sections

2.3 Testing Procedures (TPs)

1. Design a device with a weight limit.

This device should be able to accommodate the limb of a patient weighing from 50 to 150 Ibs. to
accomplish this requirement; individuals ranging from 50 all the way to 150 Ibs. were tested on the
exoskeleton. The feedbacks were analyzed, and it was noted that each and every individual was
comfortable with the way the design was made on the exoskeleton.

2. Designing a more adjustable exoskeleton.

This was accomplished when the same individuals used to test on the weight limit were also used to
test if the exoskeleton could be adjusted. In this case, the exoskeleton would be increased or decreased in
size depending in the size of the individual’s limb. The individuals also reported that the limb was
comfortable despite the varying sizes. The limb could also be rotated at 180°.

3. Using of a softer fabric.

During the design of the exoskeleton, a softer fabric such as polyester was used so as to create
comfort in the exoskeleton and to reduce the friction thus reducing chances of skin irritation. The fabric
also helped in the reduction of the weight of the device. Therefore, after testing the device on individuals
with varying ages and weight, it was discovered that the new design was far much better in terms of
weight and comfort.

2.4 House of Quality (QFD)

QFD is House of Quality, which determines the relationship between the engineering
requirements and customer requirements. Engineering requirements are the technical aspects of
the project according to the client requirements and customer requirements are basically the
project information provided by the client. As the Engineering requirements have developed from
the customer requirements, therefore, it is necessary to make the relation between ER’s and CR’s
and identify the effect of CR on ER. QFD is a matrix in which customer requirement and
engineering requirement relate to each other and assign a value according to the importance in
the corresponding matrix.

From the QFD, we obtained the targeted values of engineering requirements and determine the
importance of each engineering requirement with the help of absolute technical importance and
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relative technical importance. QFD table is showing below.

Table 3: QFD
Engineering Requirements o
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Customer Requirements E
Measured the required torque 9 9 3 1 1 1
Make the design lightweight 3 1 3 3 3
Make the people with disability walk normaly | 3 1 1 3 1
It must be non-invasive 1 3 1 3 1 3
It must be simple as possible 1 1 3 3 3 1
Technical Importance: Raw Score 88 34 27 31 25
Technical Importance: Relative Weight 42.9% | 16.6% | 13.2% | 15.1% | 12.2%
Techanical Target Value 7 - - - -
Units Nm - - - -

From the above table, it is clear that most important engineering requirement is “Provide torque
from 0 — 7 Nm and 0-21Nm which will be the torque out of the pulley” and the least important
engineering requirement is “Not complicated design”. It can see that provide torque has a raw
value of 88 and RTI value of 42.9% whereas not complicated design has a raw value of 25 and
RTI value of 12.2%.



3 EXISTING DESIGNS

Before the 1960s, people suffering from neuromuscular disorders had no way of improving
their state. Thereafter, research groups located in the USA, as well as the former Yugoslavia,
began researching on the human exoskeleton devices that could be powered [4]. The USA main
research was however mainly on developing technologies that could be able to increase the
functioning of normal people especially those in the military. On the other hand, Yugoslavia
was mainly focused on developing the technology that could be able to help the physically
handicapped [5]. Ever since the first design was made, other designs have always followed, the
new version always being better than the previous in terms of effectiveness. The new
developments were either meant to improve the previous designs or were completely new
designs [4].

3.1 Design Research

In the past several years, various designs have been invented with the main purpose being
helping those that are physically disabled on the lower part of the body, which is the limbs, to
effect movement and other activities. The earlier designs created a platform for the team to look
at and design a better exoskeleton. The team researched on the previous designs, on the internet
and from scientific journals, and after coming up with an analysis the team learned of the issues
that are related to the previous designs. This enables the team to come up with new ideas of
designs as better analysis have been made. Apart from that, the team also searched up for more
information in books and articles so as to create a better design of the exoskeleton. Since the
invention and design of the first exoskeleton, there have been several improvements over the
years that aim at producing a better product in terms of built functionality, quality and
flexibility (adjustability). The proposed system that’s under construction for this project was
based on the apparent vulnerabilities and weaknesses/challenges of the existing exoskeletal
systems. This design aims at achieving three main objectives; increased mobility. Increased
flexibility and durability of the final product.

3.2 System Level

The original exoskeletons have always been the center of attention for a long time. Over the
past 10 years, the exoskeletons have gone through three stages. The first one was being
operated by an administrator as the base of the system. A good example of this is the Hardiman
exoskeleton [3]. With time, inventions came up and individuals could be able to operate their
own exoskeletons. The team analyses the combination of the various examples and then comes
up with a more efficient design that exceeds the limitations of all the other previous
exoskeletons.

3.2.1 Existing Design #1: Sarcos exoskeleton

This is an exoskeleton that can be used on the whole body. This exoskeleton contains a section
that stores its energy for the functioning of the body. It produces the energy by use of the liquid
medium. This helps as the liquid is found right where the joints that require support are [4]. The
availability of the fluid medium allows the limb to rotate at an angle of 180°.



Figurel: Sarcos exoskeleton
3.2.2 Existing Design #2: Berkeley exoskeleton

This exoskeleton is mainly made for patients with neuromuscular disorders on the lower part of
the body [4]. The system also moves with its own source of power. This exoskeleton is marked
to be load bearing and would be very effective on patients with heavy weights. It is, therefore,
suitable for patients from 50- 150 Ibs.

Figure 2: Berkeley exoskeleton

3.2.3 Existing Design #3: MIT exoskeleton

1. This device works by learning the human walking style and then
creates a mechanism of supporting the limbs thus making the human more comfortable as the
weight of the exoskeleton is reduced. This exoskeleton depends on the energy that is in the
springs when one walks [4]. This kind of exoskeleton is greatly similar to the team’s project of
spring invention. It also satisfies the need of accommodating the weight of the user, be it a child
or a grown up.



Figure3: MIT exoskeleton
3.3 Functional Decomposition

The main purpose of this project is to design a series elastic actuation for a robotic lower
extremity exoskeleton. The system will be actuated by a high-performance DC motor. Series
elasticity will be implemented in the form of linear or rotational springs. In addition to the
design and manufacturing of the system, the capstone team will provide the analytical
characterization of system performance validated through experimentation.

3.3.1 Black Box Model

The original design was observed by the team and upon completion found to have difficulties
with the functioning of the entire operating system. The team, therefore, looks into improving
on the difficulties by use of a black box model. The black box model works by assisting the
user’s movement by creating coordination. This would be advantageous as the user would use
less energy while moving faster. In this experiment, the team formed springs that can be
attached to the exoskeleton. These springs are attached on the ankle. The main purpose of the
springs is to be able to improve the design and functionality of the exoskeleton.

Foot, Belt Foot. Belt. Movement

I

Human, Electrical Movement Human Energy

Kinetic Energy Sound. Heat. Kinetic Energv

Open, Close Open, Close

s > [ >

Figure4: Black Box




3.3.2 Functional Model/Work-Process Diagram/Hierarchical Task Analysis

In order to work well, the exoskeleton should be designed in such a way that the springs are
located on the joints. In this case, it would be easier for the device to turn, retain its energy as
well as support the user. In this case, springs are durable, unlike joints, they do not require
greasing or much maintaining. Springs are also effective when it comes to reducing the weight
of something. For instance, a heavy person would feel comfortable when using an exoskeleton
with springs as the springs absorb shock in case of accidents. In this project, the team looks into
designing a model that would generate its own energy and work effectively to satisfy the
customers.

Body f
- » Coverleg with | Tarquel Pulley Leg Movement
Belt skeleton »  Measuring —* Movement
Human, Electrical Springs Heat
» Controfler | ' Acmator . Movement Human Energy
Energy
Open
Open Measure SEMG Move ;
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Close i Close

Figure5: Functional Model

3.4 Subsystem Level

In order to make the design effective, the components of the system should also be included
[6]. The components are the ones that make up the entire system and when the team analyses
the entire system’s components then they get the perfect view of the efforts put in place to
design the exoskeleton. In this case, the exoskeleton designed by the team will be perfect and
satisfactory to the user [3]. This explains the reason as to while the subsystem is important too
in the designing of the exoskeleton.

3.4.1 Subsystem #1: Motors

Motors support the movement of the joints and have been known to enable patients that are
paralyzed to stand upright and walk. This helps to increase the quality of the exoskeleton.



Figure 1: exoskeleton motors
34.11 Existing Design #1: Sarcos exoskeleton

This exoskeleton utilizes energy produced by sensors that are located between the user and
the exoskeleton [4]. In this case, the motors make it easier for the user to move as it supports the
whole body and the liquid medium aids in movement of all the joints of the body. This
exoskeleton utilizes energy produced by sensors that are located between the user and the
exoskeleton [4]. In this case, the motors make it easier for the user to move as it supports the
whole body and the liquid medium aids in movement of all the joints of the body. The Sarcos
exoskeleton was built by military contractor Raytheon for use by the US military and is
described as a wearable robotic suit used for increasing human agility, strength and endurance.
The human, in this case, is a soldier on active duty such as a battlefield or providing relief effort
during a natural catastrophe. The exoskeleton allows the wearer to easily lift heavy payloads at a
ratio of almost 17:1. The result is the ability to repeatedly lift a given load without any injury or
exhaustion to the wearer. The motor is hydraulically actuated. The system, however,
incorporates a robot which is energetically autonomous. The system employs rotary hydraulic
actuators as opposed to linear ones that are located on the system’s power unit. The main
disadvantage of the Sarcos exoskeleton is its bulky and heavy nature that ordinary users may find
uncomfortable. Making it with smaller and thinner components may, however, allow for better
functionality and may increase its popularity and acceptance by the civilian population.

34.12 Design #2: Berkeley exoskeleton

This exoskeleton is used by being mounted at the hip, knee and/ or the ankle. The motors are
very efficient as they assist the lower body to function and even those who cannot walk
completely have a chance of being able to move their limbs. The Berkeley exoskeleton unlike the
Sarcos one is not full bodied and is only worn on the lower body. Its full name is the Berkeley
Lower Extremity Exoskeleton (BLEEX) and its functionality just like the Sarcos one is to help
soldiers to complement their strength through the addition of extra force to the lower extremity
of the users. The system has two motors that are electrically actuated and located on the hips [8].
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3.4.13 Existing Design #3: MIT exoskeleton

This exoskeleton has springs on the joint that flexes and extends. Combined with motors, the
springs provide more energy and are sufficient for a longer period of time. The MIT exoskeleton,
unlike the rest, is quite unique since it employs no motors for its operation. Instead, it relies on
the principle of conservation of energy by using the user’s weight and payload that they wear on
their back and are attached to two similar leg-like springy mechanical structures that run parallel
to the legs of the wearer. The structures or appendages possess elastic energy storage devices
located at the hip and ankle as well as a damping device located on the knee. The spring-like
joints are employed to harvest energy from the payload and user’s motion and to store them for
the next cycle of motion/ stride.

342 Subsystem #2: ontrols

This subsystem is responsible for the operation of the exoskeleton according to the need of the
user. They can either be made according to the technology or the requirement of the user.
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Figure 2: exoskeleton control

3421 Existing Design #1: Sarcos exoskeleton

This exoskeleton is controlled by sensors that are located between the user and the exoskeleton.
The team’s project looks into coming up with a design that can be controlled by the user’s
movement to release energy.

3.4.2.2 Existing Design #2: Berkeley exoskeleton

The Berkeley exoskeleton is electronically actuated is controlled by impulses generated from the
movements of the wearer. This project looks to assimilate the same control system whereby the
exoskeleton can provide enough energy to maintain the user’s movements. This exoskeleton is
used by being mounted at the hip, knee and/ or the ankle. The motors are very efficient as they
assist the lower body to function and even those who cannot walk completely have a chance of
being able to move their limbs. The Berkeley exoskeleton unlike the Sarcos one is not full
bodied and is only worn on the lower body. Its full name is the Berkeley Lower Extremity
Exoskeleton (BLEEX) and its functionality just like the Sarcos one is to help soldiers to
complement their strength through the addition of extra force to the lower extremity of the users.
The system has two motors that are electrically actuated and located on the hips [8].



3.4.2.3 Existing Design #3: MIT exoskeleton

Here, the energy is released during flexing and is stored during extending. Therefore, the
exoskeleton is controlled by the joint movements. The project design will allow the exoskeleton
to be controlled by the movement of the limb. The system is controlled through the movement
of an individual’s limb impulses.

343 Subsystem #3: structure

The subsystem does not only aid in the effective functioning of the exoskeleton, but it also
helps with creating comfort for the user. Which are the most important aspects?

Figure 3: exoskeleton structure

3431 Existing Design #1: Sarcos exoskeleton

The structure of the sources exoskeleton is made in a way that the user’s limb is interfaced with
the exoskeleton containing a stiff metal plate that ensures the user’s limb remains stiff while
using the device.

3.4.3.2 Existing Design #2: Berkeley exoskeleton

This exoskeleton is structured using springs loaded at the hip and at the ankles whereby the
ankles are left to spin (). This project aims at loading springs at the hip and ankle joints too.
3.4.3.3 Existing Design #3: MIT exoskeleton

It is designed in a way that the limb of the user can be easily placed in and also can be easily
removed. In this case, the user can be able to put it on and take it off with ease as the
exoskeleton’s structure allows it. The project aims at designing the exoskeleton with an easier
way of wearing and removing it.
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4 DESIGNS CONSIDERED

The team considered a number of designs based on the customer and the engineering
requirements. These are as shown below.
4.1 Design #3: rotational spring

This design is a rotational spring that has a bearing in it such that it allows the heal to move
with a normal human walk. Furthermore, the torsion spring has a very high deflection in case of
spiral torsion springs. And has a bearing connected with the torsional spring

Advantage:

o Last for a longer time
o Can be adjusted easily
Disadvantage:
J We might add more parts than needed
o Hard to assemble

)
)N

Figure 9: rotational spring

4.3 Design #7: springs connected to the pulley.

For this design, we will not have to redesign the pulley all we have to do is figure out which
spring to use. Also, this design will increase the torque.

Advantage:

o Will not change the pulley

o More power efficient

Disadvantage:

J It would do the opposite of what we are aiming for

. Springs are in parallel



4.4

This design will be more flexible for the patient. When the patient moves the spring we also
absorb the force while walking, and it has movable plates, so it can be adjusted and have a

Figure 10: springs connected to the pulley

Designing of the exoskeleton using all the above designs.

vertical movement.

Advantages:

It helps the patient when he slips
It has an adjustable length

Disadvantages:

Increasing the design length
Increasing the weight

Figure 11: Designing of the exoskeleton using all the above designs
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5 Design Selected
5.1 The rationale for Design Selection

The team was satisfied with this design as it met all the conditions of the engineering
requirements as well as client specifications. Design 2 is the simplest design, so we chose it to be
our datum. The selection was based on the outcome of Pugh matrix that indicated that 3 had the
highest number of desirable characteristics such as simplicity and non-invasiveness.

5.2 Design Description

The team decided on using the above designs in order to come up with an exoskeleton that can
be used individuals of any age group. This can be satisfied by the use of adjustable straps as
well as the design being able to be elastic. The use of Decision matrix ensures that the design is
functional and meet the requirement. The Decision matrix helped us to choose the best suitable
design that will meet the requirement.

Table 4: Decision matrix

Design Design Design
Criterion Wight 3 7 10
Provide Torque 429 90 38.61 70 30.03 83 35.607
Specify .166 75 12.45 82 13.612 79 13.114
Material
Spring 132 80 10.56 90 11.88 85 11.22
Location
Noninvasive 151 90 13.59 85 12.835 80 12.08
Not 122 70 8.54 80 9.76 85 10.37
complicated
design
Totals 1 83.75 78.117 82.391
Relative Rank 1 3 2




Figure 11: CAD image of the design
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6.0  Costing and manufacture & prototyping

In this section the team will explain the process in order to build the design. First the team has done the
drawing of the exoskeleton design in solid work, second the team will send the CAD package to the
machine shop in order to know the cost and time it needs to build each part, expect three parts. The reason
why the team does not know the machine shop name is because the team is waiting for the name of the
machine shop from the Clint. The three parts which are the motor and the gear box will be order from the
company called maximum motors and the back bag will be given from the Clint. Third the team will
know the cost and will be filling the papers from NAU in order to pay the machine shop. Last is receiving
the parts individually and attaching them together in the machine shop at NAU. The way in which the
team will build the exoskeleton is by separating the work into two parts which are the two lower leg parts
and the one back bag part. The two lower leg parts both has an individual plate on the bottom, which is
connected to the torque sensor by a shaft and the shaft is connected to the pulley. They will be tied with
four screws from each side. The pulley will be attached by two springs with a cable called a fishing cable.
This is the two lower leg parts the second part of building process will be the one back bag part. This bag
contains a gear box, motor and attached with the pulley from the lower leg parts. This is the way in order
for the team to build the exoskeleton step by step process.

Table 5: BOM
Bill of Materals
| | |
Team Eidct-18726
Part 4 |PartName Oty |Destription FunctionsIMateriaI Dimensions (st~ Lk to Cost estimate
fop perormancepervolume and
DGPCT3T (P 166005 Hweihtui Dl A 15.45{ s e ascnmotr com et ew product 31153
438735 ESCON 0 Al‘hgh\#ten tconolofgemanent magnetacated brghed DCmotrs ‘p\ast‘\c WA 515715‘https//wwwmx0nmo foromfmatoniewprod /ton / envolortrole 3872
3RS0 Amme ESCON Modle 5058 ‘p\ast’wc 181 5221‘15‘https//ww ransucertechgues com koo
1BO00BMROBS 1|CLARYS rafe Catl Housing and Housing CLARYSBrks Catle Housing and Housig ‘Meta\ b3 S3399‘https://www.amazoncom/gp/poduc/BOODBMR(lBS/ {h searh detalpage o= TRRRpsc=1
S{B0L3BEI0G 1o S0ocs sgire ik o ke Catle Housing Pl B aps ‘Meta\ 453 7x18 ches S699‘https://www.amazo comgpforoduc/BO138E106 ef=0h i earh detaage e TFBRpste1
B{BOTIRITHA Do Eteme Bl 100% P rey B Fishin ine 108 18TV 35000 ‘Meta\ 100m/109Yards A0 65trnds| 514‘98‘https://www.amazon.fom/gp/paduct/BUWPXTMM/f 00 - seach cetalpageTUTFBRgsc=]
im s andactuing s e e, puley. ) Jaminum A T
[ 1]
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Figure 12: CAD Exploded View
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8 Appendix
8.1 Appendix A: Design Considered

i.Design #1: Spring connected to cables.

Here, the connection of the spring and the pulley in order to enable the user to walk with as
little difficulty as possible. Furthermore, the springs will be connected to the pulley and will
have a shock absorber and will have a rotational angle of 90 degrees. But this design was
recently disapproved by our client because the springs are designed as a parallel elastic
actuator. The advantages of this design will reduce the torque of the pulley. The disadvantage is
that will do the opposite of what is required for us because they are in parallel.

Figure 13: Spring connected to cables
ii.Design #2: spring connected to plated leg.

Here, the spring is connected to the exoskeleton’s leg and is supported by another spring.
Moreover, this spring will only help the patient to walk in a comfortable way. The disadvantage
for this design it will not fit in the patient shoes.
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Figure 14: spring connected to plated leg

iii.Design #4: pulley or hip joint design.

This design is changed completely by moving the location of the pulley and adding an
additional damping spring assembly this would actually work theoretically. The main issue was
we had to change the exoskeleton model. Deservingness may not meet the engineering
requirements. Finally, advantages for this is that it will handle more torque than required.




Figure 15:
iv.Design #5: damping spring design

This design was previously the same as the two springs connected to the cables but there would
be a fixed plate up and have a moving plate connected to the pulley that would be moving
vertically. Furthermore, having a spring damping connected between the fixed plate and the
center of the pulley. The advantages of this design are that it has multiple cables that could
make the walking of the patient more smoothly. The disadvantages are that we can only have at
least two springs.

cclpa>

\oo)

\ / /
Pollé

Figure 16: damping spring design
v.Design #6: buckling cables

For this design, we have created this design, so it could absorb the force that comes out of the
surface pushed on (Newton first law). It will absorb it by the two fixed springs, and by the
damping spring. The Advantages of this design as previously stated that it has the damping
spring that will improve the walk of the patient. The disadvantage for this that it may have a
parallel elastic actuator which will work opposite that what we are aiming for.
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Figure 17: buckling cables
vi.Design #8: Design with straps.

This design had a more complicated way of understanding and implementing and did not match
the engineering requirements. Furthermore, the tray that will have a vertical motion only and
have a fix horizontal plate finally have an adjustable screw. The advantages for this that it will
have adjustable screws that will make the springs move more freely rather than stick to one
place. Disadvantages, it might contact the leg.



Figure 18: Design with straps

vii.Design #9: Fabric

For this design, we thought about putting the spring above the cable screw, and that will only
reduce the motor torque, not the pulley torque.
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Figure 19: Fabric

ITEM NO. PART NUMBER ar.
1 insoie Bracket Rev A 1
2 [rorque sensor 2
3 Large_Cable_sprocke?_Right_X3_va 2
4 uprgnt - Ms 2
s 12554025 B
6 29814106 2
Q 7 7806K59 4
B [ros76A104 2
B 712534025 8
(2 10 Dorsiflexion Cabie - Ankie 4
1 Velcro strap. 2
12 [ornotic cuft 2
13 D-Ring strap. 2
14 Binding screw B
Q 15 Binding Barrel 2
16 [Chiarens ackpack 1
11 Half ack Pack 2 Moter Base Piate 1
18 [motor puley v2 2
19 [Motor eracket 2
£ Fip Copture Biock V2 2
21 [Motor Assemory 2
22 912924127 B
23 Femuie 3
24 Eoviden Cable - Heel 2
25 Bowden Cable - Toe 1
26 [MimorBovicen Cable - Toe 1
27 Mirorinsole Bracket Rev A 1
o 28 Half sack Pack 2 Motors Top Piate 1
29 s1239A220 B
) Circuit Board 2
31 Bartery -smat 1
2 Backpack Sned 1 piece 1
33 wire 2
34 1330K33 4
3s Dorsflexion Cable abover he spring - Ankie 4
36 [s0s71A260 4
37 |Ankie Capture Block V2 2
38 wire cover neew 1

-
T ST TG
By - = C | Ankle Assembly
e = e SETEveSE  TSETon
4 3 2 1

Figure 20: CAD Drawing Sheet



8.2 Appendix B:

Table 5: Pugh Chart

Concept

Criteria Design | Design | Design | Design | Design | Design | Design| Design | Design | Design
1 2 3 4 5 6 7 8 9 10

Measure S D + - S S + + S
torque
Lightweight | - D S S + - S - S -
Clinical gait | - D + + S S + S + +
Noninvasive | S D + S - + + + + n
Simple S D + S + S - S - -
2.+ 0 D 4 1 2 1 3 2 2 3
> - 2 D 0 1 1 1 1 1 1 2
> S 3 D 1 3 2 3 1 2 2 0
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