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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.
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1 BACKGROUND
1.1 Introduction

In recent times, the number of lower leg amputees has increased significantly. So there is need to design a
cost effective solution which can provide stability to the amputees while standing and walking. In this
semester our aim of the project is to design a 3D printed foot prosthesis leg for below-knee amputees which
is easy to install and remove, inexpensive, and reachable. The designs available across the world are not
either costly or not reliable. A large emphasis is paid during design to make the foot prosthesis leg affordable
and reliable. The team’s goal is to build an affordable 3D printed foot prosthetic and it should also
be available free of cost throughout the world. This enables the amputees to get the design and 3D
print the product anywhere in the world for their use. This whole project is sponsored by the Northern
Arizona University. The product will be used by the below knee amputees so they will be our
customers. The other stakeholders are the companies who are building the below knee foot
prosthetics. The customers expectation from the team is to build a below knee foot prosthetics
which is reliable, easy to operate, easy to install and uninstall inexpensive and easily available.

1.2 Project Description

The aim of the project is to build a 3D printed foot prosthetic leg for below knee amputees which is easy
to install and remove, in expensive, light weight, reachable and reliable. It should not pose any threat to
the users.

1.3 Original System

The teams aim is to build a new and unique product which will fulfill all the customer’s requirement. Since
it is not a re-engineered product hence there is not any original product which is considered for this report.
The variety of products available online are studied to understand the pros and cons of the design and the
will come up with a new product.



2 REQUIREMENTS

Our team goal is to create a prosthesis leg for below-knee amputees that easy to install and remove,
inexpensive, and reachable. The team has to collaborate with all the stakeholders to understand the basic
requirements of the customers which needs to be fulfilled. The basic customer requirements are directly
obtained from the end user since they will be using the product. The engineering requirements are directly
obtained with the customer requirements with some tolerances. Since the engineering requirements can
easily be measured hence these will help us in evaluating the possible designs in future. House of quality
(HOQ) diagram is a key component of Quality Function Deployment (QFD) which will guide the team
members in translating the customer requirement in to a real product. Since all the customer requirement is
not possible incorporate in single design, this will help us in prioritizing the basic needs of the users. The
following subsections includes the customer requirement, engineering requirement and the HoQ diagram
for prioritizing the customer needs.

2.1 Customer Requirements (CRs)

The various stakeholders of this products are the lower limb amputees and the various companies which
are fabricating the similar foot prosthetic. Customer requirements are the voice of the end user. All the
voices of customers and the people who are closely connected to them are collected and translated into the
some meaningful requirements. All the requirements have been assigned a weightage for further analysis.
Table 1 represents the customer requirements and their associated weightage.

Table 1: Customer requirements

S. No. | Customer requirements Weightage
1 Below Knee foot prosthesis 9
2 Able to hold the weight of the amputees 9
3 Must be printed from 3D printer 9
4 Light weight 9
5 Limited filament materials 5
6 Fits different height people 7
7 Easy to carry 1
8 Adjustable to all weathers 1
9 Comfortable 6
10 Safety 9
11 Free ages use 3
12 Low Cost 9

The prosthetic leg should be in expensive, reliable and comfortable so that the end user will not feel
uncomfortable. It should be light weight so that it should be easy to handle and carry. The height of the
prosthetic leg should be adjustable so that it can fits to different height amputees. The prosthetic leg should
not damage the user’s leg.

2.2 Engineering Requirements (ERs)

The engineering requirements are measurable quantities and are very important in evaluating the designs at
the later stage. From the customer requirements, the team has generated the engineering requirements which
needs to be used in designing the below knee foot prosthetic. All the engineering requirements are listed
below in the Table 2.



Table 2: Engineering requirements

Engineering requirement Target values

Weight holding capacity of the prosthetic leg 200 Ib

Weight 7 1b

Cost 1000-5000 $

Filament material ABS, HIPS or Carbon Fiber
Fits different height people 5°-0”to 6°-5”

Consistency + (.55 variation

Reliability 99%

Potential Hazards 0

2.3 House of Quality (HoQ)

The HoQ diagram is a component of the QFD diagram and a very important process in the product
development. HoQ diagram resembles a house and used to relate the customer requirements and product
specifications. As shown in Table 3, on the left side of the wall, we have the customer requirements and at
the roof engineering requirements. Weightage is assigned to each requirements. As a result of this analysis,
the team will get the prioritized requirements of the customers.

Table 3: HoQ Diagram
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1. Below Knee 9 9 6 6 3 3 9 9
2.Holds up to 200 Ib adult male 9 9 9 3 3
3.Must be printed from 3D printer 9 3 9 3 9 9 6 3
4.Weight 7 Ib at most 9 9 6 9 6 3 6 6 6
5.Limited filament materials
5 6 9 3 9 6 9 3
6.Fits different heights sizes 7 6 3 6 9 6 9 3 3 9
7.Easy to carry 1 3 9 6 9
8.Adjustable to all weathers
1 6 3 6 9 6
9.Comfortable 6 3 6 3 6 6 3 9 9
10.Safety
9 9 3 9 6 6 9
11.Free ages use 3 3 6 3 9 6 3
12.low cost 9 3 6 3 9 9
Absolute Technical Importance (ATI) 168| 330| 285| 441| 378| 243| 147| 201| 135| 102| 240]| 411
Relative Technical Importance (RTI) 9 4 5 1 3 6 10 8 11 12 7 2

Strong relationship = 8; Weak relationship = 3; No relationship =0



3 EXISTING DESIGNS

A variety of products are available across the world for below knee amputees the team conducted a research
on them. The team was supposed to conduct thorough research. The researched has been done through a
number of sources like internet and by interviewing users who are using the similar kind of products. The
major attentions was paid on the designs which will fulfill all the customers’ requirement. The pros and
cons of the designs are studied. During research, some existing designs which are important for our project
are presented into following subsections.

3.1 Design Research

Over the years there have been a lot of research to replicate the exact characteristics of the human foot.
There are a lot of designs of below knee leg prosthetic are available in the literature. He team has conducted
a thorough research by utilizing the Google search engine. He team has also watched many videos available
on the YouTube of similar kind of product. First the team has studied the characteristics of the human foot
through literature. The teams have found many existing designs of the below knee foot prosthetics. Some
design have been studied thoroughly to develop the basic understanding of its working and pros and cons
of it. The team has also studied how the existing concepts can be used to make a simple, reliable, in-
expensive and light weight prosthetic leg. Some designs have also been investigated to make the height of
prosthetic leg adjustable to benefit the maximum number of population. Out investigation aims at
combining all the best characteristics of the design available across the globe to achieve a more functional
prosthesis which satisfies the customer’s requirements. The designs considered in our investigations are
discussed in the following sections.

3.2 System Level

The results of the investigations of some existing designs of below knee foot prosthesis are discussed in
the following sub-sections. This section also includes that which characteristics of these existing designs
can be incorporated to develop the best and in-expensive design.

3.2.1 Existing Design #1: Real Time Solution for Third World Amputees

A picture of the lower limb foot prosthetic design is shown in Figure 1. Foot prosthetic is made using low
temperature re-moldable thermoplastics. The socket of prosthetic foot is designed to fit on the amputee’s
residual limb in vary less time without the need for a trained prosthetist. Thermoplastic can also be used in
our design to make the design light weight so that it can easily be carried to one place to another. Since the
size of residual limb can also increase or decrease in volume so the concept of using re-moldable plastic
turns out to be the best part of the design. Residual sockets can also be re-molded easily hence there will
not be any support needed to hold the prosthetic leg.

First the limb of the amputees are covered with the plastic and fix to properly so that it will not
stick out from the limb. A socket of thermoplastic is wrapped around the residual limb and heated a little
bit. Due to heat the thermoplastic socket takes the shapes of residual limb. The molded socket is removed
and finishing is done. The finished socket then attached to the pylon. At the base of pylon an artificial foot
is attached to the base by using washer, nut and bolt. Since the socket is accurately molded in the shape of
residual limb so there is no need of any attaching mechanism [1].
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Figure 1: Prosthetic foot design for real time problem [1]
3.2.2 Existing Design #2: Adjustable Bicycle Limb

A picture of adjustable bicycle limb is shown in Figure 2. The leg is built from waste of a bike seat
hence it will be cheaper since the waste of a bike is used which is easily available. The parts are
made up of the steel so it is little heavy. The best part of the design is use of rubber at the foot base
to provide the traction to prevent the amputees from falling. The rubber is in-expensive and can be
incorporated in team’s design.

The bike seat is first removed from the frame and seat post is separated from the seat by
loosening and using the bolts and washers. The seat post is the base upside down and forms the
lower shin and foot. A 1” thick piece of wood is cut to a size of foot and lined with rubber on the
undersurface to provide the friction so that the amputees will not fall. The seat post is attached to
the foot. The seat support frame and rear wheel supports are separated from the bike, and the rear
wheel supports are bent to form the calf support for the socket. The foot are attached to the residual
limb holder. The length is made adjustable at this junction. To provide the support to the residual
limb a wooden disc is attached at the base of socket holder. The socket is attached to the socket
holder by plastering around the arms of the socket holder and the prosthesis is held on with a
suspension strap connecting the prosthesis to a belt worn around the waist [2].



Figure 2: Adjustable bicycle Limb [2]

3.2.3 Existing Design #3: Elliptical/Circular Shaped Low Cost Prosthetic

A picture of the prosthetic foot design is presented in Figure 3. A low cost mono limb has been designed
for less fortunate amputees using both circular and elliptical shaped shanks. The specific thermoplastic
material used for fabricating the foot prosthesis is polypropylene. This material can also be used in our
project due to its strength, flexibility and ductility. The flexibility of polypropylene causes the mono limb
to deflect during walking which simulates ankle joint motion. The best part of the design is that it socket
and pylon are molded together. The major drawback of the design that it’s can not be adjusted after
fabrication. The wooded foot which resembles the actual foot is made and attached to the socket and pylon.



Figure 3: Elliptical/Circular Shaped Low Cost Prosthetic [3]

3.3 Functional Decomposition

In this project, the major aim is to create a 3D printed, inexpensive and reliable foot prosthetic so that it can
provide the stability to the below knee amputees during standing and walking. As the name suggests, the
major task is broke down to the much simpler task. This will help the team since it is easier to solve
relatively simple task instead of trying to solve a bigger problem. This section includes the two sub-section
which explains the black box model and the hierarchical task analysis.

3.3.1 Black Box Model

A black box model is a model which represents the input and output of the specific systems without even
knowing the internal working of the system. The black box model is made for the below knee foot
prosthetics and shown in Figure 4. The inputs to the black box model are the various forms of energy
associated with it, material and the signal which are beings fed to model and are shown in the left hand side
of the model. The output of the black box model will be the form of energy, the product and the function of
product as the signal and presented in the model at the right side. A black box model for the 3D printed foot
prosthetic is presented in figure 4 where all the input for material, energy and signal are shown at the left
side of the black box with different types of arrow and all the output at the right side of it. The thick arrow
represents the material, a lean arrow represents the form of energy and the dotted represents the signal.
Final result will be the ability to stand and walk with the help of 3D printed foot prosthetics.
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Figure 4: Black Box model

3.3.2 Hierarchical Task Analysis

A hierarchical task analysis provides an understanding of the tasks users need to perform to achieve certain
goals [4]. The team has break down the main task to the multiple sub-task and arranged in a systematic way
to achieve the goal. With the help of hierarchical task analysis, the team was able to explore the multiple
ways of performing the same sub-task. It also describes the interaction between the user and the product.
This has also helped us in optimizing the sub-task to accomplish the goal. The hierarchical task analysis for

the 3D printed foot prosthesis is as follows:
o Finalize all the parameters for the design of prosthetic leg.
¢ Finalization of material to be used for foot prosthetic.
e  Which machines to be employed.
e  Where to find such kind of machine.
e Inputs required for the machine.

e Out-put of the machine.

e Attachment arrangement of prosthetic leg to the residual foot.

e 3D printing of pylon to attached the socket and foot.

e Designing of base of prosthetic leg.

e Fabrication of the base.

e Attachment mechanism of the junction of socket to the pylon
e Attachment mechanism of the junction of socket to the pylon
¢ Finishing the product if required.

e Ways of attaching the prosthetic to the residual limb.

e Testing of the product by amputees.

Prosthetic Leg

TRy 2

Mechanical and
Kinetic Energy

Ability to Stand and
Walk

Signal sssspp




3.4 Subsystem Level

The subsystem levels of the already existing designs addressing the requirements relevant to our project are
as discussed below.

3.4.1 Subsystem #1: Foot Designs

Designing of foot is very crucial in this project as this will provide the base to the design. It will also affect
the load transfer to the amputees. Some of the existing designs are discussed in the following subsections.

3.4.1.1 Existing Design #1: SACH Foot

Early designs for prosthetic feet were often a solid piece of wood. A similar design, the SACH (solid-
ankle-cushioned-heel) is still in use because of its steady function, especially useful for individuals with
lower activity levels. A SACH foot presented in Figure S, typically has a rigid inner structure (wood or
plastic) surrounded by a compressible foam cosmetic shell [5].

/
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Figure 5: SACH Foot [5]
3.4.1.2 Existing Design #2: Niagara Foot

The Niagara foot presented in Figure 6 is a very simple yet inexpensive, practical, and sturdy.
The foot is made from a single piece of plastic formed to replicate a normal human foot. The
shape of the foot is to provide energy return [6].

Figure 6: Niagara Foot [6]



3.4.1.3 Existing Design #3: Support Foot

Support foot is shown in Figure 7. A good prosthetic foot should also be strong, as it will be taking on
huge force and torque as user walk and run. Feet must also be small enough to fit within a foot shell. A
cosmetic covering is provided to get the better look. Being light, strong, and small, and yet functional and
durable is the challenge [5].

Figure 7: Support Foot [5]
3.4.2 Subsystem #2: Socket Design

The socket is the most important part of any prosthetic limb, if the socket doesn't match the residual limb’s
anatomy exactly, problems can occur. It will govern the comfortability of the prosthetic foot. This will be
the contact point of the prosthetic leg to the residual limb. So it should be selected in such a way that it will
not pose any threat to the human body. Some designs of the socket of the prosthetic foot is presented in
following sub-sections.

3.4.2.1 Existing Design #1: Socket 1

The socket of the prosthetics limb is presented in Figure 8. As seen from figure there is not any separate
attachment arrangement. The socket itself is sufficient to hold the weight of the prosthetic leg. The cushion
is provided at the contact points of the residual limb. It is made of the thermoplastic enabling residual limb
muscles to flex when walking, standing and sitting [7].

-

Figure 8: Socket #1 [7]
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3.4.2.2 Existing Design #2: Socket 2

The design of the socket #2 is presented in Figure 9. It is clearly evident from the Figure 9 that a separate
shocks is attached to hold the prosthetic limb. This can be useful to our project as a holding mechanism of
prosthetic leg into the residual limb of the amputees. The weight of the full prosthetic foot will not directly
come to the residual limb. Part of the weight of the prosthetic leg will be supported at the waist [8].

Figure 9: Socket #2 [8]
3.4.2.3 Existing Design #3: Socket 3

The picture of one type of socket is presented in Figure 10. This socket helps the amputees for tightening
and loosening according to their requirement. It is made of the flexible fiber plates and a belt is placed
around the socket. By tightening and loosening the belt the socket will get tightened or loosened to the
residual limb. The type of socket will fulfill the requirement of customers since it is easy to attach and
detach and also it is in-expensive [9].

Figure 10: Socket #3 [9]
3.4.3 Subsystem #3: Pylon design

Pylon design is also essential part of the foot prosthesis to transfer the reaction load to the residual limb. Its
height is also important since height of both the foot should be equal to provide the stability during standing
and walking otherwise it will not fulfill any purpose to the amputees. Some of the commonly used pylon
design are discussed in the following subsections.
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3.4.3.1 Existing Design #1: Adjustable Pylon

Adjustable pylon is the simplex pylon which can be fabricated anywhere. It uses a two different diameter
pipes where one can easily go inside the other pipes. A clamp is attached between the pipes. To adjust the
height clamp is released and inside pipe can be taken out or in according to the height of amputee [10].

After adjusting the height clamp is again tightened to fix the length of pylon. The components of the
adjustable pylon is shown in Figure 11.

————

Figure 11: Component used in building adjustable pylon [10]

3.4.3.2 Existing Design #2: Pylon fixed to the foot

Pylon fixed to the foot base is shown in Figure 12. The top of the pylon will be fixed to the socket by
socket. The height of the pylon can not be adjusted.

Figure 12: Pylon fixed to the foot [11]



3.4.3.3  Existing Design #3: Pylon fixed to the socket

Picture of the pylon fixed to the socket is shown in Figure 13. The pylon is 3d printed along with the socket.
It is the simplest design of the pylon. The advantage of these kind of pylon is that it can be easily attached
and detached from the residual limb. It will be lighter since the whole pylon is printed with the lighter
material. Only drawback of these kind of design is that its height cannot be adjusted.

Figure 13: Pylon attached to the socket [12]
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4 DESIGNS CONSIDERED

The team’s goal is to build an in-expensive, reliable, light weight and 3D printed lower limb foot prosthesis.
The team has done an extensive research on the available designs across the globe and come up with the 10
best possible designs which will be evaluated further to get the best possible design that satisfies all the
customer needs. The design considered are explained in the following subsection along with it’s pros and
cons. The explanation of some of the designs are placed at appendix A.

4.1 Design #1:

Schematic diagram of the design is placed at Figure 14. A spring is attached from the socket to the foot.
Advantage of using the spring is that it will absorb the reaction forces and impact while walking. The
residual limb will be directly supported to the socket. There is not any mechanism so that the residual
limb will be hold the weight of the prosthetic foot. The spring will get compressed when the foot will
come in contact to the ground that may cause the uncomfortability to the amputees while walking.

P .
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Figure 14: Design #1

4.2 Design #2:

A design of foot prosthetic is shown in Figure 15. The idea of this design is that
instead of putting the load into one spot, by this design we can split the forces into
several spots, which will lead in separating the loads through these pipes. This idea
came because the team is trying to figure out some design that is lightweight (7 Ib at
most) and can hold up to 200 Ib. Unfortunately, this design has no adjustable heights
and it is not comfortable for daily use, because it is wide in the below which leads to
difficulties while wearing clothes.
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Figure 15: Design #2

4.3 Design #3: Spider Web

The design presented in Figure 16 is inspired from a spider. A piece of wool is attached at the top of the
spider legs. Residual limb sits at the top of the wool and the spider web grands the residual limb of the
amputees. Design of the concept is very complex so this will be hard to build that may increase its cost.
Also it may not be able to sustain the 200 1b weight. Its height can’t be adjusted. Major pros of the concept
is that it is light weight and comfortable.
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Figure 16: Spider web
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4.4 Design #4: Crutch

Schematic diagram of the crutch is shown is Figure 17. At the top shocks is attached to hold the residual
limb. A metal stick is place in between the pylon. Hole is made in the pylon as well as in the metallic stick
to make its height adjustable. A pin is place in the pylon hold through the stick. To adjust the height, first
remove the pin and push the stick inside the pylon and again put the pin to support. Due to the use of
metallic parts, its weight will be little high so it will not be easy to carry it. It is a very simple design and
easy to build.

md’&% ’1’?
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Figure 17: Crutch
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4.5 Design #5: Air

The design presented in Figure 18 makes use of the air suspensions. The foot is made of the metal strip and
attached to the lower pylon. Socket is attached at the top of the pylon. At the junction of upper and bottom
pylon air suspension is attached. As the air will be pumped into the suspension its height increases. Air
suspensions are used to make the height adjustable. It will be costlier since it uses the air suspension and
also it needs the regular maintenance. Its weight will not exceed 7 1b sinces the ABS and air suspensions
are used.

ol
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Figure 18: Foot prosthetic using air suspensions

4.6 Design #6: Sea horse

The bottom of the design presented in Figure 19 is inspired from the sea-horse. The pylon is built from
the curved plate. The two springs are attached to the pylon which absorbs the reaction force and impact. It
is very hard to build. It specifically can be used by the athletics. The cost of the product will be high so it
can’t be used by the common people. Its height is also not adjustable. It will not be heavy since very less
no. of parts are used for fabrication of the product.

Figure 19: Sea-horse
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5 DESIGN SELECTED - First Semester

A number of designs are considered for designing a below knee foot prosthetic. Total no. of design
considered for the building a foot synthesis is 10. All the designs are evaluated to get the best design. The
aim of the team is to build a 3D printed below knee foot prosthesis which is in-expensive, light weight,
adjustable and comfortable. All the designs are evaluated based on the customer need. The design which
turns out to be the best is presented in Figure 20.

ﬁl‘—ta"
pa T Ty

Figure 20: Crutch

The following subsections includes the way team has reached to the best possible solution among the
multiple possible solutions.

5.1 Rationale for Design Selection

Pugh chart is basic tool to evaluate all the possible designs. The team has narrowed down to 4 possible
designs which perform well during the analysis out of the 10 possible design with the help of Pugh Chart
analysis. First in the Pugh chart analysis a design is fixed as a datum with which all the designs are
compared. In the Pugh chart the customer needs are listed at the left and all the designs are evaluated with
respect to some datum. The detailed Pugh chart is placed at the Appendix B. All the design are evaluated
and given the ‘+’ for positive, ‘-’ for negative and ‘S’ for the satisfactory performance. The design which
have got more number of ‘+’ is highlighted and considered for further analysis. Out of 10 design, the team
end up getting multiple design from the Pugh chart analysis which are highlighted in the Table B.1 placed
at Appendix B.

Designs shortlisted from the Pugh Chart analysis is further evaluated based on the customer needs with the
help of decision matrix. On the left side of the decision matrix place at the Table B.2 in the Appendix B,
all the customer requirements are displayed and weightage out of 1 is assigned to all the customer needs.
The scores out of 100 is given to all the selected design variant. The scores is multiplied to the weight to
get the weighted score. These weighted scores is summed up to get the final scores of the respective design
variants. The Variant 4 turns out to be the best with 88.4 So design variant 4 is selected for building the

18



below knee foot prosthetic.

To evaluate these possible design, decision matrix is employed. In the decision matrix the customer
needs are listed at the left and all the possible design is evaluated to find out the best possible design. The
detailed decision matrix is placed at the Appendix E. In the matrix a weightage is given to each customer
needs and based on those the score is given to each design. From the decision matrix analysis design 4:
Crutches turn out to be the best design with highest score of 88.4.

The selected design is satisfying the customer needs such as 3D printed, resettable, safe and unique.
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7 APPENDICES

7.1 Appendix A: Design Considered

7.1.1 Design #7

The Figure A.1 shows a simple lower lib foot prosthetic. The socket, pylon and the foot is printed
simultaneously. A spring is attached to the base of the foot to absorb the impact loads. Its will be lighter in
weight since only the fiber/ plastics cab be used to build it. Spring increases its comfortability. It can easily
withstand the required load of 200 1b. Major drawback of this prosthetic foot design is that its height can’t

be adjusted.

Figure A.1: Design of foot prosthetic leg
7.1.2 Design #8 Gate Wall

A schematic design of the gate wall is place at figure A.2. A gate wall structure is used in the place of pylon.
At the top socket is attached. The base of the gate wall is attached to the synthetic foot. Due to the gate wall
structure, its height can be adjusted easily. It is easy to handle, in-expensive, easy to build and comfortable
to the amputees. Major drawback is its complexity and weight. It should be cleaned regularly.

Figure A.2: Design of foot prosthetic leg

7.1.3 Design # 9 Hydraulic System

In the design presented in figure A.3, hydraulic system is used in between the pylon to make the height
adjustable. At the top of the pylon a socket is attached and at the base a synthetic foot is attached. Due to
use of the hydraulics, its complexity will increase which will results in the high cost. Its maintenance cost
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is also high. It can easily support the 2001b weight. It’s weight will also be greater so the user will not be

able to carry it easily.
L
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Figure: A.3: Design using Hydraulic System
7.1.4 Design # Versatile

Design shown is figure A.4 is versatile. Its foot can be changed according to the need of user. Foot design
is made for all climbing, swimming, and walking. The foot can easily be installed by tightening and
loosening the nut and bolt. A socket is attached at the top of the pylon which is comfortable for the
amputees.

(¥) (4

Figure: A.4: Versatile design
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7.2 Appendix B:

7.2.1 Pugh Chart

Design variant 6 has been taken as a datum and all other designs have given scores of ‘+>  ’ ‘s’ for good,
bad and satisfactory performance respectively with respect to the datum. Final score is evaluated by
deducting the no. of minus from the no. of plus. The design which gets the highest score is selected. The
design variant 4, 6, 8 and 10 turns out to be the best among 10 variants. These 4 design are further evaluated

based on the customer needs.

Table B.1: Pugh Chart
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7.2.2 Decision Matrix

Decision matrix is shown in the below table B.2. The total score are calculated after summing up the
weighted score. The variant 4 of design got the highest score hence selected for the implementation.
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Table B.2: Decision Matrix

Weight Variant 4 Variant 6 Variant 8 Variant 10
o Score | Weight Score Weight Score Weight Score Weight

Criterion Score Score Score Score
1. Fits different 0.18 100 18 80 14.4 100 8 60 10.8
height sizes
3. Limited 0.2 90 18 40 8 60 12 80 16
filament material
4. Weight 71b at
most 0.14 70 9.8 100 14 30 4.2 100 14
5. Holds up to
2001b person 0.24 90 21.6 70 16.8 100 24 90 21.6
6. Factor of
safety 0.14 100 14 80 11.2 70 9.8 100 14
Totals 1 88.4 71.4 73 81.4
Relative Rank 1 4 3 2
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