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EXECUTIVE SUMMARY 

Our project was on the Lerner exoskeleton actuator, which 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. 

The purpose of the project was to help improve the lifestyle of people with disabilities and to observe and 

record data about disabled people and to find measures to enable their wellbeing. Our goal was to 

improve the design of the existing exoskeleton in order to enable free movement of limb muscles using 

the engineering requirement. Through research, we found out that the use of exoskeletons can be applied 

in several fields such as in the Medical field whereby 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. 

More so, civilians use exoskeletons as a means of research for science and technological inventions for 

the purpose of improving the lifestyle of neuromuscular disordered people. Research also showed that the 

in the existing previous designs, 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. Therefore, banking on these weaknesses of the 

previous designs, our team chose to structure the exoskeleton 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. 

 

Figure 1: series elastic actuations device 
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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  
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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 
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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. 
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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 Requirements (CRs) 

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. It is imperative 

that item configuration engineers be comfortable with, and cling to, their organization's item 

measures and particulars, so they may structure quality items that speak to the organization mark. 

They should likewise remember patterns and the necessities of purchasers when planning items. 

Engineering requirements are derived from the customer needs and are more detailed according 

to engineering perspective. While engineers give a specialized arrangement, it is essential to 

comprehend that building configuration infers an answer that is stylish too. As it were, fashioners 

also are included to guarantee that the finished result is affordable, eco amicable and advances to 

clients. The team looked at the existing designs and their objectives. Since the previous design 

objectives were based on the consumer needs at that time, the team merged the modification 

proposal to the customer needs but at the same time making sure that the whole procedure would 

was under the recommended engineering standards like weight, dimensions and safety 

requirements. We opted for a compliant actuation, just as is the case in gait rehabilitation robot. In 

this kind of robot, there is need for substantial forces to help the patient. In the event of post stroke 

patients just the influenced leg must be bolstered while the development of the unaffected leg 

ought not be prevented. Not blocking the movements of one of the legs implies that mechanical 

impedance of the robot ought to be negligible (van der Kooij et al., pg 1). The blend of vast bolster 

forces and negligible impedances can be acknowledged by impedance or permission control. 
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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 lbs-150lbs 

  

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) 

The main objective of testing the complete actuator was to determine whether the modification goal has 

been achieved and whether the product is viable. More so, testing is going to be check if the exoskeleton 

is working in line with the Engineering requirements. 
 

1. Design Measure torque  
The exoskeleton should have a torque out from the motor from 0-7Nm and the torque going out 
of the pulley will be 0-21 Nm this will depend on where spring is located. 

2. Design a device with a weight limit.  
This device should be able to accommodate the limb of a patient weighing from 50 to 150 lbs. to 

accomplish this requirement; individuals ranging from 50 all the way to 150 lbs. 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. 

3. Spring location  
The team suggested three suitable locations to place the spring, then based on our analytical 

work we chose liner design spring. 

4. 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 180ᵒ. 
5. 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 
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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 

relative technical importance. QFD table is shown below in Table 3. 

Table 3: QFD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the above table, it is clear that the highest ranked 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%. Research has shown that compliant actuators have an advantage in that they not just have 

a positive unsettling influence dismissal mode (through the consistence), yet in addition have 

adequate power following transmission capacity. The consistent actuators examined in this article 

were assessed for use in an exoskeleton for walk preparing reason yet might discover more extensive 
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application. Most importantly the particular application will be depicted, trailed by models and 

accomplished execution of the actuators. Therefore, when the needed motor torques will be high, 

actuator will not just have an ideal unsettling influence dismissal mode (through the consistence), 

yet additionally have adequate bandwidth.
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Figure 2: Sarcos exoskeleton 

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 

[his 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 180ᵒ. 
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Figure 3: Berkeley exoskeleton 1 

Figure2: Sarcos exoskeleton 1 

Figure4: MIT exoskeleton 1 

   

 

 

 

 

 

 

 

 

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 lbs. 

 

 

 

 

 

 

 

 

 

3.2.3  Existing Design #3: MIT exoskeleton 

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. 
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Figure 5: Black Box 1 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

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. 
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Figure5: Functional Model 1 

Figure 1: exoskeleton motors 

 

 

 

 

 

 

 

 

 

 

 

3.4  Subsystem Level 

In order to make the design effective, the components of the system should also be included   
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. 
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Figure 2: exoskeleton control 1 

3.4.1.1  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. 

3.4.1.2  Existing 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]. 

3.4.1.3  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. 

3.4.2  Subsystem #2: Controls 

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 3: exoskeleton structure 1 

 

3.4.2.1  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. 

3.4.3  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? 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.3.1  Existing Design #1: Sarcos exoskeleton 

The structure of the sources exoskeleton is made in a way that the user’s limb is interfaced with 
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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. 

 

 

 

Figure 4: exploded view of motor block and bag pack  
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Figure 9: rotational spring 1 

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: 

• Last for a longer time 

• Can be adjusted easily  

Disadvantage: 

• We might add more parts than needed 

• Hard to assemble 

 

 

 

 

 

 

 

 

 

 

 

4.2  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: 

• Will not change the pulley 

• More power efficient 

Disadvantage: 

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

• Springs are in parallel 
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 Figure 11: Designing of the exoskeleton using all the above designs 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3  Designing of the exoskeleton using all the above designs 

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 

vertical movement. 

Advantage: 

• It helps the patient when he slips 

• It has an adjustable 

Disadvantage: 

• Increasing the design length 

• Increasing the weight 
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5  DESIGN SELECTED – First Semester 

Selection of the most appropriate design was based on the customer needs couple with the objectives. 

More so, since any given engineer would want to use minimal material but come up with a satisfactory 

product, the design which would see less material being used would be more preferable. 

 

5.1   Rationale for Design Selection 

The Project Rationale is a layout of perspectives explaining the foundation of the project. It recognizes 

the requirement for the product and offers viable options. The team was satisfied with the existing Design 

#3: MIT exoskeleton design as it met all the conditions of the engineering requirements as well as client 

specifications. As shown in the Pugh Chart 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 (Appendix 8.2). 

5.2  Design Description 

The team decided on using the designs in figure 10 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. Furthermore, our analytical and calculated work as shown 

in (appendix 8.2B) proved that the design will meet the customer requirement. 

Table 4: Decision matrix 

    Design  Design  Design 
            

Criterion  Weight  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 

 

The visual Impression of the design 
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Figure 12: CAD image of the design 1 
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Figure 13: CAD front view 

6  PROPOSED DESIGN – First Semester 

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 rest of 

the part are going to be manufacture from proto labs which a website is provided by the client. The three 

parts which are the motor and the gear box will be order from the company called maximum motors and 

the bag pack will be given from the Client. Third the team will know the cost and will be filling the 

papers from NAU’s 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 pack 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 bag pack 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. 
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Figure 14: Exploded view of Project Mode 1 

7  IMPLEMENTATION – Second Semester 

or the implementation of the project we need to start working on the design of the Exoskeleton for the 

application of the leg. We have considered different 9 types of the designs. Final design we have proposed 

is as shown in the figure 1 below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A s we can see from the Figure 1, it consists of the different components. Total list of the components is 

listed in the Assembled parts table in the Table 1. 

Sr. No. Assembled parts MOC (Material of Construction) 
   

1. Shaft SS 
   

2 Bearing SS 
   

3 Foot Plate SS 
   

4 Ankle Capture Block SS 
   

5 Extension spring Spring Steel 
   

6 Lower Pulley Aluminum 
   

7 Hock SS 
   

8 Torque Sensor As per Datasheet 

Table 5: Assembled parts 
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Figure 15: Torque Sensor Specifications 1 

7.1  Manufacturing 

For the manufacturing of this project we need to start from the basic components which is ordering and 

will get component ready from the supplier like torque sensor, Screws, Extension Springs because it takes 

time for delivery. First, we have ordered the torque sensor. For the torque sensors we needed a reaction 

type torque sensor. We have selected reaction torque sensors TRT-500 model torque sensor of Make 

Transducer Techniques from the website of the organization according to our required specification as 

shown below. 

 

 

 

 

 

 

 

 

 

 

 

After that we have done the ordering of the spring which is going to be used in the Ankle support block 

and pulley. We have ordered it from a company called Century Spring based on our calculation. Since the 

T bar and the motor Bracket are the most sensitive and hard parts to be manufacture our client 

recommended to use protolabs. Which is an online machine shop. The reason that we started ordering the 

major items as we considered because the need time to be delivered. After that, we started to order the 

items that arrive fast which is Shaft, Bowden cable, Screws, Bearings, Meatal Sheets and meatal bar...etc. 

After ordering all of the items, we started with process of manufacturing the leg bar. Also, since we have 

exceeded our budget our client has provided the pulley and the foot plate. 

7.1.1  Ability to be used by people of any age  

This project was designed to cater for people who have difficulties in walking and this exoskeleton that 

has spring torque and uses the spring pulleys to assist in movement. This is achieved by analyzing 

different dimensions. Such dimensions are; 

In the manufacturing which the exoskeleton is meant to be used by people across all age group and of a 

certain specific weight range that is from the children to the adult and to the old people who faces the 

challenges of moving around on their feet hence the requirement analysis was conducted before 

undertaking any manufacturing to meet this customer is requirements. 

The second dimensions is mechanical design issues so as that the design is adjustable to be used by 

people across the different age groups. Adjustability of the exoskeleton is paramount in the manufacturing 

section in which the limbs, the external frames and the use of thigh belts for adjustability. This is 

achieved in the design change, in which adjustable belts are used to secure the foot. The material to be 

used need to be a light weight material and has a high load bearing capability. 

 

7.1.2  Weight of 0.7 kg or less for Patients with 50lbs-150lbs 

This design is to enable people with disability to move around hence the need for the exoskeleton to 
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have a system that is light weight. For this analysis is done to keep the weight at 0.7kg or lower per 

limb. 
 

7.1.3   Material selection 

The material to be used is considered to factor weight reduction for the exoskeleton. Carbon fiber is 
the preferred material, this is because it has properties such as it is a very high lightweight material 

and can withstand large loads. 
 

7.1.4  System design 

Weight reduction and system efficiency was the essential of the implementation while at the same 

time maintaining the mechanical properties of the design. The mechanical properties are have to be 

kept at a specific value, which is the yield strength of the system is to be maintained at 500ksi and 

the modulus of elasticity (E) at 678ksi. The weight reduction is catered through load modelling and 

analytical calculations. 
 

7.1.5  Controllers  

The exoskeleton has 8 DOF and can be controlled in two ways; through impedance control or the 

torque control. In this design, the torque control was used. The exoskeleton operates, when the foot 

plate moves the shaft moves the torque sensor and the pulley. The pulley rotates the cables resulting 

to the extension springs extending. 
 

7.1.6  Material for the control and actuation activities  

The control and actuation activities, the material used have to be quick in response and the system 

must not load heavily in the structure in which it is mounted. Actuation activities were designed to 

have less lag and quick control. The motor from the torque is limited and it for the device to work 

better the torque need to be attained in a very small amount of time. 
 

7.1.7  Bill of materials  

The BOM is formulated in regard to the selected material. This bill of materials was prepared after 

market survey was carried out. The table 1 shows the BOM for the proposed design. This was done 

after the team contacted a company which gave the team estimated costs. Furthermore, this BOM are 

all material was purchased from McMaster-Carr. 

Table 1. Bill of Materials 

Part name Dimensions Price 
   

Alloy steel screw 6mm M5X0.8 40mm 3.30 
   

Alloy steel screw 6mm M5X0.8 45mm 6.04 
   

Alloy steel screw 6mm M5X0.8 50mm 6.40 
   

Worm drive clamps 5/16 wide band 6.26 
   

SS ball bearing 6mm shaft diameter 52.44 
   

Roller chain ISO 04B chain 30.22 
   

Button head hex screw M5X0.8mm 40.92 
   

Aluminum bar 6063 1/8 x 3/4 11.28 
   

SS corrosion resistant wire 7x7 1/16 8.00 

Total = $174.06 
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7.2  Design Changes  

For the finalization of the design we have faced many problems in the manufacturing and application wise.   
We have considered 9 different types of design as described below: 
 

To improve the design so as the goal of the project, there are design changes which are made so as to 

achieve. These changes are made throughout the project process from the beginning till the end. The 
main problem encountered was the attached to the cost of material to be used to actuate the design.  
The exoskeleton system has several iterations to assist in the technology to the individuals with 

neuromuscular deficiencies. The original design faced with both technical and operational challenges 

which are weight issues of the exoskeleton which burden the customers and the assembling of the 

exoskeleton was complex, the strength of the prototype, 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.  
In this research, the parameters of the gait and the variables of the lower limb that will be fundamental to 

develop the exoskeleton in the physical part as in the mechanical part were analyzed. In addition, the 

flexion/extension angles of each of the joints were obtained, which can be used to control the 

mechanism. The T bar used aluminum 6061 t-651 for the structure. This structure allows the design to be 

withstand weights of up to 150lbs. In addition, the design will include use of thermoplastic material to 

cover the legs for purposes of improving on the strength of the material, allow for comfort of use, as well 

as improve on the covering of the legs while in use. Equally important this design is adjustable by 

moving the sheet of the plastic up and down. Also, the foot plate also is adjustable for different sizes. 

Moreover, the size of screws was 0.25".  
Based on the design, the team seeks to improve ensure that the structure of the design is hard enough 

to be able to carry a load weight of maximum 150lbs. In addition, the structure toughness and elasticity 

should be in such a manner that the design remains effective for use and also be long lasting.  
Some of the design changes had caused problems for the team which was due to the material which was 

used at first which cost was high. Also, the team encountered problems in designing the exoskeleton 

system to be adjustable as demanded by the customer with respect to their requirements. Since the in 

the hardware review part, the team had accomplished and implemented half of the project at the same 

time having the team to concentrate on finishing the rest of project to the specifications.  
To address this different foot plates had to be created and the thickness of the footplate had to be 

adjusted. This addressed the weight of the design of the exoskeleton. Plastic sheet materials were used in 

the project since they have good resistance to chemicals and can withstand large loads. They can wear 

and fairly hard. The team had printed the leg bar, T bar and the torque sensor using the 3D printing 

machine and they were attached to the project in order to be fitted on the actual design.  
To reduce skin irritation pieces of foam were glued on the plastic sheets. Also, to make the material 
used to be stronger aluminum sheet were added around the plastic sheet of the shin and thigh areas. 
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8  TESTING 

The testing proof for our exoskeleton will be on analyzing the series elastic actuator and how did it 

improve on Dr. Lerner design. Furthermore, we will implement our customer needs that we got from the 

client. These customer needs were translated to engineering requirements, we worked based on them to 

improve the design. For the testing of this project we will need certain equipment to do the testing. The 

tools needed for the testing are DC battery, PCP board, treadmill, 6ft cable. The proses of this testing will 

have several phases.  

Engineering Requirement  

 

Achieved value  Met or Not 

 

0-7 Nm out of the motor 

0-21 Nm out of the lower pulley  

 

6.94 Nm out of the motor  

20.4 Nm out of the pulley  

Met 

Patient 50 lbs-150 lbs. 

 

140lbs tried by one of our team 

mates  

Met 

Selection for the spring  

 

Extension spring F=635.35N Met 

Does not contact the ankle 

 

N/a Met 

Simple design 

 

Based on client feed back Met 

Result: 

As you can see below in graph this shows a static test done by us and our client that shows that 

we met the 0-21Nm for the result which out pulley and this is a static vs deflection graph. Based on our 

static test that we did 

 

Graph1: Torque VS Static Deflection 1 

Testing Phases: 

1. The first phase, we will see if the mechanism of the device is moving. For example, Mechanism 

of the pulley and the leg bar and the strength of the spring. 

2. We will attach the DC battery and the PCP board and see if the motor and the gear box are 

functioning properly.  
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3. Third phase, one of us will wear it and test it while walking to see if the spring will have enough 

stiffness to hold both the weight of the patient and the toque from the pulley.  

4. . The fourth phase will be measuring the Torque. On this phase Dr. Lerner will provide us with a 

certain program to measure the Torque from the Torque sensor to see if it will have the readings 

which we calculated from our analytical report. 0-21Nm out of pulley and 0-7Nm out of motor 

 

Figure 16: Final Product Exoskeleton  
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9  CONCLUSIONS 

To conclude on our project, our team designed an exoskeleton for a series elastic actuator that can 

improve the clinical gait for a patient that has cerebral palsy. This was achieved by determining the 

customer needs, by generating the current design and searching on new design concepts to place a series 

elastic actuator for the current exoskeleton and selecting our final design and the testing for our final 

spring design for the exoskeleton. 

9.1  Contributors to Project Success 

The reason of the success for the project is due to several elements. The first reason that we had 

cooperative team members that was an essential to the success of the project. Also, the team 

member contributed with several things such as design, manufacturing, and technical analysis. 

The most helpful thing is that the team members are always welling to help each other with any 

tasks.   

9.2  Opportunities/areas for improvement 

During testing our team has noticed some issues that needed to be developed and improved. Our 

team advises to change the type of martial on some of the parts such as the foot plate and Pally to 

lighter martial such as Carbon Fiber. The reason of this change to make the device lighter so the 

patient does not feel the weight. The second advice is to change the back bag to belt. Because it 

will be easier to patient to move easily. Furthermore, some more design improvements was the 

upright (leg bar) on the pervious designs there was a bent on the leg bar or a curve of 45 degrees 

so we needed a more rotational motion for the foot 0-45 degrees so we changed the design by 

make 254 mm straight leg bar and increasing the number of holes to have a more adjustable for 

the difference in height of the patient. 
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11  APPENDICES 

11.1  Appendix A: Design Considered 

11.1.1  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 

 

11.1.2  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. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14: spring connected to plated leg 

 

11.1.3  Design #4: pulley or hip joint design 

This design is changed completely by moving the location of the pulley and adding an 
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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 

11.1.4  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.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16: damping spring design 
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11.1.5  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. 
 
 

 
 

 
 

 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 

 
 

 
 

 

Figure 17: buckling cables 
 

 

11.1.6  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. 
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Figure 18: Design with straps 

 

11.1.7  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.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 19: Fabric 
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Figure 20: CAD Drawing Sheet 
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11.2  Appendix B:  
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Table 6: BOM 
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In order to calculate forces on motor pulley we have to start from the 

foot. Load on exoskeleton when it is working with person is around 60 kg 
i.e. m=60 kg 
w=mg=60 x 9.81=588.66 N (this is when on ankle when foot is placed) 

CG of the system is shown in the picture in the assignment based upon that 
-1 o 

=Tan  (25/62) = 22 
From√(62the2)fig+ (252)  
L= 67 mm  
And to meet requirement that is 

Ɵ=10
o
 this is movement in the ankle 

Torque at output pulley is around  
Tout = l x w x sin( +Ɵ) = 0.067 x 588.66 x sin (22+10) 

This gives  
Tout = 20.9 Nm 

 

This is the peak torque at ankle pulley or we can say that motor has to overcome this load or you can 

say peak load. Now we have a gear ratio from pulley system is 3 this we get by dividing pulley diameter 

by motor output pulley diameter. Since gear ratio between pulleys is 3, and peak torque is 20.9 Nm so 

the peak torque that the motor produce is given by  
20.9/3 = 6.96Nm this peak motor torque  
Now we know that peak torque that the motor can provide is 7Nm which is greater than 6.96Nm so our 

system will work. One another important point is how much spring should deflect because if deflection 

is too much then there would be no effect of spring on the other hand if spring stiffness is too low then 

lag would come into system this means that when motor rotates first spring will deflect and after that 

pulley will tend to rotate, so it depends upon requirement that is how much deflection we can afford in 

the system.  
2-3 cm deflection in the spring would be enough so that there is not too much lag in the system. 
Now we have calculated what are the forced that are coming on cable 

Torque produced on the ankle is 20.9 Nm  
This torque will transfer force on the cable 

T=r x F  
Where r is pulley radius and F is force produced on cable So, by back solving it we can calculate what 
are the forces that are produced on the cable so, 

F = (2 x 20.63)/0.0765  
F= 546.4 N  
This is the force produced in Bowden cable and spring. 

Now maximum deflection produced in the spring is 3 

cm So 

x=3 cm  
k=F/x 

k=18 KN/m 
This is the stiffness of our spring 
=  ( 4 ) 
Now what would be specs of spring? 

8 (3) 
For 302 Stainless steel  
Max shear stress= 517 MPa 

and G=69 GPa 
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Figure 21: Extesion Spring  
 
 
 
 
 
 
 
 
 

G=79Gpa (SS)  
Na= Nb + G/E 

Na= 60 + 79Gpa/207=60.38 

 

k= F/x 

F=538 (produced by toe)  
X= 3mm Deflection 

Putting the Values  
K= 18 (N/m)  
 

 

Putting the values 

C=2.4/0.5  
C=4.8 
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Spring Calculations: 
 

 

Given data: 
Wire Diameter, d: 1.397 mm 
Outside Diameter, OD: 7.62 mm 
Mean Diameter, D: OD – d = 7.62 – 1.397 = 6.223 mm 
Fractional overturn closure, xi: 0.15 
Max. Operating force, P: 102.3 N 
Length of the spring: 35.052 mm 
Material: Music wire 
Tensile strength, Sut: 2110 Mpa 
For Music wire ratio of strength: 0.45 
Yield strength, Syt: Tensile strength x ratio of strength = 2110 x 0.45 = 950 Mpa. 
Shear Modulus, G = 81 Gpa 
Number of inactive turns: 2 Nos 
 

1. Spring Index 

 Spring Index, C = D / d = 6.223 / 1.397 = 4.45 
 

2. Stress Correction Factor 

𝐾𝑏 =
4 𝐶 + 2

4 𝐶 − 3
 

𝐾𝑏 =
4 𝑥 4.45 + 2

4 𝑥 4.45 − 3
= 1.338 

 
3. Maximum torsional stress 

𝜏𝐵 = 𝐾𝐵

8 𝑥 𝐷

𝜋 𝑥 𝑑3 

𝜏𝐵 = 1.338 𝑥 
8 𝑥 6.223

𝜋 𝑥 1.3973 = 7.782 𝑁/𝑚𝑚2 

4. Force Acting Yield 

𝐹𝑦𝑖𝑒𝑙𝑑 =
𝑆𝑦𝑡

𝜏𝐵
=

950

7.782
= 122.076 𝑁  

5. Solid force acting 

𝐹𝑆𝑜𝑙𝑖𝑑 = (1 + 𝑥𝑖)𝑃 = (1 + 0.15) 𝑥 102.3 = 117.65 N 
 

6. Solid Stress 
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𝜏𝑠 = 𝑀𝑎𝑥. 𝑇𝑜𝑟𝑠𝑖𝑜𝑛𝑎𝑙 𝑆𝑡𝑟𝑒𝑠𝑠 𝑥 𝐹𝑆 = 7.782 𝑥 117.65 = 915.55 𝑀𝑝𝑎 
7. Number of Active Turns, Na: 

Na = L / d = 25.09 = 25 Nos of Turns. 
8. Spring Rate 

𝑘 =
𝑑4𝑥 𝐺

8 𝑥 𝐷3𝑥 𝑁𝑎
 

 

𝑘 =
1.3974𝑥 81

8 𝑥 6.2233𝑥 25
= 6.4 𝑁/𝑚𝑚 

 
9. Total Numbers of turns 

Nt = Na + Ne = 25+2 = 27 Nos of turns. 
 

10.  Factor of Safety 

𝑛𝑠 =
𝑆𝑦𝑡

𝜏𝑠
=

950

915.55
= 1.04 

 
11. Solid length of the Spring, Ls 

    Ls = d*(Nt+1) = 1.379 (27+1) = 38.6 mm. 
 

12.  Free length of the Spring, Lf 

Lf = Ls + Fs/k = 38.6 + (117.65/6.4) = 56.98 mm 
 
 
From the above calculation our maximum stress requirement is 915.55 Mpa whereas 
spring can withstand 950 Mpa. So that factor of safety is also 1.04. From this we can 
conclude that spring is suitable as per the requirement. 
 

Equations or flowchart of a program 

Spring Selection code 
clc 

clear 

T=517*10^6; %max shear 

F=539.35;   %max spring force  

k=89900;    %stifness 

G=69000*10^6; 

i=1; 

for d=0.002:0.0005:0.01 

    D=(T-((4*F/pi*d^2)))*(pi*d^3)/(8*F);  % relation for max shear 



39 

 

    N=d^4*G/(8*D^3*k);   %spring stifness relation 

    if(N<20) 

        MAT(i,:)=[N,D,d]; 

        i=i+1; 

    end 

end 

MAT    

 
 

Initial Static Deflection = F/k  
=60X9.8/742 

=0.79245283018  
Initial Static Deflection = 79mm 

 

Torque calculations  
Torque produced on the ankle is 20.6 Nm 

 

T=r x F  
Where r is pulley radius and F is force produced on cable. So by back solving it we can calculate what are the2forces20.6 that are produced on the cable so, 
F= 0.0765  
F= 538.56 N 

 

Now to calculate the maximum torque at ankle pulley that spring can accommodate is  
Fmax = 566 N this is the maximum force that spring can bear so maximum torque at ankle that this spring 

can bear is given by 

 

Tmax out =538 x 0.0765/2 =21.64 Nm 

Which is within limits, so system will work.  
Maximum force that is produced in Bowden Cable 
is F=588 N  
So, our Bowden cable should overcome this force so based upon these assumptions Bowden cable 

selected is Push-Pull Bowden Cable Type 4711-Var-1. It can bear maximum load (tension of 

1300N) and compression of 650N. Our force lies within the limit so can select this cable.  
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Figure 22: Bowden Cable 

 

Bowden cable selected is 

Push-Pull Bowden Cable Type 4711-Var-1 

 

Link for this cable is 

https://fortatech.com/en/products/push-pull-bowden-cable-standard/ 

 

excel spring sheet: 

 

Figure 23: excel sheet 

https://fortatech.com/en/products/push-pull-bowden-cable-standard/
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