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Abstract 
 

 Nowadays, the human ability to utilize the technology has increased. One of the most important 

branches of technology in human service is Robotics, which helps humans to perform their daily 

work.  

 

This thesis is a part of a big project (Iron Arm) that was done at the Bioservo Technology AB in 

Kista-Stockholm. Bioservo exerts its effort to use SEM™ (Soft Extra Muscle) technology to 

build the new products. The aim of this thesis work was to design an effective mechanical 

actuator that will complete the former prototype built by Bioservo through another master thesis 

work done by John Ekblom in 2014. The thesis also describes how a mechanical actuator can be 

used in a device (robotic arm) to provide extra force and to assist someone who has weak arm 

lifting muscles. A big challenge for this device is to have a low weight because the user should 

wear the device and carry it during the entire day.  
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NOMENCLATURE 
 

 

 

Notations 

Symbol Description 

a Distance between armpit to fishing line attachment point (mm) 

b Distance between center of mass and armpit (mm) 

E Young´s modulus (Pa) 

F                               Force or Load (N) 

g   Gravitational acceleration (m/s2) 

h Height between attachment point and shoulder (mm) 

H Height between center of mass and fishing line attachment point (mm) 

m                              Mass (kg) 

M                              Hand mass (g) 

n Rotational speed (rpm) 

r Radius (m)  

𝑽𝒂 Velocity of Thread (m/s) 

𝑽𝒇 Velocity of Nut (m/s) 

 

 
 
Abbreviations 

CAD Computer Aided Design 

CAE Computer Aided Engineering 

PhD Doctor of Philosophy 

SEM Soft Extra Muscle 

ADL Activities of Daily life 

CM Center of Mass 

FL Fishing Line 

DOF Degree of Freedom 

R&D Research and Development 

NPD New Product Development 

PDS Product Design Specification 

RP Rapid Prototyping   
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1 INTRODUCTION 
 

 This master thesis work is a part of a big international health robotic project, called the Iron 

Arm Project, that is done by Bioservo technology AB in Kista-Stockholm. This thesis describes 

how a mechanical actuator can provide extra force for those who have weak muscles and help 

them to perform their daily life activities. 

 

1.1 Background 

 These days the modern robotic technologies make the daily life easier for us. By this type of 

technology we are able to simulate and analyze the internal and external organs and build 

artificial organs. Bioservo Technology AB, as a pioneer in this field of technology, develops 

active orthosis products. The first product from this company was a glove for giving extra force 

to grip and hold object. This glove was a type of Soft Extra Muscle (SEM) glove and was 

designed for elderly who suffer from the weak muscles. By this product the elderly are able to 

perform activities of their daily life (ADL). This product was successful and encouraged the 

company to further develop it. 

 

 
Figure 1, SEM technology used in Bioservo's Glove. 

 

 These days the company is working on huge SEM-based projects where they try to improve its 

products. Here are two current projects at the Bioservo company: 

 

1. IronHand: A project that focuses on supporting the grip in the hand for elderly.  

 

2. IronArm: With the elderly as target group, the IronArm will enhance the ADL by means 

of facilitating arm lifting.  

 

After the great results for the Iron Hand project, the company started to build a new product by 

using SEM technology. They intended to develop a very light and soft device that could 
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strengthen both arm and hand. By this product the elderly will be able to perform daily life 

activities.  

 

 

Bioservo and a scientific research center for rehabilitation technology started to develop this new 

idea into a product through the Iron Arm project, in three phases:  

 

 The first phase consisted of idea definition and generation the fundamental concepts. It 

was finished in June 2014.  

 

 The second phase was to build a prototype for preliminary tests to compare with 

customer requirements. 

 

 The third phase was pre-commercial development of the first model (first prototype) to 

verify if the final product would realize the customer requirements according to real life 

situations. [1] 

 

 

1.2 Purpose 
  

According to the definition of NPD (New Product Development), product development is an 

engineering procedure which starts with designing, manufacturing and finally marketing new 

products to satisfy customer needs. Product development can be done for both existing products 

and new products [2].  

 
Figure 2. Product development stages 

 

The Iron Arm project is focused on developing a new product but some parts of this product like 

its vest (Figure 3) have been designed in the former phase. Sometimes a product is useful, but it 

must be changed in order to fulfill the customer requirements. “In what manner” a customer 

wants to use a product can be the beginning of the product development process. This master 

thesis project focuses on “Development of Mechanics for a Soft Robotics Solution”. It means 

the designed jacket in the previous step should be equipped with a smart mechanical actuator 

which fulfills all user requirements.   
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Figure 3, Vest designed by Bioservo for the Iron Arm Project. 

 

1.3 Delimitations 

 This master thesis project is the final phase of the Iron Arm project before introducing it to the 

market. It means the all tests of the final prototype should be performed by the end of this phase.   

An efficient mechanical actuator that fulfils the demands should be designed and embedded in 

the final prototype. The most important goal for this phase (before marketing) is to gain a god 

test results for users. The actuator should be designed with light weight-materials (as light as 

possible) and must have powerful batteries in order to work intensively during an entire day.  

An exhausting process in the beginning of this project was to lack of resources to complete a 

comprehensive pre-study because this product was the first of its kind. 
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                                              2   FRAME OF REFERENCE 
 

 

2.1 Soft Extra Muscle Technology 

 Approximately 5% of the people around us suffer from weak muscles and need help from an 

assistance to grip, lift or move objects (like a cup of coffee or an electric toothbrush). This 

problem would be due to neurological condition or an accident. They are in trouble to perform 

their activity of daily life (ADL).  

In 2012, a Swedish company solved this problem by a smart solution. They offered a new 

product which was awarded the robotics innovation challenge in that year.  

 The Swedish company Bioservo technology AB developed a product (SEM Glove) by using the 

SEM 
TM

 technology and also adding force sensitive sensors. This company was founded by 

Professor Hans Von Holst (neurosurgery), Professor Jan Wikander, and Doctor Johan Ingvast, 

Ph.D (mechatronic engineering) in 2006. The company has other partners in Stockholm, like 

Karolinska Institute and KTH Royal Institute of Technology. They collaborate and merged their 

knowledge and experiences about demands for this sort of people and created new products to 

strengthen the weak muscles. 

 

Figure 3, SEM technology helps to grip and hold objects. 

 

 
2.2 Iron Arm Project 

 The great results from the SEM glove encouraged the company to use the SEM technique to aid 

the elderly more and more. In 2014 they started to develop a new idea. Through the Iron Arm 

project, a new smart product that could support and strengthen both hand and arm is designed. 

This product should be wearable, light and soft because a user needs to carry it a whole day. The 

project was planned in three steps: 
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 Step 1:  To find a smart solution design. It consists of making financial arrangements 

(budgeting), set project management and perform a feasibility study. 

 Step 2: Develop the first solution design and build the first prototype. (the aim for this 

step is to test a prototype to check if the requirements have been fulfilled ) 

 Step 3: Develop a pre-commercial product to verify if the product realizes all the 

customer requirements according to the standards for real life situation.[1] 

 

 2.3 Pre-Study  

 These days the robotic technology is developing rapidly. This technology has been used widely 

in human bodies instead of the disable or weak organs. Artificial hands, artificial legs and 

artificial arms are a few types of robotic products that can replace damaged organs. Many 

companies around the world introduce new products to compete with the other companies. 

Figure 5 shows two different products from two companies, the first one from Italy and the other 

one from USA. 

 

Figure 5, Perensilia IH2 robotic hand (Left) & Robotic Arm designed by DEKA Company (Right). 

 Many different types of research are being done around the world by several companies. They 

combine the current engineering methods like 3D printing with the best medical techniques to 

create the most effective product to users. But many of them are so heavy and bulky that elderly 

are not able to carry them for a long time. During the pre-study process for this thesis work, three 

different patents have been read that are attached in an appendix.  

 Although these patents cannot fulfill the requirements for this assignment, the review of them 

can be useful for finding good ideas for concept generation. The figure 6 shows a patent invented 

by NASA. 
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Figure 6, Nasa Robotic Arm is heavy to carry for a long time. 
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 3 THE DESIGN PROCESS 
 

 

This chapter describes the methodology to reach a proper concept that fulfills all requirements 

for this master thesis assignment. A couple of concepts are generated and then evaluated to 

achieve the best one to design. 

 

 

 

3.1 Design for Customer Needs 

Any design process demands a Product Design Specification (PDS). It is a document that is 

defined in the beginning of design process and shows what designer is trying to achieve. The 

PDS is driven by customer needs. The aim of the PDS is to ensure that the design actually 

addresses the customer needs [8].  It means the design process needs a list of customer needs. In 

order to list what the customer needs, some question are asked and the most important question 

in the beginning of the design process is: "Who is the customer?" 

Ofcourse for this project, those who have weak muscles especially in arm and hand are 

in focus. They are not usually able to perform ADL (Activities of Daily Life) with their 

muscles. Therefore they need an assistant to help them in the ADL, which will often be 

costly and take much time. To handle this problem, they prefer to have a product that is 

light and soft for carrying the whole dag. A simple wearable vest can fulfill this 

purpose.  

 

Figure 7, mechanical actuator should be attached on this vest. 

The aim for this master thesis project is to design a proper actuator which would be attachable on 

this vest. The vest has already been designed in step 2 by another student  as a master thesis 

project at Bioservo last year.  

What can we do with this device? The user will be able to perform activities like: griping 

holding and lifting objects in some activities of daily life, e.g.:  

 Personal care: put on eyeglasses, hold a hair brush. 
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 Cooking, eating: move light kitchen ware (plate and dish), take down glass from shelf. 

 Dressing, undressing: put on a hat, jacket. Take down the hat.  

 

3.2 Requirements specification 

According to system engineering, requirements specification in the product development process 

is referred to customer requirements and is based on identified /defined customer needs. The 

requirements for this project is a combination of previous demands from step 1 and step 2 and 

have been classified as Must/Should. The requirements specification has been attached in 

appendix A. Some initial and fundamental parameters have been determined by the company 

according to customer voice and should be used as essential data for designing the actuator. The 

table below shows the requirements for the mechanical actuator.  

Table 1, requirement specification. 

 

 

3.3 Assumption and Calculation 

In order to design an attachable actuator on the vest, a few assumptions should be defined 

according to the requirements specification. 

 The final device should not have a mass of more than 1.5kg, so the proper actuator must 

be as light as possible.  

 The final device should able to lift a mass of maximum 4.5kg (the weight of one hand) 

and it requests an effective power source (light and powerful)  
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 The power source should be placed on the vest. The power transmission should be 

effective, flexible and light (Something like cable, wire, fishing line, etc. with a proper 

housing for reducing the friction). It has to transmit the power from the power source 

(actuator) to the destination which is the users right hand. 

 

Figure 8, Power source attached on vest. 

 

 Above the elbow is the attachment point for lifting the arm. It should be the nearest point 

to the hand’s center of mass. 

 

          Figure 9, Attachment point above the elbow. 

 It is assumed that the force from the actuator is applied on the user’s right hand (people 

mainly use their right hand), thus the power must be transmitted through the right 

shoulder. 
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Figure 10, Transmission line through the right hand. 

 

3.3.1 Force calculation  

Lifting the human arm between 20°- 140° and using a type of nylon thread (or fishing line) as 

transmission system, the maximum displacement will be 450mm (from Bioservo experimental 

tests in previous steps). The table below shows some needed parameters that are important for 

calculating the force. These parameters, like arm size and arm weight (for both man and woman) 

are extracted from reliable sources. 

 

Figure 11, Force analysis on hand. 

 

Table 2, The used parameters to calculate the total force. 

M 2500 g Hand mass  

g 9.82 m/s2 
Gravitational acceleration 

a 200 mm Distance between armpit to fishing line attachment point 

b 300 mm Distance between CM and armpit 

h 53.6 mm Height between attachment point and shoulder 

H 50 mm Height between CM and fishing line attachment point 
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 𝑡𝑎𝑛 𝜃  = ℎ/𝑎 (1) 

Assume  𝜃 = 15° so from equation (1): 

𝑡𝑎 𝑛(15° ) = h / 200 

h = 0.268 × 200 ≈ 53.6mm 

 
∑ 𝐹𝑥 = 𝐹. 𝑐𝑜𝑠𝜃          (2) 

 
∑ 𝐹𝑦 = 𝐹. 𝑠𝑖𝑛𝜃  (3) 

 ∑ 𝑀 = 0 (4) 

From equations (1), (2) and (3): 

(𝐹𝑦 × 𝑎) + (𝐹𝑥 × 𝐻) − (𝑚𝑔 × 𝑏) = 0 

(𝐹 ∙ 𝑠𝑖𝑛𝜃 × 𝑎) + (𝐹 ∙ 𝑐𝑜𝑠𝜃 × 𝐻) − (𝑚𝑔 × 𝑏) = 0 

𝐹(𝑎 ∙ 𝑠𝑖𝑛𝜃 + 𝐻 ∙ cos 𝜃) = 𝑚𝑔𝑏 

𝐹 =  
𝑚𝑔 × 𝑏

𝑎∙𝑠𝑖𝑛𝜃+𝐻∙𝑐𝑜𝑠 𝜃
=

2.5×9.82×0.3

(0.2×sin(15))+(0.05×cos(15))
 = 73.6 N 

The required force to lift the arm is: 

𝐹 = 73.6 N 

 

3.4 Concept generation 

All concepts in this process have been generated with an intention to solve the problem in the 

simplest way. To design a light actuator and provide the required force to lift up the arm, a light 

and flexible rope (fishing line) can be used as an effective method to transmit the required power 

from the actuator to the desired point on the arm.  

The required time to pull up 450 mm of the thread is 3 seconds. Hence the thread speed will be 

0.15 m/s and it should be considered for all concepts. Totally four concepts were generated in 

this step by the author. These concepts are classified according to the type of the actuator:  

1. Linear Actuator: Use linear motion to pull the fishing line. In this concept a spool is 

connected on the nut. When a micro DC motor acts, it cause a movement of the nut. By 

moving the nut, a fishing line will provide the required force to lift up the arm.     
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2. Rotary Actuator: Use rotary motion to roll up the fishing line. There is a spool 

connected to the DC motor shaft to roll up the fishing line.  For the rotary actuator, the 

required torque is higher in comparison to the linear actuator. 

 

 The first concept C1 and the second concept C2 act with rotary motion. It means that a DC 

motor is connected to a pulley. By starting the DC motor, the pulley will rotate and roll up the 

thread.  Concept C2 acts with two pulleys. The first one is connected to a DC motor and has a 

smaller diameter. The second pulley is connected to the first one by a timing belt and has a larger 

diameter in comparison to the first one. The second pulley with larger diameter rotates and rolls 

up the thread. In order to achieve the desired force and speed in concepts C1 and C2, a suitable 

gearhead can be attached on the DC motor. 

 

 
Figure 12, Motor and pulley are the only components in concepts C1 & C2 (rotary actuator) 

 

 The third concept C3 and the fourth concept C4 provide the required force by a linear actuator. 

The difference between C3 and C4 is a nut runner. Concept C3 uses a belt to run the nut where 

concept C4 uses a lead screw. The concepts have been illustrated in Appendix A. All concepts 

have a micro DC motor as power source. Then the DC motor is connected to a gear box to 

increase the required torque. The output power and output torque from the micro DC motor are 

available in the standard catalogue. By using these parameters and the other useful parameters 

from motor data sheet, the required force will be obtainable.  

 

 
Figure 13, Concepts C3 & C4 with linear motion 
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After several group meetings at the company and discussions on the advantages and 

disadvantages of all concepts, a table for concepts evaluation has been formed, as shown below. 

Table 3, Concept evaluation. 

 

All concepts in this table were compared in terms of the important design factors, like: Weight, 

Cost, Comfort, and Complexity. According to this table, concept C4 was selected as the most 

effective concept for final prototyping. 

 

3.5 Final Concept 

There are some initial parameters that can be considered in the beginning of designing the 

actuator. These parameters are: 

 Desired force for lifting the arm: 73.6 N 

 Desired speed for lifting the arm: 3 s 

According to requirement specification, the actuator should lift up the arm in 3 seconds. It means 

the actuator must pull 450 mm of the thread in 3s. By putting these parameters in the concept C4 

which acts with the lead screw and the nut, the required speed for running the nut will be 

achieved. 

 

Figure 14, Thread turned on a pulley that is attached on the nut. 

 

The thread speed can be calculated as below:  

 
𝑉𝑓 =  

𝑡ℎ𝑟𝑒𝑎𝑑 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

𝑡𝑖𝑚𝑒
 = 

450 (𝑚𝑚)

3 (𝑆)
= 0.15 𝑚/𝑠 (5) 
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The thread speed must be 15 cm/s on the side of the pulley that is connected to the arm. By 

rotating the lead screw with rotational speed 𝒏, the nut will be driven with speed 𝑽𝒂 . The pulley 

is fixed on the nut, so they have the same speed. Therefore the speed of point a (center of the 

pulley) can be as below: 

 
𝑽𝒂 =  

𝑽𝒇

2
⁄  =  0.075 m/s (6) 

The rotational speed on lead screw can be calculated by two parameters: value of lead and Va. 

 𝑽𝒂(𝑚
𝑠⁄ ) = 𝒍𝒆𝒂𝒅 (𝑚) × 𝒏 (𝑟𝑒𝑣

𝑠⁄ )  (7) 

To be able to use standard components, in order to save time and money for the final design, the 

lead value of 2.54 mm is selected from the standard catalogue. So 

𝒏 = 𝑽𝒂/𝒍𝒆𝒂𝒅 = 
0.075

0.00254
 = 29.53 (rev/s)     ×60= 1771 rpm 

The rotational speed for the lead screw must be higher than 1771 rpm and this vaalue can be 

used to determine the type of motor and its gear head. Figure below (figure 15) shows a sketch 

for concept C4. 

 

Figure 15, CAD model of final concept. 

In order to design a light-weight actuator a micro DC motor with 20 W (output power) was 

selected from the Maxon catalogue. The mechanical power for DC motor is calculated as below: 

 

 
 𝑷 = 𝑻𝝎 (8) 

P : Rotational mechanical power (watt)                            20 watt 

T : Torque (N.m) 

ω : Angular velocity (rad/s)                       29.53(rev/s) = 185.54 (rad/s) 

 

T = P/ ω = 20 / (185.54) = 0.10779 ≈ 0.11 Nm 
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It has been assumed that input power on the lead screw is the same as the output power from the 

DC motor. 

 
Figure 16, Both pulleys have the same diameter. 

In a power transmission with two pulleys that have the same diameter, the angular velocities (𝜔) 

are the same. Therefore the output torque from the DC motor has the same value as the input 

torque on the lead screw. The input torque on the lead screw is (= 0.11 N.m ). This torque was 

used in the Ansys finite element program to analyze the equivalent stress and total deformation 

on the lead screw.  
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4    RESULTS 
 

 This chapter describes the final results for concept C4 and shows how concept C4 obtains the 

required force with the desired speed for the lifting arm.  

4.1 CAD Design 

 The final concept provides the desired force by a mechanical actuator which consists of several 

components. Some of them were standard components and the other components were designed 

with the CAD tool Solid Edge and manufactured in the workshop. The figure below shows the 

actuator with some of the most important components highlighted. 

 

Figure 17, The lead screw drives the nut and nut adaptor. 

 

The standard components in this actuator consist of: 

1. DC motor and gear head. 

2. Lead screw and nut. 

3. Bearings (thrust, ball and slide bearing). 

4. Pulleys and timing belt. 

These components were purchased as off-the-shelf products. The other components, like the 

frame and the nut adaptor, are designed with CAD and then manufactured with a 3D-printer. The 

company had a good contact with the other manufacturing companies and workshops. Therefore, 

the orders were delivered in short time. 
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4.2 Mounting Process 

 

4.2.1 Nut and nut adaptor 

Since a 3D-printer, which uses the additive manufacturing process, is not able to provide the 

desired tolerances and usually also requires some machining processes for the final product, the 

lead screw and the nut were purchased from the market. 

 In Concept C4, it has been assumed that a small pulley is attached on the nut (Figure 14) and the 

thread is turned around it and then it is fastened on the frame near the belt tensioner. But it was 

very hard to mount a small pulley on a standard nut. Therefore, a nut adaptor which acts like a 

small pulley was designed. Figures 18 &19 show how a small hole passes through the nut and 

nut adaptor.  

 

Figure 18, Nut adaptor with semi-circle thread path.   

Some inevitable changes were performed on the nut and nut adaptor in order to: 

 Have a better form factor. 

 Reduce the total weight of the actuator.  

 Reduce the height of the actuator.  

 Pass the thread through the nut and nut adaptor in the best way. 

 

 

Figure 19, Nut and nut adaptor 
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4.2.2 Frame and frame lock 

The frame of the mechanical actuator and its lock were designed with Solid Edge and 

manufactured with 3D-printing. The used material for the frame and its lock is a type of SLS 

– a popular and useful material that is used for Rapid Prototyping (RP). 

The DC-motor power source is placed on the frame and fasten by four screws and it provides 

the required rotary motion of the actuator. There are two pulleys which are connected 

together by a timing belt. The first pulley is set on the motor shaft and the other pulley is set 

on the lead screw.  

 

Figure 20, Frame and frame lock are connected by 10 screws. 

Both pulleys have the same diameter. It means that the input rpm on the lead screw is the 

same as the output rpm from the DC-motor. By rotating the lead screw, the nut and its 

adaptor will move forward and pull the thread. During this process the screw will bear some 

axial and radial force. Axial load on the lead screw is generated by running the nut (because 

the arm weight is imported by the thread on the nut and then on the lead screw). 

 

Figure 21, Load analysis on a lead screw. 
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Figure 21 shows the load analysis on the lead screw [5]. As mentioned in the previous 

chapter (3.3 assumption and calculation), the required force for lifting arm was 73.6N. It 

can be considered as F/2 in figure 21. This load is imported on the nut and then on the lead 

screw. The nut and nut adaptor can work as a rope and pulley system. In his way, the axial 

load on the lead screw will be: 

F =73.6 × 2 =147.2 ≈ 150N  

This axial load is taken by a thrust bearing in the frame. The figure below shows the bearing 

location in the frame. 

 

Figure 22, Bearings position on the frame. 

4.2.3 Thread and cover 

In order to get a light and flexible transmission system, a special thread (fishing line) was 

used to pull the arm. Some pros of this type of thread are: 

 High abrasion-resistance. 

 High tensile strength. 

 Light-weight and very flexible. 

 Cheap and cost-effective 

The thread should be embedded in the vest and transmit the required force from the actuator 

to the arm. As showed in figure 23 the thread is turned around points 1, 2 and 3 in three 

angles, which increase the friction - especially in point 2 because of the acute angle. The 

friction will cause an energy loss in the transmission system and it must be decreased. 

Therefore, a proper cover for the thread will ease the transmission process. The figure below 

shows the device with thread only (left) and thread with its cover (right) 
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Figure 23, Thread without cover (left figure) and a flexible cover around the thread (right figure). 

One of the most important disadvantages of using a thread is that the thread (fishing line) can 

only transmit a tension force. It means the effective power transmission is achievable when the 

thread is in a tension state. To reach this goal a spiral spring was embedded in the actuator to 

pre-tension the thread. The spring is twisted on a screw at the end of the frame. The head of the 

spiral spring is fastened to the nut adaptor with a small screw. (Figure 24) 

 

Figure 24, A spiral spring pre-tensions the thread 

 

4.3 Test  
  

The actuator consists of a few components which are under load. The most critical components 

under load are the lead screw and the nut. The speed of the nut has direct effect on the system 

performance. There are two parameters that also affected the nut speed: 

1. Pitch size on the lead screw 

2. Speed of the lead screw  
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The Matlab plot on the figure 25 shows the change of the lead screw’s speed when the pitch 

value is changed. 

 

 
Figure 25, By changing the pitch size, the speed of the nut on the lead screw will change.  

 

Before testing the actuator, the lead screw was analyzed with Ansys. There are two different 

forces that affect the lead screw, an axial force and a radial force. The thread inputs the axial 

load on the lead screw (figure 21) and the timing belt with rotary motion causes the torque and 

radial force for the lead screw. These two forces were simulated for the lead screw’s CAD-model 

and the total deformation and equivalent (von-Mises) stress were calculated. (Related figures has 

been attached in the Appendix). The total deformation for these forces was 0.00047662 mm or 

0.477×10 
-3 

mm. This value is low and can be ignorable for this case.  

 

The friction between the lead screw and the nut has been ignored in this case. The friction on the 

lead nut can be a function of: 

 Environment  

 Lubrication  

 Load  

 Duty cycle 
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                      5   DISCUSSION and CONCLUSIONS 

 

 

5.1 Discussion 

 The iron arm project is a unique project in order to help elderly people by using the SEM 

technology. This master thesis was one of the final activities before sending the final product to 

the market. This project had passed two preliminary phases and a prototype (vest) was 

successfully built and tested by users. The design process for the actuator was not easy because 

there was not sufficient resource to do a thorough research in the pre-study process.  The author 

did his best to generate the concepts in a simple and effective way because he had to design and 

manufacture an actuator in only three months. Concept C4 was selected for detailing and 

manufacturing after several meetings with the project leaders. The other members that worked in 

parallel in this project were a programmer and vest designers. In comparison with the other 

concepts, concept C4 has two essential advantages: which made it more compatible with the 

vest. Two important factors for choosing this concept were: 

 Form Factor: Concept C4 could minimize the total size of the product and takes less 

space in comparison with concept C1 and C2. It could be embedded in the vest without 

any trouble.  

 Total weight: The heaviest components for this concept were the DC motor, the gear 

head and the lead screw. These components, especially the DC motor and the gear head, 

were lighter than the same parts used in the other concepts. Concepts C1 and C2 used 

rotary motion to roll up the thread. Thus they needed a larger torque from the motor, 

which would require a larger motor and a stronger battery. But in concept C4, the 

required force was generated by moving the nut on the lead screw (the nut moved on the 

lead screw and pulls the thread); it needed a high range of speed not high range of torque. 

A high speed range was obtainable with a relatively small DC motor.  

 

5.2 Conclusions 

The final device was tested and approved by the company and then tested by customers with 

acceptable results. Since the project was an international project, it was also tested in Netherland 

and Denmark, where it also received good results and satisfied the investors.  

Some critical factors and parameters were used as input to the calculations from the company 

database in order to finish the final prototype before deadline. Although the data were correct, 

more accurate result could be obtainable with more experiments. One of the most important 

factors, for being able to increase the speed and power of the system, is the friction. By 

decreasing the friction between the thread and its cover, and also in the hole on the nut and nut 

adaptor, the performance of the device could be increased. 



 34 

The final product can be developed and improved in the next phase. It was very interesting and 

instructive thesis work with a complicated process which was performed at Bioservo. I wish I 

would have been part of the project from the very beginning.  
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                6     FUTURE WORK 
 

6.1 Future work 

Future work for this project is related to the customer needs and the competition on the market. 

This actuator can be further developed in different ways. The nut and nut adaptor can be 

combined and manufactured as an integrated component. The frame material can be change in 

order to reduce the friction and noise between the nut adaptor and the frame. The actuator can be 

tested with different types of threads in order to find the most effective thread which transmits 

the power from the actuator to the motor with minimum loss of energy.  

Some other future work are listed below: 

 Change the design for two arms (one actuator for two arms). 

 Develop the product to perform sport activities.  

 Use solar cell instead of usual battery. 
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                  APPENDIX A: SUPPLEMENTARY INFORMATION 
 

All generated Concepts: 

 

Concept C1. The first concept that roll up the thread by rotary motion. A simple pulley is 

connected to the DC motor. Dc motor for in this case should have high torque and low speed.   
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Concept C2, the second concept works like the first concept by rotary motion. DC motor  in this 

case has more speed and low torque but the pulley that rolls up the thread is connected to the 

motor by a belt.  
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Concept C3-C4, the thread is pulled by linear motion.  The difference between C3 & C4 is in the 

type of the linear motion. C3 has a lead screw and nut but C4 has a nut that is set on a timing 

belt. 
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Reviewed patents for pre-study: 

 

 
1- Tendon driven finger actuation system (Patent: US 8467903 B2) 

 

 

 

2-  Robotic hand and arm apparatus (Patent: US 7296835 B2) 
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3-  Adaptive arm support systems and methods for use (Patent: US 20140033391 A1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 42 

Matlab code Nut Speed Calculation 
 

% % % Amin Dasht Bozorg 

% % Master thesis priject 

% Calculation for nut speed 

close all 

clear all 

clc 

  

% Parameters: 

p = 1:1/10:3   ;     % pitch (mm) 

v = 75 ;             % Nut speed(mm/s) 

n = v./p ;        

plot(p,n) 

grid on 

xlabel('Pitch [mm]'); ylabel('screw speed [rev/s]'); 
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Requirement specification for Iron Arm project in the previous step. 
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Operating range for Maxon micro DC motor. 

 

 

 

 

 

 
Mechanical Actuator  
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Total deformation for lead screw (analyzed in Ansys). 

 

 

 
Equivalent (Von-Mises) stress for lead screw 
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Iron Arm final prototype 

 

 

 

 

 

 

 

 

 

 

 

 

 


