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Abstract— This project deals with movement of an arm by 

the use of an exoskeleton. an exoskeleton is an external 

structural mechanism with joints and links corresponding to 

those of the human body.” In other words, designing the 

kinematics of an exoskeleton generally consists of trying to 

replicate human limb kinematics. The challenge is to build an 

exoskeleton system that is inexpensive, streamlined, and 

wireless. Our solution is unique in that it will be a low-cost, 

ergonomic device actuated through sensors measuring the 

user’s motion. The exoskeleton arm support system will help 

the user lift additional weight for day to day activities that the 

user is not normally able to lift. We have outlined the process 

of developing an exoskeleton arm which increases the load 

lifting capacity of a human. The potential applications would 

be in diverse fields such as defense, physiotherapy and 

manufacturing. Each year, thousands of workers must take 

leave due to injuries triggered by heavy lifting; with 

augmented strength, workers could avoid harmful situations.    
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I. LITERATURE REVIEW 

A. A.E.A. Lomonova et al [1] 

Arm support systems provide support throughout daily tasks, 

training or in an industrial environment. The main objective 

of this project to analyze the actuation principles in these 

systems. This actuated arm support systems are classified 

according to their user environment, Namely: ambulatory, 

rehabilitation and industrial. The presented arm support 

systems have been divided based on their applications, 

actuation technology, and actuator configuration. The 

actuation principles that are applied in existing arm support 

systems are electromechanical actuators, pneumatic 

actuators, hydraulic actuators, and semi-active dampers. 

B. Surachai Panich et al [2] 

The arm exoskeleton suit was developed to increase human’s 

strength, endurance, or speed enabling them to perform tasks 

that they previously could not perform. In this project, The 

kinematic exoskeleton suit for human arms is simulated by 

MATLAB software. The exoskeleton suit of human arm 

consists of one link length, three link twists, two link offsets 

and three joint angles. This project is used to increase the 

strength of human that can lift heavy load or help 

handicapped patients, who cannot use their arm.This project 

can be applied in industry application to move or lift the load 

in the area, in where the vehicles or crane cannot use. This 

exoskeleton should be designed to have more DOF. It will 

increase the complexity and flexible motion like human arm. 

 

C. Sheeba P. S et al [3] 

The main objective for this paper to enhance and the assist of 

natural upper body motion of the human skeleton.In this 

project pneumatic air muscles (PAMs) are used. The PAM 

has a thin- walled, rubber bladder placed inside an axially stiff 

but radially compliant braided sleeve. This powered 

exoskeleton enables a human to perform tasks which are 

beyond the physical prowess by amplifying the muscular 

movement.In this project, power assist type exoskeleton has 

been selected rather than a more expensive power 

amplification device. The use of EMG electrodes as 

proposedin this project will enable people with muscular 

defects to still be able to perform daily tasks like a fully 

functional human. 

D. Rhyan Andrad et al [6] 

He has developed an exoskeleton controller for a prototype 

robotic arm, which is stand-alone, portable, programmable, 

and easy to maintain and use. 

The product of this project can become a basis for 

future exoskeleton controller designs. The main objectives of 

this project are to stand-alone, meaning it should be 

independent on any computer to perform its tasks; 2) It should 

portable, meaning it should be small and light enough to be 

carried anywhere and plugged into any power source; 3)It 

should programmable, meaning it should provide an option 

for the users to record a series of actions and 4)It should user-

friendly, meaning it should be comfortable enough to wear, 

easy to use, understand, and maintain. This project does not 

involve high accuracy movement translations nor any study 

on the speed of response of the robot arm, this are the 

II. PROBLEM DEFINITION  

A. Problem Definition  

The key object of this research is to reduce work load of 

physiotherapist. Therefore, this robot arm can rotate cover the 
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range of - 90 to 90 degrees for each joint. Hence, it covers the 

range of human joint’s motion. The arm can be configured by 

rotating joint 2 to 180 degrees for the use of right or left arm. 

This exoskeleton arm can be utilized for rehabilitation and 

training purposes.  

B. Aim of the Project  

 Provides an innovative approach to active upper limb 

support systems.  

 Provides an innovative approach to physical therapy in 

cases of injury and muscle disorders and diseases.  

 Primary users for this design will be people with arm 

injuries, Myopathy, and Cerebral Palsy.  

 People in need of the device suffer from muscle 

weakness or loss of movement in a group of muscles.  

 People who could also benefit from the device might also 

have abnormal movement, tremors or loss of 

coordination in their upper limbs.  

 The type of myopathy that the device is intended to 

provide help for is muscular dystrophies. Patients with 

this type of myopathy have progressive weakness 

involuntary muscles.  

 Treatment for Myopathy and Cerebral Palsy include 

physical therapy and bracing to support the affected 

muscles, surgery and drug therapy. Our design will 

satisfy the needs for physical therapy and bracing support 

for treating this disease.  

 The device will need to be lightweight, so that the user is 

not hindered by the presence of the device.  

 The device should be able to help people with muscular 

problems perform daily routine activities.  

 The device should help health professionals monitor and 

record the patient’s progress. 

III. MATERIAL SELECTION  

The proper selection of material for the different part of a 

machine is the main objective in the fabrication of machine. 

For a design engineer it is must that he be familiar with the 

effect, which the manufacturing process and heat treatment 

have on the properties of materials. The Choice of material 

for engineering purposes depends upon the following factors:  

1) Availability of the materials.  

2) Suitability of materials for the working condition in 

service.  

3) The cost of materials.  

4) Physical and chemical properties of material.  

5) Mechanical properties of material.  

The mechanical properties of the metals are those, which 

are associated with the ability of the material to resist 

mechanical forces and load. We shall now discuss these 

properties as follows:  

1) Strength: It is the ability of a material to resist the 

externally applied forces  

2) Stress: Without breaking or yielding. The internal 

resistance offered by a part to an externally applied force 

is called stress.  

3) Stiffness: It is the ability of material to resist deformation 

under stresses. The modules of elasticity of the measure 

of stiffness.  

4) Elasticity: It is the property of a material to regain its 

original shape after deformation when the external forces 

are removed. This property is desirable 14 for material 

used in tools and machines. It may be noted that steel is 

more elastic than rubber.  

5) Plasticity: It is the property of a material, which retain 

the deformation produced under load permanently. This 

property of material is necessary for forging, in stamping 

images on coins and in ornamental work.  

6) Ductility: It is the property of a material enabling it to be 

drawn into wire with the application of a tensile force. A 

ductile material must be both strong and plastic. The 

ductility is usually measured by the terms, percentage 

elongation and percent reduction in area. The ductile 

materials commonly used in engineering practice are 

mild steel, copper, aluminum, nickel, zinc, tin and lead.  

7) Brittleness: It is the property of material opposite to 

ductile. It is the property of breaking of a material with 

little permanent distortion. Brittle materials when 

subjected to tensile loads snap off without giving any 

sensible elongation. Cast iron is a brittle material. 

A. Tools Used 

 
Fig. 1: Mild Steel Plate 

 
Fig. 2: Steel Plater Cutter 



Muscle Control Exoskeleton Robotic Arm 

 (IJSRD/Vol. 7/Issue 02/2019/453) 

 

 All rights reserved by www.ijsrd.com 1651 

 
Fig. 3: Welding Machine 

 
Fig. 4: Lathe machine 

B. Selection of Material: 

EN 10083 C45 steel carbon steel C45 steel sheet Physico-

chemical testing items for products of the plant include tensile 

test ,hardness test, impact test, flattening test ,and chemical 

composition analysis, etc .C20,C45 steel pipes are 

manufactured by cold drawn process.  

C45 is a medium carbon steel is used when greater 

strength and hardness is desired than in the "as rolled" 

condition. Extreme size accuracy, straightness and 

concentricity combine to minimize wear in high speed 

applications. Turned, ground and polished.  

Soft Annealing Heat to 680-710oC, cool slowly in 

furnace. This will produce a maximum Brinell hardness of 

207.  

Normalizing Normalizing temperature: 840-880oC/air.  

Hardening Harden from a temperature of 820-

860oC followed by water or oil quenching.  

Tempering Tempering temperature: 550-660oC/air.  

C45 steel plate, EN 10083 C45 steel plate, under EN 

10083 standard, we can regard C45 steel plate as high carbon 

steel. 

C45 steel plate is one mainly of high 

carbon steel, EN 10083 C45 steel plate is 

for quenching and tempering. Technical 

delivery conditions for non-alloy steels, 

these steels are for general engineering 

purposes C45 

EN 10083-2 

Number:1.0503 

Comparison 

of steel 

grades 

JIS G 4051 S 45 C 

DIN 17200 C 45 

NFA 33-101 AF65-C 45 

UNI 7846 C 45 

BS 970 070 M 46 

UNE 36011 C 45 k 

SAE J 403-AISI 1042/1045 

C. Properties of Steel C45 (1.0503)  

Weldability: Due to the medium-high carbon content it can 

be welded with some precautions. Hardenability: It has a low 

hardenability in water or oil; fit for surface hardening that 

gives this steel grade a high hardness of the hardened shell.  

Why Mild steel C-45 is selected in our project.  

1) Easily available in all sections.  

2) Welding ability  

3) Machinability  

4) Cuttingablity  

5) Cheapest in all other metals.  

Material = C 45 (mild steel)  

Take fos 3  

σt = σb = 540/fos = 180 N/mm2 

 
σs = 0.5 σt 

= 0.5 x 180 

= 90 N/mm2 
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IV. MACHINE DESIGN  

The subject of MACHINE DESIGN deals with the art of 

designing machine of structure. A machine is a combination 

of resistance bodies with successfully constrained relative 

motions which is used for transforming other forms of energy 

into mechanical energy or transmitting and modifying 

available design is to create new and better machines or 

structures and improving the existing ones such that it will 

convert and control motions either with or without 

transmitting power. It is the practical application of 

machinery to the design and construction of machine and 

structure. In order to design simple component satisfactorily, 

a sound knowledge of applied science is essential. In addition, 

strength and properties of materials including some 

metrological are of prime importance. Knowledge of theory 

of machine and other branch of applied mechanics is also 

required in order to know the velocity. Acceleration and 

inertia force of the various links in motion, mechanics of 

machinery involve the design.  

A. Concept in M.D.P.  

Consideration in Machine Design   

When a machine is to be designed the following points to be 

considered: -  

1) Types of load and stresses caused by the load.  

2) Motion of the parts and kinematics of machine. This 

deals with the type of motion i.e. reciprocating. Rotary 

and oscillatory.  

3) Selection of material & factors like strength, durability, 

weight, corrosion resistant, weld ability, machine ability 

are considered.  

4) Form and size of the components.  

5) Frictional resistances and ease of lubrication.  

6) Convince and economical in operation.  

7) Use of standard parts.  

8) Facilities available for manufacturing.  

9) Cost of making the machine.  

10) Number of machine or product are manufactured.  

1) General Procedure in Machine Design  

The general steps to be followed in designing the machine are 

as followed.  

1) Preparation of a statement of the problem indicating the 

purpose of the machine.  

2) Selection of groups of mechanism for the desire motion.  

3) Calculation of the force and energy on each machine 

member.  

4) Selection of material.  

5) Determining the size of component drawing and sending 

for manufacture.  

6) Preparation of component drawing and sending for 

manufacture.  

7) Manufacturing and assembling the machine.  

8) Testing of the machine and for functioning.  

B. Calculation  

The linear actuator we will purchase will be of 150 lbs = 68 

kg  

L1 = 50 mm  

L2 = 250 mm  

F1 x L1 = F2 x L2  

68 x 50 = F2 x 250  

F2 = 3400/250  

F2 = 1200/300 = 13.6 kg 

 
Fig. 5: TG100 Linear Actuator 

C. Arduino Program 

void setup() { 

  // put your setup code here, to run once: 

pinMode(11, OUTPUT); 

pinMode(10, OUTPUT); 

pinMode(A5, INPUT); 

Serial.begin(9600); 

} 

void loop() { 

  const int redPin=analogRead(A5); 

  int pre=analogRead(redPin); 

 Serial.print("\nsensorValue"); 

/////////////////////////Serial.print(analogRead(redPin)); 

//Serial.print(pre); 

Serial.print(analogRead(redPin)); 

delay(100); 

int cur=analogRead(redPin); 

if(cur==pre) 

{ 

  digitalWrite(10, LOW); 

  digitalWrite(11, LOW); 

  } 

if(cur>pre) 

{ 

  digitalWrite(10, HIGH); 

  digitalWrite(11, LOW); 

  delay(100); 

} 

//delay(4000); 

if(cur<pre) 

{ 

digitalWrite(10, LOW); 

 digitalWrite(11, HIGH); 

 delay(100); 

} 

//delay(4000); 

} 

D. Motor Specification  

P = 20 WATTS  

VOTAGE = 12V  

CAPACITY = 150 lbs  
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GEARING RATIO = 1:20  

For taking weight of each components  

Cross-Sectional size of link used is 18x4 mm  

Representation of M.S. Flats is done by the Width (W) & the 

Thickness (T) of the Flat. 

Weight (Kg/mtr) Size 

(mm) 

Weight 

(kg/ft) 

Weight 

(Kg/mtr) 

12 x 3 0.086 0.282 

12 x 5 0.143 0.470 

18 x 4 0.180 0.585 

20 x 3 0.143 0.470 

20 x 5 0.241 0.790 

This simple electrical actuator system will ensure 

consistent operation in both directions. It will also give you 

added features such as end of stroke limit switches, mid 

stroke protection and manual override operation in case of 

power failure. Optional features such as analog or digital 

position feedback and adjustable end of stroke limit switches 

are also available. Another advantage is that a system like this 

is easy to integrate with other control systems normally found 

in industrial systems or vehicles such as PLC’s, micro-

controllers, computers or simple relay based systems. 
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