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Abstract: Exoskeleton is a mobile machine integrated with human movements used for applications where
it is difficult for humans to handle. Exoskeletons alongside humans breach the revolutionary gap boundary
between them. This research paper deals with design solutions for aiding limb module of a powered limb
exoskeleton used for handling heavy work load in work-place. An optimal design approach is applied for
exoskeletons based on correlations between exoskeleton and limbs in human body. This paper focuses on
the various issues with human-centered approach and addressing the problems of physical
human–exoskeleton interactions and dealing with everyday scenarios. Initially, a conceptual model was
designed and then it was updated to the final design output. Appropriate material selection was done and
production of the suit alongside assembly of pneumatic actuators was done. Test analysis was done to check
for overall efficiency and conclusion was derived. This paper emphasis on framing the various aspects of
design phases in an exoskeleton and provides possible usage of exoskeletons in everyday scenarios. The
basic idea behind this research is to conclude on the importance of exo-suits for the future needs.
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1. Introduction
Exoskeleton robots have prospective applications in the field of rehabilitation and patient assistance.
They can help weakened and paralysed patients regaining independent life by rehabilitate their mobility
and ability to perform activities of daily living (ADL). The primary purpose of assistive technology is for the user to
gain independence and self-esteem. An exoskeleton arm is an external mechanical structure which has joints that
correlates to the human arms. This integration helps in the transfer of mechanical power to the biological
upper-limb [1]. Designing assistive exoskeletons, however, is challenging and complicated as the human
factors plays a key role. It also has an important to note that traditional exoskeletons consist of three
mutually intersecting orthogonal joints which replicate the spherical motion of the shoulder joint, being the
fundamental motion required to create a large workspace according to the activities of daily living (ADL) [2].
All motions in an exoskeleton are examined and controlled by the graphics user interface (GUI). Current
upper-limb exoskeleton designs are mainly built for haptic, tele-operations, rehabilitation and strength
improvements applications. Tele-operation is the process by which a slave robot is controlled, at a distance,
via the replication of forces and movements performed by an operator with the help of an exoskeleton arm
[3]. Haptic interface is the interaction of the exoskeleton and the operator through human touch which can
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be used in controlling virtual reality environments [4]. Strength improvement is implemented in
exoskeleton devices to aid individuals in bearing or carrying large loads [5].
Previous studies have demonstrated that humans prefer to keep their joints and limbs level mechanics to
remain constant when wearing assistive or resistive devices [6], [7]. Along with this invention there are also
assistance technology that is evolved. They are: Plantar flexion assisting exoskeletons can reduce the
metabolic energy cost of walking improve performance, increase walking speed [8] or restore function in
impaired subjects [9]; The ATLAS lower limb active orthoses [10] is another device recently developed by
our group intended to be worn by children. These powered devices are intended to enable individuals with
certain extremity weaknesses, or who have been affected by SCI to stand up and walk; Recently, haptic
interfaces, exoskeletons and robots have been developed to promote self-rehabilitation, arm and wrist
rehabilitation [3], [11].

2. Literature Review
Initial exoskeleton experiments are commonly done using inexpensive and easy to mold materials
aluminum and steel. However, steel is heavy, and the powered exoskeleton must work harder to overcome
its own weight to assist the wearer, reducing efficiency. The aluminium alloys used are lightweight, but fail
through fatigue quickly; it would be improper for the exoskeleton to fail catastrophically in a high-load
condition by "folding up" on itself and cutting the wearer. Soft wearable exoskeletons have been justified to
be a valid mean of assisting human movement. Whilst not being compatible for the application of large
forces, because of their intrinsic compliance, portability and low-power consumption make them ideal for
reducing human muscle effort in activities of daily living such as walking [12] and grasping [13]. A single
robot arm has four actuators which lead to increase in the complexity and heaviness of the entire system
[14].Soft exoskeletons combine the use of fabrics and a bowden cable-driven actuation for motion
transmission to directly induce or apply torques at the joints level. Being flexible and compliant, this kind of
systems allow to relocate the actuation unit away from human articulations, and the assistive torque can be
transmitted via cables from the actuators to the end effectors [15]. Exoskeletons can be classified into three
categories, which allow humans [16]: assist individuals with their daily routine activities; support mobility;
and aid therapy by providing mobility.
A flexible sensor technique is developed to measure the pHRI pressure, where the sensory system is
composed of several optical-electronic sensors [17]. A flexible pHRI measurement device is designed and
applied in the robotic exoskeleton control, which consist of two gasbags and one force sensor connected to
each gasbag. A pHRI-based human motion intent estimation is a crucial step for the exoskeleton control. It is
essential to get an accurate measurement of the pHRI for the robotic exoskeleton control and the
assessment of the assistance grade. The human hand is a sophisticated instrument used to perform many
activities of daily living. The opposable thumb is a remarkable anatomical feature of the hand which greatly
increases the hand’s versatility. Thumb opposition involves flexion, abduction, and medial rotation so that
the pulp surface can contact the other digits [18]. The sensory arm master (SAM) exoskeleton [19] has been
designed to eliminate singularities in the sagittal plane, while restricted in the transversal and coronal
plane. The Intelli Arm is an 8 þ 2DOFexoskeleton system for rehabilitation purposes [20], but consists of a
mechanical construction that prevents the ease of transportation. In recent studies focussing on neuro
rehabilitation, most researchers targeted special therapy to recover the sensory motor function and
improve movement coordination in patients with lesions of the central or peripheral nervous system, e.g.
after stroke [21]-[24].
Rehabilitation robots can be categorized into three types. First is the sitting/lying type, which is used in
the early stage by bedridden patients [19]. Second is the standing/walking type, which is used in the middle
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stage by hospital patients and usually incorporated with a partial body weight support PBWS system, such
as Lokomat [25], Reo Ambulatory (Motorika, USA), and ALEX. The application of exoskeletons and active
orthoses for human lower limbs has represented a major transformation and improvement in terms of
mobility, social interaction and self-image to those who suffer from Spinal Cord Injuries (SCI) or other
walking disabilities [26]. Therefore, a variety of commercial devices have hit the market, such as REX,
ReWalk and Ekso Bionics. Recently, haptic interfaces, exoskeletons and robots have been developed to
promote self-rehabilitation arm and wrist rehabilitation [3], [11]. The Berkeley Lower Extremity
Exoskeleton BLEEX was designed to assist people to carry heavy loads, which could walk at the speed of 0.9
ms-1 while carrying 34 kg pay load [27].

3. Background Study
3.1. Subjects
When it comes to carrying a backpack, small people can more than hold their own. According to one
physicist, a 110-pound adult can tote the heaviest backpack, weighing around 50 pounds. The average
human can lift things that weigh much more than their bodyweight if they train to do so. If a normal,
otherwise-healthy person with a healthy body composition can’t lift at least half their bodyweight they are
simply weak and need strength training. The human body has 8 major load-bearing joints. These
load-bearing joints are designed to stack vertically and to align horizontally. From the side view, you should
be able to pass a plumb line from the earlobe straight down through the ankle.

3.2. Formulation of Exoskeleton
Designers need to be aware of design-related commitments made during project planning and project
development, as well as proposed mitigation. They also need to be cognizant of the ability to make minor
changes to the original concept developed during the planning phase that can result in a
"better" final product. The figure given above represents the final output of the exoskeleton for after design
changes facilitating ease of use and compatibility.

Fig. 1. Conceptual framework model.

4. System Architecture
4.1. Mechanical Structure
Mild steel is the most commonly used steel. It is used in the industries as well in the different everyday
objects we use. The main target of this article is to discuss about different mild steel properties. Almost 90%
steel products of the world are made up of mild steel because it is the cheapest form of steel. Mild steel is
not readily tempered or hardened but possesses enough strength.

4.2. Limb Frames
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Limb Frame is a supportive structure consisting of a T-linkage bar attached to the Main Frame using Rod
End Bearing. It holds the Pneumatic Cylinders that attached using U-Clamp and joints. The upper limb has
certain structures that support its structure along with its subsystems. These subsystems also ensure the
proper placement of muscles and connections that enable co-ordination between those systems. Motions
that occur in the upper limb is generally defined in anatomical planes. The basic changes that happen in this
system are of two types. Muscle extension for holding the required object and muscle contraction for
handling of the weight in the required direction. There are certain supports that the upper limb must have
at specific areas in the system. These structures are the ones that are responsible for exerting pressure on
the bones or structure for handling loads without any damage to the limb. If supports are not held properly
within the system, then each of the subsystems will start failing one by one and ultimately the entire system
will collapse. The way or path of allowed motion of the upper limb can be best described by using the
concept of degrees of freedom for the parts that form the system of the upper limb. There are three DOF for
shoulder joint with the elbow joint having two DOF and the wrist comprising of two DOF. Degrees of
freedom stand for the movement allowance for the object or part of consideration. Hence keeping these
movement allowances in mind, structures must be designed in such a way to ensure and endure motion
through the controlled specified paths during weight handling. Proper care should be taken for the human
machine interaction. The motion of the machine part should not put the limb in a dangerous position. This
might result in severe damage to the limb. In this way, the support structures were designed for the upper
limb keeping all dependent factors in mind.

4.3. Synthetic Fibre Rig
Synthetic fibre is man-made fibres, most of them are prepared from raw material (petroleum) called
petrochemicals. All fabrics are obtained from fibres and fibres are obtained from artificial or man-made
sources. It consists of small unit or a polymer which is made from many repeating units known as
monomers. Example: rayon, nylon, polyester, etc. Face arresting A Class was designed to properly mesh the
mainframe clamp to the belt to hold the exoskeleton to the body. A buckle with variable size measurement is
given for people of varied sizes.

5. Device Specification
5.1. Pneumatic Cylinder
Pneumatic actuators use pressurised gas to generate output forces. Because of their lightness, pneumatic
actuators have a high power to weight ratio. In addition, pneumatic actuators provide a clean and
non-flammable actuation option. Air cylinders are measured by three main values: pressure rating, bore
and stroke. The principle of physics dictate that the force a cylinder is theoretically capable of producing is
identified by multiplying the area of the piston by the air pressure available. Factors such as seal friction,
flow coefficients of tubing, fittings and valves, and acceleration and velocity all play a part in reduction of
force to one degree or another. The speed at which a cylinder travels is defined by the difference in forces on
each side of the piston. An air compressor is used to provide pressurized air. By one of several methods, an
air compressor forces more and more air into a storage tank, increasing the pressure. Two pneumatic
cylinders are used for load lifting having the following specifications:
Table 1. Pneumatic Cylinder Specification
Bore
Stroke Length
Pressure

40 mm
100 mm
20 psi – 160 psi (1.3bar to 11 bar)
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6. Functional Design Testing
The purpose of the exoskeleton is to help people compensating the weight of their arms and in-hand
objects. The shoulder joint and the flexion of the elbow joint. The exoskeleton is designed with five degrees
of freedom, the extra DOF allowing the separation between two shoulder joints, namely, the human and
exoskeleton shoulder joints. As shown in Fig. 1, the exoskeleton is mounted on a support bracket, which is
worn by a person through a belt and jacket on the trunk. The exoskeleton holds the human arm by grabbing
the wrist, with binding between the lower human arm and the lower link. With the captured human arm
motion of picking up a cup and drinking, the solved exoskeleton kinematics are shown Fig. 4. In physics,
the degree of freedom (DOF) of a mechanical system is the number of independent parameters that define
its configuration. Total D.O.F of Exoskeleton is THREE.

Fig. 2. Human skeletal kinematics

6.1. Bending Moment
The need for performing stress analysis is proven from the fact that the structure of the materials changes
when it is subjected to forces. The last step in any component design is the process of analyzing for the
ability of the device to work under the loading conditions. Analysis done in this manner can generate
certain required results which would have been neglected in the analytical method of analyzing the working
condition. The analyzing software also takes various parameters into account for the generation of results
according to the data given by the user. This result generation is quick and increases productivity while
saving time. So, the following observations relating to the object were made.
Bending is the process by which the beam structure changes in such a way that one portion of the beam
undergoes compression and the opposite portion of the beam undergoes tension. In our study of Bending
Stress on the exoskeleton model, we loaded the arm in steps and found out the stress induced due to
bending. At each load step the bending stress was found out. A graph was plotted taking the Load and
Bending Stress into account. From the graph it can be inferred that the Bending Stress varies directly with
the Load. Both were found to be directly proportional to each other. Shear Force and Bending moment
analysis was done, and the results are obtained as follows:
Table 2. Bending Stress
Load

Bending Stress kg/cm2

0.5

11.27

1

23.07

2

46.15

3
6
8

92.30
138.46
230.77
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6.2. Angular Contraction Observation
The movement around a particularly localized space can be defined as the range of motion of the object.
Range is the concept which indicates the constraint of the object’s motion. This also indicates the working
space of the object. Through this understanding we can conclude on the path of travel of the object and find
out if the object has any hindrance during its operation or if it satisfies the required purpose. In the study
made by us on our exoskeleton model, we found out that by loading the arm in steps, the angles of
contraction of the arm changed which each loaded step. The initial angle before the start of the operation is
150 degrees. From this point the operation was started and the testing was carried out for the Contraction
Angle of the arm. The results are summarized in Table 3.
Table 3. Angle for Load Applied
Load

Angle in Degrees

0.5

45

1

45

3

45

4

45

5

45

6

45

7

72

8

120

6.3. Von Misses Stress Analysis
The analysis of the component was done by designing the product in a design software, which was
followed by application of constraints and load. The software used by us for designing analyzing and
simulating the model was CATIA. The model was designed with its constraints were applied. Then the
necessary load data was given to the corresponding points after completion of meshing the object. Finally,
simulation was done and the results of the analysis for Von Mises Stress were found out as shown in the
figure. The maximum stress was found to act near the pivot point of the arm.

Fig. 3. Von misses stress.
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7. Conclusion
The proposed exoskeleton model is demonstrated as a human centered approach involving careful
consideration of human joint motions. This model considers the human muscle reactions for careful
alignment of the arm with the arm of the human. There is no constraint posed on the human body during
the operation of the exoskeleton device. The model proposed here was studied with humans as passive
exoskeletons. The observed results indicate the enormous potential and importance of implementation of
this exoskeleton into practice in various fields. Because of the device’s direct interaction with the human
operator, many factors are taken into consideration and the design of the model has been done to avoid
placing stress on the human body. The force acted upon during the lifting action is transferred to the back of
the human body lowering the risk of snapping joints. Taking all forces and human capabilities into account
the exoskeleton model has been proposed and the required analysis has been done. The observed results
were tabulated and noted. Hence the model is feasible to use and interacts with humans well, serving its
purpose in a various field. The test conducted on the device proves its ability to handle loads for people
with problematic limbs. Therefore, the exoskeleton offers an enormous potential for benefitting the humans
in various functions.
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