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Abstract:  

Purpose - An exoskeleton is a mechanical structure structures that humans can equip on their body to increase 
their energy and stamina. The purpose of this article is to explain how to use exoskeletons to improve 

performance. 

Design, methodology, and approach – More than just a survey of the literature, including academic works and 

internet reviews of grey literature, it offers a thorough comparison and in-depth analysis of the capacity of 

exoskeletons to enhance manufacturing performance. 

Results - The exoskeleton can be used to enhance missionary performance in at least eight different ways. 

However, exoskeletons can have un intentional negative consequences of reducing human flexibility, 

potentially leading to new resources for muscular disorder or skeletal disorders (MSDs) and injuries. [1] 
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1.Introduction: 

Exoskeletons are orthoses of a certain type, 

devices that work in concord and parallel with 

their customers (humans) for you to increase 

bodily performance and are capable to complete 

positive tasks or moves. 

There are many challenges that remain unfulfilled 

when it comes to designing exoskeletons and 

orthotics. Advances in exoskeletons are a safer 

type of brace, gadgets that work in harmony and 

parallel with their customers (human beings) if 

you want to augment bodily performance and are 

able to finish sure duties or moves. 

Heavy equipment is Usually transported by 

wheeled vehicle. However, many environments, 

such as rocky slopes and stairs, pose significant 

challenges for engines placed in wheels.. In such 

situations, gait becomes an emotional mode of 

locomotion as the foot can adapt to a variety of 

intense terrain.There are also various causes that 

May affect the function of the human 

musculoskeletal system.. Most notably, the 

development of joint problems in the lower 

extremities and the creation of strange gait 

patterns. The importance of research and 

development of devices to compensate for 

pathological gait patterns was already diagnosed at 

the beginning of the twentieth century as it still 

had some challenges to realize its clinical use. . An 

exoskeleton is therefore an electromechanical 

device controlled with the help of a human 

operator, intended to enhance the wearer's physical 

performance. 

An exoskeleton is a machine worn by a person that 

provides at least part of the activation energy for 

the body's movements. Combine machine power 
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and human intelligence to improve the energy of 

machine intelligence and human operators. This 

allows human operators to accomplish things they 

might otherwise not be able to achieve on their 

own. When designing the 

exoskeleton mechanically, only the design criteria 

should be considered. Layout criteria mentioned 

with the help of researchers from Selcuk 

University. consists o 

(1)user safety.    

(2) high maneuverability  

(3) adaptability to different users 

(4) lightweight and strong structure and  

(5) Ergonomic and comfortable design 

 

In addition, robotic devices are characterized by 

longer treatment durations, regardless of ability or 

fatigue, compared to guided devices. They focus 

on  the inclusion of mechanical devices in the 

rehabilitation of stroke patients Additionally, with 

the Virtual Truth interface, robotic devices can 
operate in multiple degrees of freedom to provide 

corrective actions ranging from passive to 

vigorous rehabilitation. 

Exoskeletons for business programs also include 

higher limb and returned helps, to lessen the 

burden at the shoulder and again muscle mass 

even as holding awkward postures. Chairless 

chairs, which could stiffen and lock in region, goal 

at lowering the fatigue of crouching or status 

inside the identical role for an prolonged period, 

even as powered exoskeletons are designed to 

decorate the strength and the resistance to fatigue 

in worrying jobs. These exoskeletons, both passive 

or energetic, require distinctive methods closer to 

fulfilling necessities together with usability, 

acceptability on the workplace and capability 

safety problems. 

 

2. Literature review 

The concept of a mechanical exoskeleton has 

been around since at least the end of the 18th 

century. However, the first samples of working 

exoskeletons only appeared in the 1930s. In the 

1950s, research was conducted to develop 

mechatronics for exoskeletons. Then, in the 

1960s, the U.S. Department of Defense began 

developing exoskeleton systems, and General 

Electric Co. developed wearable robots. There was 

no significant progress until the 1990s, when 

advances in materials technology made it possible 

to develop lighter and stronger exoskeletons. And 

in the 2000s, advances in microelectronics and 

computing power made possible the development 

of wearable robots. Everywhere there were 

research exchanges in the field of health and 

research for military purposes.13] 

We consider a simplified target application as a 

first step towards developing an affordable 

exoskeleton. A rehabilitation exercise featuring 

only his two degrees of Freedom in the sagittal 

plane (i.e. flexion/extension of the spine and knee 

joint). After a brief review of the literature on 

available exoskeletons, this article focuses on 

proposed exoskeleton designs (including 

mechanical and electronic) and briefly discusses 

advanced rehabilitation options.Preliminary 

experiments performed on healthy subjects are 

then reported and conclusions drawn 

  

3.Research gaps 

An overview of the existing literature suggests 

three limitations from a manufacturing 

engineering control perspective. First, there are 

few publications on the full spectrum of 

exoskeletons. Rather, they rely on some kind of 

exoskeleton.. Previous studies have not provided a 

comprehensive analysis. Second, the literature 

comparing exoskeletons and robots at different 

stages of manufacturing is lacking. Rather, these 
studies are based on the assumption that 

exoskeletons are used at specific stages. These 

studies do not provide comparative analysis. 

furthermore, lack of documentation. covering the 

probabilities of positive and negative outcomes 

and the multitude of factors needed to influence 

them. 

4. Working Mechanism 

4.1 Mechanics of 3-axial Exoskeleton 

The construction of the joint poses special 

design challenges because the human hand 

occupies the joint's axis of rotation. The 

exoskeleton results from axial rotation of the 

upper and lower arms and uses semicircular 

supports to allow the customer to wear the 

device without strain or discomfort. The guide 

which is semicircular consists of three individual 

arc support segments each of 60 degree, as 

shown (Fig. 1)...[8] 
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Figure 1: 3 individual 60 degree rotation bearings 

combined together. 

 

 

4.2 Mechanics of upper Exoskeleton 

The structural design of the upper limb 

exoskeleton is shown in (Fig. 2). This mechanism 
is designed to work in conjunction with the 

patient's left arm and forearm. Considering that 

this tool is intended to support situations during 

rehabilitation, or to seek out or move near objects 

whose trajectory is usually in the sagittal plane, the 

task of lifting and lowering , the exoskeleton is 

designed to have two degrees of freedom to 

provide flight, specifically the shoulders and 

elbows, flexion/extension.[2][9] 

 

Figure 2: Exoskeleton constructive design. 

4.3 Mechanism of Spinal Exoskeleton 

It is a passive mid-upper limb exoskeleton 

designed to increase. the user's range of motion and 

comfort while providing adequate support. The 

waist belt supports the user's arms by transferring 

some of the weight of the arms to the pelvis. The 

exoskeleton's auxiliary structures consist of 

articulated supports and rods. A spring-loaded 

passive drive creates a supporting torque at this 

joint. Specifically, the armrest connects to the 

shoulder as a bracelet via a passive swivel at one 

end (point A in Figure 3) and a cable at the other 

end (point B), using a support beam between the 

two points. (point C) . The cable is connected to a 

spring at the bottom of the handlebar. Therefore, 

the spring exerts a downward force at point B, 

creating an upward supporting moment at the 

passive joint (point C). The amount of torque 

depends on the length of the adjustable lever arm 

BC. 

The secondary structure is connected to the thigh 

by a hip belt via a passive ball joint.. [2][4][5] 

 

Figure 3: It consists of a stabilizing structure 

attached to the participant and a support structure 

that transfers some of the weight of the arms from 

the shoulder straps to the waist belt. 

 

4.4 Mechanism of Hip Exoskeleton 

The hip joint has a parallel structure that can 
perform 3 rotational movements and self-centering 

with the human hip joint, which can be seen 

 in Fig. 4. When he attaches a 3-UPS (universal-

prismatic-spherical) parallel mechanism to the 

human waist and thigh, the human thigh and 

mechanism are connected as a whole and can be 

regarded as a 3-UPS/1-S parallel mechanism, 

(Figure 4(a)). Considering that the human hip joint 

meets different needs of patients in different stages 

of rehabilitation therapy, two configurations, 3-

UPS/S and 2-RPS/UPS/S, are used for lower 

extremity rehabilitation. A new metamorphic 

parallel mechanism was applied (Fig. 4(b)). The 

fully-restricted asymmetrical parallel mechanism 

prototype is designed to support and rehabilitate 

the hip rather than three consecutive rotating legs 

to avoid disadvantages such as individual 

intolerance, insecurity or interference with the 

other leg. Use of pantograph as 3 legs with limited 

rotation (Fig. 4(c). [6][7][11] 
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Figure 4: Parallel mechanisms for hip joint 

assistance 

 

4.5 Mechanics of lower Exoskeleton 

Exoskeleton robots for lower extremity 

rehabilitation require a mechanical design 

consistent with the human lower extremity to 
understand pressure and energy transfer through 

wearable connectivity. This can be achieved by 

designing ideal robotic mechanisms and drives. 

[12][11] 

4.6 Mechanism of knee Exoskeleton 

For simplicity, The knee joint is considered a 

rotational joint and only flexion and extension 

movements are considered. In fact, knee 

movements are surprisingly complex. and 

surprising mechanisms have been devised to 

address this issue. 

An adaptive knee can be used on the knee joint, 

effectively eliminating adverse effects on the 

human knee (Fig. 5(a)). Based on the knee joint 

complex, we develop a series-parallel hybrid 

mechanism for lower limb rehabilitation by 

combining axial translational and rotational 

movements. [3][6][11]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Novel mechanisms for knee joints 

 

4.7 Mechanism of Actuator  

Actuators provide the necessary torque to drive the 

exoskeleton. Actuators are one of the substances 

responsible for increasing stress on the 

exoskeleton. Researchers are therefore looking for 

actuators with excessive power-to-weight ratios. 

Mainly he has three types of actuators. H. Electric, 

pneumatic and hydraulic actuators used in 

previous exoskeletons. The performance of 

pneumatic actuation depends on friction losses, air 

compressibility and air purity. The power-to-

weight ratio is excessive compared to electric 

vehicles. The fundamental drawback is that the 

bandwidth in which it runs is less than (5Hz). This 

limits the charge that can respond to command 

instructions. Some research companies use 

hydraulic drives with excessive power-to-weight 

ratios for their work. However, hydraulic actuators 

are less environmentally friendly and suffer from 

voltage loss when fluid leaks. In addition, a noise 

reduction device is required, making the system 

complicated. Electric motors are used in most 

devices to power exoskeletons in the upper 

extremities, as electric vehicles can generate 

tremendous torque and surprisingly precise 

movements despite being heavier than others. It's 

been done. The actuators used in the exoskeleton 

should be[12]. 

http://www.ijnrd.org/


© 2023 IJNRD | Volume 8, Issue 3 March 2023 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2303079 International Journal of Novel Research and Development (www.ijnrd.org)  
 

a778 
 

(a) lightweight, 

(b) have a wide range of motion, 

(c) capable of producing precise movement, and 

(d) provide high torque.  

 

4.8 Power Transmission  

In order to make the research prototype of the 

exoskeleton for the upper limb into a model that 

can be commercially used, energy transfer needs to 

be novel and more complex, which could make it 

easy to operate, low inertia, and powered. 

necessary, needs. A constantly changing energy 

transfer is required in the exoskeleton at a certain 

point of activity. The transmission can be done by 

cable force, twine force, learning device 

transmission, pulley force, harmonic pressure, etc. 

Some techniques used a cable push mechanism to 

operate their exoskeleton. One of the versatility of 

power-by-wire is that it can be fitted into locations 

on the exoskeleton where other types can be 

difficult to identify. This type also offers the 
advantage of low inertia and simplicity, ensuring 

fast response times and long-lasting power and 

energy transfer, but the cable can stretch and slide 

with no effort, in the end. creates a unique joint 

motion compared to fancy cables. Tension 

programming where quadratic programming is 

applied to optimize cable tension. [12] 

4.9 Backdriveability 

The ability to move backwards is another 

important issue that needs to be addressed as 

patients can control joint movement as long as it 

can be treated with live therapy. Over time, the 

displaced motor properties are restored to the 

patient, so the exoskeleton should allow the patient 

to move the limbs through their own efforts. [12] 

3. Control Issues 

The dynamics of the upper extremity exoskeleton 

are inherently nonlinear as they accommodate 

many connections, joints, actuators and sensors. 

Centrifugal and Coriolis forces, as well as friction 

at joints, introduce nonlinearities in exoskeleton 

manipulator dynamics. Therefore, nonlinear 

control methods are required to control the 

exoskeleton of the upper arm, in contrast to the 

control techniques used in factory robotics. In 

rehabilitation, robotic devices have been used to 

help stroke victims move the affected limb through 

previously described pathways. This movement 

uses both linear and nonlinear approaches with pd 

controllers, but this has limitations due to the 

constant datum error in trajectory tracking. [12] 

 

 

4. Conclusion 

An initial search in May 2020 returned 119 

publications from PubMed, 502 publications from 

Scopus, and 178 publications from the Web of 

Science database. After deduplication, 530 studies 

were left for title and abstract verification. After 

this screening procedure, 510 studies were 

excluded, leaving 20 studies. An updated search in 

December 2022 yielded 26 more publications. 

Eleven studies were excluded because they 

included fewer than seven people. No studies were 

excluded due to poor quality. 

The amount of exoskeletons for upper limb 

available for surgery has increased dramatically in 

recent years.. Most studies have focused 

specifically on the overhead stage responsibility in 

exoskeleton design and use. Preliminary evidence 
indicates that the use of an upper extremity 

exoskeleton may also provide subjects with a sense 

of security in relation to their movement, stronger 

in laboratory than field placement. Additionally, 

individuals wearing exoskeletons are encouraged to 

undergo ongoing pre-assessment and evaluation 

with respect to their establishment and their 

specific exoskeleton. Currently, exoskeletons are 

not considered a mass use medium, but should be 

used judiciously as an alternative for in-demand 

employees. The current state of research on the 

effectiveness of exoskeletons in job hunting is 

limited by short sporting hours and the 

conservative distribution of participants by gender 

and age that is not representative of the majority of 

the population. Studies should run longer 

exoskeleton wear and follow-up times and should 

include more girls, older adults, and people with 

pre-existing medical conditions. 
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