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Abstract— When production in any company increase, it 

directly affects the workers; that they have to work hard to 

achieve the production goal. This standing all over day create 

pressure on legs and stress and fatigue is developed in body, 

which directly affect the capacity and accuracy of the work. 

Our problem is to invent a device to support the body weight 

of workers while working on assembly line just like a chair 

which will be light-weight and wearable. Project is based on 

improving the human performance by using lower body 

exoskeleton. The aim of the device is to support the weight if 

user while sitting in different positions. Though there are no. 

of exoskeletons available in market but are not used by 

common public due to cost issue. In this project we have to 

study, design and analyze the developed mechanism to 

support the human posture while working. Model is also 

fabricated to show how this mechanism works. We have used 

CAD and CAE software for modelling and simulation as well 

as cutting, drilling and bending machine to fabricate the 

model. 
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I. INTRODUCTION 

Imagine having to stand over a day with no means of sitting 

support available, that problem is faced by many workers 

working in the factory resulting in muscle related diseases 

and pains. Working on assembly line whole day creates 

fatigue and reduces efficiency and concentration which may 

cause accident and lesser productivity. [3] While working no. 

of muscles exert force on limb and torso to move them and 

support the work load but in the repetitive process some part 

of muscles experiences fatigue and stress. This stress can be 

reduced by providing a parallel mechanism which distributes 

the load. [2] Main reason for unstable and unbalanced body 

is the external work load lifted by body while working. [4-

5]Ligaments and tendons are elastic elements which plays 

main role in stability and movement of the body. [10-11] 

There is the need of providing external powered 

support to muscle  i.e. Exoskeleton  while working and 

standing.[12] The chair less chair provide the worker 

ergonomic seating support in required position by supporting 

the posture with a mechanism.[13] The function of our 

mechanism is to act as another supporting leg as exoskeleton 

and to reduce fatigue and muscular pain. Exoskeleton is 

attached to the thighs, limbs and ankles having a joint behind 

the knee. Hydraulic mechanism is used to adjust the distance 

between thighs and limbs to get desired seating position [1] 

Experts from all over the world have formerly been of the 

opinion that the proper sitting position is the right angle or 

erect position. The erect posture looks very nice, but it is 

impossible to sit this way for long and there is no scientific 

basis for it. This erect sitting posture cannot be maintained for 

more than one or two minutes, and usually results in fatigue, 

discomfort and poor posture. In 1962, the German 

orthopaedic surgeon, Hanns Schoberth, demonstrated by x-

ray photos that in a seated work position, you can only bend 

about 60 degrees in the hip-joints, not 90 degrees This means 

that when moving from a standing (lordosis) to an upright 

sitting position, you bend the hip-joints about 60 degrees and 

rotate the pelvis axis backwards, flattening the lumbar-curve 

(Kyphosis) of the back 30 degrees and straining the muscles 

of the back. 130° angle between spline 

And femur bone is the best seating position rather 

than the 60° and 90°. 130° seating is best natural position 

which carries body weight uniformly. A seat that tilts forward 

encourages this natural posture. Opposing muscle groups are 

balanced and the lumbar curve is preserved producing 

balanced seating in which the back is straight, the joint angles 

are open and the muscles are relaxed. This position provides 

greater mobility and relieves pressure on the lungs and 

stomach [6-9] the aim of the device is to support the weight 

if user while sitting in different positions. 

 
Fig. 1: Seating Position 

II. METHODOLOGY 

A. Design of Work 

Aim of our project is to design and develop a mechanism 

which is wearable and lightweight and also support the 

posture of the workers working on assembly line in different 

working positions. There are different exoskeleton available 

in market but they are made up of carbon fiber or titanium 

hence, are expensive. That is why we have decided to use 

Hindalco’s aluminium alloy AA1070 H18 composed of Fe-

0.25%,Si-0.20%,Mg and Mn-0.03%,Cu and Zn-0.04%,Ti-

0.03%,other-0.03% and Al-99.70%. It is having Ultimate 

tensile strength of 115 Mpa. Aluminium alloy is lighter than 

M.S. and cheaper than Carbon fiber and titanium having same 

strength. 

Primary design of project is to attach two structure 

links to high and low limb of lower body and two links are 

having revolute joint between them. A hydraulic damper is 
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used to support weight on upper link and to transfer the forces 

to ground through an ankle joint. Damper is adjustable in 

length to obtain different desirable positions. Damper is a 

lockable gas spring having capacity of 750 N. Besides of that 

we have used 12mm bolt as shaft and 8mm bolt as fastener. 

We have used Solidworks 2015 for CAD and ANSYS 

Workbench for analysis and simulation. Cutting, drilling, 

bending and grinding machines are used to fabricate the 

model. The primary design of the mechanism is as follows, 

 
Fig. 2: Primary Design 

B. Flow Chart 

 

III. DESIGN, MECHANISM & FABRICATION 

A. Mechanism 

Primary design of project is to attach two structures links to 

high and low limb of lower body and two links are having 

revolute joint between them. A hydraulic damper can be used 

to support weight on upper link and to transfer the forces to 

ground through an ankle joint. Damper is adjustable in length 

to obtain different desirable positions. Design weight= 

100kg. 

Aim of our project is to develop a humanoid lower 

body supportive structure with optimum cost and quality with 

maximum reliability. 

B. Mathematical Modelling 

We have investigated and did some calculation before 

starting to design the product. The calculation that we have 

done is to identify the accurate position to place the damper 

on the main body with the required angle. We also have done 

finite element to find the maximum weight that the product 

can accommodate 

σ =F/A 

Where, 

F = Force applied on the seat 

A = Area on which force is acting 

Available Gas cylinder, 

Extended length      -260mm 

Compressed length - 220mm 

Stroke                     - 40mm 

Let fix the distance of upper link pin joint at 50mm 

from revolute joint. 

 
Fig. 3: Free Body Diagram 

L (BC) = √ BE²+BC²        EC² = BE²+BC² 

BC² = EC²-BE² 

BC² = 220²-50² 

BC = 214 mm 

We know that, 

Tanθ = BC/BE = 214/50; θ = 76.84° 

Tanα = BE/BC = 50/214; α = 13.15° 

For ▲ ECF, 

< ECF = 31.85°                     l (EC) = 220mm 

Cos 31.85 = CF/EC               CF = COS31.85 × EC 

CF = COS31.85 × 220 

CF = 186.87 mm 

Now, ∑Fy = 0 

-981 + Fcy = 0             Fcy = 981 N 

∑Mb = 0 

-981× sin45×400+981×sin45×214+ FcxCos45×214 = 0 

129022.9459 = Fcxcos45 × 214 

Fcx = 852.644 N 

At point C, 
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Fig. 4: at point C 

FCB = √981² + 852.64² = 1299.75 N 

FCE = Fcb Cos 13.15 = 1299.75 Cos 13.15 = 1265.66 N 

At point E, 

 
Fig. 5: At point E 

FEY = FCE Cos 31.85 = 1265.56 Cos 31.85 = 1075.0 N 

FEX = 612.6 N 

The load acting on cylinder joining the upper link 

and lower link in seating position is Fce=1265 N. This load is 

carried by two cylinders attached to both legs. Hence each of 

the cylinder should have min. load carrying capacity of 650N. 

After analysing the forces acting on mechanism we have 

decided to perform reverse engineering. In which we have 

prepared the model first and then analysed it by computer 

software to find factor of safety. 

C. Modelling 

 
Fig. 6: 3D Models 

D. Material Selection 

It is a wearable device so it must be designed light weighted 

so that it will be comfortable to user but at same it should be 

sufficiently strong to sustain body weight without deflecting 

and failure. The various suitable materials are carbon fibre, 

Tough plastic, Aluminum alloy and stainless steel. Objective 

of the project is to be cheaper so that everyone can afford it. 

Aluminum alloy is the best suitable material because it is 

strong and cheaper as well as light weight. Hence we have 

finalized the Hindalco Aluminum Alloy AA1070 H18 as the 

material of product. 

Properties of material are as follows, 

Density                                      -2770 kg/m³ 

Ultimate tensile strength           - 115 Mpa 

Ultimate shear strength              - 55 Mpa 

Tensile yield strength                - 95 Mpa 

Compressive yield strength        - 190 Mpa 

E. Analysis of Model 

We have performed software simulation of designed model 

on “ANSYS-WORKBENCH” to check the factor of safety of 

structure and performance of the product .The boundary 

conditions of the model are load to be acted and strength of 

the material selected. Analysis is done on load of 100 kg on 

the upper link surface. 

The result of Analysis was satisfactory and structure 

bears the load without failure. Different values of stresses and 

deflection are observed at different points which are as 

follows, 

 
Fig. 7: Analysis of Model 
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Table 1: 

Shear Safety Factor = Shear strength / Shear stress = 55/40.71 

= 1.35 

Normal Safety Factor = Normal Strength/Normal stress = 

115/90.87 = 1.265 

F. Fabrication 

It is the method of shaping the material to achieve desired 

shape. Design of the linkages are of near about C section. 
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Instead of using readymade Aluminium C section we have 

decide to achieve the shape from sheet metal work. It is 

difficult to get the taper shape on readymade C section also 

the drilling, cutting and slotting operations are complex. That 

is why we have decided to work on 4 mm aluminium sheet 

and perform various operations. Due to lack of facilities and 

cost issues we have decided not to manufacture the part but 

buy the identical alternative available in market at low cost 

which is serving same purpose. 12 mm Bolt is used as shaft 

and 8 mm bolt is used as cylinder pin. 

We have procured two lockable gas springs of 750 

N load carrying capacity each. They are having 40 mm stroke 

and a separate attachment to switch the locking and unlocking 

position of the cylinder. 

The fabrication process was conducted in following 

manner. 

Procurement of raw material : we have bought an aluminium 

alloy sheet of thickness 4 mm, length 900 mm and width 450 

mm. cost of the sheet was Rs.280/ kg of Al. 

1) Sketching 

The shapes of upper link and lower link are sketched on 

aluminium sheet by hands and by the use of permanent 

marker pen, in this operation our focus was on maintaining 

the accuracy of shape and dimension of sketch. 

2) Cutting 

The drawn shape of links on aluminium sheet is cut on 

reciprocating blade saw machine precisely. It has required the 

practice and art of hands motion. 

3) Slotting 

4 Slots on upper link for belt fixtures are machined by the 

same cutting machine accurately. 

4) Drilling 

In this operation we have machined two different holes on 

each link, one for shaft and another for cylinder pin fastening. 

Two holes of 12 mm and two holes of 8 mm are drilled on 

each link by bench drilling machine. Coolant is added at 

machining to remove the heat at speed of the spindle was kept 

low to reduce vibrations and increase accuracy. 

5) Bending 

It is one of the important operation to give final shape to links. 

Outer wings of plate are bent through 90° by sheet bending 

machine operated hydraulically. Material is sufficiently 

ductile that it did not cracked during bending. 

6) Finishing 

The burr and chips of drilling are removed by grinding and 

links are cleaned with blow of compressed air. It has started 

finishing. 

In this way we have fabricated the links from 

aluminium sheet. 

IV. ASSEMBLY, WORKING & TESTING 

A. Assembly 

After procuring all the raw material and fabrication of links, 

next step was to attach all the component together to get a 

working mechanism. 

Various parts of the mechanism are as follows. 

 
Fig. 8: Lower Link 

 
Fig. 9: Upper link 

 
Fig. 10: Shaft 

 
Fig. 11: Cylinder Pins 

 
Fig. 12: Base 

 
Fig. 13: Release Mechanism 
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Fig. 14: Lockable Gas Spring 

First of all we have cleaned all the metal parts and 

lubricated them to ensure less friction. Assembly is done as 

following, 

 Gas cylinder is having outer threads on its piston rod and 

release mechanism has inner threads at it nut. We have 

fixed both of them by fastening the threads. We have 

ensured no pre stressing of attachment. By moving the 

lever of release mechanism switch on piston rod is 

pressed and gas cylinder become free to move. 

 The next step was to attach both the upper and lower link 

by passing the 12 mm bolt through the holes and 

tightening it. We have used washer to apply uniform load 

on link due to tightening of the bolt. 

 Then we have fixed the base to the end of the lower link 

by passing a bolt through the parts. 

 Release mechanism is attached to upper link by a bolt 

and bottom of gas spring is attached to lower link by 8 

mm bolt. 

 Belt fixtures made from Velcro are passed through the 

slots and fixed to the upper link. 

 Care was taken while tightening the bolt that it could not 

apply stress on component and damage the part. 

 The same procedure is repeated for assembly of device 

for another leg. 

 
Fig. 15: Assembled Product 

B. Working 

We have used the lockable gas spring to adjust the distance 

between upper and lower links so that sitting position is 

adjusted. Lockable Gas Springs. When you want to lock the 

stroke at a certain position without using external 

locking mechanisms, lockable gas springs are used. 

A lockable mechanism on a gas spring allows the rod to be 

locked into place at any point during its movement. 

First of all user has to attach the belt fixture to thighs 

we sufficient grip. Lower is fixed to the ankle by ankle joint. 

When we press the lever of release mechanism, it press the 

switch of cylinder and unlock it. 

Piston rod gets pushed into the cylinder by body 

weight and up to the desired seating position, meanwhile the 

lever is kept pressed. When the desired seating position is 

obtained lever is released. 

Piston gets locked inside the cylinder and did not 

move at thus weight of the body is supported. 

In this way we can obtain the required position by 

pressing and releasing the lever. 

C. Testing 

We have tested the product for different loads and seating 

positions. 

Name Weight 
90° 

Response 

130° 

Response 

160° 

Response 

Hemant 76 kg Best good Good 

Keshav 56 kg Best good Better 

Yash 67 kg Best better Better 

Unmesh 69 kg Best good Good 

No crack and deformation is observed during testing 

and material have sustained various loads at different seating 

positions without failure. 

V. RESULT & DISCUSSION 

Finite element analysis is carried out on the product in order 

to find the maximum weight that the product can 

accommodate. Based from the finite element test, the 

maximum load that can be applied on this product is 100 

kilograms. If the load slightly greater than this value, the link 

flanges and cylinder pin will start to bend thus failure will 

occur. In order to prevent this from happening in the future, 

we can replace the links with high quality of material example 

Titanium so that the product can support more load. The 

result for the finite element is shown as above. 

The weight of the product is 5 kilograms. It is not 

too heavy for us but if in the future we want to reduce the 

weight, we can replace the aluminum structure with fiber 

glass or plastic. Fiber glass is a good strength to weight ratio 

component but it is quite expensive. Others alternative is to 

use plastic but the selection of plastic must be analyze wisely. 

Sharp edge at the product must be removed in order to prevent 

injuries to the users. 

VI. CONCLUSION 

A. Conclusion 

The wearable ergonomic mechanical device is successfully 

developed and assembled. The aim of the project to invent, 

design and develop a new device to support posture of worker 

on assembly line and to assist human locomotion is 

successfully achieved. In this project a posture supporting 

mechanism similar to the lower body exoskeleton is 

developed to reduce the fatigue and muscle pain in worker’s 

body and to enhance his efficiency and productivity. We have 

made it lightweight and affordable to everyone. Weight of the 

product can be reduced further by using advanced light 

materials and with push button wired release mechanism. 

In this project we have done reverse engineering, we 

have decided the dimensions, loading condition and material 

properties earlier and then analysed the model to get safety 

factor of the structure. The Obtained safety factor for the 

structure is 1.34 which is satisfactory. Mechanism is working 

successfully without failure. 

Thus we have completed our project of new product 

development 

B. Future Scope 

The product made by us is slightly heavy; it is made up of 

aluminium structure which is uncomfortable and heavy to 

wear on the body. Future work may happen on replacing the 
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material by various advanced alternatives available now a day 

like fiber glass, carbon fiber and plastic. These available 

materials are costly but are lightweight and having same 

strength as aluminium and mild steel. 
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