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Abstract: 

The mechanical screw jack is used to lift the weights or automobile vehicles and reduce the man efforts in multip ly the energy 

applied for lift ing the heavy weights with fewer efforts. We are designing a component that is hydraulic jack cum puller. The 

model is developed using Solid modeling software i.e. PRO-E (cero -parametric). Further finite element analysis is done to 

determine the von-misses stresses and deformations for the given loading conditions and different  materials. Operating a 

hydraulic jack is not only easy, but the process is accomplished at a faster space. It is easier to use than a screw jack. Th e jack 

often comes with a pedal to accelerate the space of work the analysis is to be conducted to verify the best material for the 

assembly. The existing screw jacks are limited with their lift ing capacity. Increase friction within the screw threads on increasing 

loads , A fine pitch thread which would increase the advantage of screw also reduce the size and strength of the threads . Longer 

operating levers soon reach a point where the lever will simply bend at their inner end. Screw jack has largely been replaced  by 

hydraulic jacks. For pulling purpose we use more efforts on pullers. So in the present research a new design is developed which 

will perform both the functions of hydraulic jack and Puller.  
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I.INTRODUCTION  

The word “Hydraulic” generally refers to power produced by 

moving liquids. Modern hydraulics is defined as the use of 

confined liquid to transmit power, multip ly force, or produce 

motion.  

 

1.1 PASCAL’s   LAW  

Pascal's Law from Blaise Pascal (1623 to 1662) comprises a 

set of principles formulated in  1648 and states that pressure 

applied [1] to a confined fluid at any point is transmitted 

undiminished throughout the fluid in all directions and acts 

upon every part of the confining vessel at right angles to its 

interior surfaces and equally upon equal areas.This is the basic 

principle behind any hydraulic system - pressure applied 

anywhere to a body of fluid causes a force to be transmitted 

equally in  all d irections, with the force acting at right angles to 

any surface in contact with the fluid. 

 
            Fig1.1 Pascal’s Law Working Principle  

1.2   HYDRAULIC JACK  

Hydraulic jacks are widely used all across the globe. It works 

on the principle of Pascal’s Law which suggests that when 

there is an increase in pressure at any point in a container of 

flu id, there is an equal increase in pressure at every other point 

in the container. It produced a very weird noise that disturbed 

the horses and so its usage was limited to a single street. The 

hydraulic jack, also an application of Pascal's law, is used to 

exert large forces or to lift heavy loads. Like the hydraulic 

press it consists essentially of two different-sized pistons 

contained in cylinders that are connected by a pipe. When the 

smaller p iston is moved back and forth by a handle connected 

to it, it pumps a liquid into the cylinder of the larger piston, 

forcing the larger p iston to move. In this way a weak force 

applied to the smaller piston can raise a heavy load on the 

larger one. 

 

 

 
      Fig.1.2 Hydraulic jack 

 

      1.3     HYDRAULIC PULLERS  

In our day to life we see many jobs around us that require 

pulling out of press fitted and taper fitted parts such as gears, 

bearings, fly wheels, pulleys, sleeves, couplings, sprockets etc. 

Such a type of job becomes easier by use of a hydraulic puller. 

The use of a hydraulic puller makes the work easier and does 

not damage the components. These enables the operator to 

save time and costly replacement of parts and are used to set 

the efficient removal of gears, bearings, wheels, pulleys etc… 

The hydraulic power in a farm of a puller does not need for 

hammering or heating and offers a controlled means of 

applying force. 
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The Process of Finite Element Method 

 
Fig:3. Process of finite element mathod 

 

II.METHODOLOGY 

The methodology adopted for the research work is represented 

by the following block d iagram. 

 

 
Fig: 4. methodology 

2.1 Design aspects  

The hydraulic jack cum puller is designed by considering 

comfort to both the applications compact equipment and 

minimum material. The hydraulic jack cum puller equipment 

mainly contains the following components with the following 

dimensions. 

 

III. MODELING 

The model is developed using Solid modeling software by 

using Pro-E (creo-parametric). 

 

3.1 ANALYS IS 

Static analysis is used to determine the displacements stresses, 

stains and forces in structures or components due to loads that 

do not induce significant inertia and damping effects. Steady 

loading in response conditions are assumed. The kinds of 

loading that can be applied in a static analysis include 

externally applied forces and pressures, steady state inertial 

forces such as gravity or rotational velocity imposed (non-

zero) displacements, temperatures (for thermal strain). A static 

analysis can be either linear or non linear. In our present work 

we consider linear static analysis.  

 

IV.MODELLING AND ANALYS IS  

4.1 DES IGN OF HYDRAULIC JACK CUM PULLER  

4.1.1 Modeling of Hand pump lever  

The lever is a movable bar that pivots on a fulcrum attached to 

a fixed point. The lever operates by applying forces at 

different distances from the fulcrum, or a p ivot. Assuming the 

lever does not dissipate or store energy, the power into the 

lever must equal the power out of the lever. As the lever 

rotates around the fulcrum, points farther from this pivot move 

faster than points closer to the pivot. Therefore a force applied 

to a point farther from the pivot must be less than the force 

located at a point closer in, because power is the product of 

force and velocity. It has a diameter of 29.6mm and length 

70mm.as shown in fig. 4.4. 

 

 

Fig :4.1  Hand Pump Liver 

https://en.wikipedia.org/wiki/Power_(physics)
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4.1.2 Modeling of tank lifter  

Tank lifters are used especially for h igh pressure and relatively 

small flows. Pressures of up to 700 bar are normal. In fact 

variable displacement is possible. The pump is designed in 

such a way that the plungers are connected to a floating ring. 

This floating ring can be moved horizontally by a control lever 

& thus causes an eccentricity in the centre of rotation of the 

plungers. The amount of eccentricity can be controlled to vary 

the discharge. The suction & discharge can be totally reversed 

seamlessly by shifting the eccentricity to the opposite side. 

Hence both quantity & direction can be varied in a radial 

piston pump. 

 

Fig 4.2 Hand Pump Assembly (tank lifter) 

Slotted puller plate  

Slotted angle  is a system of reusable metal strips used to 

construct shelving, frames, work benches, equipment stands 

and other structures. The name derives, first, from the use of 

elongated slots punched into the metal at uniform intervals to 

enable assembly of structures fixed with nuts and bolts, here 

we have no of slots is 8  

 

Fig 4.3 slotted puller Plate 

4.1.3 Modeling of nut 

Some screw threads are designed to mate with a 

complementary thread, known as a female thread (internal 

thread), often in the form of a nut or an object that has the 

internal thread fo rmed into it. Other screw threads are 

designed to cut a helical groove in a softer material as the 

screw is inserted. The most common uses of screws are to 

hold objects together and to position objects. 

 Hydraulic jack cum puller: To avoid the use of multiple 

devices for the specified works. We are designing a 

component that is hydraulic jack cum puller. The model is 

developed using Solid modeling software ie., Pro -E as shown 

in fig 4.8. 

 

Fig.4.4 Hydraulic jack full assembly  

5. MATERAILS US ED : 

5.1 Materials used for hydraulic jack 

 structural steels 

 titanium alloys 
   

5.2 materials used for puller set 

 mild steel 

 high carbon steels. 

V.1.1 TITANIUM ALLOY 

Young's Modules : 96000Mpa 

Positions Ratio : 0.36 

Density  : 4.62e-006 Kg/mm
3
 

Ult imate tensile strength: 1070Mpa 

 

5.1.1.1 Solving Procedure  

To solve the model these steps are to be followed: 

 Choose the main menu, click on solution – insert – stress 

 Click on solution – insert – deformation – total 

deformation 

 Click on solution – right click – evaluate results – solve 

 

5.5.1.2 Results 

The main menu is chosen and then click on stress and 

deformation. The stresses and deformat ions will be displayed 

showing the maximum and min imum values. 

 

 

 

Fig : 5.1 Total deformation  

When we conducted static structural analysis on Hydraulic 

jack of having Titanium alloy material, the min imum Total 

deformation is 0 mm and maximum total deformation is 

0.92884 mm. at 17000N load and 0.8Mpa pressure.  

 

 
 

Fig : 5.2 Equivalents stress 

When we conducted static structural analysis on Hydraulic 

jack of having Titanium alloy material, the min imum 

Equivalent stress is 0.0057589 Mpa and maximum Equivalent 

stress is 712.19MPa at 17000N load and 0.8Mpa pressure. 

https://en.wikipedia.org/w/index.php?title=Shelving&action=edit&redlink=1
https://en.wikipedia.org/wiki/Nut_(hardware)
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Fig : 5.3 Equivalents stress at load 25000N 

 

When we conducted static structural analysis on Hydraulic 

jack of having Titanium alloy material, the min imum 

Equivalent St ress is 0.0037937Mpa and maximum Equivalent 

Stress is 753.82MPa. at 25000N load and 0.8Mpa pressure. 

 

 
 

 

Fig : 5.5 Total deformation at load 25000N 

 

When we conducted static structural analysis on Hydraulic 

jack of having Titanium alloy material, the min imum Total 

deformation is 0 mm and maximum Total deformat ion is 

0.94042 mm. at 25000N load and 0.8Mpa pressure. 

 

5.2.1 STRUCTURAL S TEEL  

Young's Modules : 2.0e+005Mpa 

Positions Ratio : 0.3 

Density  7.85e-006 Kg/mm3 

Ult imate tensile strength:  460Mpa 

 

Fig : 5.2.1 Total deformation  

 

When we conducted static structural analysis on Hydraulic 

jack of having Structural Steel material, the minimum Total 

deformation is 0 mm and maximum Total deformat ion is 

1.9354 mm. at 17000N load and 0.8Mpa pressure. 

 

 
Fig : 5.2.2 Equivalents stress 

When we conducted static structural analysis on Hydraulic 

jack of having Structural steel material, the min imum 

Equivalent St ress is 0.0037937Mpa and maximum Equivalent 

Stress is 722.97 MPa. at 17000N load and 0.8Mpa pressure. 

 

 
 

Fig : 5.2.3 Equivalents stress at load 25000N 

 

When we conducted static structural analysis on Hydraulic 

jack of having Structural Steel material, the min imum 

Equivalent stress is 0.0055668 Mpa and maximum Equivalent 

stress is 784.11 MPa at 25000N load and 0.8Mpa pressure. 

 

 
Fig : 5.2.4 Total deformation at load 25000N 

 

When we conducted static structural analysis on Hydraulic 

jack of having Structural Steel material, the minimum Total 

deformation is 0 mm and maximum Total deformat ion is 

1.9537 mm. at 25000N load and 0.8Mpa pressure. 

 
              Table 5.2 Equivalent stress at load 2000N 

 

When we conducted static structural analysis on 

Hydraulic Pu ller of having high carbon Steel material, the 

minimum Equivalent Stress is 1.6582e-3 Mpa and maximum 

Equivalent stress is 3.2445 Mpa at 2000N load and 0.5Mpa 

pressure 

 
Fig 5.2.5 Equivalent stress at load 100000N 
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When we conducted static structural analysis on Hydraulic 

Puller of having High Carbon Steel material, the min imum 

Equivalent Stress is 5.89836 Mpa and maximum Equivalent 

stress is 109.95Mpa. at 10000Kg load and 0.5Mpa pressure 

 

 
Fig 5.2.6 Total Deformation at load 2000N 

 

When we conducted static structural analysis on Hydraulic 

Puller of having High Carbon Steel material, the min imum 

Total deformation is 0 mm and maximum Total deformat ion is 

0.0015526mm at 2000N load and 0.5Mpa pressure 

 
Fig 5.2.7 Total Deformation at load 100000N 

When we conducted static structural analysis on 

Hydraulic Puller of having High Carbon Steel material, the 

minimum Total deformation is 0 mm and maximum Total 

deformation is 0.052031mm at 10000Kg load and 0.5Mpa 

pressure 

 

5.3.1 For Mild Steel material  

Young's modules :205000Mpa  

Density: 7.85Kg/mm3  

Poisons Ratio : 0.3 

Tensile u ltimate strength: 370Mpa  

 
Fig : 5.3.1 Equivalent  stress at load 2000N 

 

When we conducted static structural analysis on Hydraulic 

Puller of having Mild Steel material, the minimum Equivalent 

Stress is 1.1831Mpa and maximum Equivalent stress is 

3.3584Mpa. at 2000N load and 0.5Mpa pressure 

 
Fig : 5.3.2 Total Deformation at load 2000N 

 

When we conducted static structural analysis on Hydraulic 

Puller of having Mild Steel material, the minimum Total 

deformation is 0 mm and maximum Total deformat ion is 

0.001304 at 2000N load and 0.5Mpa pressure 

 

 
Fig : 5.3.3 Equivalent stress at load 100000N 

 

When we conducted static structural analysis on Hydraulic 

Puller of having Mild Steel material, the minimum Equivalent 

Stress is 4.5189 Mpa and maximum Equivalent stress is 

113.79Mpa. at 100000N load and 0.5Mpa pressure 

 

 
Fig : 5.3.4 Total Deformation at load 100000N 

 

When we conducted static structural analysis on Hydraulic 

Puller of having Mild Steel material, the minimum Total 

deformation is 0 mm and maximum Total deformat ion is 

0.064368mm at 100000N load and 0.5Mpa pressure 

 

 

Material 

Equivalent stress 

Mpa 

Total Deformation  

2000N 100000N 2000N 100000N 

High 

carbon 

steel 

 

3.2445 

 

109.95 

 

0.0015526 

 

0.052031 

Mild 

Steel 

 

 

3.3584 

 

113.79 

 

0.0016304 

 

0.054638 

 

Table 4.2. Comparison of stress  results of different materials 

for puller 

VI.RES ULT AND DISCUSS ION 

After conducting the static structural analysis on four different 

materials for hydraulic jack and puller individually, the results 

of total deformation and von-mises stresses are given below: 
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For hydraulic jack  

 The stress and deformation for the material structural 

steel at a load 17000N are722.97MPa and 

1.9354mm. 

  The stress and deformation fo r the material 

structural steel at a load 25000N are784.11MPa and 

1.937mm.  

 The stress and deformat ion fo r the material t itanium 

alloy at a load 17000N are712.19MPa and 

0.92884mm. 

 The stress and deformat ion fo r the material t itanium 

alloy at a load 25000N are 753.82MPa and 

0.94042mm. 

For hydraulic puller  

 The stress and deformat ion for the material o f mild 

steel at a load 2000N are3.3584MPa and 

0.0016304mm 

 The stress and deformat ion for the material o f mild 

steel at a load 100000N are113.79MPa and 

0.054638mm 

 The stress and deformat ion for the material of h igh 

carbon steel at a load 2000N are 3.2445MPa and 

0.0015526mm.  

  The stress and deformation for the material of high 

carbon steel at a load 100000N are109.95MPa and 

0.052031mm. 

VII.CONCLUS ION  

Avoid the use of multip le devices for the specified works. We 

are Designing a component that is hydraulic jack cum puller. 

The model is developed using Solid modeling software i.e. 

PRO/E. The Initially static analysis has been performed on the 

hydraulic jack and puller indiv idually with the above two 

materials. From the structural analysis it is found that at 

mentioned load condition in hydraulic jack the total 

deformation in titanium alloy is 0.94042mm and the 

corresponding deformat ion in structural steel are 1.9537mm. 

The von-misses stress in the titanium alloy is 753.82 MPa and 

the corresponding von-misses stress structural steel is 784.11 

MPa. It is observe that for hydraulic jack titanium alloy 

materials are used. Structural analysis it is found that at 

mentioned load condition in hydraulic Puller the total 

deformation in high carbon steel is 0.052031mm and the 

corresponding deformat ion in mild steel are 0.054638mm. The 

von-misses stress in the high carbon steel is 109.95 MPa and 

the corresponding von-misses stress mild steel is 113.79MPa. 

It is observe that for hydraulic pullers mild steel materials are 

used.  
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