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ABSTRACT 

Hydraulic systems have been widely used in several large industries, the use of hydraulics in industrial activities help the running 

of related industrial activities. A large number of maintenance requests for the workshop requires a modern jack that can increase 

work productivity in the workshop. Also, designing a hydraulic jack to increasing its ability to make it easier, faster, and more 

modern in operation. A hydraulic jack is made to consider the work safety factor of workers who use it. In this study also 

improves the hydraulic jack capability better, namely analyzing the hydraulic system parts or hydraulic telescopic capabilities 

on a portable electrical hydraulic jack. In this research, the method to analyze the lift force is to use Pascal's Law Concept. The 

maximum initial force mechanism to lift the load on the lifting hydraulic pump is 5.35 kg or in a percentage of about 0,38% of 

the load. Then, the position of the hydraulic cylinder tilt angle before working is 11.53°, while the position of the hydraulic 

cylinder tilt angle in maximum extension is 40.83°. Linear trend on height of jack, length of hydraulic cylinder, and angle of 

inclination indicate the hydraulic system of the portable electrical hydraulic jack is work very well. 
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1. INTRODUCTION 

Nowadays hydraulic systems have been widely used in 

several large industries, the use of hydraulics in industrial 

activities really helps the running of related industrial 

activities. The application of hydraulic systems is usually 

used in various fields of the food industry, beverage industry, 

machinery industry, automotive industry, to the robot 

manufacturing industry, and building construction industry. 

So that knowledge of the components of a hydraulic system 

is very important in all branches of industry. To increase the 

effectiveness and productivity of this system, it is necessary 

to have a hydraulic system that can be combined with other 

systems such as mechanics, so that more optimal 

performance will be obtained [1].  

One of the uses of the hydraulic system used in the 

automotive industry is a hydraulic jack [1], [2]. By 

increasing the ability of the hydraulic jack it is expected to 

increase work productivity which is getting higher [2]. In 

2020 car sales in Europe reached nearly 14 million, although 

there was a decline from 2019, which was 18 million due to 

the Covid-19 pandemic [3]. By looking at the large number 

of cars circulating to consumers, it can be concluded that tens 

of millions is a large number. and this is a potential business 

in the workshop. Which equipment such as hydraulic jack is 

a must that must be fulfilled by the workshop owner. The 

large number of maintenance requests for the workshop 

requires a modern jack that can increase work productivity 

in the workshop. 

In every car repair shop in Indonesia, both official and 

non-official, almost every repair shop has a jack as a tool to 

assist mechanics in repairing car components. In developing 

technology in the hydraulic field, an analysis is needed that 

can produce a product with the best quality and get work 

effectiveness to meet the quality of production results. 

Among them are using a hydraulic system on a manual jack 

and modified into a hydraulic jack. A hydraulic jack is a 

mechanical means for raising a car that works with fluid. In 

implementing its function, the jack is a support that accepts 

the car's load. In Indonesia, the working principle of the 

hydraulic jack that is used generally still uses manual drive 

or human power. 

Likewise, the hydraulic jack application in the 

construction industry. In one study, they designed a 

multipurpose hydraulic tool for door installation, for door 

and gate installations and for moving goods, because it is 

equipped with wheels on this hydraulic jack. This tool can 

shorten the installation work time by up to two times faster 

for plastic and wooden doors, while the installation of the 

gate is one and a half times faster. In fact, this work can be 

done by half of the number of workers who use ordinary 

jacks [4]. 

Therefore, design development is very important and is 

always done to increase the ability of the jack and accelerate 

the work productivity of the workers. Like only development 

through numerical research or simulation with computers to 

solve problems by predicting through theory and numerical 

calculations and then adding an automation system to the 
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jack [5]. The problem that often occurs is the length of time 

installed or working with the hydraulic jack, so it is 

necessary to make it easier to use the jack which is then made 

automated. The designs are developed and made more 

compact but have better capabilities [6]–[9]. 

In designing a hydraulic jack in addition to increasing its 

ability to make it easier, faster, and more modern in 

operation, a hydraulic jack is made to also consider the work 

safety factor of the workers who use it [10], [11]. Several 

studies have developed towards the use of renewable energy 

as a source of electricity from hydraulic jack drives with 

solar cells, one of which is a study that combines a bottle jack 

with an electric motor drive, the source of which is a battery 

whose electric current is supplied by solar cells [10]. So that 

in this study also improve the hydraulic jack capability 

better, namely analyzing the hydraulic system parts or 

hydraulic telescopic (hydraulic cylinder) capabilities on 

portable electrical hydraulic jack. The design and analytical 

for capability of lifting forces have been discussed in paper 

published before [12].  

2. RESEARCH METHODS 

Design of frame of portable electrical hydraulic jack in 

3D form is shown in Figure 1 below. The jack is using for 

automotive vehicles when they will have been being repaired 

from the ground of them. It is powered by an electrical motor 

drive for giving some energy to lift it when it will be used. 

 

Figure 1 3D Form Design of Frame of Portable Electrical 
Hydraulic Jack [12] 

In this research, the method to calculate the lift force 

using Pascal's Law Concept, namely the pressure will be the 

same in a hydraulic system. There is a difference in the entry 

and exit forces due to the piston cross-sectional area. 

Equations 1 to 5 are used in this paper. 

𝑝1 = 𝑝2 (1) 

F1

A1
=

F2

A2
  (2) 

F2 =
F1 x A2

A1
  (3) 

F2 =
F1 x π.r2

2 

π.r1
2   (4) 

F2 =
F1 x r2

2 

r1
2   (5) 

The information of the equations: 

p1 = p2 = Pressure 

F1 = Force on piston pump 

F2 = Lifting Force of Electrical Hydraulic Jack 

A1 = Cross-sectional area of piston pump 

A2 = Cross-sectional area of piston valve in outlet pump 

r1 = Radius of input piston 

r2 = Radius of output piston 

 

Then, by using the concept of pascal, a scheme like the 

following is created in Figure 2. 

 

Figure 2 Concept of Pascal Law to Calculate Lifting force 

 

The balance term is ∑ MB = 0 

  = ( FA . X1 )  -  ( FC . X2 ) 

  = ( 4570 . 0,85 )  -  ( 4570 . 0,85 )   

  = 3884,5 – 3884,5  

  = 0 (in balance) 

  

 From the kinematic analysis that occurs in the principle 

of equilibrium, the results of the magnitude of the force at 

each fulcrum are 466.67 kg = 4.57 kN in units of g = 9.8 m/s2 

and the workpiece balance, the moment of force at the point 

B (MB = 0). 

 The method of calculation the angle of inclination of the 

hydraulic cylinder are as follows : 

1. Measure the height of the jack. 

2. Measure the length of the hydraulic cylinder. 

3. Use arcus trigonometry of sinus, the ratio of sinus 

is the dividing of height of the jack with the length 

of hydraulic cylinder. 

 

 

 

  

 

 
              θ° 

a c 

b 
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Figure 3 Concept of trigonometry to calculate the angle of 

inclination 

Based on Figure 3 above so can be used the equation with 

principal of arcus sinus as following equation 6 and 7. 

sin 𝜃° =
𝑎

𝑐
 (6) 

sin−1 (
𝑎

𝑐
) =  𝜃° (7) 

3. RESULTS AND DISCUSSION 

In accordance with the dimensions of the Hydraulic 

Cylinder shown in Table 1, the actual measurements 

obtained from the author's measurements with the caliper 

are: 

Table 1. Measurement Results of the Components 

No. Components Length 

1 Outer Diameter of Hydraulic Cylinder 6 cm 

2 Inner Diameter of Hydraulic Cylinder 5 cm 

3 Diameter of Hydraulic Stroke 3 cm 

4 Diameter of Piston Pump 1,9 cm 

5 Diameter of Piston Valve in Outlet 

Pump 

0,6 cm 

6 Length of Hydraulic Cylinder 8 cm 

7 Length of Hydraulic Stroke 7 cm 

8 Thickness of Main Cylinder Wall 1 cm 

 

 From the results of the analysis, the specification data 

that has known the weight of the object is 1400 kg and the 

cross-sectional area 1 has a radius of diameter (r) 3 mm = 

0.003 m, so it can be seen that A1 = 0.0003 m2. While the 

cross-sectional area 2 has a radius of (r) 50 mm = 0.05 m, it 

can be seen that A2 = 0.008 m2, because the diameter of a 

hydraulic cylinder has a diameter of 50 mm in one hydraulic 

cylinder while in the Electrical Portable Hydraulic Jack tool 

has 2 hydraulic cylinder rods. Based on the results of the 

analysis of the hydraulic system on the Electrical Portable 

Hydraulic Jack, after knowing the specification data, the 

power needed to lift the MPV (Multi-Purpose Vehicle) car, 

Testing shown in Figure 4, with a capacity of 1.4 tons 

requires a maximum power of 52.5 N or 5.35 kg at the initial 

pressure of the pump.  

 

Figure 4. Testing the Portable Electrical Hydraulic Jack 

with an MPV Car 

From the results of this analysis, there is a comparison 

value between the hydraulic pump and the load of the MPV 

car, which can be assumed in the result in Table 2 below: 

Table 2. Data of Forces 

F1 (Force of Hydraulic 

pump) 

F2 (weight of the MPV car) 

5,35 kg 1400 kg 

1 kg 262 kg 

 

The angle of inclination (tilted angle) of the hydraulic 

cylinder when hydraulic telescopic have not yet working is 

θ° = 11,53°. The scheme to explain that is shown in Figure 

5 below.  How could this happen, the answer is because in 

the position there is no stress on the hydraulic fluid not at 

zero degrees because it provides a safe limit for the initial 

lift. 

 

Figure 5. Tilted Angle of Hydraulic Cylinder Before Work 

The angle of inclination of the hydraulic cylinder at the 

time of maximum hydraulic telescopic displacement is  θ° =
40,83°. The scheme to explain that is shown in Figure 6 

below. The telescopic elongated to maximum length until 

stuck in position. The maximum tilt angle magnification 

limit is not up to 50 degrees because this point is the safe 

threshold of the tilt angle of a hydraulic telescopic when 

used. So that in this design there is a degree difference of 

about 18% from the safety threshold. 
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Figure 6. Tilted Angle of Hydraulic Cylinder in Maximum 

Extension 

The telescopic design of the electrical hydraulic jack has 

gone through the testing phase with a load of 1400 kg, so 

with calculations through the concept of Pascal's law, the 

force on the piston valve is only 5.35 kg. This means that 

only 0.38% of the load is needed to provide the minimum 

force on the piston pump (jack input). 

Every extension of hydraulic cylinder length is followed 

by increasing angle of inclination in linear comparison. 

Height of jack run into also in linear comparison with 

extension of hydraulic cylinder length and angle of 

inclination. All three data can be seen in Table 3 which 

contain of data involve of height of jack, length of hydraulic 

cylinder, and angle of inclination. 

Table 3. Experimental Testing Data of Hydraulic Jack 

No 
Height of 
Jack (cm) 

Length of 
Hydraulic 

Cylinder (cm) 

Angle of 
Inclination (°) 

1 16 80 11,53 

2 20 82,9 13,96 

3 25 86,5 16,79 

4 30 90,1 19,44 

5 35 93,8 21,92 

6 40 97,4 24,25 

7 45 101,0 26,45 

8 50 104,6 28,54 

9 55 108,3 30,53 

10 60 111,9 32,43 

11 65 115,5 34,25 

12 70 119,1 35,99 

13 75 122,8 37,66 

14 80 126,4 39,27 

15 85 130 40,83 

 

The linear trend of all the data is shown on Figure 7, Figure 

8, and Figure 9. Figure 7 is graph which show comparison 

data of height of jack with length of hydraulic cylinder. The 

more increasing of height of jack the more increasing length 

of hydraulic cylinder in linear trend. We know that every 

extension of hydraulic cylinder length cause increasing of 

height of jack. 
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Figure 7 Comparison Height of Jack toward Length of 

Hydraulic Cylinder 

 

In Figure 8, we can see the linear trend curve which is 

formed by data of length of hydraulic cylinder toward angle 

of inclination. 

6 0 7 0 8 0 9 0 1 0 0 1 1 0 1 2 0 1 3 0 1 4 0

0

1 0

2 0

3 0

4 0

5 0

L e n g t h  o f  H y d r a u ic  C y lin d e r  ( c m )

A
n

g
le

 o
f
 I

n
c

li
n

a
t
io

n
 (

d
e

g
r

e
e

)

 
Figure 8. Comparison Length of Hydraulic Cylinder 

toward Angle of Inclination 

 

If we make a graph to show a linear trend too, we have 

linear curve from angle of inclination and height of jack. 

Figure 9 is shown the case. 
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Figure 9 Comparison Angle of Inclination toward Height 

of Jack 
 

All of three graphs indicate that the three parameters of 

retrieved data in this research the trend of linear trend in all 

of parameters. Linear trend on the three parameters indicate 

the hydraulic system of the portable electrical hydraulic jack 

is work very well. There is no problem with this hydraulic 

system. 

4. CONCLUSION 

Based on the results of calculations and discussion of 

research on "Analysis of Hydraulic Systems in Electrical 

Portable Hydraulic Jack", several conclusions can be drawn, 

namely: 

1. The maximum initial force mechanism to lift the load on 

the lifting hydraulic pump is 5.35 kg. The magnitude of 

the ratio between the hydraulic pump pressure and the 

weight of the MPV car is 5.35 kg: 1400 kg (1: 262) or in 

a percentage of about 0,38% of the load. 

2. The analysis results obtained on the Electrical Portable 

Hydraulic Jack when the position of the hydraulic 

cylinder tilted angle before working is 11.53°, while the 

position of the hydraulic cylinder tilted angle in 

maximum extension is 40.83°. 

3. Linear trend on the three parameters involve height of 

jack, length of hydraulic cylinder, and angle of 

inclination indicate the hydraulic system of the portable 

electrical hydraulic jack is work very well. 
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