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Abstract. The purpose of this study is to design and analyze the scissor lift mechanism with a
hydraulic system that can be applied to a three-wheeled motorcycle using SolidWorks software.
Tricycles are a means of transportation that is widely used for logistics activities, delivery of goods
and materials, but have limitations in terms of load and access to high places. Therefore, the
development of an integrated hydraulic_scissor (lift, system is an important solution to improve the
performance of three-wheeled vehicles.-The design process begins with 3D modeling of the main
components such as the frame, scissor arm, hydraulic cylinder, and platform using the capabilities
available in SolidWorks. Structural analysis and kinematic simulation were carried out to ensure the
strength, stability and performance of the scissor lift system. The results showed that the designed
hydraulic scissor lift system was capable of lifting loads of up to 1000 kg on a tricycle with a maximum
height of 3 meters. Load analysis using the finite element method-showed that the main components
were able to withstand the load with a sufficient safety factor. Simulation of the scissor lift movement
also proved that hydraulic control could move the arm synchronously and in a controlled manner. The
design of a hydraulic scissor lift system using SolidWorks has proven effective in visualizing,
analyzing, and optimizing designs before the manufacturing stage. Further development could
improve energy efficiency, add safety features, and expand applications to other types of vehicles.

Keywords: Scissor Lift, Hydraulic System, Three-Wheel Motorcycle, SolidWorks, Design, Structural
Analysis

1. INTRODUCTION

In the era of globalization and rapid industrial development, the need for effective
and efficient tools is increasing. Scissor lifts are tools used in various industries. Scissor
lifts are tools used to lift heavy objects to a certain height using a scissor-shaped
mechanism (Gorkem Dengiz et al., 2018). This tool is widely used in various industries
such as construction, warehousing, and automotive to facilitate tasks that require lifting
and moving heavy objects (Manoharrao & Jamgekar, 2016) . Scissor lifts are widely
used in various industrial fields such as maintenance, construction, and material
handling. Several physical areas such as mechanical, hydraulic, and control systems
combine to form the complexity of a scissor lift (Ogbemhe et al., 2024) Scissor lifts are
used in the automotive, transportation, development, waste management, and mining
industries as an effective way to raise and lower products and inventory (Arunkumar et
al., 2021). An innovative technology that increases the mobility and flexibility of scissor
lifts is their integration into electric tricycles. Tricycles that are often used to transport
goods can be equipped with scissor lift functions to increase their functionality (ALVALI
et al., 2021).

The hydraulic system that operates the lifting platform is automated through the
use of proximity sensors and actuators automatically. The scissor lift mechanism with
a hydraulic system on a three-wheeled motorcycle is an innovative technology that aims
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to improve the operational efficiency and flexibility of this vehicle(Rankhambe et al.,
2020). The most important mechanism is the scissor lift, whose force directly affects
the performance of the entire equipment and determines the lifting height of the platform
and the position of the hydraulic cylinder (Ciupan et al., 2019). This mechanism allows
users to easily raise and lower objects, reducing the need for manual labor and
increasing worker safety. In the industrial sector, hydraulic scissor lifts are easy to use,
do not require routine maintenance, and are capable of lifting heavier loads. The main
disadvantage of this device is the high initial cost. Despite the low operating costs, the
use of scissor lifts on tricycles can support logistics and distribution processes and
optimize operating time and costs(FirmansyahO1 & Pranoto02, n.d.).

The study begins with a literature review of the Scissor Lift mechanism and
hydraulic system, followed by the design of the mechanism and simulation stages
(Kiran Kumar et al., 2016). Performance analysis is then carried out to evaluate the
system's load-lifting capabilities and ensure its safety and reliability. The results of this
study are expected to be the basis for further development and practical application of
this field(Arunkumar et al., 2021).

2. LITERATURE REVIEW

This literature review aims to provide an overview of previous studies related to
the design of scissor lift mechanisms with' hydraulic systems on three-wheeled
motorcycles. The aspects discussed include the working principles of scissor lifts, the
application of hydraulic systems to lifting mechanisms; and the application and analysis
of tricycle performance.

2.1 Scissor Lift

Scissor lifts are used for pneumatic, pressure-operated, or precise enlargement.
The jacks controlled by the pressure factor have several functions such as bed
arrangement, vehicle stacking and work arrangement, production line elevation, and
distribution line (Arunkumar etal., 2021).

The design is done by considering the hydraulic scissor lift as a portable, compact
and very suitable tool for medium‘load applications. The design and drawings of the
hydraulic scissor lift are made based on solid work with appropriate modeling and
imported into Ansys Workbench for integration and analysis. The scissor lift force
analysis includes total deformation load and equivalent stress (Kiran Kumar et al.,
2016).

2.2 Hydraulic System on Scissor Lift

Scissor lifts are controlled by pneumatic or mechanically powered hydraulics for
height adjustment. The most common industrial scissor lifts are driven by one, two, or
three single-acting hydraulic cylinders, because they can produce large forces in a
compact design. In a scissor lift, the hydraulic system uses pressurized fluid to actuate
the hydraulic cylinders, which in turn move the scissor frame (Manoharrao & Jamgekar,
2016).

The drive mechanism for raising or lowering the platform can be hydraulic,
pneumatic, or mechanical. Scissor platforms are also marked by the number of
scissors. Use one or more scissors to lift different platforms to a certain height (Ciupan
et al., 2019).

The study investigates the efficiency of hydraulic systems in lifting applications,
including pressure drop analysis and design optimization to improve energy efficiency.
For scissor lift systems, kinematic analysis is performed to select the type of piston and
determine the piston force (Fp) before conducting a system analysis using the finite
element method (Gérkem Dengiz et al., 2018).
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2.3 Implementation on Three-Wheeled Vehicles

Integrating the scissor lift mechanism into a tricycle can expand its functionality,
especially in applications that require load lifting, such as in the agricultural,
construction, and logistics industries. Automating the lifting mechanism increases cargo
handling capacity. In addition, significant savings in labor and time can be achieved.
Hydraulic scissor lifts can lift loads of up to 2 tons, increasing the efficiency of your
material handling system by more than 60% (Rankhambe et al., 2020).

2.4 Studies Related to Design and Performance Analysis

Engineering design is an approach that considers basic concepts such as
functionality, reliability, manufacturability, ease of use, and cost of the product being
produced. Designing scissor lift mechanisms using hydraulic systems requires a
comprehensive approach that includes mechanical, hydraulic, and structural analysis.
Use simulation software such as CAD (computer-aided design) and CAE (computer-
aided engineering) to model and analyze system performance (ALVALI et al., 2021).

2.5 Studies Related to Design and Performance Analysis

Engineering design is an approach that considers basic concepts such as
functionality, reliability, manufacturability, ease of use, and cost of the product being
produced. Designing scissor lift mechanisms using hydraulic systems requires a
comprehensive approach that includes mechanical, hydraulic, and structural analysis.
Use simulation software such as'CAD (computer-aided design) and CAE (computer-
aided engineering) to model and analyze system performance (Ogbemhe et al., 2024).

Hydraulic Scissor Lifts are designed to be simpler, reduce complexity, and reduce
production time. In addition;-hydraulic scissor lifts are easy:to use, do not require regular
maintenance, and can lift heavier loads (FirmansyahO1 &-Pranoto02, n.d.).

Solid body modeling, stress analysis, and kinematic scissor lift forces were
performed using the static structure and rigid mechanics of mechanical systems by
Ansys Workbench finite element software, and solid body modeling was created in
SolidWorks (Solmazyigdit et al., 2022).

The scissor lift design must beproperly designed to prevent equipment failure, in
addition to other safety measures such as-compliance with OSHA regulations, the use
of fall protection equipment, proper maintenance and inspection before use, and the
training of the Lift Model should be designed (Rashid et al., 2012).

3. RESEARCH METHODS

The purpose of this study is to design and analyze the scissor lift mechanism using
a hydraulic system applied to a three-wheeled motorcycle. The research method used
includes several stages, namely data collection, design, calculation, and structural
analysis. Below are the steps of the research methodology carried out :

3.1 Tools

In this design, the tools used are as follows, namely :

1. Laptop Hp
The laptop used is an HP laptop from the HP 14-fqOxxx series with an AMD
Ryzen 3 3250U processor and 8 GB of RAM.

2. Software SolidWorks 2022
SolidWorks 2022 is a computer-aided design (CAD) software provided by
Dassault Systemes SolidWorks Corporation. SolidWorks 2022 offers significant
performance improvements, including more responsive load times, more
efficient response times, and smoother overall performance. This allows users
to work with more complex designs.

3.2 Design Concept
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The scissor lift model chosen for modeling is a hydraulic cylinder-driven scissor lift
model with two cross-scissor frames. The specifications of the scissor lift frame are as

follows :

a)

Scissor Lift Top Platform
Dimension : 2120 x 770 x 140 mm

b) Scissor Lift Arm

c)
d)

e)

Dimension : 1955 x 70x 5 mm
Scissor Lift Bottom Platform
Dimension : 2120 x 770 x 70 mm
Iron Profile scissor arm lift
Dimension : 70 Xx 70 X 5 mm

Iron Top and bottom platform profiles
Dimension : 70 x 70 x 5 mm

The analysis method for determining the static strength of scissor elevators was
carried out by simulation using SolidWorks 2022 software. The simulation steps carried
out can be described as follows:

1
2
3
4.
5
6

Modelling

Static Study
Material Selection
Focus placement
Load placement

Interpretation and-Analysis of FEA results

3.3 Material

In this system, a square profile with dimensions of 70x70x5 mm has a material type
AISI 1045 Steel scissor elements, the properties of AlSI 1045 steel material according
to the SolidWorks 2022 application are shown in the following table :

Property Value Units
Elasticity Modulus 205,000 | N/mm?
Poisson's Ration 0.285 N/A
Shear Modulus 80,000 | N/mm?
Mass Density 7,850 Kg/mm3
Tensile Strength 625 N/mm?
Yield Strength 530 N/mm?
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3.4 Design

1. Motor Design

Figure 1. Isometric view of the three-wheel motorcycle

2. Scissor Lift Design

Figure 4. Platform scissor lift

3.5 Calculation
1. Lifting Force
Fi,=mXg X sina
=1000 x 9,8 x sin 45
=8338,85 N
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2. Moment
M=F.Xx

10000N . 1,955 m
1,955x10°Nm

3. Stress
j’?
g =—
A

~ 10000N
0,0049
=49Nm?

4. Strain

0,002
1,955
=1,02302x10 °Nm?

5. Deflection

=2
&

_ 49Nm’
1,02302x10°°
=4,78974x10°Nm?

4. RESULTS AND DISCUSSION

To analyze the scissor lift system, the results of the study can be obtained using the
FEA (Finite Element Analysis) simulation method in Solidworks 2022 software using the
scissor lift platform analysis objects as follows :
4.1 Equivalent Upper Bound Axial and Bending Stress

Upper bound axial and bending (N/mA2)
1325408
.‘ 1.193¢+08
~ 1.060e+08
- 9.278e407
. 7.952e+07
L 6.627e+07
L 5301e+07

L 3.976e+07

2651407
1.325e+07
9.992e+02

== Yield strength: 5,300 +08

Figure 5. Result upper bound axial and bending stress simulation
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The results of the stress analysis with AISI 1045 material on the scissor lift frame
are able to withstand a material load of 10000N (1000Kg). In Figure 5, the results of the
bending stress analysis simulation were obtained with the largest upper bound axial and
bending stress value of 132.5 N/mm2, and the smallest upper bound axial and bending
stress of 13.2 N/mmz2. Meanwhile, yield strength is at 530 N/m2.

4.2 Total Deformation

Mocdlel name: scissor
Study name: Static 1({-Default-) URES {mmj
Plot type: Static displacement Displacement1

Deformation scale: 17.6568 .
L 15
F ] ®

%

334
I 1.67
1e-30

Based on Figure 6, the results of the displacement' simulation on the scissor lift
platform with AISI 1045 material produce a maximum displacement value of 16.7 mm
marked by a red diagram where at that point a considerable load occurs. The minimum
displacement value of 1.67 mm is indicated by a blue diagram where there is no
excessive loading at that point.

Figure-6.-Result the displacement simulation

4.3 Safety Factor

Model name: scissor
Study name: Static 1{-Default-)
Plot type: Factor of Safety Factor of Safety2
Criterion : Automatic
2.844e+08

Factor of safety distribution: Min FOS = 0,15
2.560e+08
s . I

L 2.276e+08
‘ ‘ . 1.991e+08

L 1.707e+08

FOs

o %

L 1422e+08
_ 1.138e+08
. 8.533e+07

. 5.68%+07
2.844e+07
l 1.525e-01
Figure 7. The safety factor simulation results

The following are the results of the simulation of the safety factor on the scissor
elevator platform with AISI 1045 material. For the distribution of the minimum safety
factor value that occurs on the scissor lift platform shown in figure 7, a value of 0.15 is
obtained.
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CONCLUSION

In this study, SolidWorks software was used to design and analyze the scissor lift
mechanism with a hydraulic system that can be applied to a three-wheeled motorcycle.
Based on the results of the structural analysis using FEA, the simulation of the upper
axial stress and bending stress shows that the frame is very stable even though it is
loaded with 1000 kg because the stress value does not exceed the yield strength value
of the material.

Designing a hydraulic lift scissor system using SolidWorks proved to be effective
in visualizing, analyzing, and optimizing the design before the manufacturing stage.
Choosing the right material is also a key factor in increasing strength and resistance to
corrosion and minimizing the total weight of the system.
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