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ABSTRACT

Wheelchairs are essential mobility aids for people with disabilities, but they are often limited to flat surfaces
and cannot overcome height differences. Portable ramps are an effective solution to overcome this
limitation. This research aims to simulate and analyze the structure of a portable ramp for wheelchairs.
Simulations were conducted using finite element method analysis software to assess the portable ramp's von
Mises stress, deformation, and safety factor in various loading positions. Finite element method (FEM)
analysis software was utilized to evaluate key mechanical properties, including von Mises stress,
deformation, and safety factor, under different loading conditions and positions. The simulation results
demonstrated that the proposed portable ramp design can safely endure various load placements without
exceeding the material's stress limits. The von Mises stress, deformation, and safety factors remained within
acceptable ranges, validating the ramp's structural integrity and safety. Based on the initial findings, design
modifications were implemented to further enhance the ramp's strength, durability, and user safety. This
research not only confirms the effectiveness of the proposed ramp but also suggests improvements to
optimize its performance. The final portable ramp design offers a reliable, cost-effective, and market-
competitive solution that can significantly improve the mobility and independence of wheelchair users,
enabling them to navigate a broader range of environments and overcome everyday obstacles with greater
ease and confidence.

Copyright © 2024. Journal of Mechanical Engineering Science and Technology.
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I. Introduction

Wheelchairs are an alternative means of fulfilling the activity needs of people with
disabilities to increase activity independence. This is because most people with disabilities
have limitations in moving, so a wheelchair is needed which acts as a transportation aid. The
use of wheelchairs is the most effective tool for people with disabilities in overcoming
mobility barriers [1]. On the other hand, wheelchairs can also be used as a place of
rehabilitation for disabled limbs, thereby improving the quality of life and health levels for
people with disabilities [2]. Wheelchair mobility is still limited, such as the limitations of
moving places with certain surface height differences. Therefore, there is a need for assistive
devices to improve wheelchair mobility such as the use of ramps. The ramp is one of the
devices to improve wheelchair accessibility by overcoming small height differences, both in
urban areas and inside buildings. Ramps can connect walkways or stepped concourses at
different levels [3]. However, the ramps often used around are still in the form of ramps that
cannot be moved, so a ramp with a portable type is needed to increase wheelchair mobility.
The portable ramp allows wheelchairs to be used in various conditions.
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The safety of the ramp design on the car can be seen based on the shape and condition
of the structure after loading. The shape of the ramp can be determined by design selection
and weighting to meet accessibility and safety needs. On the other hand, the safety of ramp
design based on structural conditions can be seen from von Mises stress, deformation, and
safety factors. The use of von Mises stress value as the basis of ramp design safety is because
the value can define structural failure by knowing the point that experiences maximum
stress. The maximum stress value can determine the deformation value that occurs so that
calculations can be made to determine the safety factor in the portable ramp design.

One way that can be used to analyze portable ramps based on structural conditions is by
using the finite element method approach. The analysis considers the loading mass at various
points on the portable ramp. This is done because the position of the load on the portable
ramp changes. Suppose the resulting values of von Mises stress, deformation, and safety
factor exceed the limit of safe conditions. In that case, some geometric changes can be
applied in the design to be safe when used [4]. Considering the safety of ramp design is very
influential on the performance of ramp structure conditions, especially its effect on von
Mises stress, deformation, and safety factor. However, there are still very few studies that
discuss portable ramps for cars. Thus, this study was conducted to determine the effect of
design selection and structural conditions after portable ramp loading on the safety of ramp
design in cars, focusing on variations in loading position. Overall, this research can spur the
future development and implementation of portable ramps.

Research conducted by Storr et al. (2004) [5] describes portable ramp lengths that vary
between 2 to 3 meters. The choice of this size was based on the fact that a portable ramp of
this length would not exceed the maximum gradient of 1:4 recommended by powered
wheelchair providers when used with vehicles that have a floor height of approximately 56
cm. This average floor height was obtained from measurements on a sample of 10 estate
cars and people carriers. According to Nur et al. (2023) [6], ramp profile is a crucial aspect
as it can affect potential damage to the vehicle and driving comfort. Factors such as slope,
gradient, minimum width, ramp geometry design, and ramp length are described as critical
elements in considering the influence of ramp design. In addition, another factor that directly
affects the ramp is design consistency. In addition, according to Wang and Wei (2020) [7]
to understand the ramp view is by grouping corner projections, ramp vanishing points,
estimating the ramp plane, and slope. This method extracts edge lines based on geometric
inference.

According to Ahamed et al. (2022) [8], the design of stair ramps has a major focus on
developing designs and conducting 3D analysis with various loads and working conditions.
The design process is carried out by considering the analysis as well as ensuring that the
staircase meets three critical requirements: economic feasibility, technical feasibility, and
social acceptability. Through this study, we are encouraged to re-examine architectural
elements from a new perspective, as well as to explore the innovative characteristics of
traditional structures by utilizing cutting technology [8].

According to Taskaya et al. (2018) [9], the finite element method can be used to evaluate
the maximum von Mises stress during static and dynamic loading using 3D and to determine
the magnitude and distribution of equivalent stresses in various components [9]. The finite
element method can be used in analyzing the deformation, mechanical, and elastic stresses
of portable ramps with different loading positions [10]. This research involves important
parameters in creating an optimal portable ramp design for wheelchairs. One of the
important parameters in the design is to customize the mass of the portable ramp. Thus, the
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creation of an optimal design can help people with disabilities [11]. Portable ramps are used
by wheelchair users and provide a temporary solution to improve accessibility and mobility.
In general, these ramps are expected to be compact and lightweight for easy use and storage.
Various types of portable ramps on the market that can be used by wheelchair users are
generally not modular (telescopic and foldable) [12].

I1. Material and Methods
1. Finite Element Models

The simulation was done using the ANSY'S. The model was designed using the Fusion
360. We then conduct the FEM simulation using Ansys Static Structure software.
Completion of the finite element method can be done by utilizing matrices, depending on
the type of element. For example, from one-dimensional lines to three-dimensional elements
such as cubes, which have 8 points at each corner. Each of these points has 3 degrees of
freedom, so a single cube (hexahedron) has a total of 24 degrees of freedom. A model can
consist of thousands of elements, making it impractical to calculate manually. Therefore, the
use of matrices and computational methods becomes essential in dealing with the complexity
of finite element calculations [13]. To give the researchers a more comprehensive view, the
finite element method offers a great deal of variance in the test. Through the use of the finite
element method and a static structural approach, the goal of this simulation is to determine
the causes of portable ramp failure. It includes simulations of deformation, stress, and safety
factor [14].

2. Design Requirement and Objective

The method is used to identify the elements of value that users expect in the product,
thus allowing the designer to focus on aspects that are important to users which refer to the
portable ramp standard. The design requirements and objective of the study are shown in
Table 1.

Table 1. Design requirements and objectives

No. Requirements Criteria Demands (D)/Wishes (W)
1  Geometry — Dimensions 2100 mm long and 210 D
mm wide
— Weight less than 10 kg w
— Able to withstand loads up to a D

maximum of 100 Kg
— Portable and foldable
— Strong and rust resistant
2  Operation — Can be operated by a min. 1 person
to install and push the wheelchair
3 Production — Using materials available in market
— Minimize the use of custom parts
4  Material — Using composite materials and
aluminum
— Standard components preferred
5  Safety — Tool is safe to use to withstand the
weight of an adult up to 100 Kg
6  Assembly — Easy to maintain D

OSSO0 OO0

O =
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In concept discovery, some of the identification used is sketching. Sketching is the
process of generating creative ideas without any preliminary judgment. The designer must
record all ideas without ignoring any possibilities. This stage is included in the selection of
sketches to design a portable ramp tool. After developing various concept ideas, the next
step is conceptualization, where the ideas are converted into more detailed and specific
concepts. The designer should consider various factors such as possible technical aspects,
cost, time, and other relevant matters during this process [15]. This method is used to select
the concept that best fits the needs and criteria that have been predetermined. The concepts
generated from the idea development stage are assessed based on certain criteria to
determine the best concept. This concept selection is in accordance with the VDI 2555
standard as shown in Figure 1 [15], [16].
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Fig. 1. Design selection weighting method [9]

3. Geometry and Meshing

Based on the first variation design in Figure 2, using a ramp base with dimensions of
1050 x 210 mm and 3 mm in thickness, a double ramp base structure is applied on the right
and left sides coupled with bolted hinges.

Fig. 2. Design of portable ramp (a) and loading position; (b) top; (c) middle; and (d) bottom
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The loading is applied at three different points, i.e., when the top, middle and bottom
are loaded at an angle of 14 degrees as shown in Figure 2. The applied load in each
simulation is 1000 N. The ramp design uses a total of 76 rivets with the rivet position on the
side plate that connects the side plate to the base plate. The contact between the rivet and
the base plate and side plate is bonded, which means it is bound to each other between the
rivet, base plate, and side plate.

As a simulation process, support in simulation conditions is given to two parts that are
the support of the ramp according to real conditions. The fixed load support is placed on the
part as shown in Figure 3.

Fig. 3. Placement of fixed support in the simulation process

The element size used in the portable ramp is 8 mm to 20 mm. The smaller the element
size used, the longer the computation time required. The mesh size is made with variations
from 8 mm to 20 mm in increments of 1 mm to determine convergent results, where the
meshing size converges at variations of 12 mm to 14 mm as shown in Figure 4. So the
meshing used on the portable ramp is 12 mm with the number of nodes 191313 and the
number of elements 81638.
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Fig. 4. Mesh convergence area
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4. Materials

A macroscopic mixture of two or more different materials combined or mixed into a
usable material is called a composite material [17]. Composites typically consist of a matrix
that has reinforcement material inside of it. Reinforcement phases come in three different
forms: fiber, flake, or particle [18]. The material used in this study is glass fiber-reinforced
polymer for the base of the ramp. Glass fiber-reinforced polymer material properties were
obtained from the research of Zainuddin et al. [19]. The material properties that is used in
this study are shown in Table 2 below. In addition, the side of the ramp uses Aluminum 6061
material, and the bolts and rivets use steel material imported from the engineering database.

Table 2. Properties glass fiber reinforced polymer, aluminium 6061, and the
structural steel material

Parameter Description
Material Glass Fiber Reinforced Polymer
Density 1.557 glcm®
Yield Strength 37.36 MPa
Ultimate Tensile Strength 95.174 MPa
Young’s Modulus 2.668 GPa
Poisson’s Ratio 0.33
Material Aluminium 6061
Density 2.7 glcm?®
Yield Strength 276 MPa
Ultimate Tensile Strength 310 MPa
Young’s Modulus 68.9 GPa
Poisson’s Ratio 0.33
Material Structural Steel
Density 7.85 g/cm?®
Yield Strength 250 MPa
Ultimate Tensile Strength 460 MPa
Young’s Modulus 200 GPa
Poisson’s Ratio 0.3

I11. Results and Discussions

1. Validation

The initial data collection aims to verify the results of previous research conducted by
Wibawa [20]. This verification process aims to compare the maximum value of stress and
deformation of the simulation results that have been carried out. The goal is to ensure the
validity of the simulation. In his research, Wibawa analyzed the simulation of the strength
of the AC bracket. The AC bracket frame was given static loads at 16 kg, 18 kg, 20 kg, and
22 kg. Wibawa's simulation results [20] showed a von-Mises stress of 103.699 MPa and a
deformation of 1.626 mm at a load of 22 kg.

This study shows the result of von Mises stress of 100.94 MPa and deformation of
1.7272 mm. The difference between the latest simulation results and the previous simulation
shows the Von-Mises stress decreased by 2.759 MPa (2.66%), and the deformation
increased by 0.1012 mm (6.22%). Based on the data obtained, it shows that the difference
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in simulation results meets the comparison tolerance requirement of less than 10%. This can
be seen in Figures 5 and 6.
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Fig. 5. Comparison of Wibawa and simulation von Mises stress results
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Fig. 6. Comparison of Wibawa and simulation deformation results

2. First Variation Design

The top of the ramp was subjected to a load of 1000 N resulting in a maximum recorded
stress of 71.47 MPa, located at the hinge of the bolt connection, as shown in Figure 7. This
situation was caused by the intersection of the ramp base with the ramp side, creating a point
of high stress. Figure 8 shows a total deformation of 11.646 mm at the top center of the ramp
base. This deformation occurs because the different materials used between the base of the
ramp and other parts have different strengths, so that the base of the ramp experiences
maximum deflection due to the applied load. The safety factor of this frame is 1.26, as shown
in Figure 9.
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(@) (b)

Fig. 7. Von Mises stress of portable ramp top loading (a) isometric view and (b) critical point

(b)

Fig. 9. Safety factor portable ramp top loading (a) isometric view and (b) critical point

The middle of the ramp was subjected to a loading of 1000 N resulting in a maximum
recorded stress of 79.054 MPa, occurring at the right and left hinge sections at the bolt
connections, as shown in Figure 10. This is due to the hinge joining the top and bottom of
the ramp creating a point of high stress. Figure 11 shows a total deformation of 18.966 mm
at the middle of the ramp base. This deformation occurs because the material of the ramp
base and ramp sides are different and the location is far from the upper and lower main
support frames, thus experiencing the maximum deflection due to the applied load. The
safety factor of this frame is 0.80, as shown in Figure 12. The safety factor on the middle
plate is 0.8 below 1.0, indicating that structural failure occurred because the base material
of the ramp and the side of the ramp is different and the location is far from the upper and
lower main support frames, so that it experiences maximum deflection due to the applied
load.
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05

(a) (b)
Fig. 10. Von Mises stress of portable ramp loading middle section (a) isometric view and
(b) critical point

(b)
Fig. 11. Deformation of portable ramp loading middle section (a) isometric view and
(b) critical point

(b)
Fig. 12. Safety factor of portable ramp loading middle section (a) isometric view and
(b) critical point

The bottom of the ramp was subjected to a loading of 1000 N resulting in a maximum
recorded stress of 65.16 MPa at the right and left hinge sections at the bolt connections, as
65.16 shown in Figure 13. This situation is caused by the intersection of the ramp base and
the ramp side, creating a point of high stress. Figure 14 shows a total deformation of 11.586
mm at the top middle of the ramp base. This deformation occurs because the different
materials used between the base of the ramp and other parts have different strengths, so that
the base of the ramp experiences maximum deflection due to the applied load. The safety
factor of this frame is 1.26, as shown in Figure 15.

@ )

Fig. 13. Von Mises stress of portable ramp bottom loading (a) isometric view and (b) critical point
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Fig. 14. Deformation of portable ramp bottom loading (a) isometric view and (b) critical points

@ )

Fig. 15. Safety factor portable ramp bottom loading (a) isometric view and (b) critical point

The simulation results carried out in the first variation obtained the results of the
second point loading, namely a safety factor of 0.80. These results cause the portable ramp
design to be said to be unsafe to use because the safety factor has a value below the minimum
requirement of 1.25.

3. Second variations

This second variation design is an iteration of adding portable ramp thickness to certain
areas that experience high failure. So that in the middle area above and below the base of
the ramp is given an additional thickness of 340 mm long, 160 mm wide, and 2 mm thick.
While in the middle of the base of the ramp that is connected to the hinge is given an
additional thickness of 320 mm long, 160 mm wide, and 2 mm thick as shown in Figure 16.

Ansys
2021 R2

(b)

Fig. 16. Second variations
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The top of the ramp was loaded with 1000 N resulting in a maximum recorded stress of
45.077 MPa, located at the hinge of the bolt connection, as shown in Figure 17. This situation
is caused by the meeting of the base of the ramp with the side of the ramp that intersects
with each other, creating a point with high stress. The stress value in this second variation
has decreased by 26.393 MPa. Figure 18 shows a total deformation of 6.27 mm at the top
middle of the ramp base. This deformation occurs because the different materials used
between the base of the ramp and other parts have different strengths, so that the base of the
ramp experiences maximum deflection due to the load applied. The deformation value
decreased by 5.376 mm. The safety factor of this frame is 1.637, as shown in Figure 19. The
safety factor value has increased by 0.377.
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@ (b)

Fig. 17. Portable ramp voltage top loading (a) isometric view and (b) critical point

(b)

Fig. 18. Deformation of portable ramp top loading (a) isometric view and (b) critical point

,m(ma) -

Fig. 19. Safety factor portable ramp top loading (a) isometric view and (b) critical point

The middle of the ramp was subjected to a loading of 1000 N resulting in a maximum
recorded stress of 47.176 MPa, occurring at the right and left hinge sections at the bolt
connections, as shown in Figure 20. This situation is caused by the hinge joining the base of
the upper and lower ramps creating a point of high stress. The stress value in this second
variation decreased by 31.878 MPa. Figure 21 shows a total deformation of 7.05 mm at the
middle of the ramp base. This deformation occurs because the material of the base of the
ramp and the side of the ramp is different and the location is far from the upper and lower
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main support frames, so it experiences maximum deflection due to the applied load. The
deformation value decreased by 11.916 mm. The safety factor of this frame is 1.70, as shown
in Figure 22. The safety factor value has increased by 0.9.

3003 )

(a) (b)

Fig. 20. Portable ramp stress loading middle section (a) isometric view and (b) critical point

(a) (b)
Fig. 21. Deformation of portable ramp loading middle section (a) isometric view and (b) critical
point

(@) (b)

Fig. 22. Safety factor portable ramp loading middle section (a) isometric view and (b) critical point

The bottom of the ramp was subjected to a loading of 1000 N resulting in a maximum
recorded stress of 51.45 MPa at the right and left hinge at the bolt connection, as shown in
Figure 23. This situation is caused by the meeting of the bottom of the ramp with the side of
the ramp that intersects with each other, creating a point with high stress. The stress value
in this second variation decreased by 13.71 MPa. Figure 24 shows a total deformation of
6.27 mm at the top center of the ramp base. This deformation occurs because the different
materials used between the base of the ramp and other parts have different strengths, so that
the base of the ramp experiences maximum deflection due to the applied load. The
deformation value decreased by 5.316 mm. The safety factor of this frame is 1.64, as shown
in Figure 25. The safety factor value has increased by 0.38.
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Fig. 23. Portable ramp bottom loading stress (a) isometric view and (b) critical point

(a) (b)

Fig. 24. Deformation of portable ramp bottom loading (a) isometric view and (b) critical points

(a) (b)

Fig. 25. Safety factor portable ramp bottom loading (a) isometric view and (b) critical point

4. Variation analysis results

The stress, deformation, and safety factor on the frame are calculated based on the
colour code shown in the figure. In the first variation of the top loading, a stress of 71.47
MPa, a deformation of 11.646 mm, and a safety factor of 1.26 were found. Then the middle
loading found a stress of 79.054 MPa, a deformation of 18.966 mm, and a safety factor of
0.80. The last loading result at the bottom found a stress of 65.16 MPa, a deformation of
11.586 mm, and a safety factor of 1.26. The simulation results show that even though the
portable ramp is not strong enough to withstand the given load due to the safety factor value
which is still below 1.25. So it is required to do the second variation. In the second variation
with the addition of thickness at the base of the ramp in the part that experienced the highest
change, at the top loading, the stress increased to 45.077 MPa with a deformation of 6.27
mm, and the safety factor remained 1.637. Then the middle loading found a stress of 47.176
MPa, a deformation of 7.05 mm, and a safety factor of 1.70. The last loading at the bottom
found a stress of 51.453 MPa, a deformation of 6.27 mm, and a safety factor of 1.64.

In static loading analysis, stress, deformation, safety factor, and mass are the main
criteria to evaluate the design advantages. Simulations show that by adding thickness to the
basic structure of the ramp, there is an increase in the safety factor acting on the portable
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ramp and a decrease in the von mises stress and deformation acting on the portable ramp.
This is due to the decrease in the number of frame members, which results in a smaller
distribution of forces received by each member. The results of the von mises stress
comparison between the first variation design and the second variation can be seen in Figure
26 below. The results of the deformation comparison between the first variation design and
the second variation can be seen in Figure 27 and the results of the safety factor comparison
between the first variation design and the second variation can be seen in Figure 28.
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1. Conclusions

Research on the manufacture and selection of ramp designs which are then simulated
using the finite element method with Ansys Workbench Static Structure software. Based on
the test data, there are several conclusions. The results of the analysis show that varying load
positions affect the von mises stress values on the portable ramp. The first variation design
has the highest stress at the top of 79.054 MPa. The second variation design that has
experienced additional thickness in certain parts shows that the bottom loading has the
highest stress of 51.453 MPa. The maximum stress occurs at the hinge section which is the
critical point in the design. This highlights the importance of analyzing the load position in
ensuring the structural safety of the portable ramp. Deformation analysis shows that the
portable ramp can maintain deformation within safe limits even with varying load positions.
The first variation design experienced the highest deformation at the center loading of
18.966 mm and the second variation design experienced the highest deformation at the
center loading of 7.05 mm. The measured deformations are below the acceptable threshold,
thus ensuring that the portable ramp remains comfortable and safe to use in various
conditions. Calculation of safety factor based on von mises stress and deformation shows
that the portable ramp design has adequate safety factor. The first variation design has the
smallest safety factor of 0.80 when loading the center. The second variation design has the
lowest safety factor of 1.637 at the top loading. The resulting safety factor ensures that the
portable ramp can be used safely under various loading conditions without the risk of
structural failure. Therefore, this research successfully achieved its objectives and made a
significant contribution to the design and analysis of portable ramps. The results of this
research are expected to serve as a reference for further development and implementation of
safe and efficient portable ramps.
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