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Preface

It is our great pleasure to present the compilation of Proceedings of International
Conference inMechanical EngineeringResearch (ICMER2021). The 6th conference
in mechanical engineering research is hosted by Faculty ofMechanical and Automo-
tive Engineering Technology (FTKMA) in collaboration with Ningxia University of
China, Universiti Teknologi Malaysia (UTM), UCSI University and the University
of Mindanao.

ICMER 2021 is a scientific forum of discussion for scientists, researchers and
engineers fromall over theworld to exchange ideas and the research results in the field
of automotive technology, advanced fluid, advanced material, energy management
and advanced manufacturing.

This conference is the first conference in the history of international conference
in mechanical engineering research conducted in virtual through online platform
due to the COVID-19 pandemic that hits across the globe. Therefore, we would
like to express our sincere appreciation and gratitude to the committee members,
co-organizer and reviewers to make this conference successful.

Last but not least, we would like to thank the keynote speakers and participants
who contributed their knowledge to this prestigious conference.

Corresponding Editor
Pekan, Malaysia Muhammad Yusri Ismail
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Finite Element Analysis of Automotive
Door Hinge

M. I. Hadi, M. R. M. Akramin , and M. S. Shaari

Abstract Door hinges and latches are door retention mechanism elements that play
an important role in automobiles by holding the door open in the event of a side
impact or rollover collision. Hinges are a group of components that are attached to
the vehicle’s door and frame, are related to one another, and can rotate along the
same axis. Latches are mechanical devices that are used to position the door in a
closed position relative to the vehicle body while allowing for controlled release.
The standard specific conditions for side door latches and hinges installed on cars to
reduce the risk of passengers being thrown out of the vehicle as a result of any impact.
The objective of this paper is to identify the weakest point and to perform a structural
analysis of automotive door hinge.ComputerAidedDesign (CAD) software is used to
build a CADmodel of the hinge and lock. Themodels of such components is meshed,
and boundary conditions is defined, using the commercialmeshing program.ANSYS
is used to analyses the structural behaviour. Based on the results, the component will
be further optimized for the future work.

Keywords Car door hinge · FEA · FEM

1 Introduction

The door hinges allow the car or the doors of the truck to be opened or closed. That
is where the door fits on the frame [1]. Each door has two hinges, a upper hinge and a
lower hinge. There is a circular pin inside the hinge which enables the hinge to swing
around the pin axis [2]. Car hinges and door locks are elements of door retention
[3]. Hinge has the capacity to rotate along the same axis and is an assembly made up
of components attached to the vehicle’s body and the door [4]. For the car locking,
nowadays is equipped with two places latch mechanism. First one is ‘fully latched
position’ and the second is ‘latched position’ [5].
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Table 1 Total ejections:
1995–2003 NASS and FARS
report, on an annual basis

Total occupants Unejected All ejection

All crashes 5,023,879 4,969,797 54,082

Rollover 444,267 410,420 33,847

Non-rollover 4,576,612 4,559,377 20,235

The first challenge is to predict the number of deaths in a single year if all vehicles
on the road were constructed using prior technologies. On the basis of the 1995–2003
data from the National Automotive Sampling System (NASS) and the FAA (FARS),
5,023,879 vehicle passengers were involved in car accidents on an annual basis.
Vehicle expelled occupants carried 54,082 as shown in Table 1. In ejections where
the path of ejection was identified, 59% occurred through side glazing and 26%
occurred through openings other than side glazing or doors (i.e., convertible tops,
sunroofs, windshields, open truck beds). The others, 15%, took place at the door of
a truck. The rate of expulsion by doors depends strongly on the occupant’s use of
the seatbelt. Unbelted occupants account for 94% of door ejections and if it seems to
be a small amount (54,082 people about1.08%), i.e. a small number of people being
killed as a result of opening a door due to damage [6], it is also very significant. That
life is a valuable commodity. We must save lives in every way possible.

The Federal Motor Vehicle Safety Standard 206 “specify standards for side door
locks and side door retaining parts, including latches, hinges, and other supporting
means, to reduce the risk of passengers being ejected from the vehicle as a result
of impact.” Already in the early 1960s, passenger ejection was recognized as the
leading cause of death in rollovers and a major problem in other crash modes.

Thus, the objective of this paper is to find stresses and deformation of door hinges
under different loading conditions in order to enhance the design. The structural
analysis is performed using FEA. FEA is used to simulate the over bending test and
identify the weakest point area. Last but not least to recommend appropriate design
alternatives for increasing strength and reducing its mass.

2 Finite Element Analysis of Door Hinge

The model of an automotive door hinge was created using the 3D modeling of
Computer Aided Design software. It is consisting of three parts which are: a door
side bracket, a body side bracket, and a circular pin. Figure 1 shows a model of an
automotive door hinge for investigation.

The door hinge is made from a variety of materials, including S.G. iron (ductile
iron), aluminum, and mild steel. Mechanical, chemical, and physical properties are
three essential parameters for material selection. The aluminum and iron are selected
for analysis because of its properties and availability. The physical and mechanical
properties of an aluminum and cast-iron door hinge are shown in Table 2.
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Fig. 1 Modelling of a hinge
for an automotive door

The forces are taken from the IS 14225:1995General specifications for automotive
vehicles’ locking systems and door retention parts. When a longitudinal load of
11,130 N is added to a door hinge structure, the structure should capable to support
the door and undetachable. If the door hinge is subjected to a transverse load of
8930 N, each door hinge mechanism must support the door and undetachable.

The tensile force must be exerted equidistant between the hinge pin’s linear
core and through the hinge pin’s centre line in the longitudinal vehicle direction.
According to the original equipment manufacturer, a door hinge assembly must be
able to sustain an ultimate normal load of 400 N without breaking. This is based on
the door hinge being completely open.

Table 2 Physical and
mechanical properties of
aluminum door hinge

Properties Total occupants

Young’s Modulus 7.1e + 10 Pa

Density 2770 kg/m3

Poisson’s ratio 0.33

Yield strength 2.8e + 8

Table 3 Physical and
mechanical properties of cast
iron door hinge

Properties Total occupants

Young’s Modulus 1.1e + 11 Pa

Density 7200 kg/m3

Poisson’s ratio 0.28

Yield strength 8.2e + 8
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Fig. 2 Mesh of the door
hinge

Tables 2 and 3 after the material properties is available, the methodology is shifted
to meshing process.

During the meshing process as shown in Fig. 2, the geometry is modelled using
.igs file. Later it is imported into FEA software. Once the CADdata for the door hinge
structure has been imported, the surfaces of door hinge are developed and meshed.
Since all of the dimensions of the door hinge are observable (3D), the part is meshed
in a tetra-hedral element.

The forces are taken from the IS 14225:1995General specifications for automotive
vehicles’ locking systems and door retention parts. When a longitudinal load of
11,130 N is added to a door hinge structure, the structure should capable to support
the door and undetachable. If the door hinge is subjected to a transverse load of
8930 N, each door hinge mechanism must support the door and undetachable.

The tensile force must be exerted equidistant between the hinge pin’s linear
core and through the hinge pin’s centre line in the longitudinal vehicle direction.
According to the original equipment manufacturer, a door hinge assembly must be
able to sustain an ultimate normal load of 400 N without breaking. This is based on
the door hinge being completely open.

3 Results and Discussion

The door hinge is analysed using FEA software. At first, the door hinge is exposed to
the maximum normal load on the door panel. The initial design of the door hinge was
analysed to determine the maximum stress that would surpass the material’s yield
strength. Figure 3 shows the total deformation of car door hinge using aluminium.
The maximum stress of car door hinge for aluminium is shown in Fig. 4. Figure 5
shows the maximum elastic strain of car door hinge for aluminium. Meanwhile for
cast iron, it is shown by Figs. 6, 7 and 8.
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Fig. 3 Total deformation of car door hinge for aluminum

Fig. 4 Maximum stress of car door hinge for aluminum

Maximum deformation of door hinge under extreme condition is 0.22202 mm
and maximum stress produced in 2.9264 × 108 Pa for aluminium. For cast iron the
maximum deformation of door hinge under extreme condition is 0.14293 mm and
maximum stress produced in 3.0105 × 108 Pa.
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Fig. 5 Maximum elastic strain of car door hinge using aluminum material.

Fig. 6 Total deformation of car door hinge using cast iron material
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Fig. 7 Maximum elastic strain of car door hinge using aluminum material

Fig. 8 Total deformation of car door hinge using cast iron material

Table 4 shows the comparison results between twomaterials. Themaximum stress
produced using aluminium alloy is exceeding the yield strength value. The yield
strength for aluminium alloy is 2.8 × 108 Pa and the maximum stress produced is
2.9264× 108 Pa. This indicates that the door hinge unable towithstand themaximum
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Table 4 Comparison
between aluminium and cast
iron

Material Aluminium Cast Iron

Max. deformation 0.22402 mm 0.14293 mm

Max. stress produced 2.9264 × 108 Pa 3.0105 × 108 Pa

applied load of 400 N. For cast iron, it has zero yield strength in the same sense that
there is no yield strength because it does not plastically deform. The maximum stress
produced is comparedwith the ultimate strength of thematerial. Themaximum stress
produced for cast iron is not exceeding the ultimate strength. The ultimate strength
for cast iron is 8.2 × 108 Pa and the maximum stress produced is 3.0105 × 108 Pa.
This indicates that the door hinge could withstand the maximum applied load of
400 N.

Figure 9 shows the safety factor of the door hinge. The safety factor has a straight-
forward definition. It is defined as the ratio of the material’s strength to the highest
stress in the component. When the stress at a particular place exceeds the mate-
rial’s strength, the safety factor ratio falls below one, indicating that danger exists.
It simply tells us that the stress in a certain location of the model is greater than
the material’s strength. When the stress in the model is significantly less than the
material’s strength, the safety factor is more than one, and the model is safe. From
the results it shows that the minimum safety factor produced is very crucial since
lowest value of safety factor is 0.1631.

Fig. 9 Safety factor of car door hinge
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4 Conclusion

The maximum stress and maximum displacement of the door hinge assembly were
determined. The cast iron material shows the less deformation but higher stress
compare with aluminium. Based on the yield strength and ultimate tensile strength
of the both materials, door hinge made from cast iron is able to withstand the applied
load. Thus, it can be concluded that cast iron material is preferable than aluminium.
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Graphene as an Alternative Additive
in Automotive Cooling System

Ganesaan Kadirgama, Muhammad Izdihar Bin Razman,
Devarajan Ramasamy, Kumaran Kadirgama, and Kaniz Farhana

Abstract The project represents graphene can be used as an alternative additive in
the automotive cooling system. Thus, graphene nanofluids have been prepared at
0.1, 0.3 and 0.5% volume concentrations. Afterward, measurement of various ther-
mophysical properties of nanofluid such as thermal conductivity, density, viscosity,
and specific has been done. The obtaining data has been analyzed and compared
with graphene oxide, titanium oxide, aluminium oxide, silicon carbide, and copper
oxide nanofluid to figure out the best nanofluid that can absorb more heat to protect
the car engine from overheating. In, summary, the overall best nanofluid among
these six would be graphene oxide, with the best thermal conductivity, specific heat
capacity, and one of the lowest viscosities. As for comparison among graphene all
volume concentrations, the 0.1% graphene nanofluid demonstrated the best with high
thermal conductivity and low viscosity.

Keywords Graphene · Nanofluid · Radiator · Automotive cooling system ·
Comparison

1 Introduction

The engine is the most critical component of the vehicle, and the control of the
automobile and the drive of the car air conditioners are both powered by the engine,
but the performance of the temperature engine that is too high will also reduce harm
and the temperature of the engine that is too low can again increase the consumption
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of oil. Therefore, the successful guarantee of ensuring that the engine runswell below
normal working temperatures is a cooling device [1].

In addition to the constant expansion of the business engine, the cooling fluid used
to match it has also made considerable progress. On the market, current cooling fluid
is all containing water coolant (substantially water, ethylene glycol), its boiling point
is low, the freezing point is high, fast erosion of cavitation, weak heat conductivity,
a significant volume of water vapor is not satisfied with the market requirement.
For example, generating water coolant from the steam in the metallic surface of the
cylinder periphery, causing timely engine work heating to take place in time, eventu-
ally overheating the engine interior and causing its deterioration, and permanent use
of water coolant may also trigger corrosion to occur in the cooling system, incrus-
tation scale, the series of problems such as boiling, causing the cooling system to
foretell 2 years needs to change once [2, 3].

An atom-thick honeycomb layer of carbon atoms is known as graphene. Because
a typical carbon atom has a width of about 0.33 nm, there are about 3 million layers
of graphene in 1 mm of graphite, making it the building block for other graphitic
materials. Nanographene is a type of graphene that is tailored to certain functions
and so has a more complicated manufacturing process than regular graphene. Dehy-
drogenation is the process of selectively removing hydrogen atoms from organic
carbon and hydrogen molecules to produce nanographene. Graphene is tougher than
steel but lighter than aluminium, and it is harder than diamond but more elastic
than rubber. Graphene is known as one of the strongest substances [4] has been
extensively examined. Commercial use of materials and devices based on graphene.
Various methods of preparing graphene have been developed to date, which can be
divided into chemical vapor deposition of graphene layers, micromechanical exfo-
liation of graphite using the Scotch-tape peel-off method, epitaxial graphene foils,
biomethane synthesis of organic molecular graphene, and GO sheets reduction or
deoxygenisation [5]. In the case of using a CNC machine, lubricant mixed with
water is used to cool and lubricate the tool and workpiece. It also transports the
chip, contaminants, and debris away from the cutting area. Base grease is one of
the materials used in lubricants. By adding graphene, it will enhance the tribological
properties and thermal conductivity of base grease. In this study, the cooling perfor-
mance of automotive has been investigated by using graphene nanofluids in various
concentrations. Therefore, various thermophysical properties of graphene nanofluids
such as thermal conductivity, density, viscosity, and specific heat have been studied
comprehensively along with analogy of other’s studies.



Graphene as an Alternative Additive in Automotive Cooling System 15

2 Literature Review

2.1 Graphene

In this research, graphene is the most important component as it acts as the additive
in the cooling system. The best way to explain graphene is that it is the soft, flaky
substance used in pencil lead, a thin and single layer of graphite. Graphite is the
rhinestone of carbon element, which means it is constructed with the same atoms,
but the crystal arrangement is different, providing different characteristics to the
substance. Diamond and graphite, for example, are both sources of carbon, but they
have wildly different natures. Although graphite is fragile, diamonds are extremely
solid. The atoms of graphene are structured in a hexagonal structure. Interestingly,
it takes on certain miraculous properties when graphene is removed from graphite.
It is a simple one-atom-thick, the first-ever discovered 2D substance. Regardless of
this, kits knew that graphene is also one of the strongest materials. With 130 GPa
(gigapascals) of tensile strength, it is more than 100 times stronger than steel. Despite
being so thin, graphene’s incredible strength is already enough to make it impressive,
but its special properties do not stop there. It is also pliable, translucent, superb
conductive, and most fluids and gases are seemingly impermeable. It seems almost
as if there is no region in which graphene does not excel [6–8].

2.1.1 Graphene Synthesis by Mechanical Exfoliation

The 2D research explosion as a catalyst has been separated from bulk graphite atomi-
cally into thin layer materials called graphene in 2004. Sir Konstantin Novoselov and
Sir AndreGeim hadwon the 2010Nobel Prize in the Physics area for their pioneering
task on graphene in this seminal paper and subsequent research.As stated in SirAndre
Geim’sNobel speech, the research outcomes graphene attractedmore attention due to
its higher electronic efficiency, stability, and tunability at ambient temperatures that
are vulnerable to the surroundings. Besides, unlike any other materials, the capa-
bility to achieve a broad mean free electron route at submicron distances without
dispersion in before isolated graphene Hall bar mechanism that was attached to a
microscopically harsh substance encircled by adsorbates and polymer residue was
dissimilar with other substrates. Geim addresses surface science in the Nobel Lecture
and how to study thin films involves a high vacuum, where properties usually decline
as the thickness of material reduces; but this was not the case when Geim and his
research group illustrated the effect of the electric field in FLG and began the boom
of graphene and two-dimensional material [9, 10].

To describe the emerging optical properties comprehensively, the researchers
researched the properties of bulk HOPG samples such as time-resolved reflectivity
and time-resolved transmission across fragile samples. They measured the electronic
carriers in solid graphite using a 50-fs pump and probe method over a broad range
of optical agitation conditions but lower the threshold for the damage of optical
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conditions. Significant scattering of light was found on the free-standing films while
processing the samples, so the samples were taped to glass material, and the tape was
then detached, minimizing the light scattering, leaving “mounted films” behind. The
mechanical exfoliation strategy takes shape via Scotch tape, but it will not be until
14 years later that the strategy is utilized again to segregate, classify, and describe
the effect of the single to FLG ambipolar electric field [9, 11].

The mechanical graphene exfoliation process known as the Scotch tape technique
invented in 2004; is simply attaching tape to the surface of some formof bulk graphite,
removing the tape away, and then adhering the tape and residues to a material,
typically silicon oxide. The tape is pulled off until adhered to the substrate, and a
final step of exfoliation leaves behind casually spaced flakes of different thicknesses,
specifically monolayer graphene. But, in isolating FLG, the procedure conducted by
Geim and Novoselov was quite interesting. To build mesas 5 µm in-depth in square
form from 20 µm to 2 mm while the process begins by using an oxygen plasma
etch of 1 mm thick HOPG platelets. The etched HOPG was then flipped and dipped
on top of the glass into a wet photoresist of 1 µm thick. To solidify the photoresist
and catch the mesas, the accumulation is then dried and cured. In phase 4, the dense
layer of HOPG staying above the mesas is separated off, remaining the collection of
mesas ingrained in the cured photoresist behind. It is in phase 5 where the renowned
“Scotch tape process” is introduced. To deduct the number ofHOPG layers connected
by weak Van der Waals forces step by step, scotch tape is employed frequently to
exfoliate mechanically the mesas fixed in the photoresist. The graphite mesas that are
mechanically exfoliated are then put in an acetone dip, by dissolving the photoresist
in acetone, releasing the flakes. In the water, the glass separates, remaining graphitic
flakes in the acetone dip float. In step 7, along with the thin flakes of graphite, a
silicon oxide layer material (n+ doped) of 300 nm is immersed in the acetone dip.
With water and propanol, the SiO2 substrate is stripped and cleaned. Steps 7 and 8 are
a single stage where the layer has been immersed, removed as shown in Fig. 1, and
then washed with water and propanol in the solution. The water aids catch the narrow
flakes on the material in this process. The material is put in a bath of ultrasound of
propanol in the final stage, where added ultrasound cleaning eliminates bigger flakes
and proceeds to narrow the graphite to possible FLG (~1–3 layers). Flakes below
10 nm thick were found to bind firmly to the SiO2 surface by VDW and capillary
forces, following the material. Lastly, from the ultrasound bath, the SiO2/graphene
composite is extracted, dried, and prepared for fabrication and characterization of
the unit [9, 12].

The absorption of water between the occupied FLG graphene films and the SiO2

substrate is referred to as a “dead sheet,” presented in the recording of a standard
1 nm thickness greater than the original graphite interlayer spacing of 0.335 nm. It
was successfully isolated and tested the electronic properties of graphene by Geim
and his research group who used this mechanical exfoliation technique, even though
many scientists who studied the material earlier had made substantial investigations
with just a few layers of graphite [9, 13].
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Fig. 1 Mechanical exfoliation of single to few-layer graphene for the measurements of the effect
of the electric field in isolation ambipolar by using HOPG and associated microfabrication steps,
determined in supporting substance of highly aligned pyrolytic graphite [9]

It was monumental to separate single to few-layer graphene. To determine the
superb properties of this new substance at just a few atomic layers, however, elec-
trical measurements were required. To describe the device structure, Hall bar devices
with multiterminal were microfabricated using electron-beam lithography. Next, an
O2 plasma etch was used to remove undesirable substrate, connections were estab-
lished using deposition and lithography of Au (100 nm) on Cr (5 nm) to clean the
photoresist polymer using the final lift-off technique. This newly segregated FLG,
with 10,000 cm2/Vs mobilities, n ≈ 5 × 1012 cm−2 charge density, and mean-free-
path of electrons ~0.4 µm, all at room temperature, was involved in exposing the
high electronic efficiency and tunability of multiterminal Hall bar devices. The char-
acteristics were exceptional, especially regarding the existence of pollutants and the
connected interface with the SiO2 material. Enhancements in the transport of elec-
trons were illustrated by encapsulated graphene in hexagonal boron nitride (HBN)
on two sides, at low and room temperatures, with electrons ballistic transport (no
scattering) [9, 14].

2.1.2 Graphene Synthesis by Chemical Vapor Deposition (CVD)

To synthesis graphene by the CVD method, the experimental setup was prepared by
using a quartz tube housed within a furnace, precursor (argon and hydrogen), and
nucleation (methane) gases, mass flow controllers, and a vacuum pump to control
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low-pressure conditions. The graphene growth recipe is based on the material used
and calibrated to the parameters of the experiment. To dissolve the hydrocarbon gas
methane into its integral elements of carbon and hydrogen, high temperature is used,
where the surface of the copper is covered with the interactions and depositions
of carbon. The carbon atoms reorganize and crystallize during the cooling process
to build hexagonal shapes derived from nuclear sites. The actual conditions for the
recipe will spread grain fronts to laterally extend and consolidate to produce a contin-
uous sheet (polycrystalline structure). Described by the Ruoff research community,
the graphene growth method details the steps of growth of graphene domain on a
copper foil. The pressure, time, temperature, and gas flow rates inside the growth
tube or chamber mediate the graphene grains or domain size [9, 15, 16].

2.1.3 Thermal Conductivity of Graphene

Thanks to the remarkable properties of heat conductivity of graphene and its poten-
tiality to apply in thermal control utilization, thermal transport in graphene is a
flourishing area of study. At room temperature, the general thermal conductivity of
graphene within a range of 3000–5000 Wm−1 K−1, an outstanding rate compared
with the thermal conductivity of pyrolytic graphite at room temperature of about
2000 Wm−1 K−1. Other studies, however, state that this amount is extravagant and
that graphene’s thermal conductivity in-plane form for freely suspended samples at
room temperature is around 2000–4000 Wm−1 K−1. This figure is still among the
largest of any substance known [17, 18].

Graphene is studied as an outstanding conductor of heat, and many investigations
have revealed it to have limitless heat conduction capacity based on the sample size,
contradicting the micrometer scale of Fourier’s law. The researchers found, in both
numerical simulations and experiments, that the bigger the graphene fragment could
transfer more heat. Graphene could potentially consume an infinite quantity of heat.
Logarithmically, increasing thermal conductivity happened due to the stable bonding
pattern as like 2D material. Since graphene is substantially stronger than steel to tear
and is also fragile and versatile, there may be some attractive real-world applications
for its conductivity [17].

Electronics applications based on graphene-enabled thermal management could
be vital beneficial from the ability of graphene to expend heat and maintain elec-
tronic operation. For smaller and more powerful devices, heat is also a specific
factor in micro and nanoelectronics. Thus, for this form of application, graphene
and alike materials with excellent thermal conductivity can hold immense promise.
The heat conductivity of graphene can be used in various forms, including heat
spreaders, thermal interfacematerials (TIM), thermal greases, nanocomposites based
on graphene, and so on [19]. The physical properties of base fluids (EGandwater/EG)
are tabulated in Table 1 and the properties of nanoparticles are enlisted in Table 2.


