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ABSTRACT-: Generally coaches have various types of doors. The coach driver door analysis is more essential in
terms of driver safety by protecting humans from side crashes. In the present workinitially coach door geometry is
modeled using Solid Works modeling software. The stress analysis is done using the commercially available FEA
packages. For the FE modeling pre-processor tool is used which prepares the model by applying the real time loading
conditions. Further, a finite element analysis is carried out with a load of 500N to 1500N to determine the stress limits
in door panel and its Hinges. Finally, the stresses, in the door panel and hinges were compared with choosen material
properties for Finite Element analysis for the better door design.
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I. INTRODUCTION

A coach driver door is, typically hinged, but sometimes attached by other mechanisms such as tracks, in front of an
opening which is used for entering and exiting a vehicle. A bus driver door can be opened to provide access to the
opening, or closed to secure it. These doors can be opened manually. Unlike other types of doors, the exterior side of
the bus driver door contrasts sharply from its interior side (the interior side is also known as the car door panel): The
exterior side of the door is designed of galvanized steel like the rest of the bus driver door exterior. In addition, its
decorative appearance, typically coloured with a design, is intended to match with the rest of the bus driver door
exterior. On the other hand, the vehicle door's interior side is typically made up of a variety of materials and the choice
of cover materials depends on the rest of the styles used in the vehicle's inner body like the dashboard, carpet, seats, etc.
However, unlike the material used on the exterior side of the vehicle door, the material on the interior side serves a
greater purpose other than just aesthetic appeal.

While opening the bus driver door to enter into to the bus commonly the lower hinge will fail. This is because of
maximum stress occurs at the lower hinge of the bus driver door. To avoid that maximum stress on the lower hinge
handle is provided on the bus body nearer to the bus driver door. So that driver can enter into the bus with the help of
both driver door handle as well as handle provided on the bus body and hence maximum stress can be minimized on
the lower hinge of the driver door.

FEA is based on various formulations checking up numerical methods used is essential for estimation of validity of
results [5, 6]. FEA is a powerful computational tool for analyzingcomplex structures like doors and window frames etc.
If it is compared to experimental work, it saves much time and costs. Various types of tests are essential for the
validation of the coach door [7]. Dynamic modal analysis involved determination of the lowest fundamental natural
frequencies of the door. An OptistructFEA solver is used to carry out the modal analysis. This is a linear dynamic
analysis which utilizes a less is-computational timethan a forced frequency response, analysis. This helps us to estimate
the vibrational characteristics of the door model. In modal analysis, if the operating frequencies are known which may
coincide with the natural frequencies of the door may cause resonance or failure of the door joints, the design can be
modified to avoid these frequencies.
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The strength of driver doorby applying forces carefully at critical points on various components of each door for
extracting the displacement and stresses. The effect of force on the whole door is analyzed while in the later, certain
closures in the door are also analyzed.Stress results are compared with yield and ultimate strength of the material of the
component. It must be lower than it with a certain factor of safety. Displacement results are used for calculating
stiffness of the component at a specified point through dividing the applied force with resulting displacement and the
calculated stiffness values are compared to target. If results of some tests do not match targets, modifications must be
suggested to some components such as web addition or component thickness increasing or some related
parameters changing.

Il. METHODOLOGY

The flow chart shown in Fig.1 revels the different steps involved in the analysis of coach driver door with hinge

support.

| CAD Model |

Pre-proccessor
Hyper Mesh V13

Input material Define Boundary
Properties conditions

Run the Model in
Optistruct Solver

| Post-processor |

Determination and Interpretation
of the Results in Hyper View

Figure 1: Flowchart showing different steps in the analysis of coach door.

I1l. GEOMETRICAL MODELING

The CAD software Solid Works is a mechanical design automation application that lets designers quickly sketch out
ideas, experiment with features and dimensions, and produce models and detailed drawings.

A Solid Works model consists of 3D geometry that defines its edges, faces, and surfaces. Solid Works uses a 3D design
approach. As you design a part, from the initial sketch to the final result, you create a 3D model. From this model,we
can create 2D drawings or mate components consisting of parts or subassemblies to create 3D assemblies. We can also
create 2D drawings of 3D assemblies. When designing a model using Solid Works, you can visualize it in three
dimensions, the way the model exists once it is manufactured.

The design process usually involves the following steps:
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Identify the model requirements.

Conceptualize the model based on the identified needs.

Develop the model based on the concepts.

Analyze the model.

e Prototype the model.

e Construct the model.

o Edit the model, if needed.

Initiallythe rough design model was created and it is helpful to plan out a method of how to create the actual model.
After it needs toand isolate the appropriate concepts, then one can develop the model:

Sketches — Create the sketches and decide how to dimension and where to apply relations.

Features — Select the appropriate features, such as extrudes and fillets, determine the best features to apply, and decide
in what order to apply those features.

Assemblies — Select the components to mate and the types of mates to apply

Figure 2:3-D Model of the coach driver Door

IV. FINITE ELEMENT MODELING

HyperMesh -V13 is the pre-processor tool used to carry out the meshing of the imported geometry from Solid works,
hyper mesh is user friendly tool used for meshing complex geometrical shapesin the industry as it provides more and
better meshing techniques. Hyper Mesh is a high-performance finite element pre-processor and it is used for major
finite element solvers, which allows engineers to analyze design conditions in a highly interactive and visual
environment. Hyper Mesh’s user-interface is easy to learn and supports the direct use of CAD geometry and existing
finite element models, providing robust interoperability and efficiency. Advanced automation tools within HyperMesh
allow users to optimize meshes from a set of quality criteria, change existing meshes through morphing, and generate
mid-surfaces from models of varying thickness. Following are the benefits of the Hypermesh

¢ Reduce time and engineering analysis cost through high-performance finite element modeling and post-processing

¢ Reduce learning time and improve productivity with an intuitive user-interface and best-in-class functionality

e Reduce redundancy and model development costs through the direct use of CAD geometry and existing finite
element models

o Simplify the modeling process for complex geometry through high-speed, high-quality auto-meshing
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o Support numerous commercial solvers by providing direct interfaces to a wide array of analysis codes ensuring the
best code can be used for specific situations

Usually we used the Hexa or brick mesh for following reasons

e The number of elements and nodes generated by a brick mesh are of the order of 1/2 to 1/50 in comparison to a tetra
mesh. A brick mesh reduces the solution time and results in the ease of handling the model on a workstation (pre and
post display).

o Analysis types like crash or nonlinear give preference to brick mesh due to the number of nodes and mesh flow lines

e The time consumed in brick meshing is more and requires experience, hard work, and a lot of patience too.
Table 1: Details of the element used for meshing

Number of Nodes 98998
Number of Elements 90877
No. of DOF at each Node 6
Element Type Quad &Hexa

Figure 3:FE meshed Model using Quad elements for door panel

V. FINITE ELEMENT ANALYSIS

Finite Element Analysis (FEA) is a computer based method of simulating/analysing the behaviour of engineering
structures and components under a variety of conditions. It is an advanced engineering tool that is used in design and to
augment/replace experimental testing.

The method is comprised of three stages

(A) Pre-processing: in which the analyst develops a finite element mesh of the geometry and applies material
properties, boundary conditions and loads

(B) Processing: during which the program derives the governing matrix equations (stiffness x displacement = load)
from the model and solves for the displacements, strains and stresses.

(C) Post-processing: in which the analyst obtains results usually in the form of deformed shapes, contour plots etc.
which help to check the validity of the solution.

A.Boundary Conditions

The Figure 4 showing boundary conditions imposed on the coach driver door meshed model. The imposed boundary
conditions are

Force: Load of 500N applied near to the door handle.

Constraint: Both hinges are fixed in all DOF.
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RBE2:Rigid body element can be used for connecting two nodes to model a 'rigid' welded type connection with all 6
DOFs, or model a pinned connection with 3 translation DOFs.

FORCE = 5.00e+02

Figure 4: Loading and Boundary condition

B. Displacement in Door

Figure 5 shows the displacement plot in which we can observed that the maximum displacement is 1.271mm and it is
close to the bottom of the handle. This is also because of the point load acting near to the handle it causes bending
moment of the door about z-axis.
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Figure 5:DisplacementPlot of the Driver Door
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C.Stress Distribution in Door

After applying load of 500N near to the door handle, maximum stress occurring at the handle panel corner and also
maximum stress occurring at the lower hinge corner as shown in Figure 6(a) and (b). From the stress plot it is absorbed
that maximum stress at the handle panel corner is 157.5MPa and maximum stress at the lower hinge corner is
153.9MPa. Numerical results of finite element analysis of the driver door are within the elastic stress limit (assuming
Galvanized steel of strength 203.94Mpa) means design is safe for applied load.

Stresses Von Mises
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Figure 6(a): Stress plot on door panel when the load at the door handle
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Figure 6 (b): Stress plot for on lower hinge when the load at the door handle
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D.Load Capacity of the Hinge

After applying load of 500N on the door hinge maximum stress is 60.35MPa occurring very near to the hinge plate hole
and also maximum displacement of the hinge is 0.01445mm as shown in Figure 7 and Figure 8. Stresses on the hinge
are lower as compare to yield strength of the galvanized steel material. Hence design is safe for a load of 500N.
Similarly we have analysed for different loads on the hinge to find out maximum capacity of the hinge. But for load of
2000N maximum stress is 301.7MPa occurring very near to the hinge hole and also at the hinge corner. To avoid
failure near to the hinge hole, slightly hole should be away from the corner fillet of the hinge. Also to avoid tearing at
the sharp corner of the hinge proving round fillet at the hinge corner.

Dhsplacement in mm Load = 500N
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Figure 7: Displacement plot for load capacity of the hinge
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Figure 8: Stress plot for load capacity of the hinge
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Table 2:Maximum Load Capacity of the Hinge

Load (N) Max. Displacement (mm) Max. Stress
(MPa)
200 0.005779 24.14
500 0.01445 60.35
1000 0.02289 130.2
1500 0.04334 181
2000 0.07223 301.7

The Table 2 summarizes maximum stress in the Hinge for varying loads in the range of 200N to 2000N. It is absorbed
that maximum load capacity of the hinge is 1500N, for which the stress is 181MPa.This is lower than the yield strength
of hinge material 203.94MPa. Further increase in load to 2000N, the maximum stress observing is 301.7Mpa and
which is above than the yield strength.Hence design is not safe for a load of 2000N. To carry load of 2000N hinge
thickness must beincrease from 4mm to 5mm. Also providing one more extra hole on the hinge plate to increase the

load capacity of the hinge. To provide extra hole on the hinge plate the length of the hinge plate mustalso be increase.

2500
2000

1500

Load(N)

1000

500

0 0.02 0.04 0.06 0.08

Displacement(mm)

Figure 9: Load versus Displacement Curve

E.Modal Analysis

Modal analysis is the study of the dynamic properties of structures under vibrational excitation. Modal analysis is the
field of measuring and analysing the dynamic response of structures. Figure 10 (a) and (b)shows the first two modes
that are fundamental modes while the second two modes are global modes as shown in Figure 11 (a) and (b).
The fundamental modes with natural frequencies 90.73 and 110.7 Hz respectively and oscillates mainly inner
surface while the global modes with natural frequencies 114.56 (target >114Hz) and 128.4 Hz respectively and
oscillates mainly outer surface of the door. The first mode of the global modes is out of target and so,
indicates that it needs to increase its stiffness. This can be achieved by inserting metal partition inside the opening, to
increase the local stiffness near lower slide fixing.

Copyright to JIRSET DOI:10.15680/1JIRSET.2015.0406158 4968



gom
@
h ISSN(Online) : 2319-8753

IJIR 5!5 T ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 4, Issue 6, June 2015

Mode Shape for 90.73H=z
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Figure 10(a): Local mode shapes of the driver door

Mode shape for 110.7THz
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Figure 10(b): Local mode shapes of the driver door
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Mode Shape for 114 56Hz
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Figure 11(a): Global mode shapes of the driver door

Mode Shape for 128 4Hz
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Figure 11(b): Global mode shapes of the driver door

F.Sag Analysis of the Door
For the door component load case “Door Sag” the door is rigidly constrained at the mounting points for the hinges. All
degrees of freedom are constraint except for the rotation around the hinge axis. A force of 500N is applied in vertical
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direction at the door lock. The point of application of load is constrained in transversal direction in order to suppress a
global rotation of the door around the hinge axis. Sag analysis is done to simulate the bending of the door about the
perpendicular axis to the hinge axis. The door will sag due to continuous closing and opening of the door and also due
to weight of the door is continuously acting on the hinge. Commonly upper hinge will undergo elongation which causes
the door to sag. The scalar stiffness value for the load case “Door Sag” is calculated by dividing S00N by the total
displacement at the force application point.
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Figure 12: Displacement Plot Due Load on the Latch
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Figure 13: Door Sag due to Load on the Latch
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From the Figure 15 it is absorbed that maximum stress is 75SMPa on the upper hinge of the door which is lower than the
yield strength of the door hinge material. Hence design is safe for a given load. The maximum stress occurring at the
upper hinge because of continuous loading on the door and also because of all degrees of freedom are constraint except
for the rotation around the hinge axis. To avoid maximum stress on the hinge we can use pre-stressed door hinge.
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Figure 14: Stress plot on upper hinge due to door sag

VI. CONCLUSION

Following are the conclusion drawn from the above work is

1. The stress at the door handle panel corner is 157.5MPa and stress at the lower hinge corner is 153.9MPa. These
stress values are lower as compared to the yield strength of the door material. Hence it is concluded that the design is
safe for applied load of 500N.

2. The maximum load capacity of the hinge is 1500N with stress of 181MPa, which is lower than the yield strength of
the hinge 203.94MPa. Further increase in load to 2000N, the stress observed is 301.7MPa which is above the yield
strength. By looking at the above stress values for 1500N and 2000N, it is concluded that the maximum load carrying
capacity of 1500N is safe for the given hinge material.

4. The fundamental natural frequencies for the given door material is 90.73 and 110.7Hz respectively. It is observed
from mode shapes that the door paneloscillates mainlyat inner surface.Whilst with natural frequencies of 114.56 (target
>114Hz) and 128.4 Hz the door paneloscillates mainly atouter surface of the door.To reduce the door panel oscillation
by inserting metal partition inside the opening and to increase the local stiffness near lower slide of the door.

5.The door sag analysisshows that the upper frame is undergoing slight bending including the inner vertical frame and
slight local buckling of the door panel. Further, the maximum stress is 75Mpa on the upper hinge of the door which is
lower than the yield strength of the door hinge material. Hence design is safe for a given load. To avoid maximum
stress on the hinge we can use pre-stressed door hinge.
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