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ABSTRACT

Doors are the most essential hardware used by human beings daily. Doors are used for sense of security to ourselves.
To operate the door, we need door handle and it’s the most important part in door. Door handles are used for
opening and closing of a door with minimum effort. Various types of door handle such as lever handle, doorknob
and pull handles are the different kind of handles we came across in our day-to-day life. There are various designs of
door handles are available so that we are unaware of door handles selection criteria. The aim of this work is to study
different material and internal design of car door interior handle. For that purpose, we used FEA software for
understanding which material and which shape have more strength and optimize design. In this project we used two
different structure one is honeycomb structure and other is auxetic structure for inside section of car door interior
handle. Optimized car door interior handle will be manufacture using 3D printing technology. The behaviors of
these structures under three-point bending were investigated by using UTM.

Keyword : - Door handles , minimum effort, strength,optimize design, honeycomb structure and auxetic
structure, 3D printing technology etc....

1. INTRODUCTION

Door handles are the only hardware used for opening and closing of doors. Doors are used by every individual and
for its functionality door handles are used. Doors are used for security purposes of our belongings. There are many
kinds of doors like passage, closet, dummy doors etc. similarly there are various kinds of door handles used for
variety of doors and their functionality. Door handles are installed on doors to simply open and close the door with
minimum effort.As its name suggests, a door handle is used to open and close car doors. It is found on both the
exterior and interior sides of automobile doors, although they are used differently on each panel. The one on the
outside is pulled to open the car door, while the inside door handle is used to release the door latch before you can
push the door to let yourself out. In this project interior door handle is taken into consideration.

Car interior door handles are designed ergonomically for the comfort of the driver and occupants

So, the interior car door handles are designed aesthetically and ergonomically.

Ergonomic Considerations in Design Ergonomics is defined as the relationship between man and machine and the
application of anatomical, physiological and psychological principles to solve the problems arising from man-
machine relationship.

Door handles can be made from durable plastic and metals like aluminum alloy, zinc alloy, and magnesium alloy.

2. PROBLEM STATEMENT:
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The internal door handles of an automobile is typically made of different materials. Unlike the materials used on the
exterior side of the vehicle door, the material on the interior side serves a greater purpose other than just aesthetic
appeal.

3. OBJECTIVES:
e  Modeling car door interior handle with two different internal structure in CATIA V5 software.

Analyzing for stresses and deformation in car door interior handle of vehicle using ANSYS 19 software.
To manufacturing of car door interior handle of vehicle using3D printing technology.

The behaviors of car door interior handle under three-point bending were investigated by using UTM.
Experimental testing and correlating results.

4. METHODOLOGY:

5. DESIGN:
5.1.CAD.-

Computer-aided design (CAD) is the use of computer systems (or workstations) to aid in the creation,
modification, analysis, or optimization of a design. CAD software is used to increase the productivity of the
designer, improve the quality of design, improve communications through documentation, and to create a database
for manufacturing. CAD output is often in the form of electronic files for print, machining, or other manufacturing
operations. The term CADD (for Computer Aided Design and Drafting) is also used.

Its use in designing electronic systems is known as electronic design automation (EDA). In mechanical design it is
known as mechanical design automation (MDA) or computer-aided drafting (CAD), which includes the process of
creating a technical drawing with the use of computer software.

CAD software for mechanical design uses either vector-based graphics to depict the objects of traditional drafting,
or may also produce raster graphicsshowing the overall appearance of designed objects. However, it involves more
than just shapes. As in the manual drafting of technical and engineering drawings, the output of CAD must convey
information, such as materials, processes, dimensions, and tolerances, according to application-specific conventions.

CAD may be used to design curves and figures in two-dimensional (2D) space; or curves, surfaces, and solids
in three-dimensional (3D) space.

CAD is an important industrial art extensively used in many applications, including automotive, shipbuilding,
and aerospace industries, industrial and architectural design, prosthetics, and many more. CAD is also widely used
to produce computer animation for special effects in movies, advertising and technical manuals, often called
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DCC digital content creation. The modern ubiquity and power of computers means that even perfume bottles and
shampoo dispensers are designed using techniques unheard of by engineers of the 1960s. Because of its enormous
economic importance, CAD has been a major driving force for research in computational geometry, computer
graphics (both hardware and software), and discrete differential geometry.

The design of geometric models for object shapes, in particular, is occasionally called computer-aided geometric
design (CAGD)

USES:

Computer-aided design is one of the many tools used by engineers and designers and is used in many ways
depending on the profession of the user and the type of software in question.

CAD is one part of the whole Digital Product Development (DPD) activity within the Product Lifecycle
Management (PLM) processes, and as such is used together with other tools, which are either integrated modules or
stand-alone products, such as:

. Computer-aided engineering (CAE) and Finite element analysis (FEA)

. Computer-aided manufacturing (CAM) including instructions to Computer Numerical Control (CNC)
machines

. Photorealistic rendering and Motion Simulation.

) Document management and revision control using Product Data Management (PDM).

CAD is also used for the accurate creation of photo simulations that are often required in the preparation of
Environmental Impact Reports, in which computer-aided designs of intended buildings are superimposed into
photographs of existing environments to represent what that locale will be like, where the proposed facilities are
allowed to be built. Potential blockage of view corridors and shadow studies are also frequently analyzed through
the use of CAD.

CAD has been proven to be useful to engineers as well. Using four properties which are history, features,
parameterization, and high-level constraints. The construction history can be used to look back into the model's
personal features and work on the single area rather than the whole model. Parameters and constraints can be used to
determine the size, shape, and other properties of the different modeling elements. The features in the CAD system
can be used for the variety of tools for measurement such as tensile strength, yield strength, electrical or
electromagnetic properties. Also its stress, strain, timing or how the element gets affected in certain temperatures,
etc.

TYPES:

There are several different types of CAD, each requiring the operator to think differently about how to use them and
design their virtual components in a different manner for each.

There are many producers of the lower-end 2D systems, including a number of free and open-source programs.
These provide an approach to the drawing process without all the fuss over scale and placement on the drawing
sheet that accompanied hand drafting since these can be adjusted as required during the creation of the final draft.

3D wireframe is basically an extension of 2D drafting (not often used today). Each line has to be manually inserted
into the drawing. The final product has no mass properties associated with it and cannot have features directly added
to it, such as holes. The operator approaches these in a similar fashion to the 2D systems, although many 3D systems
allow using the wireframe model to make the final engineering drawing views.

3D "dumb" solids are created in a way analogous to manipulations of real-world objects (not often used today).
Basic three-dimensional geometric forms (prisms, cylinders, spheres, and so on) have solid volumes added or
subtracted from them as if assembling or cutting real-world objects. Two-dimensional projected views can easily be
generated from the models. Basic 3D solids don't usually include tools to easily allow motion of components, set
limits to their motion, or identify interference between components.

There are two types of 3D Solid Modeling
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1. Parametric modeling allows the operator to use what is referred to as "design intent". The objects and
features created are modifiable. Any future modifications can be made by changing how the original part
was created. If a feature was intended to be located from the center of the part, the operator should locate it
from the center of the model. The feature could be located using any geometric object already available in
the part, but this random placement would defeat the design intent. If the operator designs the part as it
functions the parametric modeler is able to make changes to the part while maintaining geometric and
functional relationships.

2. Direct or Explicit modeling provide the ability to edit geometry without a history tree. With direct
modeling, once a sketch is used to create geometry the sketch is incorporated into the new geometry and
the designer just modifies the geometry without needing the original sketch. As with parametric
modeling, direct modeling has the ability to include relationships between selected geometry (e.g.,
tangency, concentricity).

Top end systems offer the capabilities to incorporate more organic, aesthetics and ergonomic features into
designs. Freeform surface modeling is often combined with solids to allow the designer to create products that fit the
human form and visual requirements as well as they interface with the machine.

5.2.FINITE ELEMENT ANALYSIS:

5.2.1.Introduction of Finite Element Analysis

The finite element analysis (FEA) is a problem-solving approach for the practical (engineering) problems. The
problems are first converted to matrix and partial differential equation forms. Eventually the partial differential and
integral equations are being solved to reach the solution of the problem. The volume of the equations to be solved is
usually so large that arriving solution without using computer is practically impossible. And, that’s why the need of
different FEA packages is felt. There are many FEA packages available for different applications. Some popular
FEA packages are Pro Mechanica, ANSYS, NASTRAN, and Gambit etc.

In mathematics, the finite element analysis (FEA) is a numerical technique for finding approximate solutions

to boundary value problems for partial differential equations. It uses subdivision of a whole problem domain into
simpler parts, called finite elements, and variational methods from the calculus of variations to solve the problem by
minimizing an associated error function. Analogous to the idea that connecting many tiny straight lines can
approximate a larger circle, FEA encompasses methods for connecting many simple element equations over many
small sub domains, named finite elements, to approximate a more complex equation over a larger domain.

Finite element analysis (FEA) is a useful and powerful technique for determining stresses and strains in structures or
components too complex to analyze by strictly analytical methods. With this technique, the structure or component
is broken down into many small pieces (finite number of elements) of various types, sizes and shapes. The elements
are assumed to have a simplified pattern of deformation (linear or quadratic etc.) and are connected at “nodes”
normally located at corners or edges of the elements. The elements are then assembled mathematically using basic
rules of structural mechanics, i.e. equilibrium of forces and continuity of displacements, resulting in a large system
of simultaneous equations. By solving these large simultaneous equations system with the help of a computer, the
deformed shape of the structure or component under load may be obtained. Based on that, stresses and strains may
be calculated. The finite element analysis (FEA) is probably the most versatile way of calculating stress intensity
factors. This method primarily involves the evaluation of displacements at nodal points of the body which has been
idealized into a system of elements connected at the nodal points. The FEA has become a powerful tool for the
numerical solution of a wide range of engineering problems. The FEA has been extensively used to solve problems
involving irregular regions and complicated modals.

Steps of Finite Element Analysis:

FEA solution of engineering problems, such as finding deflections and stresses in a structure, requires three steps:
1. Pre-processing

2. Solution

3. Post processing
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A brief description of each of these steps follows
Stepl: Pre-processing

Using a CAD program that either comes with the FEA software or 3D CAD modeling tools like Pro-E, Catia, and
solid Edge etc. provided by another software vendor, the structure is modeled. The final FEA model consists of
several elements that collectively represent the entire structure. The elements not only represent segments of the
structure, they also simulate its mechanical behaviour and properties.

Regions where geometry is complex (curves, notches, holes, etc.) require increased number of elements to
accurately represent the shape; whereas, the regions with simple geometry can be represented by coarser mesh (or
fewer elements). The selection of proper elements requires prior experience with FEA, knowledge of structure’s
behaviour, available elements in the software and their characteristics, etc. The elements are joined at the nodes, or
common points. In the pre-processor phase, along with the geometry of the structure, the constraints, loads and
mechanical properties of the structure are defined. Thus, in pre-processing, the entire structure is completely defined
by the geometric model. The structure represented by nodes and elements is called “mesh”.

Step 2: Solution

In this step, the geometry, constraints, mechanical properties and loads are applied to generate matrix equations for
each element, which are then assembled to generate a global matrix equation of the structure. The form of the
individual equations, as well as the structural equation is always,

{F} = [K] {u}

Where

{F} = External force matrix,
[K] = Global stiffness matrix,
{u} = Displacement matrix.

The equation is then solved for deflections. Using the deflection values, strain, stress, and reactions are calculated.
All the results are stored and can be used to create graphic plots and charts in the post analysis.

Step 3: Post processing

This is the last step in a finite element analysis. Results obtained in step 2 are usually in the form of raw data and
difficult to interpret. In post analysis, a CAD program is utilized to manipulate the data for generating deflected
shape of the structure, creating stress plots, animation, etc. A graphical representation of the results is very useful in
understanding behaviour of the structure.

In present research for analysis ANSYS (Analysis System)software is used. Basically ,its present FEM method to
solve any problem. Following are steps in detail

1. Geometry

2. Discretization (Meshing)
3. Boundary condition

4. Solve (Solution)

5. Interpretation of results
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Step 1: Details of material namely copper, steel, grey cast iron, composite material, fluid domain material is defined
in engineering data. i.e. ANSYS default material is structural steel.
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Step 2: Import of geometry created in any CAD software namely CATIA, PRO E, SOLIDWORK, INVENTOR etc.
in geometry section. If any correction is to be made it can be created in geometry section in Design modeller or
space claim.

Step 3: In model section after import of component
e Material is assigned to component as per existing material

e Connection is checked in contact region i.e. bonded, frictionless, frictional, no separation etc. for multi
body components.

e Meshing or discretization is performed i.e. to break components in small pieces (elements) as per size i.e.
preferably tetra mesh and hexahedral mesh for 3D geometry and for 2 D quad or tria are generally
preferred.

Step 4: Boundary condition are applied as per analysis namely in fixed support, pressure, force, displacement,
velocity as per condition.

Step 5: Now problem is well defined and solve option is selected to obtain the solution in the form of equivalent
stress, strain, energy, reaction force etc.

6.GEOMETRY:

Geomeltry

Figure: Geometry of existing door handle

6.1.Material Properties:
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A | B c

1 Property Value Unit
2 | 1A Material Field Variables = Table ‘
3 3 Density | 950 (kgm~3
4 B Q}] Isotropic Secant Coefficient of Thermal Expansion 7

"5 | 7 Coefident of Thermal Expansion | 0.00023 =

T[—] t;f] Isotropic Elastiity 1 .
70| Derive from ; Young's Modulus and Poisson's Ratio Ll
8 Young's Modulus [ 1.1E409 'pa
9 Poisson's Ratio . 0.42
0 |  BukMods | 22917409 | Pa

| 11 | Shear Modubus [ 38732408 | pa

Table:Properties of polyethylene
6.2.Meshing:

Meshing is an integral part of the computer-aided engineering simulation process. The mesh influences the accuracy,
convergence and speed of the solution. Furthermore, the time it takes to create and mesh a model is often a
significant portion of the time it takes to get results from a CAE solution. Therefore, the better and more automated
the meshing tools, the better the solution.

For 2-D solid models, meshing technologies from ANSYS provide robust, well-shaped quadratic and triangular
meshing along with free and mapped meshing, on even the most complicated geometries. With automatic contact
detection and setup, a user requires little training to perform sophisticated analysis. In addition, users can generate
pure hex meshes using one of several mesh methods, depending on the type of model and whether the user wants a
pure hex or hex-dominant mesh.

In present FE model, the meshed set using the ‘Global controls’ available with the ‘mesh tool’. Smart mesh set to 3
and triangular mesh is preferred for plate with circular, triangular, square and rectangular cut out. Meshing on test
specimen is shown in fig.
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Wolume 252.73 cm®
Flass 240,09 g
Nodes 30963
Elements 18120
Scope
Scoping Method Geometry Selection
Geometry 2 Bodies
 Definition
. Suppressed ' No
Type Element Size
| Element Size ' 5.0 mm
 Advanced
' Defeature Size Default
 Behavior Soft

Above Figure & Table showing Meshing and weight details
6.3.Boundary Condition:

A boundary condition for the model is the setting of a known value for a displacement or an associated load. For a
particular node you can set either the load or the displacement but not both.

The main types of loading available in FEA include force, pressure and temperature. These can be applied to points,
surfaces, edges, nodes and elements or remotely offset from a feature. The way that the model is constrained can
significantly affect the results and requires special consideration. Over or under constrained models can give stress
that is so inaccurate that it is worthless to the engineer. In an ideal world we could have massive assemblies of
components all connected to each other with contact elements but this is beyond the budget and resource of most
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people. We can however, use the computing hardware we have available to its full potential and this means
understanding how to apply realistic boundary conditions.

A: Exsisted door handle
Static Structural
Time: 1,5

. Fixed Support
. Force: 1000. N

Fig. Boundary condition
@® The maximum weight apply on the door handle is the weight of human. So we consider the weight of human is
100kg with the factor of safety.
® So the maximum force apply on car door is 100%9.81=1000N
@ So we apply the 1000N load on car door and fixed both end of the car door.

7. RESULTS:

Total deformation:

The total deformation & directional deformation are general terms in finite element methods irrespective of
software being used.

Directional deformation can be put as the displacement of the system in a particular axis or user defined direction.
Total deformation is the vector sum of all directional displacements of the systems.

A: Exsisted door handle
Total Deformation
Type: Total Defarmation
Unat: mm
Time: 1
Customn
Max: 0.86917
Min: 0

07
0.7726
0.67602
057945
048287
03863
0.28972
019315
0.096575
0
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Fig. Total deformation

Equivalent Stress

Equivalent stress is related to the principal stresses by the equation:

_ |:‘1’1_"~3r2]2"r (o,—03) 2+ [53_51]2 /2

O 5

Equivalent stress (also called von Misses stress) is often used in design work because it allows any arbitrary three-
dimensional stress state to be represented as a single positive stress value. Equivalent stress is part of the maximum
equivalent stress failure theory used to predict yielding in a ductile material.

The von Mises or equivalent strain &, is computed as:

Pt it

=17 (3] (£1-82) + (£2-85) "+ (£3-£1)°])

Where:

V' = effective Poisson's ratio

A: Exsisted door handle
Equrvalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1
Custom
Max: 7.0039
Min: 0045231

7.0039
6.2307
54575
46644
ER- ) P
3.138
2.3648
1.5916
oB1842
00452

Fig. Equivalent stress
OPTIMIZED CAR DOOR HANDLE PLOT RESULTS:

Geometry:
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IGeometry

Geometry

wireframe

Material properties:

Properties of Outine Row 3 l'\‘.

Fig. Cad model of honeycomb structured door handle

(o
2 0 Table
3 1090 kgm*-3
4
5 Young's Modulus and Possso... %]
6 2.39E+09 ' Pa
7 0.399 I i
8 3.9439E+03 P2
9 8.5418€ 408 Pa
10 {4 Tensie vield Strength 414407 | P2
1 U Tensie Utimate Strength 4.4%407 Pa
— —
Meshing:
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Fig. Meshing Details

Properties

Nodes | 38252 Volume 193.22 cm®
Elements 21983 Mass 20094 g
Scope
Scoping Method ] Geometry Selection
Geometry [1 Body
Definition ‘
Suppressed 'No
Type ' Element Size

Element Size ‘ 5.0 mm
Advanced |

Defeature Size | Default
Behavior Soft

Boundary condition:
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B: Honeycomb struc. door handle
Static Structural
Time: 1.3

. Fixed Support
. Force: 1000. N

Fig. Boundary condition

Deformation plot:

B: Honeycomb struc, door handle
Total Deformation

Type: Total Deformation

Unit: em

Timet 1

0.051924 Max
0.046155
0.040385
0.034616
0.0268847
0.023077
0.017308
0.011539
0.0057693
0 Min

Fig. Total deformation plot

Equivalent stress:
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B: Honeycomb struc. door handle
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: dynefcm?

Time: 1

9.5245e 7 Max
846677
740897
6.3511e7
5.2933e7
4,2355¢7
317777
2.1198e7
1.062e7
42226 Min

Fig. Equivalent stress plot

Experimental testing result plots :

Geometry:

Geometry

Edge/Face Connectivity

- Free
- Single i -
- Double Al e | D ) L
- Triple ] i =1_J =

[] Multiple “ATETTT T

Wire-frame geometry of car door handle in honeycomb structure

Material properties of 3D printed interior car door handle:
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Properties of Outfine Row 3: ABS ,r

A B
1 . Property. Value
2 T4 Material Field Variables = Table
3 T3 Density 1120 kgm~-3
4 |B @ Isotropic Elasticity
5 Derive from Young's Modulus and Poisson's Ratio j
6 Young's Modulus 2174 MPa
7 Poisson's Ratio 0.35
8 Bulk Modulus 2.4156E+09 Pa
9 Shear Modulus 8.0519E+08 Pa
10 T8 Tensie Yield Strength 4 MPa

We are using ABS material for 3D printing of interior car door handle.

Meshing:

Mesh

Edge/Face Cannectivity

- Free
- Single
- Double
- Triple
[:l Multiple

Meshing plot

Nodes 113193
Elements | 7743

Nodes and Elements

Boundary condition for experimental analysis:
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A: Static Structural
Static Structural
Time: 1, s

. Fixed Support
. Pressure: 1,29 MPa

Boundary condition

As we have non-uniform surface for the application of force we have applied gradual pressure on
the interior car door handle and find out the results. We have applied 1.29 Mpa pressure.

Deformation plot:

A: Static Structural
Tatal Deformation
Type: Total Deformation
Unit: mm
Tme: 1
Custom
Max 9.7884
Min: 0

a7
87008
76132
65256
5438
43504
3.2628
21752
1.0876
0

Max. Deformation of the car door handle is 9.78mm
UTM:

A Universal Testing Machine (UTM) is used to test both the tensile and compressive strength of materials.
Universal Testing Machines are named as such because they can perform many different varieties of tests on an
equally diverse range of materials, components, and structures.
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Universal Testing Machines can accommodate many kinds of materials, ranging from hard samples, such as metals
and concrete, to flexible samples, such as rubber and textiles. This diversity makes the Universal Testing Machine
equally applicable to virtually any manufacturing industry.

The UTM is a versatile and valuable piece of testing equipment that can evaluate materials properties such as tensile
strength, elasticity, compression, yield strength, elastic and plastic deformation, bend compression, and strain

hardening. Different models of Universal Testing Machines have different load capacities, some as low as 5kN and
others as high as 2,000kN.

SPECIFICATION OF UTM

2 Measuring range 0-400KN
3 Least Count 0.04KN
4 Clearance for Tensile Test 50-700 mm
5 Clearance for Compression Test ~ 0- 700 mm
6 Clearance Between column 500 mm
7 Ram stroke 200 mm
8 Power supply 3 Phase , 440Volts , 50 cycle. A.C
9 Overall dimension of machine 2100*800*2060
(L*W*H)
10 Weight 2300Kg

Experimental results:
® Aswe have simply supported the car door handle on two ends.

® The gradual pressure is applied at the center portion.
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Experimental setup for 3 point bending test

8.CONCLUSION:

As the aim of this project is to reduce the weight and find strength of the car door handle. By using 3D printing
technique, materials use for 3D printing is ABS. Car door handle is analyzed ANSY'S software which utilizes
finite element method technologies.

¢ In this project we develop existing car door handle is selected to perform FEA analysis to determine
maximum deformation and respective equivalent stress.

e Static structural analysis of car door handle is performed to determine deformation and equivalent stress. It
is observed that around maximum deformation is 0.86 mm and equivalent stress is 7.0 MPa.

o We optimized existing model using honeycomb structure and ABS material to reduce the weight. Hence,
we develop 3D cad model of optimized door handle.

e  Static structural analysis of 3d printing car door handle using ABS material is performed to determine
deformation and equivalent stress. It is observed that around maximum deformation is 0.05 mm and
equivalent stress 9.52 MPa.

o We develop model of car door handle using 3D printing technique and use honeycomb structure inside the
door handle to reduce the weight of the model compare to exist model.

e The weight of existing car door handle is 240.09 g and the weight of optimized door handle is 200.94 g. So,
the weight optimization in this project is 16.30 %.

o  After experimental analysis of car door handle the deformation is noted as 9.8mm.
e After applying pressure on door handle, after deformation of 9.8 mm, it regains it’s original shape.
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