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ABSTRACT

This project focused on simulation testing of automotive intake manifold design using
Computer Aided Engineering software. Finite element Random Vibration analysis is
conducted on Proton WAJA 1.6 intake manifolds designs for material cast aluminium
alloy AlSi12 and glass-fibred polyamide PA6 GF30. The purpose of this project is to
study the computational maximum stress on the model due to the effect of engine
vibrations and pressure pulsation loads. The input data of vibrations and pressure
pulsation loads are taken from previous studies. The softwares used are SOLIDWORK
2005 and ALGOR V16. Base on the simulation results obtained, the maximum stress of
both materials are compared to distinguish which is better in resisting the vibration loads

applied.
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ABSTRAK

Projek ini memfokuskan kepada ujian simulasi terhadap rekabentuk manifol pengambilan
automotif dengan menggunakan perisian kejuruteraan-bantuan-komputer. Analisis
Getaran Rawak finite elemen dijalankan terhadap rekabentuk manifol pengambilan untuk
kereta jenis Proton WAJA 1.6 yang diperbuat daripada bahan argentum aloi AlSil2 dan
poliamid gentian kaca PA6 GF30. Tujuan projek ini adalah untuk mengkaji regangan
maksimum pada model manifol akibat daripada getaran enjin dan denyutan tekanan yang
berada dalam manifol itu. Data input getaran dan denyutan tekanan itu diperolehi
daripada kajian-kajian lepas yang telah dijalankan oleh beberape penyelidik. Perisian
yang digunakan dalam projek ini ialah SolidWorks 2005 dan ALGOR V16. daripada
keputusan analisis yang diperolehi, regangan maksimum bagi kedua-dua bahan tersebut
dibandingkan untuk mengenal pasti bahan mana yang terbaik menahan getaran yang

dikenakan.
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CHAPTER 1

INTRODUCTION

1.1  Background

A properly designed intake manifold is essential for optimal functioning of an
internal combustion engine. Traditional intake manifold optimization has been based on
the direct testing of prototypes. This trial and error method can be effective, but
expensive and time consuming. Moreover this method cannot provide any information
about the actual structure properties of the intake manifold. One of the possible ways to
obtain this information within a reasonable amount of time and cost is to conduct

computational analysis.

Recently many studies have been carried out on flow through intake manifold in
the past using Computer Aided Engineering (CAE) software. However there are only few
studies of failure analysis for this automotive component using simulation. Hence this
project is focused on determination of computational maximum stresses resulting from
vibrations of operating engine and pressure pulsation load that occurs inside the intake
manifolds. Stresses that are involved due to above loads are analyzed using CAE

software.

Comparison of maximum stress on intake manifolds of different materials also is
done. The materials chosen for analysis are cast aluminium alloy AlSil2 and polyamide
PA6 GF30. The reason why these materials are chosen is because aluminium alloy is a

common material for intake manifolds while polyamide is a new trend in automotive
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industry to develop intake manifold by it. This comparison is done to determine which

material is better in term of maximum stress in withstanding the loads applied.

For the determination of the failure and wear causes, hands-on reverse
engineering approach is used. All the three type of intake manifolds are measured and the
parameters are transferred to CAD software. Later the CAD designs are analyzed using
CAE software. The two types of software that used in this project are SolidWorks (CAD)
and ALGOR V16 (CAE). The analysis types that are use with the CAE software are
Static Stress with Linear Material Model, Natural Frequency (Modal) analysis and

Random Vibration analysis.

From the simulation results of the intake manifold, locations of weak-spots are

located and the maximum stress at each location are analyzed and compared.



18

1.2 Problem statement

This project will focus on the study of maximum stresses on an automotive intake

manifold design resulting from engine vibration and pressure pulsation loads.

1.3  Objectives

1. To carry out finite element stress analysis on an intake manifold design for
maximum stress using Computer Aided Engineering software.
2. To compare the maximum stress between two different materials for the intake

manifold.

1.4 Project Scope

The computational stress from finite element analysis will be carried out on a
Proton WAJA 1.6 intake manifolds design. It is decided that intake manifolds of a multi-
cylinder 1600cc internal combustion engine will be analyzed. The two different materials
that are chosen for analysis is cast aluminium alloy, AlSi12 which is common material

for intake manifold and polyamide PA6 GF30.
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1.6

Gantt Charts
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CHAPTER 2

LITERATURE REVIEW

21 Intake Manifold — an overview

An intake manifold is one of the primary components regarding the performance
of an internal combustion engine. An intake manifold is usually made up of a plenum,
throttle body connected to the plenum and runners depending on the number of cylinders,
which leads to the engine cylinder. A typical intake manifold is shown in Fig.1.4

= S

',".

Figure 2.1: Typical intake manifold



2.2 Air Intake System

The main function of air intake system is to filter; meter and measure the air flow
into the engine cylinders. The air intake system consists of air filter and throttle body
assembly, which includes throttle valve, intake manifold and either fuel injectors or a
carburettor to inject fuel. The manifold consists of plenum chamber and manifold
runners. Cylinder head intake path and intake valves also form part of air intake system.

Figure 1.5 shows different parts of a general air intake system.

[Air | _. | AirFlow [Throttle P\i}mtake 1 Intake [ ]
|Cleaner | = Meter = Body | Chamber | = [Manifold; = | Cylinder
L Type EFI = ~— j
(Dnly ) == Air Valve |
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Air Flow Meter |
—— {for L Type EFl)

/ ~ Air Cleaner
TlhraﬂleBody

Throttle Valve
] Air Intake Chamber

Figure 2.2: Air induction system [10]



2.3 Materials

There are several types of material used to make intake manifolds. The materials
are cast aluminium alloy (AlSil2), magnesium alloy and polyamide composite (PA6
GF30) [14]. Locally, common intake manifolds are usually made of aluminium alloy.

The materials that used in this project for analysis are AlSil12 and PA6 GF30.

2.3.1 Cast Aluminium Alloy AlSi12

AlSil2 alloy is a common material widely used in automotive and general
engineering applications. It is also a material that most frequently encountered with in
automotive intake manifolds. It consist of about 87% Al, 12% Si, and the rest are Fe, Mn,

Zn, Mg, and Cu. [12]

The typical applications of this material are usually in casting intricate, thin-
walled components and pressure tight items which require very good corrosion
resistance, medium strength and high ductility. The mechanical properties are strongly
dependent on the casting method applied such as sand casting and gravity die casting.
Besides that, it also has excellent casting properties and can be produced by Hydro with a

low Fe-content. [11]



