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ABSTRACT

According to market economy, the increasing worldwide demand for energy has
continuously forces a rise on the price of fossil combustibles. In fact, the demand for
energy is expected to grow faster than the finding out of new available fossil resources
in the near future. The sun or solar energy had been identified as the most powerful
energetic power source in our planet and it is expected that the sun will become the
main electricity production source. The solar energy distribution is more depended on
the position of the panel and the sun location. This project is about designing and
analyzing the manual sun tracking system that can follow the sun movement. The
objectives for this project are to design and analyze the single axis sun tracking system
for flat plate solar collector. This project involves designing five main part of the
manual sun tracking system which is frame, base, link, crank and pin. The analysis is
done wusing  SolidWorksSimulationXpress, =~ ALGOR(FemPro) and Sam6.1.
SolidWorksSimulationXpressis used to simulate and analyze the frame, base, link and
crank part while ALGOR(FemPro) are used to simulate the designing part of pin.
Sam6.2 is used to simulate and analyze the mechanism of the assembly design. All the
designed part have safety factor more than one and are properly design and stable.
However field test should be done to validate the final design and study the effect of the
sun tracking system to solar collector.
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ABSTRAK

Menurut kepada pasaran semasa, permintaan yang semakin meningkat di seluruh dunia
terhadap tenaga terus memaksa kenaikan harga minyak fosil. Malah, dalam masa yang
terdekat, permintaan untuk tenaga dijangka berkembang lebih cepat daripada mencari
sumber fosil yang baru. Matahari atau tenaga solar telah dikenalpasti sebagai sumber
kuasa yang paling kuat dalam planet ini dan dijangka bahawa matahari akan menjadi
sumber utama pengeluaran elektrik. Taburan tenaga solar lebih bergantung kepada
kedudukan panel dan lokasi matahari. Projek ini adalah untuk mereka bentuk dan
menganalisis sistem manual penjejak matahari. Objektif bagi projek ini adalah untuk
mereka bentuk dan menganalisis sistem penjejak satu paksi matahari untuk pengumpul
suria rata. Projek ini melibatkan merekabentuk lima bahagian utama sistem penjejak
matahari manual iaitu bingkai, tapak, link, engkol dan pin.. Kemudian analisis
dilakukan dengan menggunakan SolidWorks SimulationXpress, ALGOR(FemPro) dan
Sam6.2. SolidWorks SimulationXpress digunakan untuk mensimulasikan dan
menganalisis bahagian bingkai, tapak, link dan engkol manakala ALGOR(FemPro)
digunakan untuk mensimulasikan bahagian rekabentuk pin. Sam6.2 digunakan untuk
mensimulasikan dan menganalisis mekanisme rekabentuk keseluruhan. Semua bahagian
yang direka mempunyai faktor keselamatan lebih daripada satu dan direka bentuk
dengan betul dan stabil. Walau bagaimanapun, kajian makmal perlu dilakukan untuk
mengesahkan reka bentuk akhir dan mengkaji kesan sistem penjejak matahari kepada
pengumpul suria rata.
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CHAPTER 1

INTRODUCTION

11 PROJECT BACKGROUND

Today domestic homes, schools, businesses and even any building on earth all have
the potential to utilize solar power to provide on-site free electricity or at lease to reduce
demand for energy from the wusual main energetic sources such as fossil
combustibles(petroleum and gas). According to market economy, the increasing worldwide
demand for energy has continuously forces a rise on the price of fossil combustibles. In
fact, the demand for energy is expected to grow faster than the finding out of new available
fossil resources in the near future (Khan, N 2007).

The sun or solar energy had been identified as the most powerful energetic power
source in our planet and it is expected that the sun will become the main electricity

production source (WBGU (German Advisory Council on Global Change ) 2003).

The solar energy distribution is more depended on the position of the panel and the
sun location. Mostly a typical household solar photovoltaic system are fixed on the sloping
roof or on the framework fixed to the ground but the sun always moving across the sky
through the day from east to the west. Solar panels are usually set up to directly facing the
sun at the middle of the day where the maximum solar energy can be emitted. Therefore
morning and evening sunlight hits the panel at an acute angle reducing the total amount of

heat which can be collected. Thus the developing of flexible solar panel is very important.



1.2 PROJECT PROBLEM STATEMENT

The solar energy had been identified as the most powerful energy source but yet not
fully developed. Solar panel that had been used at most houses are having low efficiency
and not convenience to be used as main energy source. Solar energy until today had only
been used as secondary energy source to reduce or back up other energy source.

A specific location on the earth will always receive the maximum amount of solar
energy when the sun’s energy hits the surface directly. The further the panel moves away
from the equator the greater the angle of incidence and therefore the less solar energy.

Thus, it is important for the solar panel to face directly to the sun at most of the time.

1.3 PROJECT OBJECTIVE

The primary objective of this project is to design and analyze the model of the
manual sun tracking system. In order to achieve the primary objective, this project was
added with other objectives. The objectives are as follow:

i.  To design the manual sun tracking system using available material.
ii.  To investigate the strength of the structure.

1.4  PROJECT SCOPE

The project is divided to two parts which is design and investigates the model of the
manual sun tracking system. The design process is done by using SolidWorks software. In
order to design, the model is divided to a few parts. The parts were not divided just for
designing purpose but also to make it easier to analyze. To investigate the strength of the
structure SimulationXpress and ALGOR FemPro is used.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

To perform this study, the understanding of the project is very important thus it is
very relevant to study and analyze the literature. Journal, books, previous study and internet

sources were used as the material.

2.2 SOLAR RADIATION

The Sun is the most prominent feature in our solar system. It is the largest object
and contains approximately 98% of the total solar system mass. One hundred and nine
Earths would be required to fit across the Sun's disk, and its interior could hold over 1.3
million Earths. The Sun's outer visible layer is called the photosphere and has a temperature
of 6,000°C. This layer has a mottled appearance due to the turbulent eruptions of energy at
the surface. The Sun's period of rotation at the surface varies from approximately 25 days at
the equator to 36 days at the poles. Deep down, below the convective zone, everything
appears to rotate with a period of 27 days. Solar radiation is energy emanating from the sun

in the form of waves



2.2.1 Radiation

Energy that transfers through electromagnetic waves that travels at the speed of
light. The velocity of light in a vacuum is approximately 3 x 10® m/s. The time it takes light
from the sun to reach the Earth is 8 minutes and 20 seconds. Only a body above absolute
zero (-273.15°C) radiate energy to its surrounding. The electromagnetic radiation can vary

widely.
2.3  TYPES OF THERMAL SOLAR COLLECTOR

A solar thermal energy collector is equipment in which solar energy is collected by
absorbing radiation in an absorber and then transferring to a fluid. In general, there are two

types of collectors:
2.3.1 Flat-Plate/Evacuated Tube Solar Collector
It has no optical concentrator. The collector area and the absorber area are

numerically the same, the efficiency is low, and temperatures of the working fluid can be

raised only up to 100°C.



coolant outlet

solar radiation +

/ / /I flow tube
= &
v absorbing plate

Figure 2.1: Flat-plate collector

Source: Merriam-webster, (undated)

2.3.2 Concentrating-Type Solar Collector

The area receiving the solar radiation is several times greater than the absorber area
and the efficiency is high. Mirrors and lenses are used to concentrate sun rays on the
absorber, and the fluid temperature can be raised up to 500°C. For better performance, the
collector is mounted on a tracking equipment to always face the sun with its changing

position.
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Figure 2.2: Concentrate collector

Source: New energy portal, (November 2009)

24  TECHNICAL ANALYSIS

SolidWorks simulation tools are software to verify the quality and performance of
the design before it come to production. These comprehensive analysis tools let
researchers design, analyze and simulate models, providing insight into the performance.
The results can help to select or identify areas to reduce weight and often improve
durability. Costs for development and material can be optimized to improve margins. The
design alternatives can be compared to best meet specific requirements. Some of the

analyses that will be used are:

2.4.1 Mechanism Design Analysis

Motion simulation provides quantitative information about the kinematic (position,

velocity, and acceleration) and the dynamic (joint reactions, inertial forces, and power

requirements) of all the components of a moving mechanism.



2.4.2 Stress Analysis

Linear stress analysis is routinely and accurately applied in the design phase of the
projects. By setting up accurate fixtures, loading conditions, selecting the suitable mesh
elements (beams, shell, or solid), and make skilled decisions on where to refine mesh for
optimum results the detailed reports are produced by the software to help the researcher to
understand the results. In this section, the strength-of-materials calculations (or analytical
calculations) are performed to determine the effects of the design loads. The maximum-
shear-stress theory is used to determine when these stresses will cause the hub to fail. The
maximum-shear-stress theory predicts that if the three principal stresses are ordered 61 > 6
> o3, then yielding occurs when either the difference between o3 and o3 exceeds the
material yield strength or the shear stress exceeds half of the material yield strength. The
maximum-shear-stress theory was good for the design purposes because it is quick and easy
to use. Furthermore, the maximum-shear-stress theory is a conservative predictor of failure.

The shear stress and bending-moment stress are presented as bellow:

Shear Stress, 1= —— =

Shear Force Fs
- 2.1
Area A ( )

Mc M

Bending Stress = - = (2.2)

Section Modulus

. _ Bearing Force _ Fj
Bearing Stress, op = B (2.3)

Bearing stress obtained by dividing the load F, by the area of the rectangle
representing the projection of the bolt on the plate section. Since this area is equal to td,

where t is the plate thickness and d is the diameter of the bolt.



2.4.3 The von Mises Stress

The distortion-energy theory (also called the shear-energy, von Mises Hencky, or
octahedral-shear-stress theories) to determine when the design will fail. Detailed studies
have indicated that yielding is related to the shear energy rather than the maximum shear
stress. Strain energy is energy stored in the material due to elastic deformation. The
energy of strain is similar to the energy stored in a spring. Upon close examination, the
strain energy is seen to be of two kinds. One part results from changes in mutually
perpendicular dimensions, and hence in volume, with no change angular changes. The other
arises from angular distortion without volume change. The latter is termed as the shear

strain energy, which has been shown to be a primary cause of elastic failure.

It can be shown by strain energy analysis that the shear strain energy associated
with the principal stresses o1, 61 & o3 at elastic failure, is the same as than in the tensile test

causing yield at direct stress ¢’ when:

1
o' = [(01—02)24' (02—03)% + (01—03)? ] /2 (2 4)
2 .

In terms of simple linear stress combined with shear stress.

Factor of Safety, F.S= — 2 (2.5)

O'XZ-I- (31'Xy 2)

Failure will occur if 6" > S,

The von Mises stress requires more computation than calculating the maximum

shear stress, but it gives more realistic (less conservative) stress values than the maximum-



shear-stress theory. Thus, the distortion-energy-theory is well suited to computational
methods.

2.4.4 The Maximum Shear Stress Theory.

This is very relevant to ductile metals. It is conservative and relatively easy to
apply. It assumes that failure occurs when a maximum shear stress attains a certain value
and this value being the value of shear strength at a failure in tensile test. In this instance it
is appropriate to choose the yield point as practical failure. If the yield point is Sy and this is
obtained from a tensile test and thus is the sole principal stress then the maximum shear
stress Tmax IS €asily identified as:

Sy
2

(2.6)

Tmax =

In the context of a complicated stress system the initial step would be to determine
the principle stress 61, 61 & o3 in order of magnitude o; > o, > o3 then the maximum shear

stress would be determined from the greatest of

01 —02 __01—03
= or (2.7)
02 —03 __01—03
2 2 (2.8)
The factor of safety selected would be
S __ 5
F.S= 2Tmax - 01-03 (29)

2.5 BUCKLING

When a slender member is subjected to an axial compressive load, it may fail by a
condition called buckling. Buckling is not a failure of the material itself as is yielding and
fracture, but is due to geometric instability of the system. Buckling is caused by a

bifurcation in the solution to the equations of static equilibrium. At a certain stage under an
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increasing load, further load is able to be sustained in one of two states of equilibrium an

undeformed state or a laterally-deformed state.

In practice, buckling is characterized by a sudden failure of a structural member
subjected to high compressive stress, where the actual compressive stress at the point of
failure is less than the ultimate compressive stresses that the material is capable of
withstanding. For example, during earthquakes, reinforced concrete members may
experience lateral deformation of the longitudinal reinforcing bars. This mode of failure is
also described as failure due to elastic instability. Mathematical analysis of buckling makes
use of an axial load eccentricity that introduces a moment, which does not form part of the
primary forces to which the member is subjected. When load is constantly being applied on
a member, such as column, it will ultimately become large enough to cause the member to
become unstable. Further load will cause significant and somewhat unpredictable
deformations, possibly leading to complete loss of load-carrying capacity. The member is

said to have buckled, to have deformed.

I
L Spring |
I
I
A A
Fully Aligned

Figure 2.3: Buckling of columns

Source: Negahban, (1996)
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2.5.1 Design Consideration

The ratio of the effective length of a column to the least radius of gyration of its
cross section is called the slenderness ratio. This ratio affords a means of classifying
columns. Slenderness ratio is important for design considerations. All the following are

approximate values used for convenience.

Table 2.1: The short, intermediate and long classification of columns

Intermediate Column

Short Column —, \octic Stability

Long Column

Material (Strength Limit) Limit) (Elastic Stability Limit)
Slenderness Ratio ( SR = Leg / 1)

Structural Steel SR <40 40 < SR < 150 SR > 150

Aluminum Alloy

AA 606-T6 SR <95 9.5 <SR <66 SR > 66

Aluminum Alloy

AA 2014-T6 SR<12 12 <SR <55 SR > 55

Wood SR<11 11 < SR < (18 ~ 30) (18 ~30) <SR <50

Source: (Efunda, Undated)

In the Table 2.1, Lk is the effective length of the column, and r is the radius of gyration of

the cross-sectional area, defined as:

= \/% (2.10)

A short steel column is one whose slenderness ratio does not exceed 50; an
intermediate length steel column has a slenderness ratio ranging from about 50 to 200, and
are dominated by the strength limit of the material, while a long steel column may be
assumed to have a slenderness ratio greater than 200. A short concrete column is one
having a ratio of unsupported length to least dimension of the cross section not greater than

10. If the ratio is greater than 10, it is a long column.
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Timber columns may be classified as short columns if the ratio of the length to least
dimension of the cross section is equal to or less than 10. The dividing line between
intermediate and long timber columns cannot be readily evaluated. One way of defining the
lower limit of long timber columns would be to set it as the smallest value of the ratio of
length to least cross sectional area that would just exceed a certain constant K of the
material. Since K depends on the modulus of elasticity and the allowable compressive
stress parallel to the grain, it can be seen that this arbitrary limit would vary with the
species of the timber. The value of K is given in most structural handbooks.

If the load on a column is applied through the center of gravity of its cross section, it
is called an axial load. A load at any other point in the cross section is known as an
eccentric load. A short column under the action of an axial load will fail by direct
compression before it buckles, but a long column loaded in the same manner will fail by
buckling (bending), the buckling effect being so large that the effect of the direct load may
be neglected. The intermediate-length column will fail by a combination of direct

compressive stress and bending.

2.6 STRESS CONCENTRATION

Stress concentration is defined as - Localized stress considerably higher than average
(even in uniformly loaded cross sections of uniform thickness) due to abrupt changes in
geometry or localized loading. Stress concentration is often called "stress raisers™ or "stress
risers”. Geometric discontinuities cause localized stress increases above the average or far-
field stress. A stress raiser's effect can be determined quantitatively in several ways, but not
always readily. The simplest method, if applicable, is to use a known theoretical stress
concentration factor, K;, to calculate the maximum stress, omax from the nominal or average

Stress, gaye:

K = Zmex (2.11)

Oave


http://en.wikipedia.org/wiki/Stress_%28physics%29
http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Center_of_gravity
http://en.wikipedia.org/wiki/Axial
http://en.wikipedia.org/wiki/Structural_load
http://en.wikipedia.org/wiki/Eccentric_%28mechanism%29
http://en.wikipedia.org/wiki/Bending
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The factor K; depends mainly on the geometry of the notch, not on the material,
except when the material deforms severely under load. K; values are normally obtained
from plots such as in Figure 2.5 and are strictly valid only for ideally elastic, stiff members.
K: values can also be determined by FEA or by several experimental techniques. There are
no K; values readily available for sharp notches and cracks, but one can always assume that
such discontinuities produce the highest stress concentrations, sometimes factors of tens.
This is the reason for brittle, high-strength materials being extremely sensitive even to
minor scratches. In fatigue, for example, invisible tool marks may lead to premature,

unexpected failures in strong steels.
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Figure 2.4: Stress concentration factor for flat bar with holes under axial loading

Source: Craig, R. R., Timothy A., (1934)



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

Methodology can be defined as a sort of management and project planning from the
beginning until the final stage of the project. The systematic planning of methodology is
crucial to keep the project running smoothly. The designing and analysis process will be

discussed in this chapter.

3.2 PROJECT FLOW CHART

A sequence of works has been planned carefully and is shown in figure 3.1. This

project is divided into two sections, which are design and analyze.



START

A 4

Identify:

Objective and
Problem Statement

Y
Gather Information:

Literature Review

'

Y

Design:

A 4

SolidWorks

A 4

Analyze:

Mechanism Design Study
Using Sam6.1

Decision

Making

No

Figure 3.1: The methodology flow chart
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Simulation:

SolidWorks
SimulationXpress

Decision
Making

No

Documentation

Figure 3.1: Continued

3.3 DESIGN

SolidWorks software was use in this study to design and analyze the model that was
made. The design is using a full-scale of it actual size. The model is divided to five parts as
shown in figure 3.10 to make it easier to draw and analyze. The divided parts are:

I. Frame
ii. Base
iii. Link
Iv. Crank

V. Pin
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3.3.1 Bill of Material

Table 3.1: Bill of material

Type Size and thickness, mm  Length, mm  Quantity
Angles Bar  L50 x50 x 3 600 1
400
1800
1300
Flat Plate 50 x 6 120
540
800
120 x 6 140
Hollow Bar 50 x 50 x 6 1700
500
1300

N P P DD DD NN OO DD DD

The designed part was design base on the material mentioned in table 3.1. The angle
bar and flat plat was used in designing the frame. Flat plate was also used to design link and
crank. The base is designed using hollow bar and stopper at the base part is designed using
flat plate.

3.3.2 Material Selection

Stainless steel is the best material as it high ultimate strength 480-860 MPa,
however due to limitation on the availability of the material, high density and high cost
stainless steel is not economical to used as the main material for the study. Mild steel and
aluminum had been identified as the next best choice of material. Aluminum has a low
density but also low in ultimate strength. Thus mild steel as it moderate ultimate strength

and density has been chosen and will be used to design the manual sun tracking system.
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3.3.3 Frame

The frame was design to accumulate a 13000mm width and 1800mm length
evacuated tube collectors. Seido 2-16 is used as the collector. The weight of the collector is
100kg as shown in table 3.3, thus the frame must be able to hold the collector in any angle.
The size of the frame is exactly the same as the collector or an actual size of the collector.
The material that was used in this study is steel (AISI 1020) with the mechanical properties

as show in the Table 3.2.

The material used in this project is angles bar with the 50mm width and 3mm thick
and flat bar with 200mm width and 6mm thick. This material was selected from other size
and type of material from Faculty of Mechanical Engineering, University Malaysia Pahang

store. The drawing of the frame is as Figure 3.2 and Figure 3.3.

Table 3.2: Mechanical Properties of the AISI 1020 steel

Property Elastic Poisson’s Shear Mass Tensile Yield

Name modulus, ratio modulus,  density, strength, strength,
N/m? N/m? kg/m®  N/m? N/m?

Value 2x10"  0.29 7.7x10"° 7900  4.2051x10° 3.5157x10°

Source: A. K. Hosking and M. R. Harris. (Undated)
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Table 3.3: Evacuated tube collectors ‘Seido 2’ Specification

Model

Seido 2-8

Seido 2-16

Design

Dimension (LxWxH), mm

Number of tubes

Vacuum Tube Glass Material

Wall Thickness, mm

Tube Outside Diameter, mm

Tube Length, mm
Tube Weight, kg

Hailstone Resistant to, mm
Collector Surface Area, m?
Absorber Surface Area, m?

Angle of Inclination, °©
Module Weight, kg
Absorber Material

Selective Surface Coating

Absorption Coefficient

Evacuated Tube with
Flow-Through Design

2 126 x 960 150

8

high quality borosilicate
2.5

100

2 000

4.55

35

2

1.4

0-90

50

Aluminum

Aluminum Nitride

> 92%

Evacuated Tube with
Flow-Through Design

2 126 x 1920 x 150

16

high quality borosilicate
2.5

100

2 000

35

4

2.8

0-90

100

Aluminum
Aluminum Nitride
> 92%

Emission Coefficient < 8% <8%
Typical Operating Temperature, °C  70-120 70-120
Stagnation Temperature, °C:
Module 190 190
Tube 276 276
Source: Alternative power distribution. (Undated)
| |
541 485 541
i e S
1800
|—=ast —

Figure 3.2: The front view of the frame

All dimensions in mm
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Figure 3.3: The right view of the frame

301.500

348.500
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/\i j ) Base Holes
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Crank Holes
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DETAIL B 100

All dimensions in mm

Figure 3.4: The close up view of the frame

The holes in the middle of the frame are named as base holes since the hole will be

pinned to the base. The other holes are named as link hole which will be pinned to the link.

(Refer to Appendix B1)
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3.3.4 Base

The base was design to hold the frame while the frame holds the solar collector. The
base was design to allow the frame to rotate in one axis but with a limited angle. The
material that was used to design the base is AISI 1020 steel with mechanical properties had

been as in Table 3.2.

A hollow bar with 50mm width, 50mm length and 6mm thick and a flat bar with
50mm width and 6mm thick was used. The height of the base is 1350mm and the width is
1050mm while the length is 1600mm. The designed of the base part is as shown in Figure
3.5 and Figure 3.6.

Base Holes

Stopper Holes

1390

All dimensions in mm

Figure 3.5: The front view of the base
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" Top Holes
)
L\

Middle Holes [ ¢ |

&

&
Bottom/First Holes DETAIL A

SEALE 15710

Figure 3.6: The close up right view of the base at the stopper

The half rounded shape in the middle of the base is designed to function as a
stopper. The hole was made to allow the stopper pin installed there and the holes are named
stopper hole. It also functions to distribute the load to the middle part of the base. The gaps
between the holes are designed to a specific angle in order to let the frame be in a specific
angle. The mechanism design study was made especially for this purpose. Each of the
stopper holes are named with number so that it can be easily identified to simulate in the
case study. The stopper hole from bottom is bottom hole or first hole. The middle hole is

the holes at the middle of the stopper and at 180° from crank holes.
The other holes was named, the top holes at the base is named as frame holes since
it will pined to the frame as shown in figure 3.5 and the holes in the middle part of the base

is named as the crank holes because it will pined to the crank.

(Refer to Appendix B2)
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3.3.5 Link

The link is design to transfer weight from frame to the middle part of the body. It
was also used to transfer force and rotational movement that been applied to the crank. Flat
bar with the width of 50mm and 6mm thick is used. The material that was used to design

the link is AISI 1020 steel with mechanical properties as in Table 3.2.

This material was selected from other size and type of material from Faculty of
Mechanical Engineering, University Malaysia Pahang store. The designed of the frame is

as Figure 3.7.

c

00

\{:}_/4

N

I
o

All dimensions in mm

Figure 3.7: The front view of the link
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The height of the link is 540mm with two holes for fastening tool. The diameter of
the holes is 15mm which is located 25mm from right, left, top and bottom side of the link.
The gap between the holes is 500mm. The holes at the link is not named because it has the
same dimension for both holes the only difference is that it located at the lower and upper
side of the link.

(Refer to Appendix B3)

3.3.6 Crank

The crank is function to transfer the rotational force that been applied to the frame
through link. By using a crank the frame can be rotated to the desired angle. Flat bar with
the width of 50mm and 6mm thick is used. The material that was used to design the crank

is AISI 1020 steel with mechanical properties as in Table 3.2.

This material was selected from other size and type of material from Faculty of
Mechanical Engineering, University Malaysia Pahang store. The designed part of crank is

as Figure 3.8.
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All dimensions in mm

Figure 3.8: The front view of the crank

The height of the crank is 8000mm with three holes which is two holes for the
fastening tool while the other one is for stopper pin. The diameter of the holes is 5mm. The
first hole is located 25mm from right, left and bottom side of the crank. The second and
third hole was also located 25mm from right and left side of the crank but 130mm and

400mm from the first hole.

(Refer to Appendix B4)
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3.3.7 Pin

. /4 - 1.
4 )
— A%
\ J

All dimensions in mm

Figure 3.9: The front view of the pin

The pin is function to secure the position of two difference part and allowed the part
to move in an axis. Round bar with radius of 10mm is used. The material that was used to

design the pin is AISI 1020 steel with mechanical properties as in Table 3.2.

This material was selected from other size and type of material from Faculty of
Mechanical Engineering, University Malaysia Pahang store. The designed part of pin is as

Figure 3.9.
(Refer to Appendix B5)
34  ASSEMBLY
After finish designing the four parts, the next step is assemblies which in this
process, all of the part are assemble together to creating a whole new device. In this

process, two links, two cranks, one base and one frame are used. The view of the

assemblies is as Figure 3.10.
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Frame

Link

Base

Crar

Figure 3.10: The front view of the assembly

The crank is assembling to the middle part of the base and stopper holes. The frame

is assembly at the top of the base. The link is assembling between the crank and frame.

35 MESHING AND MODELING ASSUMPTIONS

The meshing process is the crucial parts in this study as it plays a major role in
getting an accurate result and to verify the model. The setting for all parts is defined as the
same in order to uniform the result except for the mesh condition. SolidWorks

SimulationXpress is used to stimulate the design.
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Table 3.3: Table of mesh information

Mesh Information

Frame Base Link Crank Pin
Jacobian Check 4 Points 4 Points 4 Points 4 Points 4 Points
Element Size, mm  21.14 13.798 2.1499 3.088 1.31361
Tolerance, mm 1.057 0.6899 0.1075 0.1544 0.1154
Quality High High High High High

Number of elements 20291 28970 56318 78204 18134
Number of nodes 40953 62633 95665 131872 47722

The design analysis results are based on linear static analysis and the material is
assumed isotropic. Linear static analysis assumes that:
i.  the material behavior is linear complying with Hooke’s law
ii.  Induced displacements are adequately small to ignore changes in stiffness due to
loading
iii.  Loads are applied slowly in order to ignore dynamic effects.

The following assumptions were necessary to reduce the model to a size that could
mesh. The assumptions are:
i. The body is a full scale model from the original design.
ii. Symmetry boundary conditions are used in the modeling. The whole body is

symmetric.

3.6 INPUT LOADS AND FIXTURE

3.6.1 Base

The load is calculated from the maximum stress located at the frame-base and
frame-link holes gained from the finite elements analysis. The load is base on the average
stress, oave gain from calculation using stress concentration equation, equation 2.11. From
oave, then the bearing force, Fy, is calculated using equation 2.3. The load was showed as the

purple arrow in the Figure 3.11.
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The loads were applied to the holes where the frame should be pinned to the base
and a certain stopper holes. The study was divided to three case studies where it was to
study the defect of the load applied to a different stopper holes. The first case study is the
load is applied at the bottom stopper holes or the first holes from bottom of the stopper
holes. The second case is at the middle part of the stopper holes or holes number five and
the last case is the top stopper holes. The fix point is applied to the bottom part of the base
since the base is located on the ground and should not be able to move. The fixture has

been show as green arrow in the Figure 3.11.

Model name: base
Study name: SimulationXpress Study
Mesh type: Solid mesh

o

Figure 3.11: Mesh condition of the Base

3.6.2 Frame

The load is applied on the finite-element analysis model at the same location as the
model that was build. The load is base on the weight of the solar collector that was used.
The mass of the solar collector is 100 kg so the load that was applied to the frame is 1000 N
which is the weight of the collector. Since the frame is design exactly the same size as the
collector, so the load can be assumed to be uniform through the surface of the frame. The

load was showed as the purple arrow in the Figure 3.12.
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Model name: frame1 R, D g o O R W
Study name: SimulationXpress Study
Mesh type: Solid mesh

Figure 3.12: Mesh condition of the frame

There is no fix point at the drawing since all the holes in the design are pinned using
fasteners but in this design study all the pinned hole are assumed as the fix point hence the
fix point is applied in the simulation software. The fixture has been show as green arrow in
the Figure 3.12.
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3.6.3 Link

Figure 3.13: Mesh condition for the link

The load is applied on the finite-element analysis model at the same location as the
model that was build. The load is base on the average stress, oae gain from calculation
using stress concentration equation, equation 2.11. From oy, then the bearing force, Fy is
calculated using equation 2.3. Since the link is design exactly the same size, so the load can
be assumed to be uniform through the holes of the link. The load was showed as the purple
arrow in the Figure 3.13. The load is applied at the top holes where the frame is connected

and the fix point is at the bottom holes of the link where the crank is applied.
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3.6.4 Crank

Figure 3.14: Mesh condition for the crank

The load is applied on the finite-element analysis model at the same location as the
model that was build. The load is base on the average stress, oae gain from calculation
using stress concentration equation, equation 2.11. From oy, then the bearing force, Fy is
calculated using equation 2.3. Since the crank is design exactly the same size, so the load
can be assumed to be uniform through the holes of the crank. The load was showed as the
purple arrow in the Figure 3.14.The load is applied at the link holes where the link is

connected and the fix point is at the stopper and base holes.
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3.6.5 Pin

Figure 3.15: Mesh condition for the pin

The load is applied on the finite-element analysis model at the same location as the
model that was build. The load is base on the average stress, oae gain from calculation
using stress concentration equation, equation 2.11. From oaye, then the bearing force, Fy is
calculated using equation 2.3. Since the pin is design exactly the same size, so the load can
be assumed to be uniform through the pin. The load was showed as the blue arrow in the
Figure 3.15. The load is applied at the upper part where the pin is in contact with frame and

the fix point is at the bellow part of the pin where the base is in contact with pin.

3.7 THE MECHANISM DESIGN STUDY

The mechanical design study was performed to study the movement of the designed
mechanism. The study was done using Sam6.1 software. A two dimensional study was
performed since the design can only rotate in one axis only. The frame is define as link 3,
the link as link 4, the crank as link 1 and the base are define as fix point since the base are
designed not to move. The study is defined as one degree of freedom since it can only
move in one rotational axis. The study was done as in the Figure 3.16. The frame has been
defined as the source of the motion. The study was done at 180° of the crank. The crank
than rotated for 20° to get the rotational angle of the frame. The maximum displacement of

the frame also will be determined in this study.



Figure 3.16: The mechanism design study
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CHAPTER 4

RESULT AND DISCUSSION

4.1 INTRODUCTION

This chapter of study is made to show and discuss of the result that been gained
from the simulation that been made. In this chapter the result will be discuss so that the
modification or future work planning can be made. In the previous chapter a few simulation

has been design such as finite element analysis (FEA) using SolidWorks SimulationXpress,

Algor(FEMPRO) and Mechanism Design Study using Samé.1.

The objectives for SolidWorks SimulationXpress and ALGOR FemPro is to study

the stress, safety factor and the deformation of the design while mechanism study using

SAMSG.1 is to study the movement of the designed mechanism.

4.2 LOAD AND STRESS CALCULATION

Table 4.1: Data for load and stress calculation at the holes

Holes Positon Omax, NImMm? K¢ oae, NN/mm?  Fp, N
Base holes at frame 44.563 2.49 17.92 1612.8
Link holes at frame 35.654 2.49 14.32 1288.8
Crank holes at link 18.259 2.49 7.32 658.92
Stopper holes at crank 22.715 2.49 9.12 820.8
Base holes at crank 11.357 2.49 4.56 410.49
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The maximum stress at the holes is obtained from the FEA analysis as shown in
table 4.1. The maximum stress value is than be assumed base on the color at the holes. For
an example calculation for base holes at frame, let omay = 44.563 N/mm?

The K; value is taken from figure 2.5 after r/d is calculated.

fd =22 20125
35

From figure 2.4, K; = 2.49. Then the oy is calculated using equation 2.11.

Omax
Kt =

Oave

o 44.563
Oave — max - = 1792 N/mm2
K; 2.49

Then the bearing force, Fy, is calculated from equation 2.3. The oae is assumed to equal the

Ob.

Bearing force for base holes at frame, Fy
Fo=opxtd=17.92 x (6 x 15) =1 612.8 N
The Fy value is used to applied load to the pin and frame holes at base.
Each F, was applied to different place where Fy jink @ frame 1S USed as load on frame

holes at link. Fp, crank @ link 1S Used as load on link holes at crank. Fy, stopper @ crank 1S Used as

load on stopper holes at base. Fp, pase @ crank 1S Used as load on crank holes at base.
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4.3 FINITE ELEMENT ANALYSIS

This analysis has been done to every parts of the design which is frame, pins, crank,

link and base.

4.3.1 Frame

Mode! name: frame QEVH @D - @R
Study name: SimulationXpress Stucly

Plot type: Factor of Safety Factor of Safety

Criterion : Max von Mises Stress

Red= FOS=1 <Blue

Max: 19,861.72

o]

Figure 4.1: Safety factors for frame at base holes

Figure 4.1 shows the safety of the frame that was designed using mild steel. It
shows that all part of the frame is having a safety factor higher than one which means that
this designed frame are applicable to be used as the frame that can hold the solar collector.
The lowest safety factor for this designed frame is 3.29 which are higher than one but it is

not very high so no optimization of the part is needed.

The outer part of the frame are recommended to be optimize because of the safety
factor value is very high. It is recommended that the outer part of the frame is to design
using different type of the material or smaller size of mild steel bar. The different value of
the safety factor for frame between the outer part and the center of the frame where the

holes connected the frame with the base is because of the stress concentration are



38

concentrated to the center of the frame thus the lowest safety value should be on the base
holes but it did not happen in this analysis. Instead it happens at the eagle bar that is close
to the flat bar that where the base holes are. It is because of the stress concentration is

toward the center and bending moment that the eagle bar experience.

Model name: frame @

Je
&

WE-T-60- @ 8- -

Plot type: Static nodal stress Stress

Study name: SimulationXpress Study
Deformation scale: 45.5172

. 80,199,360.000
il . 71,20,288.000
. 62,381,216.000
| 53,472,144.000
. 44,563,068.000
. 35,553,996.000

. 26,744,922.000

Y 17,835,848.000
ﬁ 8,926,775.000
I
17,700.938

. — Yield strength: 351571000.000
*Right

Figure 4.2: von Mises stress at base holes for frame

Figure 4.2 show the von Mises stress for the frame. The maximum von Mises stress
for the frame is 106.927 N/mm? (MPa) at the same position of the minimum safety factor
value and so do the minimum stress is at the maximum safety factor value with the stress
value of 0.018 N/mm? (MPa). It is occur that the stress value is inversely proportional to
the safety factor value. The safety factor value is calculated by dividing the ultimate stress
with the allowable stress. The ultimate stress is the maximum stress value that the material
can stand and the allowable stress is the stress that is experience by the designed frame by

applying force.

The total maximum of displacement of this designed frame is 3.96mm. This
displacement is because of the bending moment that the frame experience. The solar panel

that was used to collect the solar radiance are not allowed to bend because it will break the
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solar panel, however the frame will take time to bend so it will give a useable life time to
the frame. It is mean that the frame can be used for a period of time. The life time of the
frame before it bend are unknown thus further study and field test are required to determine
the time taken for the frame to bend and the effect of the displacement to the solar panel.
To avoid the frame to have any displacement, modification is needed. A bigger width eagle
bar and flat bar are better at withstanding the bending moment.

43.2 Link

Study name: SimulationXpress Study
Plot type: Static nodal stress Stress
Deformation scale: 3141.35

von Mises (Nin*2)

Model name: flathar 500 il

18,258,662.000

' 16,794,528.000

. 15,330,395.000
. 13,866,261.000
. 12,402,125.000
. 10,937,994.000
. 9.473,861.000
- 8,009,727.500
. 6,545,584.000

. 5,081,460.000

3,517,326.750
2,153,193.250
£89,059.625

— ¥ VYield strength: 351571000.000

Figure 4.3: von Mises stress for link

Figure 4.3 show the von Mises stress for the link. The maximum von Mises stress
for the link is 18.2587 N/mm? (MPa) at the upper hole of link. The minimum stress is at the
bottom of the link with the stress value of 0.6891 N/mm? (MPa). The result shows that the
stress concentration is higher nearing the holes.
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The total maximum of displacement of this designed link is 0.0017 mm. the
maximum displacement of the link is very low thus it will not affect the performance of the
mechanism. The designed link also did not buckle under given loading thus it showed that

the link was properly designed and stable.

Mocdel name: flathar 500

Study name: SimulationXpress Study

Plot type: Factor of Safety Factor of Safety
Criterion : Max von Mises Stress

Red< FOS=25 <Blue

Max: 510.22

Figure 4.4: Safety factors for link

Figure 4.4 shows the safety of the link that was designed using mild steel. It shows
that all part of the link is having a safety factor higher than one which means that this
designed link is applicable to be used. The lowest safety factor for this designed link is
19.26 which are higher than one and no optimization of the part or modification is needed.
It shows that the link is properly designed and any change in design may cause unstable
stress distribution across the link and buckling may occur.
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4.3.3 Crank

CRERNY TN B

Model name: flathar 800

Study name: SimulationXpress Study
Plot type: Static nodal stress Stress
Deformation scale: 551.729

2~

von Mises (N/mn*2)
22,714,584 .000
20,821,702.000
. 18,928,820.000
- 17,035,938.000
. 15143,056.000
. 13,250,174.000
‘.,.ﬁ 11,357 ,292.000
. 9,454 410.000
. 7,571,528.000
. 5,678,646.000
3,785,764.000
1,892,882.000
0.045

—¥ Yield strength: 351571008.000

Figure 4.5: von Mises stress for crank

Figure 4.6: Close up view of von Mises stress at stopper holes

Figure 4.5 and figure 4.6 show the static nodal stress for the crank. The maximum

von Mises stress for the crank is 22.7146 N/mm? (MPa) at the stopper holes of crank. The
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minimum stress is at the both end of the crankk with the stress value of 4.54 x 10> N/mm?
(MPa). The result shows that the stress concentration is highest at the holes and high at the

edge of the crank near the stopper holes.

The total maximum of displacement of this designed crank is 0.145 mm. The
maximum displacement of the crank is very low thus it will not affect the performance of
the mechanism. The designed crank did bend under given loading but it still under effective

length thus the crank was properly designed and stable.

The lowest safety factor for this designed crank is 15.48 which are higher than one
there is no need for modification and optimization to the crank because the crank is
properly designed and any change in design may cause unstable stress distribution across

the crank and buckling may occur.

434 Pin

Stress
won Mises
NAmm*2)

27627.22
24864.62
22102.02
19339.42
16576.81
13814.21
11051.61
£8280.014
5526.414
2763.813
1.212981

Load Case: 1of 1

Maximum Value: 27627.2 NA(mm*2)
0.000 10.138 mm 20.275 30.413

Minimurn Value: 1.21298 N/ mm* {u T | | Y

Figure 4.7: von Mises Stress for frame — base pin
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Figure 4.7 shows the stress that the frame — base pin experiencing. The pin is
experiencing double sheer stress with the maximum von Mises stress value is 27.63 N/mm?
and the minimum von Mises stress value is 0.012 N/mm?. The maximum stress occurs in
between base hole and frame holes. It is because of the sheering stress are concentrate at

the cross sectional area of the pin.

The maximum displacement for this pin is 0.069mm which is very low and can be

neglect as it no means since the holes are design with Imm tolerance.

4.3.5 Base

The designed base part is experiencing deformation with the deformation ratio of 11

728.8. The deformed design is shown in Figure 4.8

Madel name: base
Study name: SimulationXpress Study

Plot type: Static displacement Displacement
Deformation scale: 11728.8
URES (mm)
2.108e-002
l 1.933e-002
. 1.757e-002
. 1.581e-002

- 1.406e-002

. 1.230e-002

- 1.054e-002

I

. 8.785e-003
. 7.028e-003

. 5271e-003

3.514e-003
1.757e-003
1.000e-030

Figure 4.8: Static displacement for base

Figure 4.8 show the static displacement for base. It shows that the maximum

displacement is on top of the base design and the lowest displacement is at the bottom of
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the design and it goes the same for the other case. The maximum value of displacement is
the same as for all cases which 0.02108 mm.

For the von Mises stress, the stress is high at the pined holes, stopper part and
bellow of the crank holes depends on the case study. The minimum value of stress is at the
bottom of the base but the maximum value is depends on the cases study. The minimum
stress value is 4.542x10”" N/mm? (MPa) and the maximum value is 7.455 N/mm? (MPa)

located at stopper holes. Figure 4.9 show the stress distribution on the base.

Model name: base

Study name: SimulationXpress Study
Plot type: Static nodal stress Stress
Deformation scale: 11728.8

von Mises (Nimm*2 (MPa))
7.455
' 6.833
. 6212
. 559
. 4970
. 4.349
| 3727
. 3108
. 2485

. 1.864

1.242
0621
0.000

Min: 0.000 |
Vel strength: 351.571

Figure 4.9: von Mises stress for base case 2
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Model name: base

Study name: SimulationXpress Study
Plot type: Factor of Safety Factor of Safety
Criterion : Max von Mises Stress
Red< FOS=1 <Blue

Max: 773,992 320.00]

Figure 4.10: Safety factors for base

Figure 4.10 show the safety factor for the base case two. As show in the figure 4.10
the safety factor that bigger than one is show in blue color while less than 1 is show in red.
Every hole that was applied load is having safety factor bigger than one while other parts
also are having various safety factor. The faces that align with stopper and position bellow
the stopper and crank holes are having safety factor bigger than one where the stress value
are high. The minimum value of the safety factor is 47.16 on the top of the base where the

frame hole is.

The designed base part is properly designed. It has a very low value of displacement
thus it show that the base did buckle but still in allowable scale. The lowest safety factor for

the base is very high. Thus it shows that the base is very safe design.
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4.4 MECHANISM DESIGN STUDY

Graph of Selected items
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Figure 4.11: Graph of displacement of the frame and crank

Figure 4.11 show the mechanism movement when the crank is rotated. The crank
rotates at 8.702° cause the frame to rotate 10°. The designed manual sun tracking system is
aiming as 20° as the angle different for each stop in order to allow the solar collector to

absorb solar radiation at certain angle. For the frame to rotate in 20°, the crank must rotate
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to 17.404°. The stopper holes are designed base on this study. The gaps of each stopper

holes are 17.404° so that the frame will have 20° difference in each stopper holes.



CHAPTER 5

CONCLUSIONS AND RECOMENDATION

5.1 CONCLUSION

Although the design has not yet being prototyped and tested but it should satisfy all
the design specifications. The analysis shows that the designed part can hold the load that

applied to it. All part of the designed part is having more than 1 value of the safety factor.

The time taken to finish this study is longer than it should but by using SolidWorks
software to design and analyze really help to reduce the time taken. The experimental data
and practical experience are to be used in conjunction with this data. Field testing is
mandatory to validate the final design. This study is to help to reduce time time-to-market

by reducing but not eliminating field tests.

The mechanism design study using Sam6.1 really help to understand how the design
work which in this study when the crank is rotate to 17.404° the frame will rotate to 20°. It
shows that the manual sun tracking system can follow the sun position as it primary
function. The SolidWorks software also have the capability to performed this analysis
which it can give more clear data and view of the result since it can simulate a three

dimensional design where Sam6.1 can only simulate in two dimensional.
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RECOMMENDATION

For further studies of this project, the recommendations have been identified as

follows:

The other simulation software such as ALGOR(FEMPRO) or CATIA can be used
to simulate the design to give more variable data so that a comparison can be made.

Pin design is recommended to use a bigger diameter to get more surface area. It is
also recommended to design the pin to take double or multiple sheer stress rather
than single sheer.

Developing prototype is a very crucial step should be taken after this study because
only by doing so the field test can be done. Furthermore the effect of the solar
tracking system can also be tested.

It is also be better if the sun tracking system has its own automatic moving system
such as Programmed Logic Circuit (PLC), MicroP or MicroC.

Using hydraulic or motor to move the mechanism are also recommended to make

the sun tracking system user friendly.
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APPENDIX Al
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APPENDIX A2
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APPENDIX B1

DRAWING OF THE FRAME
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Figure 6.1: Two- dimensional drawing of frame
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APPENDIX B2

DRAWING OF THE BASE
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Figure 6.2: Two- dimensional drawing of base
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All dimension in mm

APPENDIX B3

DRAWING OF THE LINK
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Figure 6.3: Two-dimensional drawing of the link
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APPENDIX B4

DRAWING OF THE CRANK
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Figure 6.4: Two-dimensional drawing of the crank



APPENDIX B5

DRAWING OF THE PIN
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Figure 6.5: Two-dimensional drawing of the pin
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APPENDIX B6

DRAWING OF THE ASSAMBLY
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Figure 6.6: Two-dimensional drawing of the assembly part



60

APPENDIX C1

VON MISES STRESS FOR FRAME

Model name: frame

Study name: SimulationXpress Study
Plot type: Static nodal stress Stress
Deformation scale: 45.5172

" 8g.108
. 80193
. 71.280
Shtin: 0.018 | . 52.381

. 53472

i Max: 106.927

. 44563
. 35654
. 26745
17.836
8927
0.018

— Yield strength: 351.571

Figure 6.7: The von Mises stress distribution across the frame



APPENDIX C2

VON MISES STRESS FOR LINK

{Max: 18.259

{Min: 0.689

Figure 6.8: The von Mises stress distribution across the link
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APPENDIX C3

VON MISES STRESS FOR CRANK

{Min: 0.000

IMax: 22.715 |

Figure 6.9: The von Mises stress distribution across the crank
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APPENDIX C4

VON MISES STRESS FOR BASE

Max: 7.455 | §

Figure 6.10: The von Mises stress distribution across the base



APPENDIX C5

VON MISES STRESS FOR PIN

Stress
wvon Mises
NA(mm*2)

27627.22
24864.62
22102.02
19339.492
16576.81
13814.21
11051.61
8280.014
5526.414
2763.813
1.212981

Load Case: 10f 1 4
Maximum Value: 27627.2 Ni{mm"2)
0.000 21.045 mm 42.089 63.134

L {I; ! Y

Minimum Value: 1.21298 NJ(mm“;{.’" T 1

Figure 6.11: The von Mises stress distribution across the pin



APPENDIX D1

SAFETY FACTOR FOR FRAME

Model name: frame
Study name: SimulationXpress Study

Plot type: Factor of Safety Factor of Safety
Criterion : Max von Mises Stress

Red< FOS=3 <Blue

Max: 19,861.72

il Min: 3.29

Figure 6.12: The safety factor across the frame
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APPENDIX D2

SAFETY FACTOR FOR LINK

Figure 6.13: The safety factor across the link
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APPENDIX D3

SAFETY FACTOR FOR CRANK

{Max: 7,738,548,736.00]

Figure 6.14: The safety factor across the crank
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APPENDIX D4

SAFETY FACTOR FOR BASE

Min: 47 16

Mepc: 773,992,320.00]

Figure 6.15: The safety factor across the base
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APPENDIX D5

SAFETY FACTOR FOR PIN

Stress
von Mises
Factor of Safety

288.5529
250.6989
230.8449
201.9909
173.1369
144.2829
115.429
B86.57497
57.72008
28.86699
0.01300616

Load Case: 10f 1

Zz
Maximum Yalue: 288.553
0.000 21.045 mm 42.089 63.134
Minimum Yalue: 0.0130062 —__

Y

Figure 6.16: The safety factor across the pin
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APPENDIX E1

DISPLACEMENT FOR FRAME

Model name: frame

Study name: SimulationXpress Study

Plot type: Static displacement Displacement
Deformation scale: 45.5172
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3.296e-001

1.000e-030

Figure 6.17: Frame displacement under given load
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DISPLACEMENT FOR LINK

Maoc: 1.7192-002

Min: 1.000e-030]

Figure 6.18: Link displacement under given load
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APPENDIX E3

DISPLACEMENT FOR CRANK

{Max: 1.450e-001]

1Min: 1.000e-030]

Figure 6.19: Crank displacement under given load
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APPENDIX E4

DISPLACEMENT FOR BASE

Max: 2.108e-002)

{1 1 000c-030PY

Figure 6.20: Base displacement under given load



APPENDIX E5

DISPLACEMENT FOR PIN

Displacement
Magnitude
mm

0.2364212
0.2127791
0.189137
0.1654948
0.1418527
0.1182108
0.09456848
0.07092636
0.04728424
0.02364212
o

Load Case: 1 0f 1

Maximum Value: 0.236421 mm
0.000 23277 mm 46.554 69.831
Minimum Value: 0 mm f F 1 ! Y

Figure 6.21: Pin displacement under given load
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