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ABSTRACT

Rubbers and rubber composites are a vital materials category that has been used in
multiple applications in the present day. Improving their characteristics, properties

can make rubber material much more versatile in their performance at economically.

Improving the thermal conductivity (TC) of rubber composite is relevant to many
aspects. Heat dissipation, heat build-up, curing, manufacturing, and product
performance is directly and indirectly affected by the TC of a compound. In this
research work, time — temperature data obtained by transient plane source (TPS)
method was analysed to obtain TC of natural rubber (NR) and carbon black (CB)
rubber compounds with added graphite. TCs were also obtained by two emphirical

models Lewis — Nielson model and Hashin — Shtrikman model for the same samples.

Four rubber samples were used with varying graphite content from 0 phr (control), 5
phr, 10 phr and 15 phr. From the empirical modelling, modified Lewis-Nielson
model (LN model) resulted thermal conductivities of (Wm™K™) 0.1618, 0.1736,
0.1858 and 0.1983 and Hashin-Shtrikman model (HS model) resulted 0.1619,
0.1655, 0.1688 and 0.1718 for 0 phr (control), 5 phr, 10 phr and 15 phr graphite
added samples. For the same respective samples, TPS analysis TCs were obtained as
(Wm™K™) of 0.1462, 0.1495, 0.1545 and 0.1725. All graphite added rubber samples

demonstrated an increase in TC over the control sample (0 phr Gr sample).

In order to further minimise the difference between the TPS results and the
empirically model values, a mulplier correction factor was introduced to each model.
Minimise the sum of the squared of the errors were set to zero and the multiplier
correction factors were obtained for each model as Ans = 0.932 and Ay = 0.864 for
HS model and LN model respectively. Predicted TC values from both optimised LN
model and HS model reduced its percentage difference between TPS analysed values
to less than 5% except the 15 phr Gr sample’sTC resulted from HS model which had

a 7.10% difference after optimisation.

In order to increase the accuracy of the complex calculations and to improve the

sensitivity it is recommended to use powerful mathematical software programs.
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Further improvement of the thermal conductivity can be potentially achieved by
functionalisation of the graphite particles, decreasing the particle size and its
distribution, which gives further future aspects for research. In depth, optimisation
and detailed handling of parameters would be beneficial for the accuracy but at the
same time this would compromise the time consumption and the simplicity of the

computation method followed.

Using the optimised empirical models proposed in this study, TC can be reasonably
estimated for NR and CB rubber compounds with added graphite. This
understanding would definitely benefit the solid rubber industry

Vi
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CHAPTER 1: REASEARCH INTRODUCTION

1.1 Background
Rubbers are one of the most widely used categories of materials in the world today, which
have become an essential class of materials. We as consumers come across rubbers in many

formats and versions in a daily basis.

Rubber is an engineering material due to its unique property including elasticity. Rubber
molecules are long chain like and flexible, which allow them to perform fast molecular
movements under applied force by deforming, and as soon as the applied forces is removed
rubbers can return back to its original state. This important characteristic in rubbers has wide

range of applications in industry, transportation, construction, aerospace etc.[1]
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Figure 1-1: Global rubber production from 2002 to 2018
Source:[2]

World rubber production has been increasing steadily after 2009 as per Figure 1-labove.
Rubbers are classified as natural and synthetic rubber based on their source. Natural rubber
(NR) is a product extracted from the sap of Hevea Brasillensis, which contains polyisoprene,
which is the main polymer in NR. Synthetic rubbers are man-made rubbers that are by-
products from the petroleum sources which are then chemically treated and refined. SBR
EPDM, BR, CR, NBR, etc. are some of the widely used synthetic rubbers in the industry with

various properties and suitability for different applications.
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1.2 Application of Rubber and Rubber Composites
More than 50% of the global production of both natural and synthetic rubber is used in tire
industry, which is by far the most dominant rubber consuming industrial segment [3].
Similarly, 65% of the NR produced is used in the tire industry as depicted in Figure 1-2
below.

W Tyres Natural Rubber World Applications

M Hoses & Belts 1% 1

W Automotive 5%

M Footwear

® Medical Gloves

W Threads

“ Foam

W Adhesives
Other Latex

% Other GRG

Figure 1-2: Distribution of the world natural rubber applications
Source: [4]

Tire manufacturing is a very complex process, which consists of multiple steps. Final product
needs to fulfil the needs of the application and requires to meet the market demands to

survive the competition in the industry.

A considerable amount of attention has been attracted in the industry on alternative material
compounding and combinations to further improve the performance of the tire or find
materials that are more economical options, which are more economically viable. Also to
reduce the energy consumption and increase the efficiency in the manufacturing process of
tires.
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1.3 Research Objectives

Following are the objectives of the current study

1. Analyse time — temperature transient plane source (TPS) data published Gunasekara,
et al.(2018) which was conducted by Bogala Graphite Lanka PLC, Bogala Mines,
Aruggammana Sri Lanka to obtain thermal conductivity values of the Natural Rubber
/Carbon Black/Graphite (NR/CB/Gr) rubber composites with varying graphite content

2. Compare and check validity of thermal conductivity values of the rubber composites
received by TPS analysis against the empirically modelled and predicted thermal
conductivities.

3. Propose optimisations to the empirical models to predict NR/CB/Gr filler rubber

composites thermal conductivity with high precision.

Developing a modified and optimised empirical model to predict and estimate the thermal
conductivity (TC) of thick solid rubbers with optimum volume ratio of fillers reduce the
moulding cycle of the solid rubber manufacturing process which reduces the energy

consumption as well as the cost reduction.

1.4 Rationale of the Study
Addition of graphite (Gr) to Natural rubber (NR) and Carbon black (CB) can potentially
increase the TC of the rubber composite. The optimum volume ratio of the Gr with the CB
and bulk rubber matrix depends on multiple factors such as the filler morphology, shape,
particle size, concentration, interaction of the particles and matrix[5]. In addition, the

processing method of the fillers utilised also affect the final anticipated TC.

By optimising, an existing empirical model for the specific work done on the subject
considering the factors affecting and allows estimate the TC of the composite with high

accuracy and reliability.

1.5 Significance of the Research
Increasing the TC of the rubber composites will lead to a significant energy consumption
reduction resulting a much more economical manufacturing process. Mainly a higher TC
means the heating time, vulcanisation time and cooling time would be shorter which are
significant energy consuming and time consuming steps in solid rubber manufacturing
process. Efficient reduction of processing time and energy saving certainly increase the

profitability of the solid rubber manufacturing process.
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An optimised empirical model to predict the TC of rubber composites will lay a credible
foundation to develop novel rubber composites for targeted applications as well as other
branched research variants and derivations of the constituents. This will cut-down and
simplify the experimental validation as well as contribute to the inherited knowledge on the
subject. Also the modelling scheme can be integrated to present day research to establish

novel effective compounding recipes and composites

1.6 Chapter Organisation

Chapter 1: Research Introduction

This chapter provides a brief introduction and background on the rubber industry and
applications of rubber in the present day. Objective of this research are then introduced.
Rationale and significance of this research describes the contribution of this research to the

current knowledge base on the subject and why this research is required.
Chapter 2: Literature Review

The present day relevant subject knowledge on the rubber composites and their respective
TCs are discussed extensively in this chapter. Laying a foundation on the research is the
prime objective of this chapter. Filler type, their characteristics and empirical models
available to predict the TC of the rubber composites are discussed and the knowledge gap on

the subject is clearly identified by this chapter.
Chapter 3: Methodology

Third chapter describes the method followed in this research to obtain results. There are
mainly two components in this section which are the experimental analysis part and empirical

modelling part.
Chapter 4: Results and Discussion

The results obtained are presented, analysed and critically commented compared with the

similar work done on the matter. Explanations and justifications are discussed extensively.
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Chapter 5: Conclusion

Based on the observations and discussion, comments have been presented on this chapter
where conclusions are made and how well the research objectives are achieved. Also points

and suggestion are included in the chapter for future related work to proceed.
Chapter 6: Future Research

Based on the knowledge gained, future research directions are which could enhance and

reinforce the subject matter are proposed in this chapter.
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CHAPTER 2: LITERATURE REVIEW

2.1 Rubber Materials and Compounding
Rubber compounds are made up of numerous different polymers, different types of fillers,
chemicals, and minerals allowing and facilitating the vulcanisation. Depending on the

application, other required materials are added to the rubber formulations.

Rubber can be either extracted from the rubber tree as natural rubber latex or otherwise
chemically synthesised by using the raw materials received from the petroleum industry.
These petroleum crude oil by-products undergo chemical refining processes to obtain

different types of synthetic rubbers.

Rubbers have long molecular chains and these chains are made of the same repeating units
known as a monomer. The selection of monomers, polymerisation technique and architecture
of the backbone of the polymer are vital features which determine the properties of the final

rubber product.

2.1.1 Typical Constituents of A Rubber Formulation
Rubber formulation is the process of adding specific chemicals to raw rubber to achieve
certain properties. The specific chemicals and type of chemicals depend on the specific type

of rubber being used and the intended application of the final rubber product.
Typically, a rubber formulation can be divided into 5 main components as below.

Elastomer
Filler
Protectants

Processing aid

a & w0 N e

Curing system

Elastomer is the main rubber component which is suited for the intended application with the
desired properties. Different type of rubbers will be best suited for certain applications. Fillers
are added to the rubber compounding as a reinforcement or an economical aid for rubber.
Carbon black, silica, clay etc. are widely used fillers in the rubber industry. Protectants can e
antioxidants, anti-ozonants, waxes,etc. which assist to create a physical barrier to improve the
performance. The fourth component is the processing aid which helps to support the
processing and handling of the rubber manufacturing process Typical processing aids are oils
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which adds moisture and lubrication to the compound otherwise would have been dry and
difficult to mix. The most important component of the rubber compounding is the curing
system. The process involves of cross linkages between the polymer chains with each other
and with fillers. Also the curing process reduce hysteresis by maintaining an acceptable level
in terms of elongation at break.[6]. There are two main types of curing systems in the
industry, which are sulphur curing and peroxide curing. Accelerators are also related to the

curing system, which upon addition it shortens the curing time.
Typical rubber formulation recipe is given below in Table 2-1.

Table 2-1: Common ingredients and concentration of rubber formulation

Source: [7]
Ingredient phr
Elastomer 100
Curing system 5-15
Anti-degradants 0-7
Coupling agents 0-2
Oils/Plasticizers 0-250
Fillers 20-400
Special additives
Process aids 0-20
Peptisers 0-3
Mill release 0-10
Flame retardants 0-300
Smoke suppressants 0-20
Tacktifiers 0-30
Pigment and dyes 0-6
Bonding agents 0-20
Antistatic agents 0-4
Odorants 0-2
Blowing agents 0-20

2.1.2 Natural Rubber (NR)

Due to its unique chemical and physical properties, NR is a very resourceful raw material

used in solid rubber industry mainly and as latex in the lesser extent. As rubber a very poor

7
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conductor of heat, heat build-up in the tire is a major concern in the tire industry. [3]. Low
heat build-up, high mechanical strength, high elasticity, outstanding tack and green strength
are some highly qualifying properties of NR for its high utilisation in tire manufacturing. [8]

~ECH2—CH=(|3—CH24]>

n
CHs

Figure 2-1: Natural rubber polymer structure (poly-cis-1,4-isoprene )
Source: [3]
Typical average molecular weight of the polyisoprene in NR ranges from 200,000 to 400,000
g.mol™ with a relatively wider molecular weight distribution. This accounts for about 3000 to
5000 isoprene units per polymer chain.[3]. As result high molar mass, molecular weight
distribution and overlap density, NR has an outstanding processing behaviour with the

following advantages over its synthetic counter parts.[6]

e High elasticity
e Strain-induced crystallisation
e Low heat build-up at high temperatures

e Higher tack and high green strength

2.2 Fillers
Using of fillers in the rubber industry holds an utmost importance to achieve the desired
properties of the vulcanised rubber after the vulcanisation of the rubber itself. Filler loading to
the compound is typically 10-15 times higher than the other chemical additives used in rubber
compounding. Fillers mainly contribute to the reinforcement characteristics, processing
behaviour and final price of the material. [9]. However, fillers also tend to deliver specific
effects on the final elastomer, which is the determining factor.

Reinforcing filler is a particulate material that is able to increase the tensile strength, tear
resistance, hardness, and modulus and abrasion resistance of natural or synthetic rubber.
Carbon black and silica fillers are widely used in the tire industry where its reinforcement
function performed in the tire tread compounding is a crucial factor, which affects the
performance of the tire.[10]. Reinforcing potential of the filler is affected by the particle size,

surface area , structure and surface chemistry. [8]. Semi-reinforcing filler is a particulate
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material that is able to moderately improve the tensile strength and tear strength, but does not
improve the abrasion resistance. Non-reinforcing filler does not provide any increase on these
properties and it only functions as a diluents to reduce the cost without affecting the
reinforcing potential. Typical non-reinforcing fillers are soft clays, barites, and talc. [8].

Other typical classifications of fillers would be based on the colour, source and shape.

5

10

Degradative fillers / Grinded CaC0s, mica, talc
~1 04 —Non-reinforcing fillers— |

Dilution fillers Clays
| 3 .
10 - Precipitated CaCO3

Semi-reinforcing fillers E _
TiO2, ZnO
- 2
10
Reinforcing fillers Si Aluminates
Ca Silicates
—10 L = Hydrated silica
. Anhydrous silica
Particle
Size
(nm) Carbon blacks

Figure 2-2: Classification of fillers considering the function and typical particle reference
Source: [10]

2.2.1 Important Filler Properties
Several filler characteristics influence the filler performance. They are particle size, surface

area, structure, and surface activity.[11]

2.2.1.1 Particle Size
Depending on the particle size of the filler the effective surface area available to make a
contact differ. [12] In order to avoid areas of localised stress leading to rupture of polymer
chains the filler particle size should be within the distance between the polymer inter-chains
and therefore the particle sizes above 10°nm must be avoided to effectively harness the full

contribution from the filler particles.[11]

2.2.1.2 Surface Area
Fillers with higher surface area probabilistically have a higher chance to have a higher contact
area to bond with the polymer matrix, which increases the reinforcement function of the

fillers. In addition, the shape of the filler influences the surface area available to bond. [11]
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2.2.1.3 Surface Activity
Filler —filler interaction and filler — elastomer interaction is largely influence by the surface
activity of the filler particles. Filler — elastomer interface depends on the chemical and
physical nature and the compatibility of the two components. Chemical compatibility is the
driving force that induces the reaction between the elastomer and the active sites on the
filler surface.[11]

2.2.2 Carbon Black (CB) as a Filler

This is one of the most widely used fillers in the industry due to its low cost and abundant
supply.[13]. Known as the commercial powder form of the carbon, it possesses extreme
fineness, chemical stability, and high surface area. About 90% of the all CB is used as

reinforcement and only 10% used for pigments.

CB is superior to other materials such as graphite, diamond and nickel particles, and carbon
filaments in providing thermal pastes of high performance. [14]. Among the other fillers, CB
has various advantages due to its low density, high surface areas, good electrical conductivity,
and high chemical stability.[15].

It was understood that CB varieties had great effects on physical and chemical interaction of
filler and rubber matrix dues to the different structure.[16]. Li, et al., [17] discusses that
minds of CB and they showed the surface area of CB playing a major role in making physical
cross-linking in the monomer as the surface area increases the number of rubber chains

entangling with CB aggregates as well as that of the cross-linking increases.

10
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Table 2-2: Classification of CB
Source: [18]

) Production
Chemical Process Feedstock Uses

Process

Thermal-oxidative decomposition

Aromatic oils based ) )
Furnace black Tires, non-tire rubber

on coal tar or crude oil

process applications and pigments
Closed System and natural gas
(Turbulent flow) o Mechanical rubber goods,
Lampblack Aromatic oils based
) electrodes and carbon
process on coal tar or crude oil

brushes

Open System
( Diffusion flames)

Degussa gas

black process

Coal tar distillate

Channel black

process

Natural gas

Mechanical rubber goods,
electrodes and carbon
brushes

Pigments

Thermal decomposition

Thermal black

process

Discontinuous Natural gas/oils Special applications

Electric cells and
_ Acetylene black conductive applications
Continuous Acetylene o
process Antistatic rubber and

plastic applications

2.3 Thermal Conductivity(TC)
Thermal conductivity (TC) is defined as the rate at which heat is transferred by conduction
through a unit cross section area. Due to the comprehensive applications, thermally
conductive polymer composites have attracted significant attention in the industry. High TC
is desirable in order for heat to be efficiently dissipated in which the operating temperature
can be kept low, avoiding dielectric failures due to overheating and heat accumulation in the
polymer composite.[19]. Polymers exhibit a low TC because of their relatively low atomic
density, weak interactions, chemical bonding, and complex crystal structure in their

molecular vibrations.[20]

11
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2.3.1 Heat Conduction Mechanism in Polymers and Polymer Composites

Phonon transport is the main mechanism of heat conduction in most polymers where they
transfer heat energy through interactions with each other and with subatomic particles.[21].
Over the past two decades, with a better understanding of the fundamental heat transfer
process at the micro, nano and even molecular scales, there have been significant efforts
devoting to enhancing the thermal conductivity of polymers and polymer composites which

expected to enable a broader range of applications.[22]

TC of bulk polymers are usually very low and in the order of 0.1-0.5 Wm™Kwhich is due to
the complex morphology of polymer chains.[23]. A crystalline structure in a polymer where
the polymer chains are aligned and arranged systematically and amorphous structure where
the polymer chains are entangled are given in Figure 2-3 below. Polymer chain alignment,
structure of the chains including the backbone bonds and side chains and interchange
coupling also affects the TC of a polymer.[24]

Crystalline domain

0~ “ 2
D A A% a2

— /Y ST Crosiink * YA
7S o 2ol ¢
, DM S 22 00 B
% '2 1‘. side‘chaiﬂ;‘\
A % - 3
"\ o 3 “‘ I
' ' t ',.: 3 5 Q}\I .

Figure 2-3: Schematic diagram of a polymer (a) crystalline and amorphous structure of a
polymer (b) structure of a polymer chain
Source: [22]

2.3.2 Thermal Conductivity of Polymer Composites

It has been identified that the most effective way to increase the TC is to include additional
high thermally conductive fillers into the polymer composite matrix [25, 13, 19, 24].
Traditionally the TC in polymer composite is enhanced by the addition of thermally

conductive fillers including graphite, CB, carbon fibres, ceramic or metal particles.[26]
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TC of fillers is primarily determined be the way how the heat transfer occurs through the
filler particles [27]. Typical thermal conductivity of the fillers are given below in Table 2-3
and it can be seen that the carbon based fillers tend to present in the high thermal conductivity

range.

Table 2-3: Thermal conductivities of typical thermally conductive fillers
Source: [28]

Ciller Category Thermal conductivity
(W/(m.K))
Aluminium Metal 234
Copper Metal 386
Carbon nanotube ( CNT) Carbon 1000-4000
Carbon fibre Carbon 300-1000
Graphene Carbon 2000-6000
Graphite Carbon 100-400
Beta-Silicone Nitride Ceramics 103-200
Aluminium Nitride Ceramics 100-300

Samsudin, et al. [27]concluded that the higher filler loadings ( Upto 70%) are normally
required to attain suitable values of TC in thermally conductive polymer composites which
leads to a significant processing challenge. Polymer processing operating such as extrusion
and injectioin moulding is most of the time limited by the quantity of fillers in the
formulation and thus efficiency of TC is a significant factor. [29]. Propeties like the
maximum packing fraction of a filler imposes considerable concerns to materials ability to

dissipate heat rapidly and successfully.

2.3.3 Thermal Conductivity and Hybrid Fillers
Samsudin, et al. [27]provides a summary of results found in the literature with references of
hybrid fillers used in polymer composites which increased TC.King, et al. (2008) also
reported a positive synergistic effect on the TC of composite when different fillers are
combined in the same composite. Samsudin, et al.[27]credited hybrid filler systems for their
ability to increa the packing density , lowering the system viscosity as well as with increasing

TC. Also the advantage of tailoring the adding different types of fillers with different sizes,
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shapes, types and dimensions as 1D, 2D and 3D into the polymer based composites

Samsudin, et al. [27]recognises as added advantages.

It can be seen that the inclusion of different types fillers such as CNT, graphene , inorganic
fillers in epoxy materials mainly and filler fraction varies upto 50%. The final hybrid

composite thermal conductivity is has been improved compared to the polymer composite.

2.3.4 Factors Affecting Thermal Conductivity in Polymer Composites
TC of polymer composites significantly depends on the properties and characteristics of the

fillers.

e Filler volume fraction

e TC of the filler

e Filler size, shape and spatial arrangement
e Interfacial thermal resistance (ITR)

e Agglomerated state of filler into the matrix

2.4 Empirical Prediction of Thermal Conductivity of Polymer Composites
Tsekemes, et al., [19]discusses the difficulty in comparison of TC of different polymer
composites due to their different manufacturing processes followed by the reseachers. Even a
comparison between the same materials and fillers would not be meaningful as properties like
crystal structure, size and shape are different.

In polymers debye kinetic equation is usually used for theoritical prediction of TC.

CpvAi

k = Equation 2-1

Where
Cp = Specifi heat capacity per unit volume
v = Average velocify of a phonon

A =Phonon mean fresss path

(Average distance that a phonon travels between two collisions)
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Furthermore there are widely studied many theoritical and emphirical models predicting TC
of polymer composites. Ngo & Byon C [30]provides a concise collection on well-known

models which are given in Table 2-4 below.

Table 2-4: Well-known models for predicting TC
Source: [30]

Model Equation
Classic models kg =(1—-9)/k, +¢/k,(series): k. =(1-@)k, + ¢k, (parallel): k., =&’k * (geometric)
Ma‘(“e“ A‘g:’x’ = km [:km +kp = 2¢(km = k;v )}/[ka + kp + ¢(km —k}‘ ):b
+ A A 'A —I \
Lewis-Nielsen o=k :_'Blgz:B BT+ 4 =1 +¢ ¢:$ J A, ¢, depend on filler shapes, orientations
Agari-Uno log(k, ) =¢C, log(k, )+ (1-¢)log| Ck, ): where C,,C, are experimental constants
Bruggeman I-¢= [(1&-r —kq )/ (K, —k, )}(A—m Jk )", x =2 for spheres: and x = 1 for cylinders
I l-B 1 k,+B(k —k_ )+0SBJC(k -k )| = r3g\* 4

Cheng-Vachon T J J B=| —f | :C=—

E J((A —k_)[k. +B(k, -k_ ). JA +B(k,~k,)-05BJC(k, k)| \2/ B

Hashin-Shtrikman kg = km[l +(d -1 )¢/}]/[l -¢p]: B =[/\'p —k, J/[kp +(d -1 )/\'m]: d =3 for spheres
k, +(n=1)k,—(n-1)p(k, -k, ) _[n =3 forspheres
k +(n-1)k, +é(k —kp) " | n = 2 forcylinders

EMT ke =025(y w48k, )y =(30-1)k +[3(1-9)-1]k,,

¢ +(1-9"" )k, [k
erad A =— .Am ﬂ_k
Russell eff ¢ —g+(1-¢° ')/‘-mﬂ’.‘k? "

Hamilton-Crosser kg,=k,

The following common nomenclature has been used in the models.

kest = Effective thermal conductivity ( ETC) of the composite material
km = TC of the matrix material ( Continous phase)

kp, = TC of the filler material ( Dispersed phase)

¢ = Volume fraction of the filler

Selected models of the TC predictive models are discussed in brief below.
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2.4.1 Maxwell model
This model provides an analytical solution to the effective conductivity of a heterogenic
medium. The model assumes that spherical particles are embedded in a continuous matrix in
small enough volume fractions that the spheres are significantly far apart from each other in
respect to their size.[31]

kf+2km+2¢ (ke—kp)
m kf+2km_¢(kf_km)

Kegr = Equation 2-2

Figure 2-4: Maxwell model for dilute concentration of spherical filler particles in a matrix
Source: [32]

There have been multiple modifications to the basic model including effect of filler particle
size, shape, interfacial thermal resistance and more than one type of filler the host
material.[33]. Almost all the models carry a common aspect that models are accurate only at

lower level volume fractions up to about 25%.[32]

2.4.2 Rayleigh Model

Rayleigh model considered the spherical particles to be arranged in a simple cubic array in
the polymer matrix where the thermal interaction between the particles had been taken into
consideration opposed to the Maxwell model. Pietrak & Wisniewski [32]suggests that results
from both models are the same and significantly deviates from reality for higher volume

factors.
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y
fa) o)

Figure 2-5: Rayleigh model for cubic (a) and cylindrical (b) filler arrangement in a matrix
Source: [32]
Pietrak & Wisniewski [32] credits Rayleigh’s contribution considering continuous matrix

parallel cylindrical fibres, which acts as reinforcing fillers arranged, in a uniaxial simple cubic

array.
k ke—k _
M7 = 1 4 S ¢  Equation 2-3
km Km
Keffxx _ Keffyy _ 26 _
kLt o grci0a1grr001ger,y  Douation 24
Where C; = kl_kmand C, = —

2.4.3 The Lewis-Nielson Model
This empirical model is one of the most widely used models in the literature on the subject
and provides credible results even though it does not include the interfacial thermal resistance
(ITR) for filler volume fractions up to 40%. [32].

The simplicity and the coverage of the model make it convenient to be utilised for a wide
range of particle shapes and composite matrix geometries. The following equations are

developed from this model.

1+AB ¢

keff = m Equation 2-5

Where

ki _q
B = <kL> Equation 2-6
Ykt A

“A” is the shape factor for common filler types which is given as below Table 2-5
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Table 2-5: Shape factor “A” for common filler types

Source: [21]

Filler type Aspect ratio A

Cubes 1 2

Spheres 1 1.5
Random fibres 2 1.58
Random fibres 4 2.08
Random fibres 6 2.80
Random fibres 10 4.93
Random fibres 15 8.38
Uniaxially oriented fibres - 2L/D
Uniaxially oriented fibres - 0.5

y=1+ (l;fm) ¢  Equation 2-7
m

@m = Maximum filler volume fraction ( As per Table 2-6 below)

Table 2-6: Maximum packing fractions for different arrangements

Source:[34]

Shape of the particle Type of packing @m
Face centred cubic 0.7405
Hexagonal close 0.7405
Body-centred cubic 0.6
Spheres Simple cubic 0.524
Random close 0.637
Random loose 0.601
Uniaxial hexagonal close 0.907
Uniaxial simple cubic 0.785
Rods or fibres Uniaxial random 0.82
Three dimensional random 0.52
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2.5 Transient Plain Source Method

Transient plane source method (TPS) which is also known as hot disc method relies on a
plane element, which acts as both a temperature sensor as well as a heat source. This element
consists of an electrically conductive plate of thin nickel foil (10um) in spiral shaped,
embedded in an insulating layer usually made of Kapton® which is about 60 um thick.[35]
The TPS element is located between two disc shape samples with both sensor faces in contact
with two of the same sample faces, which the thermal conductivity is to be measured. A load
can be applied from both sides of the samples to have a better contact with the TPS
element.[36]

Hot Disk® - Sensor

Load

Sample l

Sample

Figure 2-6: Schematic of the TPS
Source: [36]

This TPS method is a transient state approach invented by Gustafsson [37] and there is
already an international standard based on this method ISO 22007-2:2017.

This is relatively a newly developed transient approach for thermal conductivity
measurement. In comparison to steady state methods, it is fast and applicable to range of
materials[38].
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Furthermore,Ahadi et al.[39]discussed the following capabilities and limitations of the TPS

method.

e Capable of measuring thermal conductivity , thermal diffusivity and specific heat
capacity

e Suitable for solids, liquid and powders

e Suitable for both isotropic and anisotropic materials

e Compact sensors and consequently small samples required.

Solorzano, et al. [35]also credit the TPS method advantages such as having a wide range of
TC accessible (from 0.02 to 400 Wm™K™), marginal effor needed for sample preparation,
flexibility in sample size and also possibility ot perform local or bulk measurements with only
changing the sesnro diameter. As the same time he remarks that since this is a contact method

special care is required in the experimental procedure.

After reaching the thermal equilibrium, a known constant amount of electrical power is
applied to the sensor. Due to the temperature rise, the resistance of the sensor will increase
and cause the corresponding increase in the voltage drover over the sensor. By recording, the
voltage and current variation over a measured time period, accurate information on the heat
flow between the sensor and the test material can be acquired which is then converted to a

corresponding time - temperature data.

When the probe is heated, different thermal transport properties of the samples determines the
temperature response of the probe. Probe temperature rises slower if the TC of the sample is

larger whereas the temperature rises faster if TC of the sample is smaller.[38]

2.5.1 TPS Theory and Modelling.
Based on the time-temperature variation of the samples obtained, results were numerically

modelled. TC calculating procedure has been followed as below.

Transient plane heat sources (TPS hot disc) method is discussed below following standard of
ISO 22007-2:2017

The total temperature variation AT (t) can be written as,

AT(t) = ATi(t) + AT,(t) Equation 2-8
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Where

AT;(t) = Temperature increase in the insulation layers of the probe
AT(t) = Temperature increase in the specimen surface.

Here the bifilar probe thermal conduction has been is approximated as function of the
concentric and equispaced circular lined heat sources. Therefore the thermal conductivity of
the rubber composite ( Kefr) can be obtained by the following relationship.

AT (1) = ns/l:—OD(T) Equation 2-9

.r.kt
Where
Po = Power output of the probe (W)
r = Radius of the outermost ring source (m)
ki = Thermal conductivity of the rubber composite specimen and insulation layer
(Wm™K™)
Also,
T = Dimensionless time parameter [40]
T= /(t/e) Equation 2-10
and
6 = Characteristic time defined as below [40]
2
=" /O( Equation 2-11
Where

t = time (S)

a = Thermal diffusivity of the rubber specimen.(m?s™)
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D(x) is the dimensionless specific time function defined as below.[37, 41]

D(t) = [m(m+ 1)]~ f —2 [i l i kexp{ <l:r:2:§> Iy (%)}] do

=1 k=1
Equation 2-12
Where

m = Number of concentric ring sources
lo( x,0)= First kind zeroth order modified Bessel function
= Integration variable [38]

Which is defined as,

0% = @ Equation 2-13
In addition, a time correction values (t;) is also incorporated to compensate for the delay and
lags in the electronics, hardware and measuring devices involved. This value only reaches a
maximum of 0.5% of the measured time step value, which leads to a value of 0.05s. The
measured time (t) should be corrected including t. and also should be used in the optimisation
procedures. The sensitivity of this t; parameter is very minimum due to its very small
magnitude and also considering the complexity of the calculations this t. is neglected as it was

assumed it has minimum effect on the calculations.

Substituting the values and parameters defined, Equation 3-1 can be written as below in terms

of T and the relationship between AT (t) and D (t) as follows.
AT(t) = ATi(7) + 3/2 D(T) Equation 2-14

This defines a linear relationship between the two parameters, which has AT; (r) as the

p

. 0
intercept and —5———
P 13/2 rke

as the slope respectively.

After obtaining the temperature in the heating probe (Temperature variation in the insulation
layer and the sample specimen), an as(thermal diffusivity of the sample) value is guessed and

D (t) is calculated which is then used to plot a graph of AT (t) vs and D (7).
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According to Ahadi, et al., [39]and ISO 22007-2:2017,0once the as value us guessed correctly
the curve would be a line after a short dimensionless time AT;, which is associated with At;.

This initial non-linear portion is disregarded as it represent the transient heat conduction

through the insulation layer and after the curve reaches the steady state representation. Since

Tdepends onasa regression analysis is performed to the data points iteratively for as.

At; is defined as below.
At; = == Equation 2-15

Where

At; = Relaxation time parameter (s)

B1= Thickness of the Kapton insulating layer.(m)
a1 = Thermal diffusivity of the Kapton insulating layer. (m?s™)

Summary of the TC calculation procedure by TPS method is given in below in Figure 2-7

<7

Narrowing down
AJ'7)a the time window

ATy Time window
L

\

vAT-D(r) plot: ! (1) Is the error
X satisfactory?
r/AT-r plot: : ¢ v Calculating the value of k.,
LvInitial guess of Ky, vUpdating the value of x,,,

v Calculating the error of the
slope of the linear regression

End of process

Figure 2-7: Iterative process of the TPS model
Source: [39]
According to the TPS procedure specified in the ISO 22007-2:2017, D (t) and AT plot was
generated for the all samples. Based on the theory, after At associated with At the graph
should become linear as the temperature increase in the insulating layer (AT;) becomes a

constant. The initially guessed thermal diffusivity (as) value then iteratively changed until the
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linearity is established by a linear regression analysis. From this linear equation slope and the
intercept is obtained to evaluate the thermal conductivity (ki) of the total specimen sample

and the insulation.

It is then used to calculate the thermal conductivity of the sample specimen taking the sum of

the thermal resistances as below.

h¢ hg h; .
— = —— 4+ —— Equation 2-16
Ak AgKg + Aik; g

Where

hi,hs and h; = Thickness of each layers total, specimen and insulation layers respectively (m)
A, A, A = Heat conduction area of total, specimen and insulation respectively (m?)

ki,ks and k; = Thermal conductivity of total, specimen and insulation layer respectively (Wm"
1 -1
K™)

ksvalue can be calculated as all other parameters are known. Reference values are used for

the Kapton insulating layer.
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CHAPTER 3: METHODOLOGY

3.1 Research Plan

In this research, thermal conductivity of the NR/CB with Gr added rubber composites were

calculated in both empirically a

nd using data obtained by TPS experiment. Selected

predictive thermal conductivity models (Lewis Nielson model and Hashin-Shtrikman’s

model) are discussed and thermal
Also the experimental results obt

experimental results were analysed

conductivity of the hybrid rubber composite is obtained.
ained and published by Gunasekara, et al., [42]. These

numerically to obtain the effective thermal conductivity of

the hybrid rubber composites. Both emphirical and numerical thermal conductivities are then

compared.
Research Plan
y
Obtain and calculate thermal
conductivity
TPS Analysed Empirical
Route Route

4

By numerical method using
Gunasekara, et al.(2018)
experimental data

Empirically by Lewis Nielson model
and

Hashin —Shtrikman model

>

Results obtained are analysed

and discussed <

Figure 3-1: Summary representation of the research plan

3.2 TPS Analysed Route

Transient plane source (TPS) data published in Gunasekara, et al., [42]was used to obtain

time temperature profiles of the natural rubber/carbon black with varying grpahite PHRare

given in Table 4-1 for reference.
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Temperature readings of the samples had been taken every 10 seconds until the temperature
profiles reach to a constant value close to 150°C. All samples had reached approximately a

constant temperature by 250s.

3.3 Empirical Route
Thermal conductivity models available for commonly discussed two phase systems are
further extended and modified for three phase systems, which are composites with hybrid

fillers. Modified Lewis — Nielson model and Hashin — Shtrikman model are discussed below.

The following common assumptions are made when modelling the TC and any specific
assumptions relevant only to the particular model are mentioned in the discussion of the
model.

1. Assumed that the filler particles are spherical in shape which have different particle
size.
2. The spherical filler particles are randomly dispersed in the continuous phase of rubber

matrix resulting a homogeneous composite.
Also the below property parameters are used in the mathematical modelling.

Table 3-1: Material properties

Property Material Value
o Natural rubber (NR) 0.15
Bulk thermal conductivity
Carbon black N330 (CB) 0.3
(W/m.K) i
Graphite (Gr) 300
Natural rubber (NR) 1.5
Carbon black N330 (CB) 1.86
_ Graphite (Gr) 2.1
Density
3 Zn0O 5.61
(g/cm?)
Stearic acid 0.54
MBTS 1.54
Sulphur 2

Both models were considered for graphite phr range of 0 to 50 was based for the other
components of the compounding. The corresponding volume fractions were calculated and
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the a graphical result of effective thermal conductivity of composite ( Kes) Vs volume fraction

of graphite (¢ was obtained.

Table 3-2: Weights (g) in of the rubber-compounding recipe for the experiment

Graphite | Natural Stearic C;gz?(n
(Gn) Rubber | ZnO - MBTS | Sulphur | Total
Acid (CB -
g-phr | (NR) N330)
0 121.9
5 126.9
10 131.9
15 136.9
20 141.9
25 100 2 1.4 15 2 146.9
30 151.9
35 156.9
40 161.9
45 166.9
50 171.9
Table 3-3: Volume and volume fractions of fillers
Graphite Volume Volume | Volume | Total Vol_ume Volur_ne
phr NR CB (1) Gr(2) | volume Fraction CB | Fraction
(P1) Gr (¢2)
0 0 78.55 0.10 0
5 2.38 80.93 0.10 0.03
10 4.76 83.31 0.10 0.06
15 7.14 85.69 0.09 0.08
20 9.52 88.07 0.09 0.11
25 66.67 8.0 11.90 90.46 0.09 0.13
30 14.29 92.84 0.09 0.15
35 16.67 95.22 0.08 0.18
40 19.05 97.60 0.08 0.19
45 21.43 99.98 0.08 0.21
50 23.81 102.36 0.08 0.23
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3.3.1 Modified Lewis — Nielson model
The two component Lewis — Nielson model has been modified for a hybrid system to predict

the TC of NR composite. Model formula and relevant parameters are calculated as below.

« Kefe  14+XiL; AiBid; .
Kiee = == —==1 11 Equation 3-1
eff km 1-YiL, BiCi;j q
Where
ki "
B, = kk—m Equation 3-2
l/km_ Ai

Ci=1+ L~ Pmax ¢;  Equation 3-3

dhax
Ai= Depends on the filler shape: For randomly distributed spherical particle, A;j= 1.5
P max = Maximum packing factor for a randomly close spherical particle,max = 0.637
n = Number of types of fillers. For a hybrid composite n = 2
i = 1 represents carbon black (CB) and i = 2 represents graphite (Gr)
Numerical results are given in appendix 0 and results of volume fraction of graphite vs TC is

given below in Table 3-4.

Table 3-4: Volume fraction of Grand ETC from modified Lewis — Nielson model

phr Gr Volume fraction Gr (¢h,) Ketr LN
0 0.000 0.1618
5 0.029 0.1736
10 0.057 0.1858
15 0.083 0.1983
20 0.108 0.2112
25 0.132 0.2245
30 0.154 0.2382
35 0.175 0.2524
40 0.195 0.2671
45 0.214 0.2824
50 0.233 0.2982
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3.3.2 Hashin-Shtrikman’s Model (HS model)
" kj . 1+ZZ{1=1E1¢1

=—= Equation 3-4
eff =k 1-YiL, Eidj a
Where
K; /) -1
E; = (k_ km) Equation 3-5
( l/km) +2

Table 3-5: Volume fraction of Gr and ETC from Hashin-Shtrikman’s model

phr Gr Volume fraction Gr (¢,) KerfHS
0 0.000 0.1619
5 0.029 0.1655
10 0.057 0.1688
15 0.083 0.1718
20 0.108 0.1744
25 0.132 0.1768
30 0.154 0.1790
35 0.175 0.1810
40 0.195 0.1828
45 0.214 0.1845
50 0.233 0.1860
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CHAPTER4: RESULTS AND DISCUSSION

TPS analysed results and the empirical modelling results are presented in this section

followed by the discussion.

Variation of time vs. temperature results of all the samples have been given below in Table
4-1 and graphically represented in Figure 4-1 below. Data was obtained by Bogala Graphite
Lanka PLC, Bogala Mines, Aruggammana Sri Lanka, which was published in [42]
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Table 4-1: Time - temperature variation of the samples measured
Source: [42]

Graphite amount added

Sample 01 Test 01 Test 02 Test 03
Time (s)
Control 5 phr 10 phr 15 phr

10 51.8 46.8 54.6 449

20 67.4 69.9 80.9 70.2

30 82.5 88.7 97.7 89.2

40 96.3 102.5 109.6 106.9
50 109 115.3 119.5 118.1
60 115.1 123.9 127.2 126.4
70 1241 131.8 133.2 133

80 130.8 136.9 137.3 137.5
90 135.3 140.6 141 141

100 138.4 144 143.6 143.6
110 142.7 146.2 145.5 145.8
120 143.5 147.8 147 147.5
130 145.1 149.5 148.3 148.7
140 146.6 150.5 149.2 149.6
150 147.3 151.3 149.8 150.4
160 148.1 151.9 150.3 151

170 147.9 152.4 150.6 151.4
180 148.6 152.7 151 151.8
190 148.1 153.1 151.2 152.1
200 148.1 153.3 1514 152.2
210 149.3 153.5 151.6 152.4
220 149.3 153.6 151.7 152.6
230 149.4 153.7 151.8 152.6
240 149.7 153.8 151.8 152.7
250 149.9 153.8 151.9 152.8
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Time vs temperature variation of rubber compound samples
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Figure 4-1: Temperature —time profile received from the TPS analysis of the rubber samples
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Based on the TPS analysed results obtained for different samples with different graphite
percentage, it can be seen that the all the graphite included samples have a higher temperature
relative to the control after 25s onwards. This observation proves that the graphite has
increased the effective thermal conductivity of the rubber compounding. Also out of the
graphite included samples 5PHR has the highest temperature increase and 10 PHR is the
lowest. 15 PHR thermal conductivity is in between the 5 PHR and 15 PHR samples.

Table 4-2: Time dependent t and D(t) values calculated and the corresponding

temperature difference for the test samples

AT (°C)

Time (s) f P Control 5 phr 10 phr 15 phr
0 0.0000 0.00000 0 0 0 0
10 0.0667 0.01754 21.8 16.8 24.6 14.9
20 0.0943 0.02435 374 39.9 50.9 40.2
30 0.1155 0.02937 52.5 58.7 67.7 59.2
40 0.1333 0.03346 66.3 72.5 79.6 76.9
50 0.1491 0.03694 79 85.3 89.5 88.1
60 0.1633 0.03998 85.1 93.9 97.2 96.4
70 0.1764 0.04269 94.1 101.8 103.2 103
80 0.1886 0.04512 100.8 106.9 107.3 107.5
90 0.2000 0.04733 105.3 110.6 111 111

100 0.2108 0.04935 108.4 114 113.6 113.6
110 0.2211 0.05121 112.7 116.2 115.5 115.8
120 0.2309 0.05291 1135 117.8 117 1175
130 0.2404 0.05448 115.1 119.5 118.3 118.7
140 0.2494 0.05594 116.6 120.5 119.2 119.6
150 0.2582 0.05729 117.3 121.3 119.8 120.4
160 0.2667 0.05854 118.1 121.9 120.3 121

170 0.2749 0.05970 117.9 122.4 120.6 121.4
180 0.2828 0.06078 118.6 122.7 121 121.8
190 0.2906 0.06178 118.1 123.1 121.2 122.1
200 0.2981 0.06272 118.1 123.3 121.4 122.2
210 0.3055 0.06359 119.3 123.5 121.6 122.4
220 0.3127 0.06440 119.3 123.6 121.7 122.6
230 0.3197 0.06516 119.4 123.7 121.8 122.6
240 0.3266 0.06586 119.7 123.8 121.8 122.7
250 0.3333 0.06652 119.9 123.8 121.9 122.8
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Measured time is then converted to a dimensionless time parameter of t from the given
relationship. Time vs. T variation is given as below in Figure 4-2 where it can be seen there is

an exponential growing relationship between the two variables.

Timevs T

09 -

0 50 100 150 200 250 300
Time (5)

Figure 4-2: Time vs. dimensionless time parameter (7) variation

Using the t value obtained, D(t) is obtained which is the theoretical specific time function, a
time dependent increase for the analysis, which is depicted in Figure 4-3. This function
describes the conducting pattern of the sensor, with the assumption of the sensor being a
collection of concentric ring elements. This assumption was justified and validated by
Bouguerra, et al., (2001) for a T values in the range of 0 to 3 that was satisfied in this research
work, which is apparent in Figure 4-3 where the maximum t value is less than 0.8. First kind
zeroth order modified Bessel function and an independently defined integral function were
also used in the computation of D(t) for a 15 number of concentric rings in the probe

element.
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T vs D(T)
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Figure 4-3: rvs D (z)variation

The total temperature increase (AT) during the transient conduction of the probe is affected

by two factors, which are as below.

1. The temperature difference across the insulating layer (AT;)

2. Temperature difference across the specimen sample surface (ATs)

As the power, output of the heating element considered to be constant and the insulation layer

is sufficiently thin, (AT;) will become a constant after a short time. This time is called the
relaxation time ((At;) which is defined by At;= Li2ai  Equation 2-15 and associated Ax;

is as below.
At; = 3.6 x 10° s =3.6ms

This value is confirmed by ISO 22007-2:2017where it states a typical insulated probe will
have a relaxation less than 10 ms.and time requred to reach a constant temperature difference

is less than 100ms.

The At; value associated with the At; obtained above is calculated as
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At = 0.0027.

Since the obtained At is extremely low and it does not signifies a clear differentiation value
in the corresponding D (t) as it is very close and cluster around zero value. Therefore,
iterative values of asdo not reflect any distinct point in the AT vs. D (t)graph, which hinders
the clarity of the linearity of the profile as discussed. The sum of the error function does not
converge to a minimum value for iterative values of the specimen thermal diffusivity (as)

values.

This may be because the sensitivity of the parameters calculated and the complexity of the
functions as there are integrals and complex mathematical functions within computations. A
powerful computing programming is believed to be utilised to follow the exact ISO 22007-
2:2017.

Hence in order to continue the work, a simplification assumption was made in this context.
As the typical as values are in the order of 1 x 10" m?s™of rubbers which was also referenced
in 1ISO 22007-2:2017. , it has been used as a fixed value for the calculations for all samples.
This would be a reasonable assumption as any changes in thermal diffusivity of the for
samples would not change by large orders of magnitude by the addition of graphite as per
TPS analysis.

Consequently, the linearity between the entire analysed time ranges were assumed and the
plotted graph was fitted with a trend line. R? value was computed for all samples and their

corresponding graphs of AT vs D (t) are shown in Figure 4-4 to Figure 4-7 below.

The summary of linear regression trend line specifying the gradient and the intercept as well

as the corresponding R? values are shown below in Table 4-3.
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Table 4-3: Linear regression line equation and corresponding R? values

Sample Name Trend line equation R? value
Control y = 2669.3x -23.744 0.99
5 phr y = 3018.5-31..196 0.98
10 phr y =2769.1x -16.929 0.98
15 phr y = 3033.x -30.834 0.97

R? values obtained are reasonable close to 1 and therefore it can be concluded that the line fit

IS a good representation of the analysed data.

D(t) vs A T of Control sample (0 phr Gr)
140

.
a0 y =2669.3x - 23.744

R?=0.99
100

—a—Control

Linear (Control)

AT(°C)

0.00 001 0.02 0.03 0.04 0.05 0.06
D(T)

Figure 4-4: D(7) vs AT of Control (0 phr Gr) sample
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D(t) vs AT of 5 phr Gr sample

140

120 ) P
y = 3018.5x - 31.196

100 R2=10.98

80 1 ——5 phr Gr

60 -

AT(°C)

Linear (5 phr Gr)
40

0.00 0.01 0.02 0.03 0.04 0.05 0.06
D(7)

Figure 4-5: D(1) vs.d4T of5 phr Gr sample

D(t) vs AT of 10 phr Gr sample
140

120 1 v =2769.1x - 16.926

2= 9
100 R*=0.98
;:‘ 80 —+—10 phr Gr
=
q 60 —Linear (10 phr Gr)
40
20 e
0
0.00 0.01 0.02 0.03 0.04 0.05 0.06

D(1)

Figure 4-6: D(7) vs. 4T 0of10 phr Gr sample
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D(7) vs AT of 15 phr Gr sample

140

120 v = 3033x - 30.834
R2=0.9716

100

80

~+=15 phr Gr

AT(°C)

60 .
— Linear (15 phr Gr)
40
20
0
0.00 0.01 0.02 0.03 0.04 0.05 0.06

()

Figure 4-7: D(7) vs. AT of15 phr Gr sample

The following parameters have been used in obtaining the thermal conductivity for the

sample specimens by the TPS analysed data.

Table 4-4: Numerical values of the parameters used in the experiment

Po— Output power of the probe 10W

ki— Thermal conductivity of the insulation layer ( Kapton) | 4.52 Wm™K™

h; — Thickness of the insulation layer ( Kapton) 30 um

hs — Thickness of the sample specimen 15 mm

randri— Radius of the probe and the insulation layer (Kapton) 6.4 mm

rs— Radius of the sample specimen 40 mm

AyAi, As— | Area considered for heat being conducted. Calculated using the
Largest area has taken for At relevant diameter and mrr?

Thermal conductivity values are given below with the values received from empirical models
of the modified Lewis — Nielson (LN) model and Hashin — Shtrikman model (HS) below in

Table 4-5
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Table 4-5: Summary of TC results found for both TPS analysis (ktps) and empirical
models ( HS — Hashin — Shtrikman, LN — Modified Lewis Nielson)

Thermal Conductivity
wm?k?
Sample
Ktps Khs K LN
Control (0 phr Gr) 0.1462 0.1619 0.1618
5 phr Gr 0.1495 0.1655 0.1736
10 phr Gr 0.1545 0.1688 0.1858
15 phr Gr 0.1725 0.1718 0.1983
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from TPS and empirically modelling
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Figure 4-8: TC values obtained from TPS analysis and empirical modelling
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It can be seen that by all 3 methods ( 2 empirical models and TPS analysis method, all three
graphite added samples display an increase in the thermal conductivity compared to the
control sample. Also from the graphite added samples, thermal conductivity increases with
the amount of graphite added as shown in Figure 4-8.

From the addition of graphite, the following percentage improvements of thermal
conductivity have been obtained over the control sample from the three methods as shown in
Figure 4-9. Relative increase in the thermal conductivities are always have been higher in the
LN model compared the to the experiment value whereas the HS model displays a lower
relative improvement. In addition, the two empirical models demonstrate a linear
improvement in the thermal conductivity with the graphite content. Even though the relative
improvement shows a significant improvement percentage in the absolute thermal
conductivity, values only range from 0.1460 Wm™K™ to 0.1725 Wm™K™ in all three
methods. Therefore, it can be concluded that models are in a considerable level of agreement.

% Improvement of Thermal Conductivity by Each Method

25%
=" Improvement relative to control kKTPS %
=8—% Improvement relative to control k HS % 22.57%,
T 20% % Improvement relative to control k LN %
g 17.99¢
g 14.85%
o 15%
3
[<5]
2 10% -
+—
S 7.33%
o 6.13%
A3%
L 5%
2.2
2.2
0%

5 phr Gr 10 phr Gr 15 phr Gr
Graphite included samples

Figure 4-9: Percentage improvement of TC relative to the control sample by each method
Similar work done by Brahil et al[43]where they have measured the thermal conductivity of

the natural rubber/graphite composites, they have observed the trend of thermal conductivity

of the rubber composites increases with the grahite percentage added.
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Suleiman[44]has also done similar research using the TPS method and commented that the
effect of temperature change ( during measurement) on thermal properties of a composite is
very complex and depends on several important factors which can be potentially
counteractive. For example he points out that the size and number of micro voids created in
the composite by the chain movements and also by increasing the chain alignment and
arrangement within the matrix, are critical factors which can affect the TC. The former
reduces the thermal conductance due to adding more thermally insulating gaps whereas the
latter actually encourages the thermal conductance as more order inside the matrix. In the
presence of two competing factors such as in this case, at times the consistency of the
relationships can varyagain under the influence of multiple factors. Suleiman[44]also
reiterates the fact that predicting the rubber composite thermal properties is not an easy task
as properties may change from batch to batch , time to time , environment conditions etc.
Therefore he also suggests a shorter measuring time steps as rubber degradation during
measurement is reduced and gives a significant spread for the measurements. Also
Suleiman[44]is infavour of emphirical modelling of rubber composites to capture such
variations as a credible non-distructive and fast method to be used as quality assuarance

measure to validate as well as to predict the intended outcomes.

Table 4-6 below summarises the percentage difference of the TCs received from each
empirical model. Except HS model predicted value in the 15PHR sample all other values are
over - estimated by the two models in comparison to the TPS analysed values. As the models
estimated values contain a considerable amount of deviation, a correction factor has been
introduced to further improve the estimations by the two models have been considered in this

context.

TPS analysed values and empirical model values results can be further quantitatively
compared by the sum of squares (SS). The R? coefficient is not used here because these are
empirically obtained values and R?better suited for experiment values[39]. The sum of
squares (SS) is calculated by summing the square of the TPS analysed value minus the

empirical modelled value.

Optimisations of the modelled values were achieved using the Ms Excel solver function.
Based on the results obtained correction factors are incorporated to the existing models,

which are discussed below.
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Table 4-6: Summary of percentage difference among the thermal conductivity results

from the TPS analysis and empirical models (HS and LN model)

Thermal Conductivity
wm?k?
Sample - -
K % difference % difference
™S (kTPS‘ kHs)/ Krps (kTPs— kLN)/ ktps
Control 0.1462 -10.71% -10.66%
5PHR 0.1495 -10.73% -16.15%
10PHR 0.1545 -9.28% -20.26%
15PHR 0.1725 0.42% -14.96%

Sum of the squares are calculates as below.
SS = Y(krps — Kmode)®>  Equation 4-1
The below values are obtained for the values after optimisation. k mege represents the

empirically calculated values for TC

Table 4-7: Summary of the sum of the squares values after optimisations

K HS LN
TPS (KTps - Kns)™2 (kTps - KLn)™2
Control 0.1462 2.304E-05 4.029E-05
5 phr Gr 0.1495 2.446E-05 3.617E-07
10 phr Gr 0.1545 9.058E-06 3.739E-05
15 phr Gr 0.1725 1.500E-04 1.162E-06
2.066E-04 7.921E-05
SS ks SS iy

For the HS model correction factor — Ay = 0.932

For the LN model correction factor — A,y = 0.864
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The experimented and modelled thermal conductivities before and after optimisation is shown

below in Figure 4-10 and Figure 4-11.

Thermal condutivities obtained
(Prior to add correction factor)

0.25
g 0.2 -
E r- - .‘_”""7.
25015 - - 2 ¢
g X ——k TPS
U E -#-k HS
TS 01 -
E et kLN
2
= 0.05 -
U T T
Conftrol 5 phr 10 phr 15 phr
Graphite included samples
Figure 4-10: TC obtained before optimisation of modelled values.
Thermal conductivities
(After optimisation)
02 -
2 0.18 - .
:E 0.16 - — _ ____,'__L—l
3] 0.14 - I
= o0 ——k TPS
Ty 012 -
g - =k HS opt
O E 0.1 1 k LN opt
== 008-
g
= 0.06 -
= 0.04 -
F
0.02 -
U T T T 1
Control 5 phr 10 phr 15 phr

Graphite included samples
Figure 4-11: TC obtained after optimisation of modelled values.
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It can be seen that in Figure 4-11, thermal conductivity values that have been calculated by
the emphirical modelling are now have an improved fit for the experimeted values. Reducing
the deviation between the TPS analysed values and emphirically model values can be viewed
as an improvement of accuracy and the predictivity of the model estimations. Hencehereby
propose the multiplication correction factor for the thermal conductivities received from the
two models as below. Subscript “opt” represents the optimised TC value from the

corresponding model
K Hs opt = Ans™ K 1s = 0.932 Kk s
K tNopt = An* K v = 0.864 Kk

Using the above optimised thermal conductivity values , final thermal conductivity values

obtained from all three methods can be summerised as below.

Table 4-8: Summary of the final TC values after optimisation of the two empirical

models in comparison with the experimental values K tps

Thermal Conductivity (Wm™K™)

k TPS k HS opt k LN opt

Control 0.1462 0.1510 0.1399
5 phr Gr 0.1495 0.1544 0.1501
10 phr Gr 0.1545 0.1575 0.1606
15 phr Gr 0.1725 0.1603 0.1714

Table 4-9 shows the differences in the values received after including the correction factors to
each model. It is evident that deviations from the TPS analysed values have been significantly
reduced except the HS model value for 15 phr Gr. Even though the error has been reduced
overall for all other samples HS model predicted the 15 phr Gr TC extremely closeto the TPS
analysed value prior to the optimisation. But overall the optimsation can be acknowledged as

credible based on this results obtained.
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Table 4-9: Summary of percentage difference between the TC results against the Ktps

and empirical model values after optimisation

Thermal Conductivity
Wm'kK?
Sample % difference % difference
kTpS HS model (kLN_n-II(OdEI )/
(Ktps- Kus opt)! Kres TPSk LN opt
TPS
Control 0.1462 -3.28% 4.34%
5 phr Gr 0.1495 -3.31% -0.40%
10phr Gr 0.1545 -1.95% -3.96%
15phr Gr 0.1725 7.10% 0.62%

After the optimisation of the parameters, the differences in the results can be assigned to the
human error and the lack of specificity for each individual component level. Also all these
models negelected the fact the thermal contact resistance in the interface of the fillers and in
the matrix. This could be potentially a major concern which would have impacted but to
maintain the simplicity of mathematical modelling this factor was neglected in this context.
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» CHAPTERS: CONCLUSION

Following conclusions can be made out of this study:

» Temperature versus time data recorded during heating the natural rubber samples
filled with carbon black and graphite were analysed by transient plane source (TPS)
method and the thermal conductivity was calculated based on two of the empirical
models considering the material property parameters and other specific geometrical
properties.

» Effect of graphite on thermal conductivity of rubber compounds obtained from
calculations offered by Lewis and Nielson model and Hashin — Shtrikman model
agreed well with experimentally obtained results from which It can be concluded that
the addition of graphite to the NR/CB rubber composites would contribute to increase

the thermal conductivity compared to the control sample.

» From the empirical modelling, Lewis and Nielson model provided a thermal
conductivity improvement of 22.57% over the control sample whereas Hashin —
Shtrikman model provided a 7.13% improvement for the same sample consisting of
highest amount of graphite corresponding to 15 parts per hundred (PHR) rubber

and 17.99% improvement was obtained from the TPS analysis of the obtained data.

> In order to minimize deviation between empirically calculated thermal conductivity
values and TPS analysed values, further statistical based optimizations were executed.
Squared sums were calculated and incorporated to the Lewis and Nielson model with
specific proposed correction factorA, y = 0.864, which reduced the difference between
the empirical values and TPS, analysed values. For the 15 PHR sample Lewis Nielson
model estimates the TC value as 0.1714 Wm™K™ after incorporating the correction
factor.

» The optimized empirical model proposed in this study could predict thermal
conductivity of NR/CB/Gr rubber composites, which could be very beneficial in solid
rubber manufacturing such as tire industry as the product heating times, curing times
etc. can be closely estimated with a less margin of error. This would in turn increase
understanding the process parameters, which then can be utilized to proper process

engineering decisions.
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CHAPTERG6: FUTURE RESEARCH

Following recommendations are proposed for future further research.

The time temperature profile of the control,5 phr, 10PHR and 15PHR samples obtained from
the TPS model requires with comprehensive and complex mathematical functions to be
calculated in order to compute the TCs of the samples. For data analysis, more intricate
programming software such as MATLAB®, Mathematica® or open source Python® can be
considered to solve these complex functions. This would minimise the error and increase the
sensitivity of the computations in contrast to the regression analysis based methods followed
in this study.

Also, time step can be further reduced to a lesser value instead of 10 seconds. If temperature
variations are available every 5 seconds rather than 10 seconds the accuracy could have been
further improved and the temperature based property changes such as thermal conductivity,
specific heat capacity, etc. would have been much more gradual and less impactful. This
strategy is very common in integral calculus as smaller the step change clarity of the outcome

would be high but this again would require powerful programming tools.

Furthermore, the effect of the particle size and particle size distribution can have a
considerable influence on the thermal conductivity. Particle size of the graphite which have
been used in this research is 40um and reducing the particle size would be a promising aspect
explore on the same objective. One can also use functionalised groups to improve the mixing
of the fillers in the continuous rubber phase, which reduces, or minimise the agglomeration of
the particles in the composite. Such procedure would also mitigate the localisation of graphite
(filler) particles and lead to an even distribution enhancing the homogeneousness of the
rubber composite throughout. Functionalisation could be done in both physically and
chemically which would be potentially the best combination of actions to improve the even

dispersion of particles in the composite.

Overall, in order to further improve the modelling component accuracy wise and reliability
wise more repeats would be highly required and recommended. The hypothesis that had been
made here is that the TPS analysed results can be closely approximated by an empirical
model would be the most efficient use of time and resources. In order to increase the accuracy
of natural rubber/carbon black and graphite rubber composites more specific and inherent
property parameters can be incorporated in the Lewis-Nielson model and Hashin — Shtrikman
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Model which has been discussed. Such optimisations could potentially contribute to better
outcomes as utilisation of a versatile, reliable and intricate model can closely predict thermal

conductivity of the composites.
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APPENDICES

Appendix A: Calculation of the D (t) Dimensionless Specific Time Function

D) = [m(m+ ]2 [y o2 [ZI, LT kexp {- (1555) bo ()} do

4m202 2m2g?
S \ v ) _
Equation 2 -12
P30 P20 P10

Above function has to be solved in order to obtain the numerical results for the TPS analysis.
As this includes complex integral functions and summations, the entire function was

calculated by parts using excel.
Here as defined previously,

e m — Number of rings in the heating element (m=15)
e | and k — Counter variables ( Going from 1 up to 15)
e o — Integration function

Where

o2 = Lt Equation 2-13

r2
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Step 1

Starting from (I=1 and k=1) to (I=15 | —>

and k=15) were calculated.

Corresponding modified Bessel function (lo)

calculated using Ms- Excel function

Step 2
P20 P21
Exponential function starting from Relevant numerical values were
(I=1 and k=1) to (I=15 and k=15) > obtained
were calculated.
Step 3

Corresponding answers received in step 1 and 2 above are multiplied together to obtain the

entire values within the summation.

Step 4

Integrate the entire sum with respect to o with the limits of 0 to .
Step 5
Multiply the integrated output by m function (P30)

Once this process is followed , each “ t (time)” reading will provide a t value, where a

corresponding D(t) is calculated.

Hence time-temperature relationship can be converted to a D(t) and temperature relationship
which is the basic principal of the TPS model.

58



University of Moratuwa

Appendix B: Values Obtained for D (t) Dimensionless Specific Time Function

Step 1-P10
Counter [~ Time reading ( 1 to 26)

_L E l z 3 4 5 ] T 5 o y] 11 12 13 14 1_5 16 17 18 1_9 20 21 22 23 24 25 26
1 1 000 | 009 ] 000 | 0.03 o022 | 002 ]o02] 001] 001] 0.01 0.01 001 0.01 001 ] 001 | 001 0.01 0.01 0.01 000 ] 000 | 00| 000 | OO0 | 000 | 0.00
1 2 0.00 | 0.18 0.09 0.06 0.05 004 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
1 3 000 | 027 ) 014 | 009 | 007 | Q05 ] 005 ] 0.04 ] Q.03 ] 0.03 0.03 002 | 002 ] 002 ) 002 ) 002 | 002 ]| 002 | 002 ] 001 0.01 ] 0.01 | 0.01 0.01 0.01 0.01
1 4 000 | 037 ) 018 | 012 | OOD9 | OO7 JOO6 ] OO0O5 ) O0O5 ) 004 | 004 | QO3 | 003 J OO3 ) 003 ) 002 | Q02 | 002 | 002 ] 002 ) 002 )| 002 ] 002 | 002 | 002 | 001
1 5 000 | 046 ) 023 0.15 011 009 1 0.08 ) 007 ] 006 | 0.05 0.035 004 | 004 ] 004 ] 0035 | 003 0.03 003 | 003 J 002 | 002 ) 002 ] 002 ( 002 | 002 | 002
1 ] 000 | 055 ) 027 | 018 | 014 | 0.11 009 ] 008 | 007 ] 0.06 | 0.03 005 | 005 ] 004 ] 0.04 ) 0.04 | 0.03 003 | 003 ] 003 ] 003 ) 003 ] 002 | 002 | 002 ] 002
1 7 000 | 064 ] 032 0.21 016 | 013 ] 011 J OO09 ) Q08 | 007 | 006 | 006 | 005 | 005 | 005 004 | 004 | 004 | 004 | 003 | 003 ] 003 | 0.03 0.03 003 | 003
1 2 000 | 073 ) 037 | 024 | 018 | 015 ) 012 ] 010 ] 009 ) OO0 [ 007 | OO7 [ 006 ] 006 | 005 | 0.05 0.05 004 | 004 ) 004 | 004 | 003 | 0.03 0.03 003 | 0.03
1 9 0.00 | 0.82 0.41 0.27 021 0.16 0.14 ] 0.12 0.10 | 0.09 0.08 0.07 0.07 0.06 | 0.06 | 0.05 0.05 0.05 0.05 0.04 0.04 1 0.04 | 0.04 0.04 0.03 0.03
1 10 000 | 091 ) 046 | 030 | 023 | QIR | 0151 013 ] 011 ) 010 | 009 | GOB | QOB J OO7 ] Q07 J Q06 | OO06 | 005 | 005 ] 005 1 005 ) 004 ] 004 | 004 | 004 | 004
1 11 000 | 1.01 ] 050 | 0.33 025 | 020 ) 017 | 014 | 013 | 0.11 010 | 009 [ OO8 | D08 | OO7 | 007 | 006 | 006 | 006 | 005 | 0.05 ] 0.05 | 0.05 004 | 0.04 [ 0.04
1 12 0.00 ] 1.10 ) 0.55 036 | 027 | 0.22 ) 0.18 | 0.16 ) 014 ] 0.12 [ 0.11 010 | 009 | 008 ] 008 ) 007 | 007 | 006 | 006 | 006 | 005 ] 0.05 | 0.05 0.05 0.05 | 0.04
1 13 000 | 1.19 ) 059 | 040 | 030 | 024 ] 020 ] 0.17 ] Q.15 ] 0.13 0.12 | 0.11 010 ] 009 ) 008 | OO0 [ 007 | Q07 | 007 ] 006 | 0.06 ] 0.06 | 0.03 0.05 0.05 | 005
1 14 000 | 128 ) 064 | 0.43 032 | 026 ] 021 ] 018 ) 016 | 014 [ 0.13 012 | 0.11 0101 002 ) 002 | QO8 | OO7 | 007 | 007 ) 006 | 006 | 006 | 006 | 005 | 005
1 5 0.00 1.37 0.68 0.46 0.34 0.27 0.23 020 ] 0.17 0.13 0.14 0.12 0.11 0.11 0.10 | 0.09 0.09 008 008 0.07 007 0.07 0.06 0.06 0.06 0.05
2 1 000 | 018 ) 009 | 006 | OGO05 | 004 J OO3 J OO3 J Q02 002 [ 002 ] 002 002 ] 001 ] 001 ] 001 001 001 001 0.01 001 ] 0.01 ] 001 001 001 0.01
2 2 000 | 037 ) 018 | 012 | OOD9 | OO7 | OO6 ] O0O5 ) O0O5 ) 004 | 004 | OO3 | 003 J OO0O3 | 003 | 002 | 002 | Q02 | 002 ] 002 | 002 | 002 ] 002 | 002 | 002 | 001
2 3 000 | 0.55) 027 | 018 | 014 | 0.11 0001 0.08 | 007 ] 0.06 | 0.03 005 | 005 ] 004 ) 0.04 ) 0.04 | 003 003 | 003 | 003 ) 003 ) 003 ) 002 { 0.0 | 002 | 002
2 4 000 | 073 ) 037 | 024 | 018 | 015 ] 012 ] 010 ] 009 ) Q0% [ 007 | 007 | 006 | 0.06 | 0.05 ] 005 0.03 004 | 004 ] 004 ] 004 | 003 ] 0.03 0.03 0.03 | 0.03
2 5 000 | 091 ) 046 | 030 | 023 | QIR | 0151 013 ) 011 ) 010 | 009 | QOB | OO J OO7 | OO7 J Q006 | QO6 | O0O5 | 005 | 005 | 005 ) 004 | 004 | 004 | 004 | 0.04
2 5] 0.00 1.10 | 0.55 0.36 0.27 0.22 0.18 0.16 | 0.14 | 0.12 0.11 0.10 0.09 0.08 0.08 0.07 0.07 006 006 006 0.035 0.05 0.03 0.035 0.05 004
2 7 000 | 1.28 ] 0.64 | 0.43 032 | 026 ] 021 ] 0.18 ) 016 | 0.14 | 0.13 012 | 0.11 010 ] 009 ) Q0 | 008 | OO7 | 007 | 007 | 006 | 006 | 0.06 | 0.06 | 005 | 005
2 8 000 | 146 | 073 049 | 036 | 029 1 024 | 021 | 018 | 016 | 015 013 | 0121 011 ) Q10 ) 010 | OGO09 | Q09 | OO8 | OOB | 007 | 007 | OO7 | 006 | 006 | 0.06
2 o 000 | 1.65 ] 082 | 0.55 041 33 Q027 ) 0231020 018 | 016 | 015 ] 014 | 013 ] 012 ] 011 010 | 010 { 009 J 002 | 008 ] 008 | OOF | O0O7 [ 007 | 0.07
2 10 0.00 | 1.83 ] 0.91 0.61 046 | 036 | 030 0261 023 ) 020 018 | 017 | 015 ) 0.14 | 013 ] 012 [ 0.11 0.11 010 1 0.10 | 009 ] Q.09 | Q08 | 002 | Q08 { 007
2 11 000 | 2.01 100 | 067 | 050 040 ) 0331 029 ) 025 022 | 020 | 018 | 017 | 015 ] 014 | 0.13 013 012 ] 0.11 0.11 010 ] 0106 ) 009 | 009 [ OO | D08
2 12 000 | 220 ) 1.10 | 0.73 055 | 044 | 036 ] 0.3 0271 024 | 022 | 020 | 018 | 017 ] 016 | 0.15 014 | 013 [ 012 J 012 | 011 ] 010} 010 | 010 [ 009 | 0.09
2 13 0.00 | 2.38 1.19 | 079 [ 059 | 047 | 039 ) 034§ 030 ) 026 | 024 | 022 | 020 ] 018 | 017 ] 016 | Q.15 0.14 | 013} 012 ) ©.12 ) Q.11 | 0.11 0.10 | 010 [ 0.09
2 14 000 | 256 )] 1.28 | 0.85 064 | 051 043 1 036 ) 032 ] 028 | 0.25 023 | 021 0201 018 ) 017 | 016 | 015 ] 014 | 013 | 013 ] 012 ] 012 | 0.11 011 010
2 5 000 | 274 ) 137 | 091 068 | 055 | 046 | 03 034 | 030 | 027 | 025 | 023 1 021 | 020 018 | 017 | 016 | 015 ) 014 | 014 ) 0153 ] 012 | 012 | 011 011
3 1 0.00 | 0.27 | 0.14 | 0.09 | 0.07 | 0.05 | 0.05 | 0.04 | 0.05 ] 0.03 | 0.05 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 002 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01
3 2 000 | 055 ) 027 | 018 | 014 | 011 0091 008 | 007 | 006 | 0.05 005 | 005 004 ) 004 )| 004 | 003 003 | 003 ] 003 | 003 | 003 ) 002 | 002 | 002 | 002
3 3 000 | 082 ] 041 027 | 021 016 Q014 ) 0121 010 )| 00% | OO02 | OO7 | 007 | 0.06 ] 0056 | 0.05 0.05 005 | 005 ) 004 | OO4 | 004 | 004 | 004 | 003 | 003
3 4 0.00 ] 1.10 ) 0.55 036 | 027 | 0.22 1 018 | 0.16 ) 014 ] 0.12 [ 0.11 010 | 009 | 008 ] 008 ) 007 | 007 | 006 | 006 | 006 | 0.05 ] 0.05 | 0.05 0.05 0.05 | 0.04
3 5 000 | 137 ) 068 | 046 | 0034 | 027 ] 0231 020 ] 017 ) 0.15 0.14 | 012 | 011 011 ] 010 ) 009 | 009 | GO | OOR | 00Q7 J OO7 | 007 | 006 | 006 | 006 | 005
3 5] 000 | 1.65 | 082 0.55 041 033 10270231 020)] 018 | 016 | 015 ) 014 | 013 ] 012 ] 0.11 010 | 010 | 009 | 009 | 008 | 008 | OO7 | 007 | 007 | 0.07
3 7 000 ] 192 ) 096 | 0.64 | 048 | D38 | 0.32 ] 0.27 0.24 | 0.21 0.19 | 017 [ 016 ) ©0.15 )| 0.14 | 0.13 Q.12 | 0.11 0.11 010 ) ©.10 ) 002 ) 009 | 002 | 008 | 0.08
3 8 000 ] 2200 1.10 | 0.73 055 | 044 1 0361 031 J 0271 024 | 022 | 020 [ 018 ) 017 ) 016 | 015 014 | 013 [ 012 1 012 | 011 ] 010 ) 010 | 010 [ 009 | 0.09
3 9 0.00 | 2.47 123 082 | 062 | 049 J 041 | 035 ] 031 | 027 | 0.25 022 | 020 ] 019 ) 018 | 016 | 015 014 | 014 ) 013 J 012 )| 012 ] 011 011 010 | 0.10
3 10 0.00 | 2.74 1.37 0.91 068 0.55 046 | 039 ] 0.34 | 0.30 0.27 025 0.23 0.21 0.20 ] 018 0.17 0.16 0.15 0.14 0.14 ] 0.13 0.12 0.12 0.11 0.11
3 11 0.00 | 3.02 1.51 100 | 075 [ 060 ) 050 ) 043 ] 038 ] 033 030 | 027 [ 0251 023 ) 021 ) 020 | 019 { 018 | 017 J 016 ) 015 | 014 ] 014 [ 0.13 0.13 | 0.12
3 12 000 | 320 164 | 109 | OB2 | D66 | 055 ] 047 | 041 ] 036 | 0.33 030 | 027 0251023 ) 022 | 020 | 019 | 018 | 017 | 016 ] 016 | 015 014 | 014 | 013
3 13 0.00 | 3.57 1.78 | 1.19 [ 082 | 0.7 0501 051 ) 044 ) 039 | 036 | 032 [ 030 J 027 025 ] 024 | 022 [ 021 020 ] 019 ]| 018 ) 017 | 016 | 015 015 | 0.14
3 14 000 | 384 ) 192 | 1.28 | 096 | 077 ] 064 ] 0.55] 048 | 0.43 0.38 | 035 [ 032 ] 029 ) 027 ] 0.25 024 | 022 [ 021 020 1 019§ 018 | 017 | 017 [ 016 | 0.15
3 15 000 | 412 ] 205 137 | 103 [ OB2 | 068 | 059 ] 051 ]| 046 [ 0.41 037 | 034 | 032 ] 020} 027 | 026 | 024 0.2_3 0.%2[}' 020 ] 019 | 018 | 017 | 016

59



University of Moratuwa

4 1 000) 037) 018 [ 012|009 [ 007|006 005)005)004] 004 ([ 003(003]003] 005|002 002) 002 002]002]002]002] 002 ] 0.02] 002
4 2 000) 073) 037 (024|018 [ 015 012]010]) 00%] 008 | 007 {007 ( 006 006 005 005 ) 005 ) 004 | 004 ] 004 ] 004] 003] 003 ] 003 | 003
4 3 000 ) 1101 055 | 036 (02710221 018) 016 0141022 011010 ) 009 ] 008 ] 008 ) 007 (007|006 006] 006005 005] 005 005 0.05
4 4 000) 146) 073 (049|036 [ 0291 02410211 018 ) 016 | 015 [ 013 [ 012 ] 0.11 | 0.10 | 010 | 0.09 | 009 | 008 | 0.08 | 0.07 | 007 ] 0.07 | 0.06 | 0.06
4 3 000 ) 183) 091 [ 061 [ 046 | 0.3 030 ) 026) 023] 020 (018|017 | 015|014 ) 013) 012 ] 011 [ 011 { 010 | 010 ] 008 ] 009 | 0.08 | 0.02 [ 008
4 6 000 ) 220) 110 [ 073 [ 055 (044 036|031 00270024022 (020 (018017016 015) 014 ) 013 012] 012|011 ] 010] 010 ) 0.10 | 0.09
4 7 000 ) 256 ) 128 | 085 | 064 (051 | O43 10360 032) 028|025 (023 (021 020018 017 ) 016 015] 0141013 ] 0.13 ] 012 0.12 ] 0.11 ) 0.11
4 g 000 ) 283) 146 | 097 | 073 [ 058 | 049 0421036032 | 0290 (026( 0241022021} 019 ) 0.18 | 017 | 016 ] 0.15 | 0.15 | 0.14 ] 0.13 | 0.13 | 0.12
4 2 000 ) 320 ) 164 [ 109|082 [ 066 | 05510471041 1036|033 (030027 102510251022 020) 019018017016 016] 015 ) 0.14 | 0.14
4 10 000) 366 1.83 [ 1.22( 091 73 1 061 )1 052) 046) 040 (036 ] 033 ] 030 028) 026])] 024 023021 (020] 019 0.18]) 017 0.17 | 0.16 { 0.15
4 11 000) 403) 201 | 1.34 | 1.00( 080 ) 067 | 057) 050) 045 | 040 [ 0.36 33 1 031 ) 0200027 (025 [ 024] 02210211020 019 0.18 | 0.17 { 0.17
4 12 000439219 | 146 109 (D87 | 073 |1 062 055)049 ) 044 (040 03 0341031 ])0290 (027 [ 0260241023 1022021020 | 0.19 [ 0.18
4 13 000 ) 476) 237 | 158 | 118 [ 095 ] 079 | 068 ) 059 ) 053 | 047 [ 043 | 0.3 0.3 0341032030 [ 028 [ 026 )| 035) 024 023]) 022 021 (020
4 14 000 ) 512 ) 256 | 1.70 | 1.28 { 1.02 | 085 | 073 ) 064 ) 057 | 051 (046 (042 ] 030 036 034 ) 032 ) 030 ] 0281 027 ] 025 ] 0234 023 ] 022 ) 021
4 15 000 ) 549 ) 274 [ 182 137 [ 109|091 | 078 ) 068 ] 061 | 0335 (030 046042 032 036 034 | 032 [ 0.3 0291 027 ] 026] 025 | 024 ] 0.23
3 1 0001046 [ 023 [ 015 [ 011 | 009 JOOB] 007 O8] 005 [ 003004 0040040031003 [ 003 (003|003 ]002]002]002]0.02]002]0.02
3 2 0001081 ) 046 ) 030|023 ] 018 ) 015] 013 0.11 ] 010 [ 009 | 008 | 0.08 ] 007 | 007§ 006 [ 0.06 | 0.05 ) 005 ] 005 | 005 ) 004 ] 0.04 | 0.04 | 0.04
3 3 000 ) 137 ) 068 [ 046 | 034 [ 027 0231 0200 017 015 | 014 {012 { 011 | 011 | 010 | 009 | 009 | 008 | 008 | 0.07 | 0.07 | 007 ] 0.06 | 0.06 | 0.06
5 4 000) 1835) 091 [061 (046 [ 036|030 026002350020 018 (017 (015014013} 012) 011 ) 011 010] 010 ) 009 ] 009 008 | 0.08 | 0.08
5 3 000 ) 220) 1.14 (076 | 057 (046 | 038 1033102810025 023 (021 (0191018016 015 ) 0.14 ) 013 013]0.12 ) 0.11 | 011 ] 0.10 | 0.10 | 0.09
3 G 000 ) 274) 137 [ 091 [ 068 | 0.55] 046 | 0.3 03401030 ) 027 [ 025 023|021 | 020 018 ) 017 | 016 | 015] 014 ) 014 013 | 012 ] ¢.12 ] 0.11
5 7 000 ) 320) 160 [ 106 080 [ 064 | O55 |1 046 ) 0401 035|032 (029[ 02702510231 021)020) 019|018 017 ) 016] 015]) 014 ) 0.14 ] 0.13
5 g 000) 366 1.83 [ 1.22( 091 73 1 061 )1 052) 046) 040 (036 ] 033 ] 030 028) 026])] 024 023021 (020] 019 0.18]) 017 0.17 | 0.16 { 0.15
5 9 000 ) 412) 205 | 1.37 | 103 [ 082 | 068 | 059 ) 051 ) 046 | 041 [ 037 [ 0.3 03210201027 | 026|024 (0230321 020]) 020] 019 | 0.18 { 0.17
3 10 000 ) 457 ) 228 | 152 | 114 [ 091 | 076 | 065 ) 057 ) 051 | 046 [ 041 | 03 035) 033030 (028 [ 027 (0235|0241 023022021 | .20 019
5 11 000 ) 5035 ) 251 | 167 1.25( 100 08410721 063) 056 030 (0456 04210391036 033 ) 031|029 028]025]025] 0241023 ] 032 021
5 12 000 ) 540 ) 274 | 1.82 | 137 [ 1091 091 | 078 ) 068 ) 061 | 035 (030 0460421030 036 ) 034 ) 032 030] 029] 0237 036 025 ) 024 ] 023
3 13 000 ) 5851297 [ 198 [ 145 [ 118 | 099 | 08510741066 | 039 (034 (0491 045 042|039 ) 037 ) 035|033 ] 031 030] 028])027 ) 0.26)| 025
3 14 000 ) 640 ) 319 213 [ 139 1238|106 | 091 J OB0 | 071 | 064 [O38 [ 053 | 049 | 046 | 042 | 040 ) 037 | 035|034 | 032 030 ) 029 ) 0.28 | 027
3 5 000 ] 686 ) 342 [ 228 [ 1.71 3711141098 ) 085 ) 076 [ 068 | 062 ) 057 | 053) 040 ) 046 043 | 040 | 038 ] 03 0.34] 033] 031 | 0.30 | 0.28
6 1 000 0550027 [ 018 [ 014 [ 011 J OO 0DO8 ) 007006 ]| 005 [005( 005004004 004] 003 ] 003 003]003]0035]003]002] 002] 002
] 2 000) 110) 055 [ 036 (027 (022|018 ) 016) 014012 ) 011 {010 009|008 | 008 | 007 ) 007 ) 006 006 ] 006 | 0.05] 005] 005 | 005 | 005
6 3 000) 165) 082 035 041 33 1 0271 023) 020) 018 (016 ]| 015 ] 014 | 013 ) 012 011 | 0.10 ( 0.10 { 009 | 009 ) 008 | 008 | 0.07 | 0.07 { 0.07
6 4 000 ) 220) 1.10 [ 0.73 [ 035 | 044 | 036 | 0.3 0271024 022 (020 018 ) 017 | 016 | 0153 ) 0.14 | 013 | 012 ] 0.12 ] 0.11 | Q.10 ) 0.10 | 0.10 | 0.09
6 5 000 ) 274137 (091 (068 (055|046 | 03910541030 027 (0250231021 1020 018 ) 017 | 016 015] 014 ] 014 ) 013 012] 012 0.11
i G 000) 320) 164 | 109 | 082 [ 066 | 055]1 0471 0411036 033 (0300271035023 022) 020 ) 019 018 ] 017 ] 0.16 ] 016 ) 0.15 | 0.14 | 0.14
6 7 000 ) 384 ) 192 (128 [ 096 771 0641 055) 048 ) 043 (038 | 03503210200 027 ] 025|024 (022 ( 021 | 020]) 019]) 018]) 017 | 017 [ 0.16
6 g 000 ) 439) 219 145 109 | 087 | 07 062 )1 055] 049 (044 | 040 | 03 0341031 ])0290 (027 [ 0260241023 1022021020 | 0.19 [ 0.18
6 2 000 ) 404 ) 246 | 164 | 1.23 [ 098 | 0821 070 ) 0611055 ]| 040 (045 [ 041 | 038 035 033 ) 031 ) 029 027 ] 036 ] 0235 023 022 | 0.21 | 0.20
6 10 000 ) 540 ) 274 [ 182 | 137 [ 1091 091 | 078 ) 068 ) 061 | 035 (0350 046|042 039 036 ) 0.34 | 032 0.3 0291 027 ] 026] 025 | 0.24 | 0.23
6 11 000 ) 604 ) 301 (201 [ 150 1201 100|086 ) 075067 | 060055050045 045 040 0.38 | 035 .33 1 032 1 030] 029 ) 027 | 026 | 025
6 12 0.00)] 659) 32 219 | 1.64 3111091094082 ) 075 [ 066060055 030)047] 044 (041 | 039|036 03 033)] 031)] 030 | 0290 ] 027
6 13 000 ) 714 ) 356 (237 [ 178 [ 1421 1.18 | 101 ) 0891 079 | 0.71 [ 065 [ 050 | 0551 051|047 | 044 ) 042 | 0391 037 ] 036 ] 034 0.32 | 0.31 | 0.30
6 14 000] 768 | 383 | 255 [ 191 | 153 1128|109 | 0% | 085 (076|070 | 06405910551 051 (048 | 045 | 0421040038 036] 035 | 033 | 032
6 15 000 ) 823 ] 411 ) 274 205 ] 164 371 1171 102 ] 091 [ 082 ] 075 ] 068 | 063) 050)] 055|051 (048 [ 046 ] 043 ] 041 039 ] 037 | 0.36 { 0.34
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5 4 000) 54901274 ) 182 | 137 (1091091 ] 078 ) 068 ) 061 | 055) 030|045 042 039)036] 034 032(030]029]027] 026 025 |024]023) 022

3 3 000] 686 ) 342228 | 101 371114 ) 098 | 085 ) 076 | 068 [ 062 | 057 ] 053 ) 049|046 | 043 (040 ) 038 | 036 034 ) 033 031 ) 030 [ 028 027
15 i 000 8231411274 205] 164 3711171 1020091 | 082 ]| 075) 068|063 ] 059) 055 (051 ) 048 ) 046 ] 043 ) 041§ 039 037 ) 0.36 [ 0.34 .33
15 7 000) 9611479 ) 319 239 (191 ] 1.59 371 120) 106 ) 096 (087 | 080 ) 074 ] 068 ) 064 | 060 [ 056 ] 0353 ] 050 | 048 ) 046 ] 045 | 0.42 | 0.40 [ 0.38
15 8 0001098 548 | 363 | 273 [ 219 ) 182|156 137121 | 109 ) 099 | 091 | 0841078 ) 075 | 068 | 064 [ 061 | 058 | 055 | 052 ) 050 | 048 | 046 | 044
15 9 000 ]1235) 6.16 [ 410 ) 308 [ 246 ] 2051 1.7 154 ) 137 1.23 ) 112 (102 ) 095 | 088 ] 0821077 | 072 ] 068 | 065 ) 061 | 050)] 056 | 053 | 051 | 049
15 10 00011372] 684 | 456 | 342 (27312281195 171 ) 152 | 137 ) 124 1.14]1105) 098] 0091 | 085 | 080 ( 076 072 068 | 065 062 | 0.59 ]| 0.57 ) 0.55
15 11 000 )1509] 753 | 501 | 396 300 | 251 | 215 188 ) 167 | 150|137 | 125] 116 | 107 ] 100 ( 004 ) 088 | 083 | 079 ) 075 72| 068 | 065 | 0.63 | 0.60
15 12 0001647 821 | 547 | 410 | 328 ]| 2731234 205182 | 1.64 | 149 371126 117 109 ) 1.02 [ 096 | 091 | 086 ] 082 ) 078 074 | 0.71 [ 068 | 0.66
15 13 000 )1784] BO0 | 593 | 444 [ 355 | 206 ] 254 | 222 ) 197 | 1.78 | 1.61 | 148 371127118 )1.11 ) 104 ( 099 | 093 | 080 085) 081 [ 077 ] 074 ) 071
15 14 000]1921) 958 | 638 | 478 | 383 | 3190 ) 27312301213 | 1.91 | 1.74 [ 159 ) 1471137127 | 120 [ 112 106 | 101 J 096 | 091 ] 087 | 0.83 | 0.80 | 078
15 13 000 1205811027 ( 684 | 513 ) 410 | 3421 293] 256) 228 ) 205 | 186 (171 | 158) 1460 137 1.28 (121 ) 114 1081102 093] 093 | 0.80 ) 0.85] 0.82
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Step1-P11

Counter Time reading ( 1 to 26)

I 1 1 3 4 ] & 7 ] & 10 11 12 13 14 15 16 17 18 19 20 21 I 13 24 15 26

1 1 0.00 1.00 1.00 1.00 1.00 1.00 1.00 [ 1.00 ] 1.00 1000 100f 1.00] 1000 1.00] 1.00] 1.00f 100] 1.00] 100/ 100 100] 100/ 100 1.00] 1.00] 1.00
1 2 0.00 1.01 1.0 1.00 1.00 1.00 1.00 { 1.00 ] 1.00 100] 100 1o0f 1o00] 1o0] 1o00] loof 1oof 1oo] 1ool 1oof 1oof 1o0] 100 100l 100 1.oof
1 3 0.00 1.02 1.00 1.00 1.00 1.00 100 [ 1.00 ] 1.00 1o00] 100 1o0f 1o00] 1o0] 1oo] loof 1oof loof 1oof 1oo] loof 100 100 1.oo| ool 1.oof
1 4 0.00 1.03 1.01 1.00 1.00 1.00 100 [ 1.00 ] 1.00 1o0] 100 100 1o00] 1o0] loo]l loof 1oof 1oof 1oof 1oo] 1oof 1o0f 100 1.oo] 1oof 1.oof
1 5 0.00 1.05 1.01 1.01 1.00 1.00 [ 100|100 100 loof 1oof 1oo] 1.00] t.o0f l.oof 100 100 loo] 1.o0] loof 1oof 100 1oo] 1.oof 1.oo| 1.o0f
1 ] 0.00 1.08 1.02 1.01 1.00 1.00 1.00 { 1.00 ] 1.00 100l 100] 1o00] 100 1oof 1oof 100l 100l 100l 1oof 1o0of 1oo] 100l 1oo] 1oof 100] 100§
1 7 0.00 1.11 1.03 1.01 1.01 1.00 1.00 { 1.00 ] 1.00 100] 100 1o0f 1o00] 1o0] 1o00] loof 1oof 1oo] 1ool 1oof 1oof 1o0] 100 100l 100 1.oof
1 8 0.00 1.14 1.03 1.01 1.01 1.01 1.00 { 1.00 ] 1.00 100] 100 1o0f 1o00] 1o0] 1oo] loof 1o0f loof 1oof 1oo] 1oof 100 1oo] 1.ool loof 1.oof
1 9 0.00 L.18 1.04 1.02 1.01 1.01 1.00 [ 1.00 ] 1.00 1oo] 100 1o0f 1oof 1oof loof loof T.oof 1oof toof 1oo] loof 1o0f 1oof 1.oo] 1l.oof 100§
1 10 0.00 1.22 1.05 1.02 1.01 1.01 1.01 [ 1.00 ] 1.00 1oo] 100 1o0f 1oof 1oof loof loof T.oof 1oof toof 1oo] loof 1o0f 1oof 1.oo] 1l.oof 100§
1 11 0.00 1.27 1.06 1.03 1.02 1.01 101 { 101 ] 1.00 100l 100] 1o00] 100 1oof 1oof 100l 100l 100l 1oof 1o0of 1oo] 100l 1oo] 1oof 100] 100§
1 12 0.00 1.32 1.08 1.03 1.02 1.01 1.01 [ 101 ) 100 100 100 1.00] 1.000 i.o0f 100l 1000 100 1.oo0] 1.ool lo0] 100 100l 1oo] 1.o0f 1.00] 1.004
1 13 0.00 132 1.09 1.04 1.02 1.01 101 [ 101 ] 101 1.o0] 100 1oof 1oo] 10| loof l.oof 1.oof 1.oof tool 100l loof 100 lool 1.oo] 1l.oof 100§
1 14 0.00 145 1.10 1.05 1.03 1.02 101 [ 101 ] 101 1.0 100 1oof 1oof 1oof loof loof 1.oof 1oof toof 1oof loof 1oof 1oof 1.oo] loof 100§
1 15 0.00 1.53 1.12 1.05 1.03 1.02 1.01 { 1.01 ] 1.01 1.01] 1.00] 1o0f 1oof 1oof loof 1.oof ool loof toof 1oof 1oof 1oof 1oof 1.oo] ool 1.o0f
2 1 0.00 101 1.00 1.00 1.00 1.00 1.00 [ 1.00 ] 1.00 1.00] Lool T.o0f 1.00] 1o0[ 1.00] l.oo] I00[ 1.00f L100] 1.00] l.oo] I100] 1.00] I.00] 1.000 1.004
2 2 0.00 1.03 1.01 1.00 1.00 1.00 1.00 { 1.00 ] 1.00 100l 100] 1o00] 100 1oof 1oof 100l 100l 100l 1oof 1o0of 1oo] 100l 1oo] 1oof 100] 100§
2 3 0.00 1.08 1.02 1.01 1.00 1.00 1.00 { 1.00 ] 1.00 100] 100 1o0f 1o00] 1o0] 1o00] loof 1oof 1oo] 1ool 1oof 1oof 1o0] 100 100l 100 1.oof
2 4 0.00 1.14 1.03 1.01 1.01 1.01 100 [ 1oo ] 100 1loo] 1000 1.00] 1.00] 1.00] 100l 100 100 1l.oo] L.oof loof 1oo] 100 loo] 1.o0f lool 1.00§
2 5 0.00 1.22 1.05 1.02 1.01 1.01 1.01 [ 1.00 ] 1.00 1oo] 100 1o0f 1oof 1oof loof loof T.oof 1oof toof 1oo] loof 1o0f 1oof 1.oo] 1l.oof 100§
2 ] 0.00 132 1.08 1.03 1.02 1.01 1.01 [ 1.01 ] 1.00 1oo] 100 1o0f 1oof 1oof loof loof T.oof 1oof toof 1oo] loof 1o0f 1oof 1.oo] 1l.oof 100§
2 7 0.00 145 1.10 1.05 1.03 1.02 101 {101 ] 101 101l 100] 100 100 1oof 1oof 100l 100l 10o] 100 1o0of 1oo] 100l 1oo] 1oof 100] 100§
2 g 0.00 1.6l 1.14 1.06 1.03 1.02 101 [ 101 ] 101 1.01] 1o1] 1.o0] 100 1.o0f 1oo] 1ool i1ool loo] 1.o0] 100l 1oof 100l 1oo] 1ool 1.00] 1.00f
2 g 0.00 L.EO 1.18 1.08 1.04 1.03 102 [ 101 ] 101 1.0 1.01] 101 1oo] 10| l.oof l.oof 1.oof 1oof tool 1oo] loof 100 1ool 1.oo] loof 100§
2 10 0.00 203 122 1.09 1.03 1.03 102 [ 10z2] 101 1.0l 1.01] 101 101] 1eof loof loof 1.oof 1oof toof 1oof loof 1oof 1oof l.oo] ool 1.o0f
2 11 0.00 230 1.27 1.11 1.06 1.04 103 [ 102 ] 102 1.0l 1.01] 101 101 1ei] 1o1] 1oof 100 1oof toof 1oo] loof 1o0f 1oof 1.oo] ool 100§
2 12 0.00 262 1.32 1.14 1.08 1.05 103 [ 102 ] 102 1ol 1o1] 101 101 1o1] 101] 101] 1o00f 100] 100 100l 100 100f 1.00] 100] 1.00] 100}
2 13 0.00 3.00 1.38 1.16 1.08 1.06 104 [ 103 ] 102 1.02] 1.01] 1oif 101 1oi| 1.1 1.01f toif 1.00] tool 1oo] 1oof 1o0] 100 1.o0] 100 1.00f
2 14 0.00 345 1.45 1.1 1.10 1.07 105 [ 1.03 ] 1.03 1.02] 1.02] 1oif 101 1ot 1.1 1.oif toif 1.01) toi] 1oo] loof 1o0] 100 100 100 1.o0f
2 15 0.00 3.98 1.53 1.22 1.12 1.08 105 [ 1.04 ] 103 1.02] 102] 102 1o01] 1ei] 1o1] 1o1f 1oif 1o1f toif 1o01] 1oof 1o0] 1oof 1.oo] 1.oof 100§
3 1 0.00 1.02 1.00 1.00 1.00 1.00 1.00 [ 1.00 ] 1.00 1.00] Lool T.o0f 1.00] 1o0[ 1.00] l.oo] I00[ 1.00f L100] 1.00] l.oo] I100] 1.00] I.00] 1.000 1.004
3 2 0.00 108 1.02 1.01 1.00 1.00 1.00 [ 1.00 ] 1.00 1oo] 100 1o0f 1oof 1oof loof loof T.oof 1oof toof 1oo] loof 1o0f 1oof 1.oo] 1l.oof 100§
3 3 0.00 1.18 1.04 1.02 1.01 1.01 1.00 { 1.00] 1.00 100 100] 100] 100 1oo] 1oof 1o0] 100 100 1oof 100] 1oo] 1o0o] 1oo] 1oof 100] 1c0f
3 4 0.00 1.32 1.08 1.03 1.02 1.01 1.01 { 1.01 ] 1.00 100] 100l 1o0f 1o00] 1oo] 1.o0] 1oof ioof 1.oo] tool 1oo] 1oof 1o0] 100 100 1.oof 100§
3 5 0.00 1.53 1.12 1.05 1.03 1.02 101 [ 101 ] 101 1.0 100 1o0f 1oo0] 10| loo] l.oof 1.oof 1.oof ool 1oo] loof 100 lool 1.oo] l.oof 100§
3 ] 0.00 L.EO 1.18 1.08 1.04 1.03 102 [ 101 ] 101 1.0 1.01] 101 1oof 1oof loofl l.oof 1.oof 1oof toof 1oof loof 1oof 1oof 1.oo] ool 100§
3 7 0.00 216 1.24 1.10 1.06 1.04 103 [102] 101 101 101] 1o1f 1o01] 1e1] 1oo]l 1oof 1oof 1oof 1oof 1oo] 1oof 1o0f 1oof 1.oo] 1oof 1.o0f
3 g 0.00 262 1.32 1.14 1.08 1.05 103 [ 102 ] 102 1ol 1o1] 101 101 1o1] 101] 101] 1o00f 100] 100 100l 100 100f 1.00] 100] 1.00] 100}
3 9 0.00 3.22 1.42 1.18 1.10 1.06 104 [ 103 ] 102 1.02] 1.02] 1oif 101 1oi| 1.1 1.0if toif 1.01) tool 1oo] 1oof 1o0] 100 1.00] 100 1.o0f
3 10 0.00 398 1.53 1.12 1.12 1.08 105 [ 104 103 1.02] 1.02] 102 101] 1oi| 101 1.0if toif 1.01) toi] 101 1oof 1oo] 100 1.o0] 100 1.00f
3 11 0.00 456 1.65 1.27 1.15 1.09 106 [ 105] 1.04 1.03] 102 102 103] 101 101] 101] 1oif 101 torf 101 1o01f 101] 100 1.oo] loof 1.oof
3 12 0.00 6.21 1.80 1.32 118 1.11 108 [ 106 ] 1.04 1.03] 103 102 103] 1e2] 1o01] 1o01f 1oif 1o1f torl 1o01] 1o1f 1o01] 101] 1.01] 1oof 1oof
3 13 0.00 781 1.36 1.38 1.21 1.13 1.0% [ 107 ] 105 104 103 1.03] 102 102 102 101f 101} 101 101] 101} 101 101] 101} 1.01] 1.01}] 1.0
3 14 0.00 287 215 145 1.24 1.15 110 | 108 | 1.06 105) 104 103] 103 102 1.02) 102 101] 101} 101] 101} 101] 101] 101} 1.01] 1.01] 1.00
3 15 0.00 1250 237 1.53 128 1.18 1.12 [ 108 ] 107 105 1.04f 103] 103 102 102 102 102 101} 101] 101} 101] 101} 101} 1.01] 1.01}] 1.0
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4 1 0.00 1.03 1.01 1.00 1.00 1.00 Loo | 1.op 100 100 100l 100 lo0f T.oof 1.00] 100l 1.o0] 100 1.00] 1000 100 L.o0f 1.00] 1.00] L.oo] 100§
4 2 0.00 1.14 1.03 1.01 1.01 1.01 Loo [ 100|100 voof voof 1oof voo] 1ool 1oo] vLool 1oof Loof Loof loof loof Loof Loof Loof loof 1.oof
4 3 0.00 1.32 1.08 1.03 1.02 1.01 101 ] 101 J100] 100] 100 100] 100] 100 100 100 100 100] 1o00] 100] 100f 100] 100 1000 1.00] 100}
4 4 0.00 1.61 1.14 1.06 1.03 1.02 100 ] 101 fror] 1ol 1o1f 1o0] 1oo] 1oo] 1oo] 1oo] 1o0f 1oo] 1oof toof 1oof 1o00] 1oo] 100l 1o0of 1oof
4 5 0.00 2.03 1.23 1.09 1.05 1.03 Loz [ 1oz lol | rei] voif 1ol o1 toof 1oo] ool 1oo] loo] 1oo] loo] 100 1.o0] ool L.oof 100 1.00f
4 6 0.00 262 1.32 1.14 1.08 1.05 o3 [ 1o o2 voif venf tei] 1e1] toi] 1e1] o1 too] Loof 1oof loof 100 1oof loof T.oof loof 1.oof
4 7 0.00 3435 145 119 110 1.07 105 [ 103|103 | 102 1oaf 1e1] o1 toi] 1o1] o] te1] Loi] ro1] loof 1oof toof loof Toof loof 1.oof
4 8 0.00 4.60 1.61 1.25 1.14 1.09 106 | 104103 103] 102] 102] 103 1o1] 101] ven| 1e1] 101 1en] rer] 1o1f 1oof roofl 100f 100 1.0of
4 g 0.00 6.21 1.50 1.32 1.18 1.11 1.08 [ 106104 [ 103] 1o3[ 1o2] 1o02] 1ozl 1o1] toil 1oi] toi] voi] 1oi] 1o1] tof| 101 11| 1.00] 1.00f
4 10 0.00 3.44 2.02 1.41 1.23 1.14 1.09 | 107 ] 1.05( 1.04) 1.03] 1.03) 1.02) 1.02) 102 101{ 1.01f{ 1.01] 1.01] 1.01) 1.01) 1.01] 1.01} I1.01{ 1.01} 1.01
4 11 0.00 11.55 229 1.50 127 1.17 111 [ 108 | 1.06 ( 1.05] 1.04f 1.03) 1.03) 1.02] 1.02f 102{ 102 1.01}] 1.01] 1.0} 1.01) 1.01] 1.01}] I1.01f 101} 101
4 12 0.00 15.88 261 1.61 132 1.20 114 | 110 | 108 [ 108] 1.05 104 1.03) 1.03] 1021 102{ 102{ 1.02] 1.01] 101} 101 101] 101} 1.01f 101 1.01
4 13 0.00 21.54 299 1.73 1.38 1.24 1.16 | 1.12 ] 1.0% [ 1.07] 1.0 1.05 1.04) 1.03] 1.03] 103[ 1.02{ 1.03] 1.03] 1.03) 1.01) 1.01) 1.01} I1.01f 101} 1.01
4 14 (.00 30.41 343 1.87 1.45 1.28 1.19 | 1.14 | 1.10 { 1.08] 1.07] 1.05] 1.03) 1.0 103 103[ 1.03{ 1.03] 1.03] 1.02) 1.02] 1.01] 1.01} I1.01{ 101} 1.01
4 15 0.00 42.26 396 202 1.52 132 1.22 | 116 | 112 | 1.08] 1.08) 1.06) 1.03) 1.04) 1.04) 1.03[ 1.03[ 1.03] 1.02] 1.02) 1.02) 1.02)] 1.02] 1.01] 101} L0l
5 1 0.00 1.05 1.01 1.01 1.00 1.00 1.00 [ 100 ) 1.00 [ 1.00f 1.00] 1.00] 1.000 1.00] 1.00f 100f 1.00f 1.00f 1.00] 1.000 L1.00] 1.00] 1.00] I1.00] 1.00 LOOY
3 2 0.00 1.22 1.05 1.02 1.01 1.01 Lol [1oof oo voof voof 1oof voo] 1oof 1oo] vLool 1oof Loof loof loof loof Loof loof 1oof 1loof 1.oof
3 3 0.00 1.53 112 1.05 1.03 1.02 Lol [ 1o f ot voif voof 1ool voo] 1oof 1oo] vLool 1oof Loof loof loof loof Loof loof 1oof loof 1.oof
5 4 0.00 2.03 1.2 1.09 1.05 1.03 102 [ 102 o[ 101] 1o1] 1o1] 101] 1oo] 100] 1oof 100 100] 1o0] 100] 100f 100f 100 100 1.00] 100}
5 5 0.00 2.80 1.35 1.15 1.08 1.05 104 103 toa] 102] 1o1f 1o01] 1o1] 1oei] 1o1] 1e1] 101 1oof 1oof lool 1oof 100 lool 1ol 1oof 1.oof
5 6 0.00 3.98 1.53 1.22 1.12 1.08 1.05 [ 104 103 102 1o2f 1e2] o1 1ol 1o1] o1 to1] Lol Loi] 101 loo] 1oo] ool L.oof loo] 1.oo0f
5 7 0.00 3.76 1.75 1.30 1.17 1.10 107105 [ toa] 103 1e3] 1o2] roa] 1ea] vroi] ven] itei] o] roif ronf 1oei] 1on] veif toof 1oof 1oof
5 8 0.00 344 202 141 1.22 1.14 1.09 [ 107 ) 1.05( 1.04] 1.03] 1.03) 1.02) 1.02] 1021 101f 1.01f 1.01] 1.01] Lo0l) 1.01) 1.01) l.O01f L.01f 101 Lol
5 9 0.00 12.50 2.37 1.53 1.28 118 1.12 | 109 ) 1.07 ( 1.05] 1.04] 1.03) 1.03) 1.02) 102 102{ 1.02{ 1.01] 1.01] 1.01) 1.01) 1.01] 1.01} I1.01{ 1.01} 1.01
3 10 0.00 15.66 279 1.67 1.35 1.22 1.15 { 1.11 | 1.08 { 1.07] 1.05] 1.04) 1.04) 1.03] 103 102( 1.03{ 1.03] 1.03] 1.01) 1.01) 1.01] 1.01} I1.01{ 1.01}] 1.01
3 11 0.00 25.01 3.31 1.83 1.43 1.27 1.18 | 1.13 | 1.10 { 1.08] 1.06] 1.05) 1.04) 1.0 103 103[ 1.03{ 1.03] 1.03] 1.02) 1.02) 1.01] 101} I1.01{ 1.01}] 1.01
3 12 0.00 42.26 396 2.02 1.52 1.32 1.22 | 116 | 112 1.05] 1.08] 1.06) 1.035) 1.04) 104 103[ 1.03[ 1.03] 1.03] 1.02) 1.02] 1.02] 1.02] I1.01] 101} 101
5 13 0.00 64.01 4.75 224 1.63 138 126 | 119 | 1.14 [ 1.11] 109 107 106 105 105 104 103[ 1.03] 1.03] 1.02) 102 1.02] 1.02] 1.02{ 102 1.01
5 14 (.00 97.18 5.72 249 1.74 145 130 | 122 | 117 | 1.13] 110l 1.09] 107) 1.06) 105 105 104 1.04] 1.03] 1.03) 103 1.02] 1.02] 1.02] 102] 1.02
5 15 0.00 14825 6.91 179 1.87 152 135 125 L.1s | L.15] L.12] 110 l.o8] L.o7] l.o8 1.053( I1.05( Lo04] L.od| L03] L1.03] 1.03] l.02f IL.02{ 102 1L.02
[ 1 0.00 1.08 1.02 1.01 1.00 1.00 1.00 { 100 ) 1.00 ( 1.00f 1.00] 1.00] 1.000 1.00] 1.00f 100{ 1.00{f 1.00] 1.00] 1.000 1.00] I1.00] 1.00] I.00] 1.00 100§
6 2 0.00 1.32 1.08 1.03 1.02 1.01 Lol [ 1on oo vool voof roof veo] roof 1o0] Lool 1ool Loo] loo] lool lool Loo| loof loo| lool 1.oof
i 3 0.00 1.80 118 1.08 1.04 1.03 Loz [ 1o Lo voif verf vei] veo] rool 1oo] vLool 1oof Loof loof Lloof loof Loof loof Loof loof 1.oof
i 4 0.00 262 1.32 1.14 1.08 1.05 Los [ 1oz o2 voif vorf vei] ver] voi 1e1] von 1eof toof voof ool loof Loof loof Loof loof 1.oof
6 5 0.00 3.98 1.53 1.22 1.12 1.08 105 [ 14 103 109] 102] 102 101 roi] 1o 1roif 101 o1l 1o1] 101 100 100f 100 100 100] 100)
6 6 0.00 6.21 1.80 1.32 1.18 1.11 108 | 106 1oa] 103 103 102] 1o2] 1.02] 1o1] ey 1eif 1o 1oif roif 1o1f 1.o1] 1oi] 1o1] loof 1oof
6 7 0.00 9.87 215 1.45 1.24 1.15 1.10 | 108 | 1.06 ( 1.05] 1.04 1.03] 1.03) 1.02] 102 102{ 1.01f{ 1.01) 1.01] 1.01) 1.01) 1.01) 1.01} I1.01{ 101} 1.01
[ 8 0.00 15.88 2.51 1.51 132 1.20 114 | 1.10 ) 1.08 [ 1.08] 1.05 1.04) 1.03) 1.03] 1.02f 1.02{ 1.02{ 1.02] 1.01] lolj 1.01) 1.01] 101} L.0if 101} L0l
6 9 0.00 2582 3.20 1.80 142 1.26 LIS | 113 | L.I0 [ 1.08] 104 105 1.04) 104 1.03] 103[ 102 1.02] 1.02] 1.02) 1.02) 1.01) l.01f L.01f 101 Lol
i 10 0.00 4226 3.96 2.02 1.52 132 1.22 | 116 | 112 | 1.08] 1.08] 1.06) 103 1.04) 1.04f 1.03[ 1.03[ 1.03] 1.02] 1.02) 1.02) 1.02] 1.02] 1.01] 101} 101
i 11 0.00 69.59 4.93 219 1.63 1.40 1.27 | 119 | 115 { 1.11] 1.09] 1.08) 1.06) 1.05) 1.05| 104 1.04{ 1.03] 1.03] 1.03) 1.02) 1.02] 1.02] 1.02{ 1.03] 1.01
i 12 0.00 115.10 6.17 2.61 1.7% 148 132 { 123 | 118 { 1.14) 1.11] 1.09) 1.08) 1.06] 106 105[ 1.04{ 1.04] 1.03] 1.03) 1.03) 1.02] 1.02] 1.02{ 1.03] 1.02
i 13 0.00 191.12 1.75 298 1.96 1.57 138 [ 127 ) 121 [ L.1s] 1.13] 1.11) 1.0%) 1.08) 1.07] 106( 105( 1.04] 1.04f 1.04) 1.03) 1.03] 1.03] 1.02{ 102} 1.02
6 14 0.00 318.39 879 343 215 168 145 | 132 | 124 [ 1.15] 115 1.12] 110f 1.09] 108 107 106f 1.05] 105 1.04) 104 1.03] 1.03] 1.03] 103] 1.02
6 15 0.00 331.87 1139 395 136 1.79 152 | 137 ) 128 [ 123] 118 1.14) 112) 1.10] 109 108[ 107f 10s] 105 105 104 1.04) 1.03] 1.03] 103] 1.03
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7 1 1 0.00 T11 T03 T.0l | LOL ] 1.00 | 100 ] L.00] Lo0] L00] Lo0] L.00] Loo] Loo] Loo] Loo] 1.00] Loo] Loo] Loo] Lod] Loo] Loo] Loo] Loo] Lo
7| 2 0.00 145 .10 105 | 103 | 102 | 1ol | 101|101 | 1o01] too 1.00] Loo] roo 1o00] too| 1oo] 1oo] 100 1o0] Loo| 1oo] 1oo] 1oo] Loo| Loof
7 | 3 0.00 216 1.24 110 | tos | 104 | 1os | 1oz fior| vol voy roi roi ror| reool veo| 1oof voo| 1o voo| roof too| rool roo] voof Loof
7 | 4 0.00 345 145 T.19 | Lio | 107 | Los | 103 | 103 | Log] ro] toi Lol roi| Lot teoi roi] Loi] .ot Loo| Loo| 1oo] Loo| L.oo| Loo| Loof
E 0.00 576 175 130 | 117 | L10 | 107 | 105 | 104 | 103] L03] 102] Loz 1o02| Lol 1o01] 1.01] 10I] 1.01] Loi] Lol 101| Lol| L.00] 1.00] Loof
7 | & 0.00 087 715 145 | 124 | 115 | Lio| 108 | 106 | 103] Lo4] 103 Lo03] 102] 102 102] 101 Loi] 101 Loy Lol Loi Lol 101 Lol Lol
7 | 7 0.00 1721 70 164 | 134 | 121 | 114|110 108 | 106] 103 104 103 1.03| 1.03| 1o02] 102] 102] 1.02| Loi| Lol Loi| Lol i1 Lol Lol
7 | s 0.00 30.41 3.43 187 | 145 | 128 | 119 | 114 ] 1.10| ros] vo7] 1os] ros] ros| ro3] vos| 1o3] voo] 1ez] oo ez tor] roi ror] roif vaor
il 0.00 5300 341 315 | 159 | 136 | 124 | 118 | 113 | 1.10] Lo0s| 107 L0g| 1.05| L.04] 104] 1.03] 103] 1.03] L07] Lo3] 102 Lo7| 1.02] Lol Lol
7 | 10 0.00 57,08 5.72 749 | 174 | 145 | 130|122 | 117 ] Li3] Lio| ros Lo7] Los| Lo3| Los| Lo4] Lod4] 103 Lo3| Lo3| Loz Lo3| 1oz Loz Loz
7 | 1 0.00 17559 746 792 | 183 | 136 | 137 | 127 | 120 | 116] 113| 110] 109 107| 106| 106 105 104] 104] 103] 103 103| L03| 1o02] L02] Loz
7 | 12 0.00 31830 5.79 343 | 215 | 168 | 145 | 152|124 | 1.18| 115 112 Llo| 1.08| 1.08| 1.07] 1.06] 103] 1.05| 104] 104 103| L03| 1.03| 1.03| Loz
7 | 13 0.00 579.49 12.89 405 | 240 | 1sr [rsavas|rae | 13| vis| vas] via] vao] ves| ves| o7l vos| 1os| vos] vo4] vos] vod ez Loz 1e3
7 | 14 D.00 105810 17.04 280 | 265 | 197 | 165 | 145 | 134 | 126| 121] 1.17] 114] 1.12] L1o| 108 108 107] 106 1.06] 1035| 105 Lod| 104 L03| 103
7 | 15 0.00 1937.08 3360 ] 303 | 215 | 178 | 152 | 139 | 1.30] 104] 120] Li7| 1.14] 1.19] 110 109] L08] 107 106 106 105 105 104 104 1odf
T | 1 0.00 e} T03 T.ol | Lol | 1.0l | 100 L.o0] Loo| 1Loo| Lo L.oo] Loo] Loo| Loo] Loo| 1.00] Loo| Loo| Loo] Lod| Loo] Loo| Loo] Loo| Loof
S 0.00 161 114 106 | 103 | 102 | 101|101 | 101| 101] 101 1.00] Loo] 1oo] 100] too| 100] 1o0o] 100 100] Loo| 100 100] 100] 1oo| Loof
g | 3 0.00 162 132 114 | 108 | 105 | 103 [ 102|102 | 1o01] 101 101] 1.01] 1o1] 101 1o1] 1o00] 1o00| 100 1.00] Loo| 1o00] 100] 1.00] 1oo| Loof
g | 4 0.00 460 1.61 135 | 114 | 109 | ros | 1oaf 10| vo3] o] vzl vonl verl vei] verl veil voi 1ol voy ey oo vool too] 1ool voof
EE D.00 843 7.02 T4l | 122 | 114 | 109 | 107 105 ] 1od] 1o3] 103 o7 1oz ro7] to1l toi] toi] toi Loy toy 1oi Lol toi 1ol Lol
G 0.00 15.58 761 T6l | 132 | 120 | L1a| 110 108 | 1.08] 103 104 L03| 1.03| 103 102] 1.02] 102] 101 Lo Lol 101 LoOl| 1.01] LOI] Lol
g | 7 0.00 3041 343 187 | 145 | 128 | 119 | 114|110 | 1o8] to7] 105 Los| 1o4| ro3| 1o3] 1o03] roz| toz] o] o] tor Lot tei Lot Lol
g | 8 0.00 58,50 138 719 | 161 | 137 | 125 | 118 | 114 | 1.11] 109 107 Lo08| 1.05| 1.04| 104] 1.03] 103] 103 L0?7] Lo3| 102 Lo2| 102 L0l Lol
R 0.00 115.10 5.17 261 | 179 | 148 | 132|123 | 118 | 114] 1] tos| ros| 1os| 1oe] 1os| ro4] rod] 1oz ros] o3 toz| roa| tezl roof 1oz
g | 10 0.00 32649 538 312 | 203 | LelL | 140 | 129 | 122 | Li7] Li4] ti1] Los| L.08| Lo7] 106 L.05| Lo3] 14| Lod4] Lo3| 103 Lo3| 103 Loz Loz
T | 11 0.00 448 12 1143 377 | 229 | 175 | La0 | 136 127 | 121] L17] L4 Lii] 1.10] Los| 1.07] L.06] Los| 1.03] Lo04] Lod] 104 L03| 1.03] L03| Los
T | 12 0.00 890,62 15.73 357 | 260 | 182 | Lel | 143 | 132 | 123| 120] 1.1s 1.14] 1.12] L1o| L.08| 108 LO7| 108 1.05] 103| 1.04] Lod| 104 Lo03| 103
g | 13 0.00 177665 71 556 | 298 | 212 | 173 | 151 ] 138 ] 130] 1.24] 1.19] 1.16] 1.14] L.12] 1.1o] 1.09] Los| 1.07] L.0§| Los 105 Lo0s] Lo+ Lo4] Lod]
s | 14 0.00 355538 30.06 531 | 342 | 2535 | 186 | 161 | 145 | 133] 128 123 119 1.16] L.14] 1.12| 1.10] L09| L.0s| L.o7] Lo7| 106 Lo03] L.o3| Lo3| Lodf
s | 15 D.00 TI34.18 EYIE) §35 | 395 | 260 | 200 | 171 | 152 | 140] 137] 126 123] 118 1.16] 113 112 111| 109] 108 108 107 106 106 103 103]
T | 1 0.00 L T4 T.oz | Lol | L0L | Loo | 100 Loo] Loo] Lo roo] Loo| Loo| Loo| roo| Loo] Loo| L.oo] Loo] Loo Loo] Loo| Loo] Loo| Loof
5 | 2 0.00 1.80 1.18 1.08 | Lo04 | 1.0 | Lo2] Lol ] Lol | roi] Loi t.oi] Lool Loo| Loo] Loo| 1.oo| Loo| Loo| Loo| Loo| 100] Loo| Loo| Loo| Loof
5 | 3 0.00 312 142 118 | 110 | 106 | 104 | 105 | 102 | 102 102 101] Loi] to1] 1o1] toi] 1o1] 1o1] 100 100] Loo| 100 1oo] 1.00] Loo| Loof
5 | 4 0.00 51 1.50 132 | 118 | L1l | Los | 106 104 | 103] L03| 102] Lo07] 102 Lol 101 101] 1oif] 1.01] Lol Lol 1o1] Lol Lo1] loo| Loof
5 | s 0.00 12 50 137 153 | 128 | 118 | 112 | 109 [ 107 ] 105] to4] ro3] vo3] roz| voa] veor| vor| voi] voi] roi toy tor| voif rer] veil vor
5 | & 0.00 1582 3.0 T80 | 142 | 106 | Lis | 113 | 110 | 1.08] Los 105 Loa| Lo4| 1.03] 103| 1.03] L02] 1.02] L07] Loj] 1o1| Lol 101 Lol Lol
5 | 7 0.00 5300 341 315 | 159 | 136 | 124 | 118 | 113 | 1.10] Lo0s| 107 L0g| 1.05| L.04] 104] 1.03] 103] 1.03] L07] Lo3] 102 Lo7| 1.02] Lol Lol
5 | & 0.00 11510 517 761 | 179 | 148 | 132|123 | 118 | 1.14] 1.11] 109 L08| 108 10e| 103| 1.04] 1o04] 1.03] L03] Lo3| 102 Lo7| 102 L02]| Loz
5 | o 0.00 74639 71 300 | 205 | 162 | 142|130 122 | 118] 114] 112 110] 108| 107] 106 105 105] 104] 104 103 103 103| 103] L02] Loz
5 | 10 0.00 53187 1239 395 | 238 | 179 | 132 | 157|128 | 123] 118 114] L17| 1.10| 1.09] 108| 1.07] 108] 1.05| 1035] 104 104| L.03| 1.03| 1.03| 103
5 | 11 0.00 115341 17.74 492 | 2794 | 199 | 165 | 146 | 13| 127] 121 118 L15] 1.13] L11] L.o9| 108 Lo7| Los| Lo06] Lo3| L.03] Lod| Lod4] Lod| Lo3
5 | 12 0.00 751239 7553 515 | 319 | 203 | 179 | 136 142 | 137] 178 121 L1s| 115| 1.13] 111] 1.10] 1.08] 108 107 Lo6 108 L035| 105] 104] Lodf
E 0.00 548281 36.89 773 | 394 | 230 | 196 | 167 | 150 | 138] 130] 135 121 118| 1.13| 1.13| 1.11] 1.10] 1.08] 108 Lo7] 107| L06| 1.0s| 1.03| 103
5 | 14 D.00 | 1204659 5349 976 | 440 | 282 | 215 | 179 | 158 | 145] 136 129 124 120 11| 1.15| 1.13] 112] 1.10] Los| Los| 108| Lo07| 1.06] 108 103
5 | 15 D00 | 2649109 7777 1235 | 519 | 319 | 236 | 193 | 168 | 133| 143] 134 128] 124] 120] 118 1.13 L14|] 1.17] L.i1| 110 109 Los| 1.07] Lo7| Lo
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10 1 0.00 1.22 105 1.02 1.01 1.01 101 | 1oo 100 ] 1000 100 I1.00 1.00] 100f 100 100 1ool lool 1.00] 1.00f 100 1.00[ 1.00] 1.00f 1.00] 1.00§
10 2 0.00 2.03 122 109 1.05 1.03 Lozt tor ] 1oy 1o voi] Loi] 1oof too]l 100 100l vool 1.oof 1oof 1oof 1oof loof 1.oo] loof 1oof
10 3 0.00 3.98 1.53 1.2 1.12 1.08 1o [ 1oa [ roa] 1o0o] 1o2] 102 1oy 1o 1oy 1on] 1oa| 1oy 1on| 1o 1oof 1oof 1oof 1.oof 100l 1oof
10 4 0.00 3.44 202 1.41 1.22 1.14 1.09 { 107 ) 1.05 | 1.04) 103] 1.03| 1.02) 1.02] 1.02) 1.01) 1.01) 1.01) 1.01] 1.01) 1.01) IL.01] 1.01) I1.01) 1.01) 1.01
10 3 0.00 15.66 279 167 1.35 1.22 115 [ 111 J 1.08 | 1.07) 105 1.04] 104 1.03] 1.03] 1.02] 1.02] 1.02) 1.02] 1.01) 101] 1.01] 1.01) I1.01] 1.01) L.0L
10 6 0.00 4226 396 2.02 1.52 1.32 122 116 | 112 | 109 108 106 103 1.04] 104 103 103] 103 1.02] 102 102 102 1021 1.01] 1.01] 101
10 7 0.00 97.28 372 2149 1.74 145 130 [ 122 ) 117 | 1.13] 1.10] 1.09] 1.07] 1.06] 1.03] 1.05 1.04] 104 1.03] 1.03] 103 1.02] 1.02] 1.02) 1.02] 1.0%
10 8 0.00 2126.49 8.38 3.12 2.02 1.61 140 { 129 ) 1.22 | 1.17) 1.14] I1.11| 1.0% 1.08] 1.07) 106 1.05] 1.05) 1.04] 104 103 1.03] 1.03) 1.03) 1.02] 1.02
10 9 0.00 331.87 11.39 3.95 21.36 1.79 1.52 { 137 ) 1.28 | 1.22) 1.18] 1.14] 1.12) 1.10] 1.0% 108 1.07] 1.06) 1.05 1.05) 104 1.04] 1.03) 1.03) 1.03] 1.03
10 10 (.00 125736 18.47 5.04 2178 202 166 { 147 ) 135 ] 127) 133) 118 1.15) 1.13] 1.11) 108] 108] 107) 106 106) 105 105 104 1.04) 1.04 103
10 11 0.00 298846 27.70 6.47 331 229 183 [ 158 ) 143 | 1.33) 127 122 11§ L1.15] 1.13] 111)] L.10] 1.09) 1.08) 1.07) 106 1.06] 105 1.05 1.04 Loy
10 12 0.00 7134.18 41.74 8.35 3.95 260 | 202 ) 191 ) 152 ) 140] 132) 126 122 118 1.1&] 114 112 1.11) 109 1.08] 1.08) 107 108 106 1.05] L1.05
10 13 (.00 17093.65 63.15 10.83 4.73 208 | 224 ) 185) 163 | 148] 138 131 1.26] 123 119 114 114 113§ 1.11| 1.10f 1.0 L108[ 1.07 107{ 108 1.06
10 14 (.00 41084.38 95.86 14.10 5.70 342 | 249 ) 202 ] 174 157 145 137 1.30f 126 122 119 L1.17| 1.150 1.13] 1.12§ 1.10f 109 1.09] 1.08[ 1.07] 1.07
10 15 (.00 99010.03 145.92 15.41 6.89 384 [ 278 [ 220 ) 187 | 166 1.52] 142 135] 130f 1.25) 1.22) 115 117 1.15] 1.13] 112 1.11] LI10} 1.09] 1.08] 1.08§
11 1 0.00 1.27 1.06 1.03 1.02 1.01 1ol | 101 100] 1000 100 I1.00 1.00] 1.00f 100 100 100l lool 1.00] 1.00f 100 1.00[ 1.00] 1.00f 1.00] 1.00§
11 2 0.00 230 127 111 1.06 1.04 o3 [1oafroa] 1o 1o1] v1o1] 101 1oi] 1ol 100 1oo0f 1oof 1oof 1oof 1oof 1oof loof 1oo] loof 1oof
11 3 0.00 496 1635 1.27 1.15 108 106 [ 105 1od4| 103] 102] 1oz 1oaf 1oif o1 veon] tei] 1o1] 1ei] 1ol reoi] 1oi] roo] 1.oo] Loof Loof
11 4 0.00 11.55 229 1.50 1.27 1.17 1.11 { 108 ) 1.06 | 105 1.04] 1.03] 103 1.02] 1.02) 102 1.02] 1.01) 1.01] 1.01) 1.01) 1.01] 1.01) 1.01) 1.01) 1.01
11 3 0.00 28.01 3.31 1.83 1.43 1.27 1.18 { 1.13 ) 1.10 | 1.08) 106] 1.05 104 1.04] 103 103 1.02] 1.02) 1.02] 1.02) 102 1.01] 1.01) 1.01) 1.01) 1.01
11 6 (.00 69.59 493 2.1 1.65 1.40 127 119 ) 115 | 1.1l 1.08] 1.08] 106 1.05 103 1.04) 1.04] 1.03] 1.03] 1.03] 1.02] 1.02] 1.02] 1.02] 1.02] 101
11 7 0.00 175.59 746 292 1.93 1.56 137 [ 127 ) 120 | 116 1.13] 1.10] 1.0%9] 1.07] 1.08] 106 1.05] 104 1.04] 1.03] 103] 1.03] 1.03) 1.02) 1.02] 102
11 g 0.00 44812 11.45 3.77 119 1.75 150 [ 136 ) 127 121 1.17] 1.14] 1.11] I1.10] 1.08] 107 1.06] 1.06] 1.05] 1.04) 104 1.04] 1.03] 1.03) 1.03] 1.03
11 9 (.00 115341 17.74 4.52 2.74 1.99 165 [ 146 ) 134 | 127] 121] 1.18] 1.15 1.12{ 1.11] 109 108] 107] 106 106 105 105 1044 1.04] 104 103
11 10 (.00 2988.46 27.70 6.47 3.31 229 183 [ 158 ) 143 ] 1.33) 127 122 11§ 1.15] 1.13] 111} I1.10) 1.0%9) L1.08] 1.07) 106 L1.06] 105 1.05 1.041 104
11 11 0.00 178442 43.50 B.57 4.02 264 | 204 ) 1920153 ) 141 133 127 122 119 1.1&] 114 112 1.11) 1.10] 1.09 1.08] 107 1.06] 1.06[ 1.05] 1.05
11 12 0.00 20365.81 638.63 11.42 491 306 | 229 ) 189 ) 165 ) 150 1400 132 1.27) 1.23) 1.1% 117 115 1.13] 1.11| 1.10] 1.0% 1.08( 1.08] 1.07[ 1.08] 1.04)
11 13 0.00 53476.53 108.70 1527 6.03 357 | 257 207 178 160) 147 138 132] 1.27) 1.23] 1200 117 1150 114/ 112 111} L10f 1.0%] 108 1.07 107
11 14 (.00 140854.16 17275 20.50 7.43 418 [ 2951|2290 193 171} 136 145 137 131 1.27] 1.23) 120{ 1185 Lls| 1.14 113 1.11| 110} 1.10] 1.0%8] 103y
11 15 0.00 371990.09 27528 27.60 9.19 491 330 [ 253200 183 1e5] 1.52] 143] 138 131] 127 123 120] 1.18] 1.1s] 115 1.13[ 112] 1.11] 1.10] 1.09Q
12 1 (.00 1.32 1.08 1.03 1.02 1.01 101 [ 101 ]to0] 100 1oof 1o0f loof 100f 1o00] 1.00f 100f 100f 100] loof 1.00f 1o00] 1loof 1.00[ 1.000 1.00Q
12 2 (.00 262 1.32 1.14 1.08 1.05 Lo [ 1oz lo2] 1o 101 roi] Lol toi] ol 101 1oof lool 1oof loof loof 1oo] loof 1.oo] l.oo] 1.oof
12 3 0.00 6.21 1.80 1.32 1.18 111 108 1o o4 1o3] 103] toz2] Loa] 1o2] o1 veon] tei] o1 1ei] 1ol reoi] 1oi] Lol tor] Loof Looj
12 4 0.00 15.88 261 1.61 1.32 1.20 1.14 [ 110 ) 108 | 1.06] 105 1.04] 1.03] 1.03] 1.02) 1.02] 1.02] 1.02] 1.01] 1.01) 101) I1.0l] 1.01) I1.01)] 1.01) L.OL
12 5 (.00 4226 3.96 2,012 1.52 1.32 122 [ 116 ) 112 | 109 108] 106] 105 1.04] 104 103 103] 103 1.02] 102 102 102 102 1.01] 101 101
12 6 0.00 115.10 617 2,51 1.79 148 132 { 123 J LIS | 1.14) 1.11] 1.09] 1.08] 1.06] 1.06] 105 1.04] 104 1.03] 1.03) 103 1.02) 1.02) 1.02) 1.02] 1.02
12 7 0.00 318.39 9.79 343 2.15 1.68 145 [ 132 ) 1.24 | 1.09) 1.15] 1.12| 1.10) 1.09] 1.08) 107 1.06) 105 I1.05 1.04 104 1.03] 1.03) 1.03) 1.03] 1.02
12 i 0.00 §90.62 15.73 4.57 2.60 1.92 161 [ 143 ) 132 | 125 120] 1.16] 114 1.12| 1.10] 108 1.08] 1.07] 1.06) 1.05] 105 1.04] 104 1.04) 1.03] 103
12 9 0.00 251239 2553 6.15 3.19 223 179 | 156 ) 142 | 132 126 121| 11§ 1.15] 1.13] 1.11) 1.10] 109 108 107] 106 106 1035 1.05 104 L1o4
12 10 0.00 7134.18 41.74 8.33 3.95 260 | 202 ) 191152 140f 1.32) 126 122 118 l.l&] L1.14) 1.12] 111} 109 1.08] L.08 107 10s] 106 1.05 L.05
12 11 0.00 20365.81 638.63 1142 4.91 306 | 229 ) 189 ) 165 ) 150 1400 1.3 1.27) 1.23) 118 1.17 1.15( 1.13] 1.11] 1.10f 1.09% 1.08( 1.08] 1.07[ 1.0&6] 1.04)
12 12 0.00 58391.25 113.37 15.68 6.14 362 | 260 ) 2090 1.7% ) 161 148 139 1.32] 1.27) 1.23] 120 118 1.15) 114 1.12] 1.11) 110 1.05] 1.08( 1.05] 1.07
12 13 (.00 168024.49 187.98 21.63 7.72 430 [288 [ 2331196 173 157 146) 1.38] 132 127] 124 121 118 Lls| 114 113 1.12] LI1}] 1.10] 1.08] losy
12 14 0.00 484994.76 31272 2994 9.75 513 [342]2e0 | 215 1ee| 18] 1.55] 143 138] 132] 128 124] 12 119l La7] 113 14 1aa] 1a1f laof 1iof
12 15 (.00 140362983 521.68 2157 [ 1238 614 [ 354 2o 236 202 179) 1s4] 1sa] 1a4] 137] 132 128 12s] 12z vas] 1as] 1as] 114 113) 119] 11
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13 1 0.00 1.38 1.09 1.4 1.02 1.01 100 (1o 1o1] 100 Yool 1o0f 1oof 1.o0] 1.00f 100 1o0] 100 1.00] 1.00] 1.00 1.00] 1o00] 1.00] 1.00] 1.oof
13 2 0.00 3.00 1.38 116 1.09 1.06 toda 103|102 1o2] veo1] 1oif roif vei] 1o teif 101 1oof 1o0] 100 1oof 1oof 1oof 1.oo] loof 1oof
13 3 0.00 7.51 1.96 1.38 121 1.13 1.08 | 107 | 105 104 1.05( 1.03] 103 103 102) 1.01{ 1.01) 1.01] 1.01] 1.01) 1.01f 1.01] 1.01) 1.01] 1.01] 1.01
13 4 (.00 21.54 299 1.73 138 1.24 116 | 1.12 | 105 | 107) 1.06{ 105 104 103 103) 103 102 103} 1.02] 102 101 101} 101} 1.01] 101} 101
13 5 (.00 64.01 475 224 1.63 1.38 126 | 1.19 | 1.14 | 1.11) 1.08f 107 10§ 105 105 1.04f 103 1.03] 1.03] 1.02] 1.02f 1.02] 1.02] 1.02] 1.02] 101
13 6 0.00 191.12 175 298 1.96 1.57 138 [ 1.27 ] 121 | 1.1s) 1.13] I1.1I| 1.05] 1.08 1.07) 106 105 1.04] 1.04) 1.04) 1.03) 1.03( 1.03) 1.02f 1.02] 1.02
13 7 0.00 579.49 1289 4.05 240 1.82 1.54 [ 138 ] 1.2 | 1.22) 11§ 1.15] 1.13] 1.10] 1.05) 1.08) 1.07] 1.08 1.05| 1.05) 1.04) 1.04( 1.04) 1.03[ 1.03] 1.03
13 8 0.00 1776.65 21.71 5.56 298 2.12 1.73 [ 151 ] 138 | 1.30) 124 1.19] 1.16] 1.14] 1.12) 1.10) 1.09| 108 1.07] 1.06) 106 1.05[ 1.05] 1.04( 1.04] 1.049
13 9 0.00 5492.82 36.89 7.73 374 2.50 1.96 | 167 | 1.50 | 138 1.30{f 1.25 121} 1.18 1.15) 1.13[ 1.11) 1.10] 1.09] 108) 1.07f 1.07] 1.06] 1.05 1.05] 105
13 10 0.00 17093.65 63.13 10.83 4.73 298 [ 2241 185|163 | 148 138[ 1.531] 1.26] 1.23] 1.19) L1.16{ 1.14) 1.13) 1.11] 1.10) 1.09f 1.08] 1.07] 1.07] 1.06] 1.06]
13 11 (.00 53476.53 108.70 1527 6.03 357 [ 257 207 178 1a0) 147( 138 132 1.27] 123] 120f 117 1.15] 1.14 1.1} 1.11{ 1.10] 1.08) 1.08 1.07] 107
13 12 0.00 168024.49 187.98 21.63 772 430 | 298 [ 233|196 1.73) 157 1.46| 138 133 1.27) 124) 121| 115 114 114 113 1.12{ 111} 1.10f 1.0%] 1.084
13 13 0.00 S29852.53 326.31 30.77 5.94 5.21 346 [ 263 | 216 188] 169] 155] 146] 138 133] 128 124] 122] 1as] 1a7] 1as] a4 vis] vaz] 1w viof
13 14 0.00 1675954 86 568.27 4392 | 12.83 633 | 404 | 298] 240 205) 18]1) 1.65] 1.54] 145 1.38) 133 129 1325 123 1.20) 1.18 1.16{ 1.15] 1.13[ 1.12] 1.11
13 15 0.00 5315425.11 992.35 6287 | 16.62 772 [ 473 339 | 267 | 224 18s[ 177 163 1.52] 144 1.38] 133 1.29) 1.26] 1.23] 1.21{ 1.19) L.17] I1.15] 1.14] 1.13
14 1 0.00 1.45 1.10 1035 1.03 1.02 1.01 {101 J 101 1.01) 100 I.00] 1.000 1.00] 1.000 1.00] 1.00] 1.000 1.00] 1.000 100 1.00f 1.00] 1.00[ 1.00f L1.004
14 2 0.00 345 145 119 1.10 1.07 105 103|103 ] 1o2] 102 1oif vonf vei] 1onf ten] 1oa] 1oif 1oi] 1oe] 1oof ool 1ool 1o loof 1oof
14 3 0.00 9.87 215 145 1324 115 110 | 108 | 106 | 105 1.04( 103 103 1.02] 1020 102 1.01) Lo1] 1.01] lolj 1.01f 1.01] Lo1] I1.01] l.ol] 101
14 4 0.00 30.41 343 1.87 143 1.28 118 | 1.14 | 1.10 | 108) 1.07( 105 105 1.04] 103) 1.03( 103) 1.03] 1.03] 1.02) 1.02f 1.01] 1.01)] I1.01] 1.01] 1.01
14 ] (.00 97.28 3.72 249 1.74 1.45 130 | 1.22 | 1.17 | 1.13) 1.10f 109 107 106 105 105 104 104 103 103] 103 102] 1.03] 1.02] 1.02] 102
14 6 0.00 318.39 343 215 1.68 145 [ 132 ] 124 | 1.1%) 115 1.12| 1100 109 1.08) 107 1.06] 105 105 1.04) 1.04) 1.03[ 1.03) 1.03 1.03] 102
14 7 0.00 1058.10 4.80 269 1.97 1.63 [ 145 ] 134 | 1.26) 121) 1.17] 114 1.12] 1.10) 109 1.08 1.07] 106 1.06 105 1.05( 1.04) 1.04f 1.03] 1.03
14 8 0.00 355538 6.81 342 235 186 | 161 | 145 | 135 1.28( 123 L19 1.16 114 1.12f 1.10) 1.05) I1.08) 1.07) 1.07[ 1.06] 1.05) 1.05) 1.05] 1.04%
14 9 0.00 1204659 9.76 4.40 282 [ 215|179 | 158 | 145 136 129 124 1.20] 1.18) 1.15[ 1.13] 1.12] 1.10] 1.09) 1.08[ 1.08] 1.07] 1.06 1.06] 105
14 10 0.00 4108438 14.10 3.70 342 (240 1 2021 174 1.57) 145[ 1537 130 1.26] 122 L1.18f 1.17) 1.15] 1.13] 1.12) 1.10{f 1.09] 1.09) 108 1.07] 107
14 11 0.00 140834.16 20.50 743 418 [ 291|220 193] 171) 1.56( 145 137 1.31) 137) 123 120) 1.15] 1.16) 1.14) 1.13( 1.11] 1.10] 1.10) 1.05] 1.038
14 12 (.00 454954.76 2994 8.75 513 [ 342|260 215 186 18] 155 145] 138] 132] 128 124] 121] 119] 117] 115 114] 112] 1a1] 1o 11of
14 13 0.00 1675954.86 4392 | 12.83 633 | 404 | 288 | 240 | 205 181) 1.65 1.54] 145 1.38) 133 12% 1325 123 1.20) 118 1.1s{ 115 1.13[ 112} 1.11
14 14 0.00 5B0G515.13 1035.93 6463 | 1696 | 784 | 479 [ 342] 265 225 157 1.77] 1.63] 1.53] 145 139 134] 130 1.26 1.23] 1.21) 1.1% 117 1.1s 1.14] 1.13
14 15 0.00 | 2019072146 1893.63 9539 | 2248 974 | 6B | 384|303 249 215 181 L74| 1.e2l 1521 145 139 134 130 127] 124 122 1.20] I1.18] L17] L1.13
15 1 0.00 1.53 1.12 105 1.03 1.02 1.01 { 101 J 101 ] 1.01) 1.00f I1.00] 1.000 1.00] 1.000 100 1.00( 1.00] 1.00] 1.000 100 1.00f 1.00] 1.00( 1.00f 1.004
15 2 0.00 3598 1.53 1.12 1.12 1.08 105 | 1o4 | 103 ] 102] 1e2] 1ozf roif veoi] 1o1f teif 1o1] 101 1o1] 1.01] 1oo] ool 1ool 1.oo] lool 1oof
15 3 0.00 12.50 237 1.53 128 118 112 | 109 | 107 | 105 1.04( 103 103 1.02] 1020 102 1.02) Lo01] 1.01] lo1) 1.01f 1.01) L0l I1.01) l.ol] 101
15 4 0.00 4226 3.96 2.02 152 1.32 122 | 116 | 1.12 | 10%) 1.08[ 106/ 105 1.04f 104 1053 103 1.03] 1.02] 1.02) 1.02f 102] 1.02] 1.01] 101} 101
15 ] 0.00 14825 6.91 2.79 1.87 1.52 135 | 1.25 | 118 | 1.15) 1.12{ 1.10] 108 1.07] 106) 1.05( 105 1.04 I1.04) 103 1.03[ 1.03] 1.03] 1.02)] 1.02] 1.02
15 ] (.00 531.87 1239 3.95 236 1.79 1.52 | 1.37 | 128 | 1220 1.18{ 1.14 1.13] 1.10f 10% 1.08[ 107 108 105 105] 104 104 103] 1.03] 103 103
15 7 0.00 1937.28 22.60 5.71 3.03 215 1.74 [ 152 ] 135 | 1300 124 1.20) 1.17] 1.14] 1.12) 1.10) 1.09 108 1.07] 1.06) 106 1.05[ 1.05] 1.04( 1.04] 1.048
15 8 0.00 7134.18 41.74 B.35 3.95 260 | 202 | 171 152 1400 132) 1.26) 1.23] 1.18 1.1s 1.14) 1.12 111} 1.09] 1.08] 108 1.07[ 1.06] 1.0 1.05] L1.0F
15 9 0.00 26491.09 7177 12.35 5.19 319 [ 236 | 183 | 168 | 1520 142 134 1328 1.24 1200 LI8[ 1.15 L.I14) 1.13] 1.11) L.10f 1.08) 1.08] 1.07] 1.07] 1.04]
15 10 (.00 95010.03 145.92 15.41 6.89 394 [ 278 | 220 187 | le6) 1.52f 142 133 1.30) 1325] 1.22f 119 L17] 1.15 1.13] 1.12f 1.11] 1.10) 1.09) 1.08] 1.08)
15 11 0.00 371950.08 275.28 27.60 2.19 4.91 330 | 253 | 210 | 1.83) 165 1.52) 143 1.36 131 127 123 1.20] 1.18] 1.16) 1.15[ 1.13] 1.13] 1.11] 1.10] 1.09
15 12 (.00 1403629.83 521.68 4157 | 1234 | 614 | 354 [ 282] 238 202 179 164 1.53] 144] 137) 132 128 1.25] 123 1.1%) 118 1.14{ 1.14] 1.13( 1.12] 111
15 13 0.00 5315425.11 99235 6287 | 16.62 772 | 473 | 339 267 224 156 177 1e3] 152 1.44) 138 153 135 126 1.23) 1.21) 1.1%( 117 115 1.14] 1.13
15 14 0.00 | 2019072146 1893.65 9539 | 2248 974 | 560 | 384|303 249 215 191 174 162 1.52) 145 139 134 130 1.27) 1.24) 122 120 118 L.I7] L1.15
15 15 0.00 | T6B26742.05 3623.39 14515 | 30.50 | 1232 [ 688 | 460 | 345 | 278 236 207 187 1.72] 161} 1532 145 1400 135 1.31] 1.28 125 123 1.21] 1.1%9] L1.15§
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Step 2 - P20
Counter Time reading ( 1 to 26)
L B 1 2 3 4 = ] 7 ] o 10 11 12 13 14 1= 18 19 20 21 X2 23 24
1 1 oo ool | 09s | 097 [OQo | 00 DO 090 00| 000 | Qo0 | 009 [ D92 ] 090 ] 000 oo |l 09 | 100 100 100 1.00 | 1.00
1 2 0.00 | 1.59 1.78 | 1.85 189 191 1.93 19041 194 ] 1895 1.95 196 1. 96 1.97 1.97 187 1.97 1 98 198 1.98 198 | 198
1 3 D00 ) 190 ) 239 | 258 | 268 | 274 | 278 | 2 B1 | 283 ) 285 | 287 | 288 | 289 | 290 | 2.90 202 293 | 203 ) 203 | 204 | 204 | 204
1 4 000 1.84 | 271 | 309 | 330 | 343 | 352 ] 358 ) 363 | 367 | 3.7 373 | 375 3.77 | 3.78 382 | 383 ]| 384 ) 385 3.86| 3.86 | 3.87
1 5 000 | 152 ) 276 | 337 | 372 3951 410 4221 431 | 438 | 444 [ 449 | 453 ]| 456 ] 4.59 466 | 468 14701 471 ) 4735 474 | 475
1 3] 000] 1.10 | 258 | 3.42 304 428 | 4531472 486 ) 408 | 307 | 5315 | 521 | 327 | 5.32 543 | 346 ]| 349 ) 552 | 5534 | 5.56 | 53.58
1 7 000 | 071 | 224 | 327 | 396 | 444 | 479 | 506 | 527 | 544 | 557 | 569 | 579 | 588 ) 5495 612 | 617 | 621 625 ] 628 | 631 6.34
1 2 0.00 | 041 1.82 298 | 382 [ 442 1 488 ) 524 ] 553 ] 576 | 595 6.11 625 | 637 ] 648 672 679 ) 685 ] 690 ] 695 | 699 | 7.03
1 o 000 ] 021 ] 139 2539 | 3534 ] 426 | 483 ) 528 ) 564 | 594 ] 620 | 641 | 659 ] 675 ] 6.89 7.23 | 7.31 T30 1 747 ) 7.33 ] 7.60 | 7.65
1 10 000 | 010 | 100 | 216 | 316 | 398 ) 465 | 518 563 | 600D | 6.3 658 | 682 | 7.02 7.20 T63 | 775 ] 7B5 ] 795 ] BO3 | B.11 819
1 11 000 ] 004 ] 068 | 1.72 2741 362 ] 4361 497 | 540 ) 593 | 63 664 | 692 | 7.18 7.40 703 ] 208 ] 821 233 ]| 844 ] 855 | 8.64
1 12 0.00 ] 002 ] 044 | 1.33 230 320 ] 3990467 | 526 576 | 620 | 658 | 692 ] 7.22 7.49 263 | 876 | B89 | 9.01
1 13 000 | 001 | 027 | 098 | 187 | 276 | 358 | 430 494 ] 550 | 599 | 643 | 682 | 7.17 7.48 B3| B9 | 914 | 929
1 14 000 ] 000 | 016 | 070 [ 148 ] 233 | 314 ) 380 456 ) 517 ] 571 | 619 [ 663 ] 702 7.38 2041 913 ] 931 | 948
1 15 000 ] 000 ] 009 | 048 [ 1.14 1.91 2701 345 ) 4141 478 [ 536 | 589 | 636 | 6.80 ) V.19 ].55 2071 919 ] 9240 | 9.59
2 1 000 | 080 ] 089 | 0.93 094 | 09 J] 096 | O97 ] 097 | 098 | 092 | O9B | 098 | D98 | 098 | 098 099 1 099 | 099 | 0.99
2 2 000 ] 139 167 | 1.77 | 183 186 188 190 ) 191 ) 192 ) 193 | 193 | 194 ] 194] 195 195 196 | 197 | 197 | 1.97 97
2 3 000 166 223 | 246 | 259 ] 266 | 2722761 270 ) 281 | 283 (| 284 | 285 ) 287 | 2.88 ) 2.88 2011 2902 ] 202 | 202 | 203
2 4 000 | 1.60 | 2353 295 319 333 ] 344 ] 351 ] 357 | 3.62 3.63 368 | 371 3731 375)| 3.76 3B2 ]| 383 )] 384 | 384 | 385
2 5 000 ] 1.353| 258 | 322 350 384 ]| 401 ) 414 | 424 ) 432 | 438 | 443 | 448 | 452 ] 455 ]| 4358 468 1 470 ] 471 | 472 | 473
2 5] 000 ] 096 | 241 | 327 [ 3280 ] 417 | 443 )1 4631 478 ) 490 ) 500 508 | 516 | 522 | 527 ] 5.31 548 | 550 ] 552 ] 554 | 5.56
2 7 000 ] 062 209 | 313 383 | 432 ]| 468 1496 | 518 ) 535 | 530 | 562 | 5372 ]| 581 ) 580 ] 596 620 624 ] 627 | 630 | 633
2 2 000 ] 036 | 1.70 | 285 369 | 431 4771 314 | 543 ) 567 | 5B7 | 604 | 618 | 630 ) 641 ] 6.51 G685 ] 690 )] 695 | 6900 | 7.03
2 o 0.00 | 0.18 129 247 [ 342 | 415 ] 472 ] 518 ] 555 ]| 585 6.11 633 | 652 | 668 ] 683 ] 695 7.42 7.49 755 T.61 766
2 10 000 ] 000 | 093 ) 206 [ 306 ] 388 | 454 ) 508 ) 553)] 591 | 623 | 630 674 ] 695 7.13 7.29 TEO ] 7TO98 ]| BOo6 | 814 | 821
2 11 0.00] 004 ] 064 | 1.65 265 352 ] 426 488 | 540 ) 584 | 623 | 656 | 685 | 7.10 ] V.33 7.53 228 ]| 830 ] B49 | B850 | 868
2 12 000 | 001 | 041 1271 222 ( 3121 390 ] 458 ] 517 ] 568 | 6.12 650 | 684 | 7.15 7.42 7.66 857 ] B71 ]| BB83 895 906
2 13 000 ] 000 | 025 094 [ 181 2601 350 ) 4221 486 ) 542 ] 591 | 635 [ 674 ] 709 7.41 7.69 2771 893 ] 209 | 923 | 936
2 14 000 | 000 | 015 067 | 1.43 226 | 307 ) 3B1 | 448 ) 509 | 563 612 | 655 | 695 7.31 7.63 2B | 907 | 92 Q.42 958
2 15 000 ] 000 | 008 | 046 | 1.10 186 264 )] 338407 | 471 | 520 581 | 6290 673 7.12 7.49 2011913 ] 934 | 953 | 972
3 1 000 ] 0631 080 | 085 [ 082 ] 091 0931094 ] 094 ) 095 [ 096 | 096 | 096 | 097 ) 097 ] 087 098 ] 098] 098 | 098 | 098
3 2 000 ] 110 | 149 | 1.64 | 1.72 1.78 1.81 184 ) 18] 187 ) 180 | 190 190 ] 191 1.92 1.92 . 194 194 195 | 1.95 | 1.95 1.95
3 3 000 | 1.32 199 | 228 | 244 | 255 ) 262 267 ) 271 | 274 | 276 | 2.7 280 ] 282 ) 283 ] 284 | 285 2 2B | 289 | 289 | 290 | 290 | 290
3 4 000 ] 127 226 274 [ 3.01 3191 331 ) 340 ] 347 | 352 ] 357 | 361 | 364 ] 366 360)] 371 3.73 3 3781 3279] 380 | 381 | 381 3. 82
3 5 000 | 106 | 230 298 | 339 | 367 | 386 | 401 ] 412 ] 421 | 428 | 434 | 439 | 444 | 448 ] 451 | 454 | 45 463 | 464 | 466 | 467 | 469 | 470
3 5] 000 ] 077 215 | 3.03 350 398 ) 426 448 | 464 ) 478 | 489 | 498 | 506 | 513 ) 518 523 528 | 5332 | 5351 530 342 ) 544 ) 547 | 549 | 551 5.53
3 7 000 ] 049 ] 186 | 290 [ 362 ] 413 1 451 ) 480 503 ) 522 538 | 551 [ 5621 5371 ] 580) 587 | 504 (500 604 ) 6006131 617] 621 624 627 [ 630
3 2 000 ] 0281 151 | 264 | 348 ] 411 4601 498 ] 5281 553 [ 574 ] 591 | 606 | 620 ] 631 ] 641 6.50 | 638 [ 665 1 672 | 678 ] 683 ) 688 [ 692 ]| 697 | 7.00
3 o Q00| 015 115 | 220 323 396 | 4534 ) 3501 5390 571 | 597 | 620 | 640 | 657 | 672 ]| 685 697 | TO7 | 717} 725 | 733 ) 740 ) 747 | 7.55 | 759 I
3 10 0.00] 007 ] 083 ] 1.21 280 | 3.70 371402 538 ) 576 | 609 | 637 | 661 | 6.83 7.02 718 | T7.33 747 TEO | TO0 ] To2 | 206 | 813
3 11 000 | 003 ] 057 | 1.53 250 336 ) 4101 472 5251 570 ] 609 | 642 | 672 7.60 7 218 | B30 ] 241 850 | 8.60
3 12 000 ] 001 | 037 | 117 | 210 298 | 376 | 443 502 ]| 553 | 598 | 637 | 6.72 7.76 2471 861 | B4 | BB | 898
3 13 000 ] 000 ] 022 087 [ 1.71 2571 33714081 472 528 578 | 622 [ 662 ] 697 7.29 7.83 267 ] 884 ] B909 | 014 | 928
3 14 000 | 000 | 013 0.62 135] 216 ) 295 ] 369 ] 436 | 496 | 5350 | 599 | 643 | 6.83 7.19 7.5 781 278 ] B98 | 916 | 9.33 949
3 15 000 ] 000 ] 007 | 043 1.04 1.78 | 2.54 ] 3.27 306 459 [ 517 ) 569 | 617 | 6.61 7.01 737 | 7.71 ZE1]1903] 924 | 044 | 962
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4 1 000] 046 068 | 077 | 082 [ 086 | 0B8] 090 091 ) 092 (095|093 | 094] 0941 095] 095 | 095 | 096 096 ] 096 ] 096] 096 097 | 097 { 097 | 097
4 2 000]) 080 127 ) 148 | 159 167 ) 172176178 ) 1.81 ( 185 | 184 | 185|186 ) 187 ] 188 | 189 ) 190 190 191 | 191 ] 192 192 | 1.92( 193] 1.93
4 3 000096 150 ) 205 | 226 2301 2482551260 ) 264 [ 268 | 271 | 273 | 275277278 | 279 | 28] [ 282 | 283 | 285 | 284 ) 285 | 286 | 286 | 287
4 4 00010831193 | 246 | 278 290 ] 3141325 3331340 346 ) 350 (354 ) 358 ) 360]) 363 | 365|367 ) 369)1 370 372]1373)374([375) 378 3.77
4 5 000 ) 077 ] 196 ) 268 | 313 [ 344 | 366 ] 383 ] 396 406 [ 415 422 | 428 | 433 ] 438 ] 441 | 445 | 448 [ 451 | 453 | 455 457 ] 459 | 461 [ 463 | 464
4 6 000 0356 183 | 272 | 332 (37414041428 ] 44614061 [ 474 ) 484 (493 )3500 507512 | 517352325236 35330 333|536 530541 ) 3544|546
4 7 000]1 0361 159 ) 261 | 334 387 14271450 ) 484 ) 504 [ 5231 | 535 | 547|557 ) 567 ] 575|582 ) 588 [ 594 500 6.04 ] 608 ) 6.12 | 615 [ 6.19 | 622
4 g 000 ] 021 ) 129 237 | 322 | 386 ]| 436475 507 ) 534 ([ 536 ) 574591 ]605] 617] 6.28 37 | 646 | 653 | 6.60 ] 667 | 673 ] 6.78 | 683 | 687 | 6.92
4 9 000 ] 011 | 008 | 206 | 2098 [ 372 1431|479 518 ) 551 [ 579 | 602 | 623 | 641 )1 657 ] 670 | 683 | 694 [ 704 | 713 | 722 | 720 ) 736 | 743 [ 749 | 754
4 10 000]005] 071 ) 1.72] 267 348 014151470 517 ) 556 ( 590 | 619 | 644 | 666 ) 686] 703 | 7.19 | 733 [ 746 | 757 | 768 | 778 ) 787 | 705 [ 803 | 810
4 11 0.00 ] 002 048 371231 316 | 380451 ) 504 ] 550) 580 | 624 | 654 | 681 ] 705 726 | 745 | Te2 [ 77 7921 205 ) 817 | 838 | 8.30 | 848 | 857
4 12 000]001 031 ) 106 194 (27913564241 483534 (579|619 | 654|685 713] 738|761 | 782 (801 | 818|834 | B48 ) 862 | 874 ([ 886 ) 8097
4 3 0001 000 ) 019 [ 078 | 158 2411318 390] 454 ) 510 560 | 6.04 [ 644 ) 680 7.12] 741 | 7.68 | 702 | 814 | 83 853 | 871 ] 887 ] 901 | 915 ) 9.28
4 14 0.00] 000] 011 ) 036 1.2 203 ] 280 3521 410) 479 [ 533 | 582 [ 626 | 666 7.03 ]| 736 | 766 | 704 [ 810 | 842 ] 364 | 884 ) 903 | 0.20 [ 936 | 9.52
4 5 poo | 000 006030 | 006 167|241 ) 313|380 ) 443 ) 501 ) 553 ) 601 | 645 685 ) 723 | 756 ) 787 | 815 ] 842 ) 8671 800 ) 011 ) 031 | 050 | 067
b 1 000030055067 [074[ 0791 082|084 086088 (080|000 [ 0910010021092 093 [ 093 (0941094109471 095])1095/([00935] 085 095
3 2 0.00] 053] 103 ] 1.2 144 | 1534|1160 | 166 ) 1.70 ) 193] 195 [ 177 ] 179 ) 181 ] 182 | 183 | 1.84 [ 185 ) 186 ) 187 ]| 187 | 1.88 ] 1.88 [ 1.39 ] 189 | 1.90
3 3 0001 063 | 138 | 1.79 | 204 | 220 ] 232 | 240 ] 247 ) 255 [ 257 | 261 [ 264 ) 266 | 260 ) 271 | 292 | 274 ) 295 | 2797 | 2798 | 2.79 ) 2.80 [ 2.80 | 2.81 | 2.82
3 4 000 ) 061 | 157 ) 2153 | 251 [ 275 | 293 | 306 | 317 ) 325 | 333 | 338 | 342 | 345 350 ] 353 | 35 338 [ 361 | 363 | 364 | 366 367 | 3.69( 370 ] 3.71
3 5 000] 051 ] 160 ) 234 ] 283 317 ] 342] 361 ] 376] 3.8 308 | 407 | 4140420 435 ) 450 ) 434 [ 437 ] 441 ) 444 ] 446 | 4400 451 [ 453 | 4355 | 456
3 & 000) 037 ] 149 ) 237 | 299 [ 344 | 378 ]| 403 ] 424 ) 441 [ 454 | 466 | 476 | 485 ] 492 ] 499 | 504 | 510 ([ 514 | 318 | 522 | 526 | 5.29 | 532 [ 534 | 337
3 7 000] 0241120 227 | 301 (35713994331 459481 [ 500] 515|529 540)550] 559|567 | 574 581 | 586|591 ]| 596601 | 605 608 612
3 8 0001 0141105207200 ] 356140714481 482 ) 510 ([ 533 ) 553|571 ) 586 590] 611|621 [ 63 6.3 646 | 6.53 ] 6.60 | 665 | 671 | 6.76 | 6.80
3 9 000] 007 ] 080 ) 1.80 | 269 343 )402] 4521402 ) 526 | 555 | 580 | 602 ] 621 638 ] 652 | 666 | 678 | 688 ) 698 | 707 ] 7.15 | 7.23 | 7.3 736 | 742
5 10 000 ] 003 ) 058 | 150 | 241 | 320 | 387 | 443 ] 491 ) 531 [ 566 | 506|622 )645| 666 ) 684 | 701 [ 716 729|741 | 752|763 ) 772 [ 781 | 789 | 796
3 11 0.00] 001 ] 039 1.2 208 ) 291 | 363|425 470 ) 5236 | 566 | 601 | 632 ) 660 ] 684 | 706 | 7.26 [ 744 | 760 ) 775 | 7RO | 8.02 | 8.13 [ 834 | 8.34 | 243
3 12 000] 001 ] 025 ) 092 175( 257] 3331400 459) 510 556 | 506 632 ]| 664) 603] 7.18 | 742 | 763 [ 783 | 800 | 817 | 832 ) 846 | 8359 [ 871 | 882
3 3 000 ] 000 016 ) 068 | 143 2221208 | 368 | 431 ) 487 | 5537 | 582 | 623 | 659)16092] 721|749 | 773 [ 795 817 | 836 | 854 8.70| 8856 ( 9.00 | 9.13
3 14 000 ] 000 009 ) 049 | 113 1872623321398 ) 458|512 | 561 | 605|646 682] 716 [ 747 | 775 801 | 824 | R47 ]| 867 | 886 | 904 ([ 921 ] 93
3 3 000 ] 000 ) 005 ] 034 ] 087 ] 1.54] 225 295 3614235 481 ) 533 | 581 | 625665 702 736[ 768) 797] 824|840 872 894 ] 915 934 ] 0.51
[ 1 000]018 | 043|037 | 066[( 071 ) 076] 079 081) 085 (034|086 087|088 089] 089 |05 | 091 (091 ] 092]092]092]093] 095 (053] 093
] 2 000])] 032|080 ) 109 [ 1237]13 148 | 1541159163 | 167 | 169 (1720174176197 | 178 | 180 ) 181 | 182|183 183) 184 [ 185] 185]| 186
6 3 000] 0381107 ) 1.51 | 180 199 ) 21312241 232) 2390244 | 240 2531256 250] 262 | 264 | 266 ([ 268 260 27112721273 274 275) 276
] 4 000]) 037122 ) 182 | 221 | 2491270 ] 285 298 ) 307 [ 316 | 323 | 328|333 ) 338 ] 342 | 345 | 348 ([ 351 | 353 | 355357359 361362 364
] 5 000 ] 031124 ) 198 | 250 287 | 315|336 3531367 (379 | 388 | 39714041 410] 415 | 420 425420 432|435 438 ) 441 | 445 445 447
] 6 00010221 116 ) 201 | 264 [ 311 | 3471376 398 ) 417 [ 4532|445 | 4571 466)475] 482 | 4389 | 495 ([ 500 | 505 ) 5090 ] 513 ) 517 | 520 [ 533 | 3.26
] 7 000] 0141101 ) 1.92 ] 266 [ 323 )1 3671403431 ) 455 (475|402 507|530 531 ] 541 | 550 | 537 [ 565 | 571 | 577 ]| 582 ) 587 | 592 [ 5096 | 600
] 8 0.00] 008 | 082 ) 1.75 | 256 3221374 417 453 ) 482 | 507 | 5.2 347 ] 564 | 578 591 | 602 ) 612 621 | 630 | 637 | 644 | 650 | 6.36 | 6.62 | 6.67
i 9 000] 0041062 ) 152 237310 370] 420 462 498 | 52 535 [ 5771 597 ) 615] 631 | 645 | 638 | 660 | 680 | 690 | 698 ) 706 | 714 [ 7231 | 7.27
G 10 000] 002 ] 045 ) 127 212 290 ) 356] 413461 ) 503 [ 538|570 5971621 ) 643] 662 | 679 | 695 [ 700 | 722 | 734 745 755 | T 7.73 | 781
] 11 000 ] 001 1031 ) 1.01 | 184263 13343961450 497 (538|574 | 606 635)660] 683 | 7.04) 722740 755|760 783795 | 806 817 | 826
] 12 000)] 000 020 ) 078 | 15 233 | 30613721431 | 483520 | 570 (606 | 630) 668|695 | 719 741 [ 761 | TRO| 797 | B12) B27 | 8B40 [ 853 | 865
] 3 0001 000 ) 012 [ 038 | 1.36] 201 ] 2743431 405) 4061 [ 511 ] 3.5 397 |1 634 667 | 698 | 735 | 751 [ 794 ) 795|815 ) 834 | 851 | 3.66 | 8.81 | 205
] 14 000] 000|007 ) 041 | 100 [ 169) 241|300 374) 433 | 487 | 53 381 ] 621 | 658|692 | 724|752 779|803 | 826 847 | B66 | B85 002 | 918
G 15 000 ] 000 ) 004|028 ] 077] 130] 207 275] 340 ) 400 ([ 457 ) 5090|5571 601 642] 672 | 714 ([ 746 775] 803 | 828 ] 852 ] 874 [ 895 ] 014 .33
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7 1 000] 0101032047 | 057 | 063 J 068 ) 0721075078 ]| 080 (081 | 083 | 084 ] 085) 086 [ 087 | 087 | 088 ] 089 ) 089 | 000 ) 090 ] 091 [ 0.91
7 2 000 ] 018 ) 060 ([ 089 | 109 ] 123 ] 134 ) 142 148 ) 1535] 1537 [ 161 | 164|166 168 ) 170 172 174 ] 175176 177 1.798) 1.79 ] 1.80 [ 1.81
7 3 000 ] 021 ) 08B0 [ 134 | 15351971193 ) 206 216 224|230 [ 236 241 |1 245 ) 248 | 252 254 ) 257 250 ) 261 | 263 ] 265 ) 2.66 | 2.67 | 2.60
7 4 000] 0200 0091 [ 140 ] 191 | 221 ] 2441262 ) 276] 288 | 208 [ 306 ) 313 ] 310 ) 324 ) 328 [ 332 | 3.3 339013421 345 347 350 ] 3.52 [ 3.54
7 5 000 ] 017092 [ 162 215 ] 255 ] 285 300 328 ) 344 | 357 [ 368) 378 | 3863093 3090405 ) 410 415) 419 422] 426 420 [ 432 | 435
7 & 000 ] 012 ) 086 (165 | 228 | 277 ] 3151345370 390 | 407 [ 422 ) 435|446 | 4551 464 [ 471 | 478 | 484 | 4890 ) 494 ]| 499 ) 503 ] 5.07 [ 5.11
7 7 000 ] 008 ) 075 (158 220 ] 28713331370 401 ] 426 | 448 [ 467 | 483 | 407 | 500 ) 520 [ 530 | 538 | 546 ] 554 ) 560 | 566 | 572 | 5797 [ 5.81
7 g 000 ] 005) 061 [ 144 ] 221 ] 286] 330 ) 384 | 420 452 ] 478 [ 501 ) 521 ] 353 554 ] 568 | 580 [ 501 | 6.01 | 610 ] 6.19 ] 626 | 6.33 | 640 | 646
7 9 000 ] 002 ) 046 [ 125|205 275|335 386|420 ) 466 | 498 [ 525 ) 5503571590607 (622 ) 635|648 ) 650|660 670 ) 688 [ 606 | 703
7 10 000 ] 001 ) 033 (104 ] 183 ] 257132313791 4281471 ] 507 (3540) 568 | 593|616 636 ([ 654 ) 671 | 686 ] 7.00 ) 7.12] 7.24 ) 7.35 | 743 34
7 11 000 ] 000 ) 023 [ 083 ] 1590] 2341303 ) 364|418 ) 465 | 507 [ 544 5771606 633 657 (6728 ) 608 ([ 7.16) 732 | 7471 761 ) 7.74 [ 7.86 | 7.97
7 12 000 ] 000 ) 015 [ 064 | 133 20727713421 400 ) 452 4098540 577|610 ) 641 | 668 [ 693 ) 716 737 ) 756 | 793 700 ) 8.05 [ 8.19 | 832
7 13 000] 000) 009 047 | 108 ] 178 ] 248 3.15 | 3.7 431 [ 48 ) 527 568 ) 606 640] 671 | 690 [ 725 749 771 ] 791 ) 810 | 82 8.44 [ 8.60
7 14 000 ] 000 ) 005034 ]| 086] 150)] 218 ) 284)347) 405 ]| 450|508 ) 553 ] 504) 631 666697 ) 726 753 ) 778 | 802] 823) 843 [ 8.62 | 8.80
7 15 0001 0000003 | 023 | 066 ) 124 ] 18703531315 ) 375 ) 431 | 483 | 530|575 ) 615 ) 653 | 683 | 730 ) 750 ] 778 ) 8.04 | 8238 ] 851 | 873 | 800
3 1 000 ] 005023 (037|048 | 055061066 060072074 (076|078 ) 08B0 081|082 (085|084 (085086 086] 087 087088 ]| 088
8 2 000 ] 000 ) 042 [ 071 | 092 ] 108 ) 1.10) 128 ) 1.36) 1421 147 | 1.5 155 ) 158 ) 160 163 | 165 ) 167 [ 168 ) 1.70 | 1.71 ) 193 ) 1.74 [ 1.75 | 1.76
3 3 000 ] 011 ) 057 {099 131 ] 154 ] 172 ) 187 | 198 ) 207 | 2.15 | 222 ) 227 ) 232 ) 237 | 240 | 2 247 [ 249 ) 252 | 254 | 2.56 | 2.58 [ 2.60 | 261
8 4 000 ] 010 ) 064 [ 119 ] 161 | 193] 218 ) 238 254 ) 267 | 2.7 287 (2951302308 314319323 3273303331336 339|341 ]34
8 5 000 ] 000 ) 066 [ 1.30 ] 181 | 222 ] 254 ) 280 301 ) 310 ] 333 [ 346 )| 357|366 374382388 )304(300)404)408] 412 416 419 | 422
3 & 000 ] 0061 061 [ 131 | 192 ] 241 | 281 ) 313 | 340 ) 362 | 381 [ 397 ) 411 | 423 ) 433 443 [ 451 | 439 (466472 478] 483 488 [ 452 ] 4096
8 7 000 ] 004 ) 053 (1236 193] 250 2971336 368 ) 3095 418 | 43 456 | 471 ) 485 | 407 | 508 | 517 [ 526 ) 5334 | 541 | 548 ) 554 [ 560 | 5.65
8 g 000] 0021 043 [ 114 ] 186 ] 240 ] 303 ) 348] 386 ) 410 | 447 | 471 ]| 4902 ] 511 ) 528 | 542 | 5.5 568 [ 5.79 ) 380 | 508 ] 606 6.14 [ 621 | 628
8 2 000 ] 001 ) 033 (000 ] 173 ] 240] 2090 ) 350 | 304 ] 432 ]| 465 [ 404 ) 510 542 ] 562 ) 580 [ 506 | 610 | 624 | 6.3 6471 657 ) 6.67 [ 6.73 | 6.84
8 10 000 ] 001 ) 024 [ 083 | 154 ) 224 ] 288 ) 34413031436 474507 ) 537|563 587 ] 6.08 27| 645 ) 660 ] 675 ) 688 | 701 ) 702 ) 723 [ 733
8 11 000 ] 000 ) 016 [ 066 | 134 ] 2041 270 ) 330 384 ) 431|474 (511 ) 545] 575) 603 ) 627 [ 650 ) 670 680 ) 706 | 7221 7.37) 750 7.63 | 7.74
3 12 000] 000 ) 010 051 ] 112 ] 180 )] 247 ) 310 367 ) 415 | 465 [ 507 | 545 579 ) 610 | 638 [ 664 | 688 [ 709 ) 720 | 747 ] 764 ) 7.80 [ 7.55 | 8.09
8 13 000 ] 000 ) 006 (038|091 ] 156)] 222 ) 285345400 450 ([ 496 5375751609 641 (670 ) 697 721 ) 744 765] 784 ) B03 [ B20 | 836
8 14 000 ] 000 ) 0.04 [ 027 | 0.72 31| 195 ) 258 319 ) 376 (420 477 | 322 ] 563 ) 601 | 636 | 668 | 698 [ 725 ) 751 | 795 707 ) B.17 | 837 | 835
8 15 000] 000 002 (019 036] 108 ] 167 220] 280 ) 348 | 402 [ 453 ) 501 | 545 ] 586 | 624 [ 659 | 692 [ 722 | 751 | 7.97 | 802 | 825 [ 847 | 867
9 1 000 ] 002 ) 015 [ 020] 039 ] 047 ] 054 050 063 ] 0.66 | 0.69 [ 0.71 F31 075 077 ] 098] 079 [ 0BO | O8] | 082 ] O.85) 0.84 | 0.84 | 0.85 | 0.86
9 2 000 ] 0041020 [ 055|076 0921105 ) 1151231130 ] 136 [ 141 ) 145149 ) 152 1551571359 (161163 165] 166 168 [ 169 1.70
9 3 000] 005) 038 [ 0.76 | 1.08 321151 ) 1.67] 180 ) 190 ( 199 ] 207 ] 213 ] 216 ) 224 | 228 | 232 | 236 [ 239 ) 242 | 2441 247 ) 249 [ 251 | 2.33
9 -+ 000 ] 005) 044 [ 092 ] 132] 165] 192213 230) 245|257 (268 277|285 292 208 | 304 ) 308 [ 313 ) 317 321 ] 324327 330 333
9 5 000 ] 0041045 [ 100 | 14971190 ) 224 ) 251 | 2931202 300 [ 322) 334134513541 362370 376 3823883031307 ) 402405 400
9 & 000] 003) 042101 | 158 ] 207 ] 247 ) 280 ) 308 ) 332 ] 335237 38513981 410 421 | 430 ]| 439 [ 4461453 | 460)] 4661 471 [ 476 | 481
9 7 000 ] 0021036 (007 ]| 1350 ] 2141 261 ) 3.00) 33534 ) 363 | 387 [400) 42714441450 472 4284 ) 404 ([ 504 ) 513|321 ] 528 ) 535 (3541 | 547
9 8 000 ] 001 ) 020 [ 088 | 153 ) 213266311 |1 350)384]413(4539) 461 | 481499 515 (530 ) 543 [ 554565375 584 593 6.00) 6.08
9 9 000 ] 001 ) 022077 ]| 142 ] 206] 263 ) 314 358 ) 307 ]| 430 [ 460 ) 487 ] 510 ) 531 | 550 (568 | 583 [ 507 ) 610 | 622 ] 6335 ) 644 | 6.53 | 6.62
9 10 000] 000 016 [ 064 | 127] 192] 253 308 357 ] 400 | 439 73] 303 ] 53 55351 5971 597 [ 616 | 633 | 648 ] 662 ) 675 | 688 | 699 | 709
9 11 000 ] 000 ) 011 [ 051 | 110 175 ] 2371206 348 396 | 438 [ 477 511 | 5421570 596 (619 ) 640 660 ) 678 | 695 ] 710 ) 724 [ 738 | 730
9 12 000 ] 000 ) 007 [ 039 052] 154 ] 217 ) 278 3335] 384 453 473 [ 511 | 546 597 ) 606 | 633 | 657 | 679 ] 700 ) 7A9 | 73T | 753 | 7.69 [ 7.83
0 3 000] 000 004 [ 020 | 0.75 331 195] 2561 313 ) 367 | 416 [ 462 [ 503 ) 542 J7 1 600 | 638 [ 666 | 691 | 714 | 736 ) 756] 7.95 | 703 | 809
9 14 000 ] 000 ) 003 (021 | 060]112]171 )23 280 ] 345|397 [ 445 489 | 53 560] 604 | 637 [ 667 | 695 721 ] T745) 768 )| 789 | 809 | 828
9 15 000] 0001 001 { 014 ] 046 ] 092 ] 147 ) 205 263 ) 310 ] 372 [ 423 ) 470 ] 514 ) 555 503 [ 628 ) 661 692) 721 | 747 ] 7935 ) 796 ( 8.19 | 840
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10 1 000 ) 001 ) 010022 [ 032040 046] 052]056) 060 ) 063|066 068 |1070] 0721074075076 0771079079 080 081 [ 082083 (083
10 2 000 | 002 ) 019|041 (061 [ 078091 ] 102 ] 111 ) 118 ) 1.25 ) 130 135 ] 139 143|146 148 151 ) 154 ) 156 158 1.60 | 1.61 [ 1.65 [ 1.64 [ 1.65
10 3 000] 002] 025 ) 057 [ 087 1.11 1] 148 ) 161 ) 173 ) 183 | 101 | 198 | 205 ] 200 ) 205 | 220 | 224 | 228 ) 231 | 234 | 237 | 230 [ 242 [ 244 [ 245
10 4 000 | 002 J 028 | 069 [ 107 (130 166) 188 ) 207 ) 222 ) 236|247 ]| 258 266] 274 281 | 288 ) 203 ) 208 1303|307 ] 311 315[318[321 (324
10 3 000 ) 002 ) 029 | 075 [ 1.20( 160 ) 194 ) 222|245 ) 266 | 283 [ 298| 311 | 323 ] 233 ] 3242|330 ) 338 ) 364 | 3.7 376) 381 ) 386 ) 3900 ) 394 ] 398
10 & OO0 001 027 | 076 [ 127 [ 1794|214 248 | 277 ) 302 | 323 | 342 | 358|373 ] 386 397 | 407 ) 417 | 425 331440 ) 447453 | 438 | 464 | 468
10 7 000 ) 001 ) 023 | 073 [ 138 180 236) 266] 300 ) 320 ) 355 | 378 | 398 | 415 431|445 | 4538|470 ) 480 ) 490 | 490 | 507 | 514 [ 521 [ 528 [ 534
10 g 0001 000 ) 019 ) 066 [ 1.24 ] 180 | 230 275] 315 340 [ 3.79) 406 ] 429|450 ) 469 486 502 ) 516 | 528 ]| 340 351 | 561 ] 570 ) 5.78 | 5.86 [ 5.93
10 El 000 | Q0 ) 014 | 038 [ 104 [ 173 | 228 ) 277321 ) 360 | 395 |1 425|453 477|500 520 53855 360 ) 383|396 ) 608 ) 619 | 629 | 638 | 647
10 10 000 ) 000 ) 010 | 048 [ 102 1621 219 2721320 ) 364|402 ]| 437 ]| 468|496 522|545 ]| 566 | 585 ) 6.03 ) 6.19 | 634 ] 648 | 661 | 673 [ 684 [ 695
10 11 000 ) 000 ) 007 | 038 [ 089 [ 147 | 205 ] 261 ] 313 ) 360 ) 402 | 441 1476 507 536 562 | 587 | 609 ) 620 ) 648 | 6.65 | 681 | 696 [ 7.10 [ 723 [ 7.35
10 12 000 ) OO0 J 005 | 029 (074 130|188 )245]200) 340 ) 305 | 437475511 543572599624 647669 | 689 707|724 740 755770
10 13 000 ) 000 ) 003 | 022 (061 [ 1121 169] 2326] 281 ) 333 | 382 | 427 | 468|507 5421575 605|633 | 658 ) 682 | 705 726 745 | 763 [ 780 [ 7.97
10 14 000 ) 000 ) 002 | 016 [ 048 [ 094 | 148 ] 204 ] 260 ) 313 | 364 | 411 | 455|496 535|570 603 | 634 | 6.62 ) 6890 | 714 | 737 | 7350 | 779 | 700 [ 817
10 13 0.00 | 000 ) 0.01 | 011 { 037 ({078 ] 127 ] 181 ] 236 290 | 342 | 3.0] 71481 ) 521 ) 550 505 | 628 ) 630 ) 680 | 7160 742 ) 7.66 | 783 | 810 ] 830
11 1 000 ] 000 | 006 | 016 [ 025 33040 0450350 ] 054|057 [ 060 [ 063 JO65 | 067069 | 071 [0T2[ 0731075076 077078079 079 0.80
11 2 000 ) 001 ) 012 |1 030 (048 [ 0641077 080] 008 ) 106 ) 113 ] 1101 1241120 133 ) 137 ] 140 ] 143 ) 146 ) 1481150 153154 | 156 [ 158 [ 1.50
11 3 000 | 001 J 0153 ) 042 (068 [ 092 ] 112129 143 ) 155 ) 166 1.75] 183 ] 190) 197202207 ) 212 ) 2.16 ) 220 223 226 | 229 [ 2.32 [ 234 [ 2.37
11 4 0001 001|018 | 050 [ 084 115 | 141 | 164 | 183 200 [ 214 ) 227 238 | 248 ) 2561264 | 271 | 277 | 283 | 288 | 293 | 297 ] 301 | 3.05 | 3.08 [ 3.12
11 3 00010011018 | 054 [ 005 1321 165] 193] 2181 230 (257 ) 273 ] 287|300 ) 3111321 (330 338 | 346]352]1359]364] 37 375 379 383
11 & 000 ) 000 ) 017 ) 055 [ 100 [ 144 182 ] 216 245 271 ) 294 ] 313|331 | 346] 360] 373 | 384 ) 304 ) 403 | 412|420 427 434 440 2445 4351
11 7 000 | 000 J 014 | 053 [ 101 (1491193232266 2096|323 | 346|367 386 403 418|432 | 4444551466475 484402500507 514
11 g 000 ) 000 ) 012 | 048 [ 007 [ 148 | 196 ) 240 270 ) 314 | 345 | 3721 397 | 4190 438|456 | 473 | 487 ) 501 | 514 | 525 | 536 | 546 | 555 | 563 | 371
11 8 000 | Q00 ) 009 | 042 [ 000 | 143 ] 194 ] 242] 285) 324 ) 350 ]300 ) 418 | 444|467 488 | 507|352 340 ) 555 ) 368 ) 581 ) 593 | 603 | 614 | 623
11 10 000 | 000 J 006 | 035 [ 081 [ 134|187 ] 237 ] 2841327 | 366|401 432|461 487 511|533 | 553 | 372)589 605610 633 646 [ 658 [ 6.69
11 11 000 ) 000 ) 004 | 028 [ 070 [ 121 | 175 228 277 ) 323|363 |404]439]1471] 501 ) 5238553 ]|575) 5961616634651 | 667 [ 681 [ 605 ([ 708
11 12 000 ] 000 ] 003 ) 021 (059 107 | 161 | 214) 265) 314 (350 401 ) 4390 ]1474) 507 ) 537 (565 590 | 614]636] 656676 6093 ) 7.10 ) 726 | 741
11 13 0001 000 002 ) 016 [ 048 | 093 | 1441197 | 240 300 [ 347 ) 391 | 433|471 ) 506 535|570 ) 508 | 624|649 | 672 693 ] 713 | 7.32 | 7.50 [ 7.47
11 14 000 ] 000 ) 001 ) 011 (038 078 | 126178 230 282 [ 331 ) 3771421 | 461 ) 400 ) 535 | 568 ) 500 | 628 | 655 | 680 | 7.04 ]| 727 7428 | 767 [ 7.8
11 13 000 | 000 ) 001 | 008 [ 020 [ 064 | 108 ) 158] 200) 260 ) 310 | 338 | 404 | 447 487 | 525 | 560 | 594 | 625 ) 635 | 682 700 | 733 [ 736 [ 7798 [ 799
12 1 QOO0 000 JO04 1011 (019027 ]033]030] 044048032035 058060062064 066|068 069 Q071072073074 075 [ 076 [ 077
12 2 000 | O JOO7 | 021 [0O37 (052|065 076]086) 0095 ) 102 108 ) 1141119 1241238 131 | 135) 1381140 143|145 147 [ 149 [ 151 [ 1.53
12 3 000 ) Q00 ) O09 | 020 (0320741 094] 111 ] 1.2 138 1 1491 139 168 | 176 | 182|180 | 104 | 199 ) 204 ) 208 | 212 215 219 [ 2.22 [ 234 [ 227
12 4 000 ) 000 ) 010 ) 035 [ 065 [ 093110 141 ] 161 ) 178 ) 103 ] 206] 218|228 ) 238 | 246 234 | 261 | 267 ) 273|278 283 287 [ 201 (265 ( 299
12 3 000 | 000 J 011 |O38 (073 (107|130 167 ] 191 ) 213 ) 232|248 263 277 2809|290 309 318 | 326 1334|340 347352358363 368
12 ] 000 ] 000 010 ) 039 [ 077 ] 116|153 ) 186 ) 215 ) 241 [ 264) 285] 303 ] 319) 33413471 360) 371 | 381]390]) 393 ] 406] 413 ] 4230 (425 ([ 432
12 7 000 ) 000 J 009 | 037 (078 [ 121 | 162]199) 233 ) 264 ) 201 ] 315] 337|356 3741390 404 417 ) 430 441 | 4511 461 J0 [ 478 | 485 | 493
12 g OO0 | OO0 JO07 | 034 [OF5 [ 120|165 ) 207 2450279 | 310 | 338 | 363 | 386 407 426 | 443 | 458 | 473 |1 486 | 498 | 510 | 520 [ 530 [ 539 [ 548
12 l 000 ) 000 ) 003 | 020 [ 060 (116|163 ) 208) 250 ) 288 | 323 ]| 335 383 |1400] 433) 455|474 403 ) 500 ) 525|530 553 | 563 [ 3577 (3587 (3597
12 10 0001 000 ) 004 ) 025 (062 | 108|157 204] 2400201 (320) 364) 39514251 4521477 (4099 520 5405573574580 604) 6.17 ] 630 [ 641
12 11 000 | 000 J O03 | 020 (034 [ 098 | 1471 196] 243 ) 288 | 320 | 367 | 402|435 465 492 | 518 | 541 | 363 | 583 | 6.02 ]| 619 | 636 | 6.51 [ 665 [ 6.79
12 12 0.00 | 000 | 0.02 ) 015 [ 045 [ 0.87 35| 1841 2331279323 | 364|402 4384703501 | 520 | 5553791602623 643 661 (679685 7.10
12 13 0001 000 001 ) 011 ({037 07511211 170) 219 ) 267 [ 313 ) 356] 396 ]| 4341470) 503 | 534 ) 562 | 580]1614)638) 660] 680 ) 7.00 [ 7.18 [ 7.35
12 14 000 | 000 J 001 | O08 [ 029 [ 063 | 106 153 ] 202 ) 251 ) 298 | 343 | 385|426 463|499 | 532 | 563 | 3921620 | 646 | 670 | 693 [ 7.14 [ 735 [ 7.54
12 13 0.00 ] 000 ) 000 ] 006 [ 022 ] 0352] 091 36| 184 232 ) 280 326 370 412 452] 489 ] 525|538 | 500 620] 648) 674) 6099 ([ 723 | 745 | 7.66
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13 1 000 ) 000 ) 002 ) 008 | 014021 J 0280331038042 (046 (049 0521 055]058] 060 | 062|063 | 065])] 067 ] 068) 069) 070) 071 ) 072) 073
13 2 000) 000) 004|014 028041 J OS54 065075083 (091 (0098 [ 104|109 114 118 | 122 | 126 [ 129]132]135]) 137 ) 140 ) 142 | 144 ] 145
13 3 D00 ) 000 ) 005 ) 0200390591078 10941109122 [ 133 (144 153|161 | 168 175 181 [ 186[191]196]200) 204208 ) 211 214 2.17
3 4 000 ) 000 ) 006 ) 0240491 0741098 ) 120 ) 140 | 157 [ 1.72 [ 186 [ 198 | 200 ]| 219 | 228 | 236 | 244 | 251 | 257 | 263 ) 268 ) 273 | 277 | 2.8 | 285

3 3 000 ] 000 ) 006 | 026 | 055 085|115 142 ) 166 1.87 | 2.07 | 2234 ] 230|253 ] 266 | 277 288 [ 2097 | 306 | 3.14 | 322 | 328 ) 335 | 341 [ 346 | 3.51

3 6 D00 ) 000 ) 006 | 027 | 058|093 J 1271158 187|213 (236 (2537276203308 322 | 3535347 [357]367]376)385)303)400) 407 413

13 7 000 ) 000 ) 005|025 | 0358 0961341160202 2322350 (284306326 3451361 | 376|300 403 ) 415]426) 436 446 | 435|463 | 471
13 g 000 ) 000 ) 004 023036 096136176212 246|277 ] 305] 33 3541375394 ) 412 ) 420 ) 444 | 458 | 471 | 483 ] 494 ] 504 ] 514 | 523
13 9 D00 ) 000 ) 003|020 ) 032|092 135177217 | 254 [ 288 [ 320 340137513901 421 | 442 | 461 | 478 | 494 | 309 ) 523 ) 537|549 | 560 | 571
13 10 000 ) 000 ) 002 ) 017|047 086 ) 130 ) 174) 216|356 204 3238 360|390 417|442 | 465|487 306]] 335]3542) 558 ) 573 | 587 | 600 ) 6.13
13 11 000 ) 000 ) 001 ) 013 | 040 078 J 1221167 ) 211|354 (2040331 (366|398 ]| 428|456 | 482 | 506 338 ] 349 ] 368 ) 587 ) 6.04 | 620 | 635 | 649
13 12 D00 ) 000 ) 001 | 010 ) 034069 111 1571202246 (280 328 366|401 | 434|464 402519 544 ] 3567 ] 580 ) 600) 628 ) 646 | 663 | 679
13 13 000 000|001 | 002 | 028 ([ 060 ] 100 ) 144 ) 100 235 2790 ) 321 ] 361 | 398 ) 433 ) 466 | 407 (52 553 | 5.7 602 625] 646 | 6.66 | 6.85 | 7.03
13 14 D00 ) 000 ) 000 ) 005 ) 022050088 ) 130 ) 175221266300 350]390] 427462 | 406 537 356] 384 ] 610 ) 6.35) 658 | 680 | 7.01 | 7.20
13 13 0000 0000 000 004017 ] 041 075 ) 1160 159|204 (240 (204 [ 336|377 417|454 | 480 | 522 | 354 ] 384 ] 612 ) 630 ) 664 | 688 | 7.10 | 7.32
14 1 D00 000001 003 | 011 | 0170221028 J 033037 (041 (044 [ 047050 053|055 [ 057050 061|062 ] 064065067 | 068|069 0.70
14 2 000 ) 000 ) 002 ) 010020 03210441 054) 0641073 (080 (087 (094 1090] 1041109 1131 117( 13171 1234]1127) 1.30) 1.32) 135137 139
14 3 000 000003013029 046 0630790093 | 106 ([ 118 [ 128 [ 138|146 154 161 | 167 [ 173 (179 ] 184] 188 ) 192])196) 200|203 ] 207
14 4 D00 ) 000 ) 003 | 016|036 | 058 JOB0 101 120 137 (132 (166 (1791190 201210219 (2272341241 ]247)253) 258 263|268 272
14 3 000) 000) 003 ) 017|040 ] 067 J 09311100142 163 [ 183 (200 216|231 ]| 244] 256|267 (277 286]294]302) 310) 317 ) 323 | 329 ) 334
14 & 000 ) 000 ) 003 | 018 | 0430720103133 ) 160 1.86( 209 [ 230 | 240|266 282 297 | 310 ( 322 [ 334 ] 344 ]354)363) 371 ) 37 3.86 | 3.93
14 7 D00 ) 000 ) 003 | 017 | 043107511091 142117413203 (220 (2534276297316 333|340 | 363 | 377|389 |401)412)422] 43 440 | 448
14 2 000 ) 000 ) 002 ) 015 ) 041 )1 075 ) 111 ) 147 ) 18213135245 273 208|323 343|363 | 382 | 300 4141 430] 443 ) 455) 467 | 478 | 4890 | 4908
14 9 000 ) 000 ) 002 ) 013 | 038 ] 072 110 ) 148 ) 186|322 [ 235286 ( 315|341 ]| 366 388 | 400 | 420 4471463 ] 470) 404 ) 507 | 520 | 532 | 5.44
14 10 D00 ) 000 ) 001 | 011 ) 034 ) 067 106 ) 146 ) 185|224 260 | 204 | 325|355 3821 407 [ 451 [ 453 731 492 | 500 | 526 | 542 | 537 | 570 | 5.83
14 11 000 ) 000 ) 001 ) 009 ) 030 061 J OO0 ) 140 ) 181|221 (260 (206(330]362]392]1420| 446 | 471|493 ] 3515]3535) 553) 571 | 587|603 6.18
14 12 000 ) 000 ) 001 ) 007|025 0541091 ) 131 ) 1732152552041 330365397428 | 456|483 | 308 ] 331 ] 353)574) 504612 630 644
14 13 D00 ) 000 ) 000 ) 005|020 047 JOBL 121 ) 163|205 (247 (287 (3251362397420 | 460|480 3516] 342 | 566 ) 580 ) 611 | 631 | 631 | 6,469
14 14 D00 ) 000 ) 000 ) 004|016 039071 100150193235 (276316355391 426|459 (400 319347374 500) 622 )| 644 | 666 | 686
14 13 000 ) 000 ) 000 002012032061 097137 178 (221 (263 [ 304|343 382418 | 453|486/ 317 ] 347375 602])628) 632|675 697
15 1 000 000001 003|008 013018023028 [ 032[036[030[042J045] 048] 050 0533 [ 0535 [ 056|058 ] 060 061 ] 063 064] 065 0.66
3 2 D00 ) 000 ) 001 | 006 | 0150250351 045) 054|063 (070 (078 [ 084|090 095|100 104|108 (1121 116]1.19)122)125) 127130 132

3 3 000 ) 000 ) 001 ) 009 ) 021036051065 )079 1092 (103 (114123 1132]140] 147|154 | 160 166]171]176]) 181 ) 185 ) 180 ) 192 ) 195

3 4 000 000 ) 002 010026 045 ) 064 ) 083 ) 100 | 1.18 [ 1.33 [ 148 [ 160|172 183 ] 192 | 201 | 210 ( 217 ] 235] 231 ) 237 ) 243 | 248 | 2533 | 2.38

3 3 D00 ) 000 ) 002 ) 011 (029|051 075098 0120 141 (160 (178 (1041208222234 | 245|256 266]275]283)201) 208 ) 305|311 317

] 000 ) 000 ) 002 ) 011|031 ] 056083 ) 110 ) 136 160 ( 1.83(204( 223|241 ]| 257|272 | 286|208 310)321]331)341) 350 ) 338 | 366 373

: 7 D00 ) 000 ) 001 ) 011 ) 031 | 0S8 JOBT 1118 ) 1471175 (201 (2235[ 248|268 ]| 287|305 | 321|336 350]363]375)386) 307 ) 407 | 416 425

15 g 00 ) 000 ) 001 | 010 ) 030 ) 057 J OB 122 ) 154|185 (215 (242 267|291 | 313|333 | 352|360 385]400]414)428) 440 ) 4532|462 473
3 9 000 ) 000 ) 001 ) 009 | 028 055083 ) 123) 158|191 (223 (2542821308333 356 377|307 (41514321448 )464)478 ) 4091|504 518

13 10 000 ) 000 ) 001 | 007|025 052 085 ) 121 ) 157193 (2238260 (201 |320] 348373 | 307|410 440 ]14591477)4041) 510 52 340 | 3.53
3 11 D00 ) 000 ) 000 ) 006 ) 021|047 JOBO 116 ) 1531191 (228 (263 (206|327 357385411 (436 (459]480 )] 3500) 520) 538|555 | 571 | 586

12 D00 ) 000 ) 000 ) 004 | 018 | 04210731109 )147 1186224261 (296|330 361302420447 (472]1496] 3518 ) 530 559|578 ) 596 613

: 13 000 ) 000 000 | 003 ) 015 [ 036] 065 ) 100) 138177 ] 216 2541 292 |1 327) 361 ) 393 (424 ([ 453 480 506 530] 553) 575 ]596 | 616 6.34

15 14 000 ) 000 ) 000 ) 002 ) 012030 JOST) OO0 ) 127|166 (206 (245 283 | 320 356|390 | 423|453 (483311337 )562) 586 608 ) 630 630
3 13 000 ) 0.00) 000 002 009] 025040 ) 080 ) 116 154 ( 1.93( 233 (272|310 347 383 | 417 | 450 | 481 | 310 ] 339 ) 566 591 | 616 | 639 | 6.61
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Step2-P21
Counter [ Time reading ( 1 to 26)

_L E 1 2 3 4 5 1] 7 5 @ 10 11 12 13 14 15 16 17 18 1_9 20 21 22 23 24 E:'- 26
1 1 000 | 091 | 096 | 097 | 098 | O9B | 098 | 099 | 090 | Q90 | 099 | 099 | 099 | 099 |1 090 | 099 | 099 | 099 | 099 1.00 100 100 100 1.00 [ 1.00 1.00
1 2 000 ] 160 179 | 1.86 ([ 1.89 1.91 193 | 194 ] 194 ) 193 1.96 | 1.96 1956 |1 197 ] 1.97 192 198 ] 198 | 198 ) 198 | 108 1.08
1 3 000 ] 193 240 | 238 | 268 | 274 | 278 ) 281 | 283 | 285 287 | 2BE| 280 ) 2090 | 290 2031 293 ]| 204 2904 | 294 | 204 | 205
1 4 000 | 190 | 274 | 310 | 330 | 343 | 352 | 358 | 363 | 367 | 3.70 | 3.73 3751 377 )] 3.79 3B4 ]| 38B5] 386 )| 386 | 387 | 387 | 3 B8
1 5 000 ] 160 280 | 339 [ 373 ] 395 | 411 1 423 ] 432 ] 439 | 444 | 449 ( 453 1 457 | 4.60 470 1 471 ] 473 ] 474 | 475 | 476 | 477
1 3] 000 ] 1.19 | 263 3.45 3051 430 ]| 4541472 487 | 498 | 507 | 315 | 522 | 527 | 532 549 1 352 ]| 554 556 | 53R | 559 | 5461
1 7 000 | 079 ] 229 | 331 309 | 4456 | 480 | 507 | 527 )| 544 | 558 | 570 579 | 588 )] 595 621 6251 628 | 631 634 | 637 | 639
1 2 000 ] 047 ] 1.88 | 3.02 385 4451 490 ] 526 | 554 | 577 596 | 6.12 | 626 | 6.38 | 6.48 GRS 1 690 ) 695 700 | 704 [ 707 ] 711
1 9 000 ]| 025] 1.45 264 | 33 420 1 485 ]| 530 566 | 596 | 621 642 | 660 ) 676 | 690 TA40 | 747 ] 7.54 ] 760 | 7.65 7.71 775
1 10 000 | 0.12 1.05 2.2 321 402 1 467 ] 521 ] 565 | 6.01 6.33 659 | 683 | 7.03 7.21 TB6 | 795 | BO4 ] B.12 819 | B2a | 832
1 i1 000 ] 005 ] 072 177 | 278 [ 366 | 430 | 500 | 551 ) 593 6.33 665 | 694 | 719 ] 741 222 ] B34 ] B45 | 855 | 864 73| E81
1 12 000 | 002 | 047 | 137 ]| 234 | 324 1 402 1 470 | 528 ] 578 | 6.22 660 | 694 ) 7.23 T7.50 249 | a3 J7 | Be0 | 901 912 | 922
1 13 000 ] 001 ] 029 ] 1.02 1902 280 ] 361 ] 433 | 497 | 5.52 6.02 645 | 684 ] 7.18 | 7.49 266 | BE4] 200 9215 | 9.2 042 | 9254
1 14 000 ] 000 ] 017 | 0.73 152 236 3171 392 430 | 519 ] 5.73 622 | 665 ] 704 ] 739 2741 895 ] 914 932 ) 940 [ 064 | 970
1 5 000 | 000 | 010 | 0.51 1.18 1951 273 ]| 348 ] 417 ] 481 5.3%9 | 591 638 | 682 7.21 274 | B9 | 920 ) 941 960 | 978 | 995
2 1 000 ] 080 089 | 023 goes | oos oo 097 | 007 | 002 | 092 | 0O8 | OOR | 0O8 goo ool ooo ] 090 | 090 [ 090 ] 000
2 2 000 | 1.43 168 | 1.78 | 183 1. 86 1 88 190 ] 191 142 1.93 184 1.94 195 1.96 196 | 1497 197 | 1.97 | 187 1.97
2 3 0001 178 1 227 | 248 [ 260 ]| 267 | 272 ) 276 ) 270 ] 281 283 284 | 286 ] 287 291 201 ) 202 ] 202 [ 202 293 | 203
2 4 000 | 1.82 | 262 300 321 335 ] 345 ] 352 ] 3.58 362 3ee | 369 | 371 3.73 3 B1 3B2 ] 383 )] 384 | 385 385 | 3B6
2 5 000 ] 1.62 | 2.72 320 364 38714041 416 425 ) 433 | 439 | 444 | 449 | 452 467 1 468 ] 470 471 | 472 | 473 ] 474
2 5] 000 ] 128 250 338 [ 388 ] 4221 447 ) 465 ] 480 ] 492 5.02 510 | 317 | 322 546 | 348 ) 551 ] 553 | 535 5356 | 358
2 7 000 | 090 | 231 3271 393 4391 473 ] 500 )] 521 | 538 | 5.52 564 | 374 | 5383 617 |1 621 | 625 ] 628 | 631 634 | 636
2 2 000 ] 057 ] 1.93 3.02 3Bl 440 | 484 ] 520 548 ] 5.71 5.00 | 606 | 620 ] 632 681 686 6901 696 | 7.00 | 704 | 7.07
2 9 0.00 | 0.33 1.52 266 | 356 [ 426 | 481 ) 5325 ] 561 ] 590 | 6.15 637 | 655 ] 671 736 | 743 T30 | 7.56 | 7.62 767 7.7
2 10 000 ] 017 ] 1.14 | 2.25 3221 401 4651 517 ] 5601 597 | 6.2 6.55 | 678 | 698 781 7oL 1 200 )] 208 [ 815 222
2 11 0.00 ]| 0.08 | 0.81 184 | 2B2 | 366 438 | 498 | 548 ) 592 6.20 | 6.61 6RO | 7.14 218 | B30 ]| B41 | 851 | 861 2.69
2 12 000 | 004 | 054 | 144 | 239 | 327 1403|469 ] 526 ] 576 ] 619 | 657 | 690 | 7.20 245 | B50 )| B73 ) BB6 | 897 | 908
2 13 0.00 ] 0.01 | 0.35 1.00 | 187 [ 284 ] 363 | 434 ] 495 551 5.0 643 | 6.81 7.15 262 | BEO] Bo5 ] 911 | 9.26 [ 939
2 14 000 ] 001 | 021 080 | 138 241 3201 394 ]| 460 | 519 | 5.72 620 | 663 | 7.02 7. 271 g02 1911 )] 92929 | 945 261
2 15 000 | 0,00 | 012 056 | 124 | 200 278 ) 351 | 419 | 482 539 | 590 | 637 | 680 19 755 TEE | B18 | 845 | 71 2951 917 | 938 | 957 | 9795
3 1 000 | 064 | 080 | 086 | 089 | 091 093 1 094 | 094 ] 095 096 | 096 | 096 | 097 ] 097 | 097 [ 097 | 097 [ 098 | 098 J 098 | 0OG8 | 098 | 098 | 098 | D98
3 2 000 | 1.19 1.51 166 | 1.73 1.78 1.82 184 ) 186 | 187 | 1.89 | 190 1.90 191 1.92 192 1.93 193 1.94 1.94 1941 194 | 195 1.95 195 1.95
3 3 000 ] 1.35 ] 207 | 2.32 247 | 256 ) 263 | 268 | 271 | 274 | 277 | 2.79 | 281 2B2 ) 283 284 | 285 286 | 287 ) 287 | 288 | 280 | 289 290 | 290 | 290
3 4 000 | 1.60 | 243 283 307 322 ] 334 ] 342 ] 349 354 | 358 [ 362 ] 365 ] 367 369 ] 3.71 3.73 3.7 3761 377 ) 378 379 )] 380 | 381 382 | 382
3 5 000 | 161 | 258 | 314 | 349 | 374 ] 391 | 405 ] 415 ]| 423 | 430 | 436 | 441 445 | 449 | 452 | 455 | 457 | 459 | 461 463 |1 465 ]| 466 | 468 | 469 | 470
3 3] 000 ] 1.38 | 253 326 | 375 409 ] 434 | 454 | 460 ) 482 | 492 501 SO0B | 315 ] 520 525 | 529 | 533 | 537 )| 540 ) 542 545 ]| 547 | 550 | 5532 | 553
3 7 000 ] 1.06 | 232 32 | 383 [ 4281 462 ] 489 ) 510 )] 528 | 542 555 365 ) 574 ] 582 | 589 | 596 [ 6.01 606 | 6.11 615 ] 619 | 622 6.25 628 | 631
3 2 000 ] 074 200 300 ([ 375] 431 4751 310 ] 538 ] 561 581 507 | 611 6241 635 ] 644 [ 6.53 661 GO | 674 ) 680 ) 685 ] 6900 [ 694 | 698 [ 702
3 9 000 ] 047 ] 164 | 269 | 354 ] 421 4741 317 | 532 ] 581 606 | 628 | 646 | 663 | 677 | 689 | 701 711 T20 ) 728 ) 736 743 | 749 | 7.55 761 766
3 10 0.00 | 027 127 | 2.33 324 399 ) 460 ] 511 ] 555 )] 589 | 620 | 647 | 670 ] 690 | 7.08 724 ) 739 | 752 | 763 | 774 ] 784 ) 793 | 801 809 | B1la | 822
3 i1 000 ] 014 ] 094 | 1.93 287 | 368 |1 436 494 ] 543 | 586 | 622 654 | 682 ) 707 720 | 740 [ 767 | TEY | TO7 ) 211 2231 834] 844 | 854 | 862 [ 271
3 2 000 | 007 | 066 | 1.55 247 | 331 404 1 468 )| 524 ) 5.72 6.14 | 651 684 | 7.13 7.40 | 7.63 7.85 804 | B22 ]| B38| E53 ) B67 | B79 | 8, 902 | 912
3 13 000 ] 003 | 044 | 1.20 [ 207 ] 290 | 367 ) 435 ) 405 ] 549 [ 596 | 639 | 676 | 7.10 | 740 | 7.68 | 7.93 216 | 837 | 856 24| 800 | 905 ) 819 | 933 | 945
3 14 000 | 001 ] 02 090 | 168 [ 2491 326 ] 3971 461 )] 519 ] 5.71 617 | 660 | 698 7.32 764 | 7.92 819 | 843 ] 865 | BB6 ] 205 | 923 940 | 955 [ 970
3 5 000 | 000 | 017 | 0.65 134 | 200 ) 284 ] 356 )] 422 ] 483 539 | 5389 | 635 ] 677 7.16 | 7.51 783 213 | B41 266 | BoO0 | 912 ) 932 .51 069 | 9Bs
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4 1 0001 048 ) 068 [ 0.78 [ 033 | 086 | 083 | 090 ) 091 ) 092 ) 093|093 [ 0941094 085] 095 | 095 (09| 096 09| 096 ] 095 087 [ 0.57
4 2 000 ] 091 ) 1.31( 1.50 | 161 | 1.68 | 1.72] 1.76] 1.7 1.81 ([ 183 ) 184 ) 186 ] 187 ) 188 | 1.88 | 1.859 ) 1.90( 190 )] 191 | 191} 152 ) 1.92 ] 1.92
4 3 000 ] 127 ) 183 (212|230 | 2422502571261 ) 265|269 271 (273 12752772578 280281 | 282 | 283 | 284|284 285 286
4 4 0001 14001 2310 [ 261 [ 2837 | 305 | 318 | 3238 ) 336]) 342 | 348 | 3352356350361 )] 364 | 366( 368 370371 ]|372]374) 375376
4 3 000 ] 1.56) 230 [ 294 | 330 356 | 375 ] 380 ) 401 | 411 | 418 ] 425 | 430|435 430|443 | 446 | 449 [ 452|454 | 456 ] 458 ] 460 | 4.62
4 6 000 ] 146 ) 242 [ 310 | 357 | 392 | 418 | 438 ) 455 468 | 479 | 480 | 407 | 504 ) 510 515 | 520 524 [ 52B | 531 | 535|537 540 | 543
4 7 00011231 331 [ 310 369|413 | 44714741 4095) 514 | 520 542 [ 553 | 563 | 571 ] 579 | 586 591 | 597 | 602 | 606 | 6.10 ) 6.14 | 6.17
4 8 000 ] 095) 207 [ 297 | 366 | 419 | 462|496 524 ] 548 568 | 585 ( 599 ] 6.12 ] 6.23 658 | 6.64 | 670 ] 6.76 | 6.81 | 6.86
4 9 000 ] 066 ) 177273350 413 | 464|505 540)] 569 | 594 | 616 635 ] 651 ) 666 T10 | 719 | 73T 734 )] 740 | 747
4 10 000 ] 0421 143 (241 | 335 395|454 ] 503 ) 544] 579 | 6.00 | 636 [ 659 ] 679 | 697 753 | 764 | T74) T84] 702 | 8.00
4 11 0001 0240 111 [ 206 [ 203 | 360 | 433 ] 480 ) 536] 578 | 613 | 645 [ 6721 697 ] 7.10 JEE | 801 ) 813 ) B25] 835 | 845
4 12 000 ] 013 ) 081 (170|256 33 405 | 466 | 519 ] 566 | 607 | 643 | 676 | 705 ] 731 812 | 820 | 844 | B58 ] 870 | 8.82
4 3 000 ] 0061 057 (135210 208 | 371 ] 436 404] 546 | 592 33 | 670 ) 7.03 | 7.33 828 | B48 | 865 ) 882 ] 897 | 0.11
4 14 000] 0031038 [ 104181 ] 2503331401 )462]) 518 | 568 | 614 [ 655] 692] 726 835 | 858 | 878 ) 897 ] 915 | 9.32
4 15 000] 0011 024 [ 078 147 ] 221 | 293] 362) 426] 485 ] 530 ] 588 33 | 674 | .11 834 | 8260 | 283 ) 005 ] 9.23 | 0.44
3 1 000 JO032) 056 (068 075|079 0B2|JOBSJ 08| 0O8R|) 08 [0090[ 0091 ] 091] 092 094 | 094 J 0941095 ] 093] 095
5 2 000 ] 0650 100 1.32 [ 146 | 155|161 ] 1660 1.70) 173 ) 1.76 | 1.78 [ 1.79 ] 1.81 | 1.82 . 1.86 | 1.87 ] 187 ) 1.88 | 1.88 | 1.80
5 3 000] 097 ) 1.55( 1.88 | 210 | 224 | 235 | 243 ] 240 ] 254 | 258 | 262 | 265 | 2.67 | 2.60 . 273 | 2.7 276 297 | 278 ) 279 ] 280 | 2.81
3 4 000 1241191 | 235 | 264 | 285 | 300 312 ) 321|328 ) 335 | 340 | 3441348 3521354 | 357|359 (362363 ] 365|367 368 3.60
5 5 000 ] 1420 216 [ 269 | 306 | 334 | 355 371 ) 384] 394 ) 403 [ 411 [ 417423 428] 432 | 436 (439 ] 4421 445 ] 448 | 450 ) 452 [ 454
5 6 000 ] 147 228 [ 280 | 335 370 | 397 | 419 ) 436 ] 451 | 463 | 473 [ 4821490 497 ] 503 | 508 [ 513 | 517 | 321 | 525 | 528 ) 5.31 | 5.34
3 7 D001 1371226 [ 296 351 | 394|428 | 4551478497 | 513 | 526 538 | 548 | 557 ] 566 | 573 [ 579 | 585 | 5390|5395 | 600 ) 6.04 [ 6.08
5 8 0001 1157 212 (2091 [ 354 404|445 470 ) 507 ] 531 | 551 | 569 | 5841597 ) 609] 620 | 620 [ 6.3 645 | 652 | 6590 ) 665 ] 690 | 6.75
3 9 000 ] 088 ) 190 (274345 403 | 451|491 ) 525) 554 ] 579 ]| 601 | 620] 636 651|663 | 677 | 687 [ 697 ) 706 | 7.15 ] 7.22 ] 7.20 | 7.35
3 10 000 ] 061 ) 161 249 | 3235 390|445 14921531 566 595|622 (6451665 684 700 ) 715 728 | 741 | 752 | 762 | 772 780 7.88
5 11 000] 039 130 219 200 360 | 4201 482 527] 567 | 6.02 33 [ 660 ) 684 | 706 ] 726 | T44 [ 760 ) 77 T80 | 201 ] 8135) 824 [ 83

3 12 0001 0227 101 [ 1.86 [ 267 | 340|405 ] 463 ) 514 ) 558 | 5098 | 634 | 665 | 694 ) 7.19 | 743 | 764 | 783 [ 801 | 817 | 832 ] 845 ] 855 | 8.71
3 13 000 ] 012) 074 [ 1.53 | 232 | 307 | 395 37| 492541 [ 586 625 661 | 694 ) 723 750 774 ) 797 8.18 37| 854 ) 871 | 886 | S.00
5 14 000 ] 006) 0352122197271 1341|405 464|517 | 565|609 | 649 | 685718 749|776 802 826 | 848 | 868 | 887 905 | 9.21
3 15 000 ] 002) 035 (094|163 234 304] 360 430) 487 | 538 | 585 620 6460 7.05) 7.39 | 7.7 799 [ 8.26 | 251 | 874 ] 8956 ] 9.16 | 9.33
[ 1 000 JO20) 044 [ 057 (066 ] 072 076] 079 081 JOR3| 08508 |OR7|ORBRJOBOJORBO[ OO0 | 091 [ 001 J092]092]092] 093] 093
] 2 000 ] 0431086 113 [ 139 141 149155 ) 160 ) 164 | 067 | 170 | 1921174 176 197 | 1.79 ) 180 181 | 182 | 183 ] 184 ] 1.84 | 1.85
i 3 000 ] 0691 1236 [ 163 | 187 | 204 | 217 ] 2237 ) 235] 241 | 246 [ 2.5 254 | 2571260 ) 262 [ 265 | 267 | 268 270 ) 271 ) 273 ) 294 | 275
] 4 0.00] 097 ) 162 | 2.06 [ 23 261 | 279 292303 ) 312 ) 318 [ 3.2 33 33 340 ] 343 | 347 [ 349 352 | 354 | 356 3.58] 360 [ 3.62
6 5 0001 122 ) 100 [ 241 | 280 | 309 | 331 | 340 ) 364 376 386 394 (4021408 414 ] 419 423 (427 431 ] 434 37| 440 ) 442 [ 445
] i 000] 1381200 [ 266 [ 311 ] 346 | 374] 396 415 ] 431 | 444 ]| 455|465 474) 481 ] 488 | 404 499 [ 504 ) 5090 ] 513] 516 ] 520 | 5.23
i 7 0001 1420 217 [ 279 | 330 )| 372 1405|433 )456]) 476 | 493 | 507 [ 520 ) 531|541 ] 550 | 557 (565 ]| 571|577 | 582 ] 587 ) 502 [ 5.06
6 8 000 ] 131 ) 213 281 [ 339 ]| 386|426 450 ) 487|511 | 532|530 | 566|580 ) 5021603 | 613622 630 638 645] 651 ] 657 | 6.62
] 9 0001 1101 200 273 | 336 390|435 474 ) 507 536 ]| 561 | 583 | 602 ] 610 ) 634 ] 648 | 660 | 672 [ 682 ]| 691 | 700] 708 | 7.15 | 7.22
i 10 000 ] 0841178 [ 256 334 ] 383 | 4341478 ) 516 550 ] 579 ]| 605 | 628 | 640 ) 667 | 684 | 600 | 7.13 [ 7.25 | 737 | 748 | 7.57 | 766 | 7.75
6 11 000 ] 058 ) 151 [ 232 | 304 | 367 | 423|473 516] 554 | 588 | 618 [ 6451669 | 691 ] 7.1 | 7.20 [ 745 | 760 | 774 | 787 | 700 8.10 [ 8.20
] 12 000 ] 037122 (203|277 344404458 506] 549 | 587 (621 (652|680 705)] 728 | 750 ( 769 | VBV | 803 | 818 | 832 ] 845 [ 858
i 3 000 ] 021 ) 094 [ 1.72 | 247 | 316 | 3.79 371480 ) 535 [ 578 | 616 | 651 | 682 ) 701 | 737 | 762 | 784 [ 804 ] 2234 | 841 | 858 | 873 | 8.87
6 14 000 ] 011 ) 069 [ 1.41 | 214 | 284 | 3401 400 ) 464 ) 515 | 561 | 603 [ 641 | 676 | 708 ] 738 | 765 [ 791 | 814 | 836 | 856 | 875 893 [ 9.09
i 15 000] 005) 048 { 1.12 [ 181 | 250 | 315] 377 ) 435 488 537 ] 582 | 624|663 ) 6098 751 | 761 ] 790 ( 8.16 ] 240 | 863 ] 885 ] 9.05 | 0.23
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7 1 000 011 ] 033 ] 047 | 037 ]| 064 ]| 069 ] 072 0.75 7 0.80 | 081 [ OB3 | OB4) 085) 086 | 087 | 087 | OBE ) 080 | O8O ] 000 | 000 ] 091 | 091 [ 0.91
7 2 000 026|066 | 093 ) 112 ] 125] 135 143 ) 140 1.54 [ 1.58 | 161 | 164 | 167 | 160 171 | 1.92 ) 1.74 | 175 176 ] 197 1.78 ) 1.79 ( 1.80 [ 1.81 | 1.82
7 3 000 | 046 |1 069 | 137 | 164 | 183|198 | 210 ) 219 | 226 232 | 238 | 242 | 246 | 250 | 2553 | 255 | 258 | 260 | 262 | 263 ) 265 ) 267 [ 268 | 269 | 270
7 4 000 071 ] 132 ] 177 ) 211 ] 236] 255] 271 ) 283 ) 204302 310) 316 322]326]) 331 | 335 | 3.3 341 ] 3 346 | 340] 351 | 355 | 3.5 3.56
7 5 000 098 | 161 | 212 | 251 ) 281 | 306 | 325 341 ] 355 ] 3.66 | 3.7 3841392308404 ] 409 ] 414 | 418422 | 425 428 | 451 | 434 | 436 | 43

7 6 000 121 1 186 | 239 | 283 | 319 | 348 | 371 | 391 | 408 [ 422 | 4535 | 446 4551 4641471 | 478 | 484 | 48914941498 ) 503 ) 507 [ 511 | 514 ] 517
7 7 000 | 136 ] 202 | 258 | 306 | 347 ]| 3801409 ) 432 453 [ 471 | 486 490 | 511 | 522 ) 5351 | 540 | 548 | 555 | 561 ] 567 ) 5.72 g7 ] 582 | 586 | 590
7 8 000 | 1.38 ] 208 | 268 | 320 | 365 | 403|436 464 480 [ 510 | 528 | 545 | 350 | 573 | 584 | 595 | 604 | 613 | 621 | 620 ) 635 ) 642 [ 648 [ 653 | 658
7 9 000 1281 2053 | 268 | 324 | 374 | 41714541 486 515 540 | 562 | 58] | 5399|1615 |1 629 | 642 | 6534 | 664 | 674 | 683 | 692 ) 690 [ 707 | 713 | 7.20
7 10 000 | 107 ] 191|259 ) 320] 373 142014621400 ) 531 | 560 58| 609 ) 630 648 | 665 | 681 | 695] TO8 | 720 73 741 | 750 [ 7.59 | 767 | 775
7 11 000 | 081 | 170 ]| 242 | 306 ] 364|415 1461 ] 502 539|572 (601 ]| 6271651673683 | 7.11 | 728 | 743 | 7.57 | 7.7 7.82 | 794 | 8.04 | B.14 | 823
7 12 000 | 056 144 | 2,19 | 286 | 347 | 40214521497 537 [ 574 | 607 | 637 | 664 | 680 712 | 733 | 732 | 7.7 787 | 802 ] 816 | 829 | 842 ] 833 | .64
7 3 000 | 035 ] 116 | 102 | 260 | 324 | 3821 435) 484 528 | 568 | 605 | 638 | 660 | 697 | 7.23 | 747 | 760 | 780 | 808 | 826 ) 842 ) 858 [ 8.72 | 8.86 | 298
7 14 000 ) 020) 089 ]| 1621231 ] 296|356 | 412464 511 (555 |505[/632]|666]697) 726 753|777 300 3822]1842) 861 ) 878 ) 895 | 910 9.25
7 15 0.00 | 0.10 | 0.65 S3 201 ) 365 ) 3237) 384 ) 438 ) 480 ) 535 | 578 618 655 ) 680 ) 721 | 751 ) 778 ) 204|823 ) 251 ) 872 ) 801 | 010 | 07 044
3 1 000 | 006|023 | 038 | 048 | 056|061 0661 0691072 (074|076 078|080 081 082085 | 084|085 0B85] 086087087 (088 ](088]| 089
8 2 000 0141 048 | 075 | 095 ]| 1.10 ] 121§ 130 ) 1.37 | 1.43 [ 148 | 152 ] 155 | 158 | 1.61 | 163 | 165 | 1.67 | 1.69 | 1.70 ] 1721 173 ) 1.74 [ 1.75 [ 1.76 | 1.77
8 3 000 0281075 113 ) 141 | 1.62 ] 178 191 ) 202 210 [ 2,18 | 224 | 220 | 234 | 2.38 | 242 | 245 | 248 | 250 | 253 ] 255 ) 2.57 ) 250 [ 2.60 | 2.62 | 243
8 4 000 | 047|104 | 148 ) 183 | 210 | 231 | 248 | 262 | 2.74 [ 284 | 202 | 300 | 306 | 3.12 | 317 | 321 | 325 | 3290|1332 ]335 338 )340( 343|345 347
8 5 000 072 ] 133 | 1.82 | 221 ] 253 ] 27 300 317 332 ]| 345 | 355|365 373381387 ] 3093309403 1408 ) 4121 415 410 4232 ] 425 ] 427
8 6 000 098 | 160 | 2,11 | 2534 | 290 | 319 | 5344 ) 365 | 3.83 [ 3.99 | 412 | 424 | 435 | 444 | 452 | 460 | 467 | 473 | 478 | 484 ) 488 ) 493 [ 497 [ 500 | 5.04
8 7 000 121 | 182 235 | 280 | 319 | 353 | 3821406 428 | 446 | 462 | 4771490 501 | 511 | 52 529 [ 337 | 544 |1 550 ) 556 | 562 | 567 | 571 | 376
8 8 000 ) 135) 197 ] 2511 200] 341 3791411430 ) 464 (485 | 50552215371 551]563 ) 574 585) 594 )603)611) 618 6251 631 37 [ 6.42
8 9 000 | 1.36 ] 203 | 259 | 310 | 355]| 39614321463 ] 491 (516|530 550 | 3577 | 593|608 | 621 | 633 | 645 | 655]1 665 ) 673 ) 682 [ 680 | 696 | 7.03
8 10 000 | 1251199 | 258 ) 312 | 360 | 40414441479 511 [ 539 | 564 | 587 | 608 | 627 | 644 | 660 | 674 | 688 | 700 ] 711 ) 722 ) 732 [ 741 | 750 | 758
8 11 000 | 1.04 ] 185 ]| 249 | 306 | 358 ]| 40514481486 521 | 553 | 582 | 608|631 | 653|673 | 6091 | T08] 7241 7.3 T51 | 764 | 775 | 786 | 706 | 806
8 12 000 | 079 ] 164 | 232 | 202 | 347 ]| 3071443 ] 485 ) 524 [ 550 | 501 | 620 | 647 | 671 | 604 | 7.14 | 734 | 752 | 768 | 784 ] 798 ) 811 { 824 [ 836 | 247
8 13 000 | 054139 210 | 273 | 330 | 383 1 4321477 519 [ 557 | 592 | 624 | 654 | 681 ) 706 | 730 | 7352 [ 772|791 | 808 ) 825 ) B40 [ B55 [ 868 | 28]
8 14 000 ] 0341112 183 | 248|307 | 3634141462506 | 547 | 585|621 ) 653 683 712 7.3 T62 [ TRBS | 806 | B26 ) 844 | B62 | BUR | BO4 | 009
8 15 000 019|086 | 1.55 | 220 | 281 | 338 )] 391 | 441 | 488 [ 532 | 572 | 610 | 646 | 6.79| 710 | 738 | 765 | 790 | 814 | 836 | 857 | 877 [ 895 [ 913 | 929
9 1 000 003016 [ 029|040 [ 048] 0540590063066 [ 060 [ 071073 075077078079 080 ] 081 J0O82]O0O83]) 084084 /([ 08 086] 0.8
9 2 000 007 | 034|059 | 079095107117 125]) 131 ] 137 [ 141 | 146 149 1.52 ] 1.55 ST (160 ) 162 ) 163 | 165) 167 ] 168 ) 1.69 ) 1.70 [ 1.72
g 3 000 016 ] 055 | 000 | 1.18 ]| 1.40 ] 1581 172 ) 1841 1.94 [ 202 | 200 ] 215 | 221 | 226 | 230 | 234 | 237 | 240 | 243 ] 245 ) 248 ) 250 { 2.52 [ 2.54 | 255
9 4 000 0201079 1.21 | 156 | 184 206 | 2235 240 ) 253 | 264 | 274 | 282 | 280 | 296 | 302 | 307 | 311 ] 316 | 3.19 | 323 ] 3.26 ) 320 | 3.32 [ 33 3.37
9 3 000 | 049|105 | 152 | 191 | 224|250 273 ) 292 | 308 [ 322 | 3534 | 344|354 362] 369 37 382 [ 387 | 39213971401 405 | 409 | 412 ] 415
g i 000 073] 135 ) 1.83 | 2.2 260 | 200 ) 316 ) 338 ) 357 | 374 | 388 | 401 | 413 | 423 | 432 | 440 | 448 | 455 ] 461 ] 467 ) 472 J7 | 481 | 486 | 490
9 7 000 | 099 ] 159 | 209 | 252 ] 291 | 324 ] 353 ] 378 | 400 [ 420 437 ]| 452|466 478 | 489 | 4099 | 508 | 517 | 524 ] 531 ] 538 ) 544 [ 5.5 3.35 | 3.60
9 8 000 | 121 ] 181 | 230 | 275 | 316 | 352 | 384 412 | 437 [ 459 | 479 | 497 | 313 | 527 | 540 | 552 | 563 | 373 | 582|591 | 599 ) 606 [ 6.13 | 619 | 625
g 9 000 1.34]1 105 | 245 | 202 | 3.3 3721407 ] 438 ) 466 | 401 | 513 [ 5.3 352 ] 560 584 | 508 | 611 | 623 | 6.3 644 | 653 | 662 | 6.70 | 6.78 | 6.85
9 10 000 ] 135) 169 [ 2352 | 300 ] 345 | 386 )| 42314571 488 | 515 | 541 [ 564 ) 585 | 604] 621 | 637 | 6532 | 666 ) 679|690 701 ) 712 [ 721 | 730 | 7.39
9 11 000 ] 1231185 [ 231 | 302 | 3483921431 1468 502|532 | 560 3586609 631 ) 651 | 669 | 686 702 ) 717|730 743 ) 753766 777 7.86
9 12 000 1.02 ] 1.81 | 242 | 205 | 344 | 390 |1 433 )1 472 | S08 [ 541 | 572 | 600 | 627 | 651 | 673|694 | 713 | 73 T48 | 763 ]| 778 | 701 | B804 ) B.16 | 828
9 13 000 | 077 ] 160 | 225 | 282 ]| 334 ] 3821 4237]1 468 | 507 [ 543 | 577 | 608 | 636 | 663 | 688 | 711 | 733 | 753 | 771 | 78O | 806 ) 821 [ 836 [ 849 | 262
9 14 000 | 053135203 ) 2623173671414 458 500538 | 574 | 608|630 | 668) 606 721 | 745 767 | 788|808 ) 826 ) B44 ([ 8B60 ([ 876 201
g 15 000 ] 033 ] 108 | 177 | 238 ] 295] 347 ] 396 442 486 [ 527 | 565 ]| 601 | 635 667 ]| 6096 | 724 | 730 | 775 ]| 798 ] 820 ) 840 ) B60 [ 878 [ 895 | .12
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10 1 0001 001 | 011 | 022 ] 032|040 0470521056060 (063 (0660680700721 074|073 076(078] 079 080]) 080] 081 | 082 ] 0.83 | 0.83
10 2 000 ] 003023 | 045 | 064 | 080 093] 103 ) 112 119 1.26( 131 13 140 ) 143 | 146 ( 149 ( 132 ] 154 | 156 | 158 ) 160 | 1.62 | 1.63 [ 1.64 [ 1.66
10 3 000 ) 008 ) 038 (070 (097 | 120|138 ) 153166 177 [ 186 (104 201 | 207 ) 212 ) 217 | 222 | 226 | 220 | 232 | 235 ) 238 | 240 | 243 [ 245 | 247
10 4 00010 017 ) 057 [ 006 [ 130 ] 158 | 181 ) 201 ) 218 ] 232 [ 244 [ 254 [ 264|272 ) 279) 285 201 2067 (301 306] 3109 313 ] 317|320 ([ 323 [ 336
10 3 000] 0311081 | 125 163 ) 195 222 | 246 | 266] 283 | 208 ) 311 [ 322 | 333 | 342|350 357 | 364|370 376] 381 | 386])] 300 3.04] 308] 402
10 ] 000 ) 0350 ) 1.07 | 134 [ 194 | 230 | 260 | 287 | 300 | 330 [ 348 [ 363 [ 377 | 389 ) 400 ) 410 | 419 | 428 | 435 | 442 | 446 ) 454 | 460 | 465 [ 470 [ 474
10 7 DO00) 075 ) 134 ) 181 [ 224 ) 261 | 2041324 34013721302 ) 410 426 | 441|454 466 | 476 486|495 ) 3504] 511 519 ) 525 (531|537 | 342
10 g 000 ) 100 ) 159 | 207 [ 249 | 288 | 323 ] 355 | 383 | 408 [ 431 [ 451 [ 470 | 487 ) 502 ) 515 | 528 | 540 | 550 | 560 | 569 ) 578 ] 586 | 5.93 [ 6.00 [ 6.06
10 9 000 ) 121 ) 180 | 227 [ 270 310 | 3471 381 | 411|439 (464 [ 487 [ 507 | 5326 ) 543559 | 574 | 5875991611 1621 ) 631 ) 641 | 649 [ 657 6.65
10 10 000 | 1.34 ) 193 | 241 | 285 | 326 365 ] 400 ]| 433|463 (4090 (515 538 ] 559]579] 5096|613 | 628 [ 642 ] 655 668 ) 679 ] 690 | 7.00 | 7090 | 7.18
10 11 000 ) 1341 197 | 243 | 203 ] 336 ) 37 41314481480 (510 (537 ]| 562 | 5851 607] 627 (645 (663 ] 6791694 ) 708) 721 ] 733 [ 744] 755] 7.85
10 12 D00 ) 1221192 | 245 (294 | 338 | 38014191456 400 (522 (5525791 605)629) 651|671 | 6090 708 735741 ) 756 770 783 (7095 807
10 13 000 | 101 | 1.78 | 236 | 287 ]| 334 | 3.7 4191 458] 404 (5283 560] 590617 ] 643 ] 668 [ 690 ( 712 ] 7321 750 ) 768 ) 784 ] 800 [ 8.15 ] 8230 ] 842
10 14 0000 076 ) 157 [ 220 [ 2741 3231360014121 4531401 (527561 [ 3503|623 ) 4651|678 | 703 [ 726 7481 769 ) 783 ) 8.06] 824 [ 840 [ 856 ] 871
10 13 000 ) 052 ) 1.32 [ 198 [ 255 ] 306 354) 390 ] 442] 482 (52055 391 ) 6231653 ) 681 | 708 | 734 | 758 ) 780 | 802 ) 822 ) 841 ) 8350 | 877 | 803
11 1 D00 ] 000 | 007 | 016 [ 023 | 033 | 040 0451050054 | 038 | 060 [ 063 | 065|067 062 | 071|072 0740751076077 078 (079 ] 0.79] 0.80
11 2 000 ) 002) 015 | 033051 | 067 |0OB0J 001 ) 100) 108 [ 2.14 (1201325130 134) 137 141 | 144 [ 146140151 ) 153] 155|156 158 1.60
11 3 000 ) 0041 026 | 033 (078 ] 100 119 135 ) 148 160 ( 1.70 ( 1.78 ( 1.86 | 193 ) 1.99) 2.04 | 209 | 2,13 [ 2,17 | 2.21 | 224 ) 227 ] 2.30 | 2.33 [ 235 [ 238
11 4 D001 009 ) 040 | 075 [ 106 1341158 ) 178 ) 195210 (223 (234 2451253 ) 261 ) 269 | 275 281 (285291 |296) 300 ) 304307 (311314
11 3 0001 018 ) 059 | 100 [ 136 ] 16811951 210) 240] 258 (274 (288] 300 3119 32 330 ) 338 | 345 [ 352|350 364 37 374 379 | 383 | 387
11 & 000 ) 032) 082 | 1.2 [ 166 200 231 ) 258 ) 281|302 (321 (337 (352|365 ) 377 388 397 | 406([ 4154221420 436 442 447 [ 452 457
11 7 000 | 052 108 | 134 195( 231 ]| 264] 293 | 320] 345 (364|382 3599]415] 42 441 [ 453 [ 463 73] 482 ] 490 ] 4098 ] 505 [ 512 | 518 | 5.4
11 g 000 ) 076 ) 1.35 | 1.81 (223 ] 260 | 204132351 3541370 (402 [ 423[ 4421 459)475) 480 503 | 515 [ 3526|337 | 546 ) 555 ] 564|572 (579 [ 586
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Step 3-P30
. Delta T (°C)
R];;udljeug Sum oN-2 o Integration D(v) —
@ ok C) £ phr Cr 10 phr Cr 15 phr Cr

1 0 0 0 0 0 N/A N/A N/A N/A
2 147.09 6054.97 0.16 6467.67 001754 218 168 246 149
3 27733 5693.90 0.22 6346.66 0.02435 374 300 509 402
4 392.56 5368.75 0.27 6251.69 0.02037 525 387 67.7 502
5 49305 5064.43 0.31 6166.95 0.03346 66.3 725 79.6 76.9
6 583.12 4781.69 035 608939 0.03694 79 853 805 88.1
7 661.77 452142 0.38 6016.73 0.03998 851 LERY Q72 06.4
8 73145 4283.08 041 504758 0.04269 041 101.8 103.2 103
9 793.50 4065.26 044 5881.02 0.04512 100.8 106.9 1073 1075
10 §40.03 3866.19 0.47 581642 0.04733 1053 110.6 111 111
11 808.97 3684.03 0.49 575334 0.04935 108.4 114 1136 113.6
12 044 00 3517.05 0.52 569145 0.05121 112.7 116.2 1155 1158
13 085.03 3363.064 0.54 363056 0.05291 1135 1178 117 1175
14 1022.33 322236 0.56 557051 0.05448 1151 1195 1183 118.7
15 1056.43 3091.93 0.58 351123 0.05594 116.6 1205 1192 1196
16 1087.74 2971.23 0.61 545265 0.05729 1173 1213 1198 1204
17 1116.55 285927 0.62 5390476 0.05854 118.1 121.9 1203 121
18 114317 275518 0.64 533752 0.05970 1179 1224 1206 1214
19 1167.82 2658.18 0.66 528096 0.06078 1186 1227 121 1218
20 1190.72 2567.61 0.68 522507 0.06178 118.1 123.1 1212 1221
21 1212.03 248286 0.70 516936 0.06272 118.1 1233 1214 1222
22 1231.92 2403 41 0.72 511535 0.06359 1193 1235 1216 122 4
23 1250.53 232878 0.73 5061.55 0.06440 1193 1236 1217 1226
24 1267.96 2258.57 0.75 5008 47 0.06516 1194 123.7 121.8 1226
25 1284 34 2192 39 077 4056.11 0.06586 1197 1238 1218 1227
26 120074 212992 0.78 4004 49 0.06652 1199 1238 1219 1228
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Appendix C : Empirical Results from Lewis - Nielson Model

*

phr Gr P, C; C, B: B, A P b K eff Ket LN
0 0.000 | 1.092 1.000 0.286 0.999 15 0.103 0.000 1.079 0.162
5 0.029 | 1.089 1.026 0.286 0.999 15 0.100 0.029 1.158 0.174
10 0.057 | 1.087 1.051 0.286 0.999 15 0.097 0.057 1.239 0.186
15 0.083 | 1.084 1.075 0.286 0.999 15 0.094 0.083 1.322 0.198
20 0.108 | 1.082 1.097 0.286 0.999 15 0.092 0.108 1.408 0.211
25 0.132 | 1.080 1.118 0.286 0.999 15 0.089 0.132 1.496 0.224
30 0.154 | 1.078 1.138 0.286 0.999 15 0.087 0.154 1.588 0.238
35 0.175 | 1.076 1.157 0.286 0.999 15 0.085 0.175 1.683 0.252
40 0.195 | 1.074 1.175 0.286 0.999 15 0.083 0.195 1.781 0.267
45 0.214 | 1.072 1.192 0.286 0.999 15 0.081 0.214 1.882 0.282
50 0.233 | 1.070 1.208 0.286 0.999 15 0.079 0.233 1.988 0.298
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