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abstract:

the importance of continuous training, which builds on the actual
needs of the business performance of institutions, This paper discusses
the reality training company corner of the oil refining and the most
important problems related to the identification and training systems
training needs, this study aims to identify the main difficulties faced by
the training department to carry out its functions and the attention span
of the senior management training in an attempt to develop solutions
through key assumptions is the link between the development of plans
and training programs based on the actual needs and improve job
performance of employees, and the type and level of qualification to
the existing functions of management training and their ability to
determine the type of training programs. The researcher used
descriptive analytical method in the evaluation of the study variables
and the relationship between them, relying on conventional sources
and references for defining factors of the study, and using the card
questionnaire to collect data about the questions posed the problem of
the study sample, which was distributed at random. And then analyze
the data to get the information to test hypotheses and the formulation
of the results that respond to the objectives of the study, the most
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important of which tab: Accept the first hypothesis: Because 72% of
the study sample answered yes which indicates a large statistical
significance with respect to the hypothesis. Not to accept the second
hypothesis: Because 77% of the study sample believe they need
training, which indicates strongly to the invalidity of the neglect of
training management, employee performance level through training
programs offered by the company, where 67% of the workers
answered yes in terms of benefit programs of training reflected on the
performance of workers as there are obstacles to the establishment of
training administration tasks including: the size of a large company
workers compared to the activity and the volume of work, the study
recommended a number of recommendations including: the need to
take into account the economic feasibility of employment compared to
the size of the workload and increase the financial allocations for the
training process. Keyword: training, training needs, industrial
organizations, the petroleum sector institutions.
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the paper (for the reviewing), and 200 LD If the paper
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18.41 cm). Extra pages the authors will pay 25 LD per page.
The Authors will get a hard copy of journal and their paper
will publishing on the website of the journal.
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Account number of : 301-54810
Or
via Western union
Mr. Ahmed S M Agena
Al Zawiah City
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Information about the Science and Technology
Journal

The Science and Technology Journal (STJ) publishes research from all
fields of academic . technical and applied sciences. The final editing
and formatting of all accepted papers is done by the editorial board to
ensure the consistency of the format and the quality of the product.(
please download the final editing and formatting from the website or
facebook page ).

Scientific and Technical Areas of the Science and
Technology Journal (STJ)

First: Mechanical and Material Science Engeneering

e Engineering Materials: properties - Methods of production -
and Methods to protect.

e Deformation processes of the engineering materials.

e Computer applications and programming that used in industrial
processes.

e Fluid Mechanical Engineering and their methods to get an
advantage of them in practical life.

e Heat transfer and applications.

Second: Electrical and Electronic Engineering

= Technology of the Electrical and Electronic Materials
= Protect energy systems and methods of control
= Electronic control systems and their applications
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Third:

Modern communication technologies and their applications

Computer and Information Technology
Theories of electronic and digital signal

Architecture and Civil Engineering

0O 0O O o o0 O o O ©o

Forth:

Sustainable infrastructure

Modern construction applications

Technology concrete structures

Engineering bridges and spending

Technology of steel structures and composite materials
construction of health

Civilian architecture ..... history and evolution

waste management (solid waste and water)

Technology building materials

Petroleum and Chemical Engineering

X3
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K/ X/
L X X4

X/
X4
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X/
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L X4

Techniques of water treatment and desalination
Techniques for sewage treatment
Mathematical modeling in chemical engineering

Improve and develop techniques to extract and refine oil in

Libya

The impact of preservatives and flavors to food

Design and implementation of domestic gas distribution
network
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The publishing rules of science and

technology journal

The publishing of research and studies must adhere to the
following rules :
Firstly; The topics must be characterized by:

Originality of ideas, research studies which are submitted for
publication were not previously published .

Integrity of the scientific method , according to the rules
generally accepted in writing research and scientific studies .

Second, the contents of the paper:

The paper should contains the following parts :

Research Title (Title).

The name of the author ( or authors ) and address of the
Author (s)

The summary (Abstract): in the range of 200 words in
Arabic and English (in all cases )

The introduction .

The search method and the materials and equipment
used (Experimental equipments and procedure)

Results

discuss the results (Result Dissection)

The conclusion (Conclusions).

Thanksgiving (Acknowledgement).

References : depending on the context and writes the
conventional and are referenced in the text as the author
(‘or authors ) and the year of publication.
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Thirdly — Font and writing :

The language of research or studies paper should be English
and does not exceed 250 words .

The number of pages must not exceed 15 pages.

Use Microsoft Word text editor to write the paper, Spacing
between the lines is 1.5 and the fonts types and size should be
as in the following table

55rt Type of font Size of
the font
Paper title Times New Roman (Bold) 14
Authors name Times New Roman (Normal) | 12
Affiliation: Times New Roman (Normal) | 11

Department Name of
Organization, Name of
Organization, City,
Country

Email: address | Times New Roman (Normal) | 10
desired
(without
hyperlink in E-
mail)

Heading line Times New Roman (Bold) 12

Subheading Times New Roman (Bold) 11

The text Times New Roman (Bold) 10

Figure  and table | Times New Roman (Bold) 10
captions

page margins are as follows:

* Arabic language

3.0 cm from the right of the pages, 2.5 cm for the left
,the top and bottom of the pages.

* English_- language
3.5 cm from the left of the pages and 2.5 for the right ,
top and bottom of the pages.

Fourthly: Figures and Tables
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Positioning Figures and Tables: Place figures and tables at the top or
bottom of columns. Avoid placing them in the middle of columns.
Large figures and tables may span across both columns. Figure
captions should be below the figures; table heads should appear
above the tables. Insert figures and tables after they are cited in the
text. Use “Figure 1”and “Table 1” in bold fonts, even at the
beginning of a sentence.

Table 1.Table type styles (Table caption is indispensable).

Pb

Cu |Fe Ag Mn

Si Ni Others

99.5

0.03 | 0.001 | 0.001 | 0.0005

0.001 | 0.001 | 0.022

inserting a picture.

We suggest that you use a text box or a table to insert a
graphic (which is ideally a 500 dpi jpg, Bmp or tiffile,
with all fonts embedded) because, in an MSW document,
this method is somewhat more stable than directly

To have non-visible rules on your frame, use the MSWord
“Format” pull-down menu, select Text Box > Colors and
Lines to choose No Fill and No Line.

40.5 4
40.0

39.5 +

39.0

38.5
38.0 H
37.5 4
37.0 4

Die diameter (mm)

36.5 -

36.0 4
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Fig. 7-d. All die profiles

Equations:

Equations should be written
numbered sequentially,

by Equation Editor, And
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as shown the following example
_ (1q.3 _1lay
y=J_ 3x>+3x S (@))

Fifthly: references

In the text, a reference identified by means of an author‘s
name should be followed by the date of the reference in
parentheses. When there are more than two authors, only the
first author‘s name should be mentioned, followed by ’et al‘. In
the event that an author cited has had two or more works
published during the same year, the reference, both in the text
and in the reference list, should be identified by a lower case
letter like ’a“ and ’b* after the date to distinguish the works.

Examples

Nishimura (2000), Agindotan et al. (2003), (Kelebeni, 1983),
(Usman and Smith, 2001), (Chege, 1998; Stein, 1987a,b;
Tijani, 1993,1995), (Kumasi et al., 2001) References should be
listed at the end of the paper in alphabetical order. Articles in
preparation or articles submitted for publication, unpublished
observations, personal communications, etc. should not be
included in the reference list but should only be mentioned in
the article text (e.g., A. Kingori, University of Nairobi, Kenya,
personal communication). Journal names are abbreviated
according to Chemical Abstracts. Authors are fully responsible
for the accuracy of the references.

Giesielski SD, Seed TR, Ortiz JC, Melts J (2001). Intestinal
parasites among North Carolina migrant farm workers. Am. J.
Public Health. 82: 1258-1262.

Stoy N, Mackay GM, Forrest CM, Christo?des J, Egerton M,
Stone TW, Darlington LG (2005). Tryptophan metabolism and

oxidative stress in patients with Huntington’s disease. N. J.
Neurochem. 93: 611-623.

Mussel RL, De Sa Silva E, Costa AM, Mandarim-De-Lacerda
CA (2003). Mast cells in tissue response to dentistry materials:
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an adhesive resin, a calcium hydroxide and a glass ionomer
cement. J. Cell. Mol. Med. 7:171-178.

Booth M, Bundy DA, Albonico P, Chwaya M, Alawi K (1998).
Associations among multiple geohelminth infections in school
children from Pemba Island. Parasitol. 116: 85-93.0.

Fransiscus RG, Long JC, (1991). Variation in human nasal
height and breath, Am. J. Phys. Anthropol. 85(4):419-427.

Stanislawski L, Lefeuvre M, Bourd K, Soheili-Majd E,
Goldberg M, Perianin A (2003). TEGDMA-induced toxicity in
human fibroblasts is associated with early and drastic
glutathione depletion with subsequent production of oxygen
reactive species. J. Biomed. Res. 66:476-82.
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SAFETY OF POWER SUPPLY IN LIBYA

MOHAMED MUSBAH. TABEB, ALI ELMANSURI
Institute of Occupational safety and health

mohamedtabeb.m@gmail.com
ali_mns62@yahoo.com

22014 ey Zo )l 5 SISV a8 gall o 48 )l odn s o

Abstract

Safety of supplying powerconsidered the most important factor in our
modern life, it feeds all the to insure making the
developmentmovingsafely, without producing the amount needed of
power will affect the sustainability of development. safety of power
supply is essential and necessary,thisstudy will find out how Libyan
country depend on power supply to all the private and the public,
andhow Libya government company generate power and where its fuel
come from, to keep power supply safely in a level that the country
needs, Libya has many natural sources which can be used to generate
power as wind, sea, sunshine, and fossil fuels.Libya depend on only
petroleum fuels, it's the main source of generating power in the last
decades, the study will present how much petrochemicalsare produced
each year, and how much used for generating power supply, and will
present the maximum load of power that can be produced
in(megawatts) in different years in the last decade, which is came from
different number of power stations using different type of fuels to
supply variety of consumers to get the revenue of the expenses that has
been spent on generating and supplying power.

Introduction

keeping power supply moving safely is vital to all the sector in the
country, to public and to private sectors, all depend on using energy
and power supply to keep the momentum moving forward, no
development can continue with interruption of power supply, it's
important to present data on energy sector to see how much each
element of supplying power is available, it's necessary to make an
assessment and figure out what is needed to avoid shortage, and
increase the investments in power supply, it's eventual to any
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processes to keep every task needed to be accomplished. Modern
society takes few things so much for granted as the instant availability
of most limitless energy at the flick of a switch. All that is needed is a
few strands of copper wire and, of course, a meter. Electricity enables
us to enjoy a standard of living beyond the wildest dreams of our
forefathers. We can have a light and warmth wherever and whenever
we need it, machinery can release us from domestic drudgery and use
of electricity is central to work and leisure. Some other form of energy
is more convenient for some purposes but none combines at the point
of high efficiency. All benefits have to be balanced against costs and
in case of electricity the cost are the environment effects of generation
and the distribution.

Objectives are to:-
o Find out the Total Libyan producing of energy.

o Find out the type of fuel used to produce power.

e Findhow much fuel spent to produce energy at generation stations.
e Find out the Contribution of natural gas to energy network.

¢ Know a number and a type of the consumers.

o Know the revenues from energy consumption in Libya.

Results

Table (1) presents the total of production of Libyan Petroleum (2007 - 2010)

Year Total
2007 16300
2008 15859
2009 16201
2010 16424
Total in Metric Ton 64784

Figure (1) shows the total different type of petroleum production in
four years as presented in. The highest production is the fuel oil which
is recorded 27781 metric ton as the total of consecutive four years,
and the lowest production is for the natural gas ( Bottled at 791 metric
ton), while Gas oil is recorded at 16438 metric Ton.
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Fig.1. presents the Total different types of Domestic production of
petroleum in Libya

Figure.2 presents the total domestic consumption of different
petroleum products from (2006 -2010 ) Gas oil scored the highest with
21808 metric tons, and the second highest consumption is gasoline for
13556 metric tons in four consecutive years.
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Fig. 2. Domestic consumption of petroleum products ( 2006 -2010 )
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chart ( 3 ) presents the production of Gas in Billions of cubic feet in
consecutive five years, as it showed some of the gas goes to be flared
with 623 Billion cubic feet in 2008 which is the highest to burn the
gas, and exploiter of the Gas increased slowly form 405 Billions of
cubic feet in 2007 to 437.5 Billion of cubic feet in 2010

1200
1000 -~
800 - .
H Total Produced Gas(in
N
B Billions of Cubic Feet)
S 600 -
g M Exploiter
400 -
M Flared
200 -
0 .
2002000020082002010
years

Fig.3. presents the production of Gas ( Billions of cubic feet) in six
consecutive years.

Figure 4. showing the price of petroleum products in local Libyan
price (DIRHAM ) the highest is cylinder of house cooking gas with
1500 Dirham, and the gasoline prices are changing from 160 Dirham
per litre in 2006 to reach 200 Dirham per Litre in 2010, the cheapest in
Libya is the Kerosene retailed at 80 Dirham per litre and did change to
90 Dirham in 2010.
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Fig.4. presents Domestic Retail Price of petroleum products in Libya

Figure 5 presenting the maximum and the minimum of Libyan
network Loads its clear the development in network increased to the
reach 4756 megawatts in 2009 compared to 2825 megawatts in 2008.
Table2 presents how much Libyan government can generate power in
two consecutive years, the total production moved up from 28666 gig
watts in 2008 to score 30373 giga watts in 2009.

Table (2) presents the total power production ( gigawatts / hour )

Year 2008 2009
Total of power production 28666 30373
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Fig.5. presents the maximum and the minimum network loads ( 2008 -
2009)

from the figure 6 we can see clearly how much Libya government
using fuel and the type of fuel to generate power, in all types of fuel
found increase in two years comparison, it depend on using light fuel
the most to keep power supply with 3,861,713 cubic meters in 2009,
the second fuel used for generating power is natural Gas with
3,323,188,774 cubic meters in 2008. And the figure 7 presents the
Electric energy consumers which is in 2008 recorded18,451,592
consumers then has risen from 2008 to 2009, to reach 19,266,142
consumers. and the consumption of energy per capita has risen from
4360 in 2008 to reach 4602 in 2009, and the energy has sold per mega
watt is increased from 18451592 to 19266142 in 2008 and 2009
respectively.
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Fig.6. shows the Type & quantity of fuel used to generate power
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Fig.7. showing consumption per capita of energy and a number of consumers
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Figure 8 presenting different type of sectors and their number of
projects with total value of energy supplying, power production had
increased in mega watt, asthe study has found industrial sector got the
most total of energy supply sector with 2646 mega wattin 2009 to just
45 projects, while the highest number of projects is in housing sector
with 235 projects in 2009 and the total energy just 235 mega watt. the
total of all energy produced recorded at 6408 mega watts to support
the development and sustainability in different projects running in
different sector in the country with total of 527 projects.

250 B housing and utilities

200 B development centers
& 150 H Development
E universities
S
g 100 W Savings Bank

Development Fund
50 o
H General Authority for
0 Tourism
Enerav production Investment Promotion
wp Board

Fig.8.presents the number sectors and their projects with total produced
energy

Figure number (9) presenting the four different power supply stations
operating with steam to generate power, all the station in the graph
generating power and supplying the county with different amount of
power, the most high amount comes from west of Tripoli power
station with 500 megawatts a year, and the second is coming from
Khoms power station with 480 megawatts a year. and the lowest
production of steam stations is are Derna and Topruk at total 130
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megawatt to each of station, and both of them operated since 1985
with two units, each unit has capacity 65 megawatt.

500

5
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(@)
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450 -
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350 A
300 A
250 A

200 A
150 - W Station capaity

100 - 65 65
50 -

B unit capacity

power supply mega watt

Khoms Westof Derna Topruk
Tripoli
stations names

Fig.9. presents the number of steam stations, it's capacity in Libya

Figure number 10 demonstrating different power stations using fuel
gas to generate power, it found the highest amount of productions
came from West mountain station with total to 624 megawatt, the
Khoms power station come the second with 600 megawatt, and in third
for generating power from Gas stations with Total production 570
megawatt is north Benghazi station.

Figure number (11) presents how many type of fuel that Libyan
country using in power stating to keep power supply available for
sustainability, it showed Libya generate 1240 megawatts a year from
steam station which is lowest production, and then generates 2589
megawatts from Gas stations, in the combined cycle stations the
government generates 2355 megawatts, and in the others doesn't
mentioned in the official data what is the others mean to generate 6766
megawatts a year, and total to all type of power supply, Libya
Generating 12950 megawatt
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Fig. 10. presenting different Gas power stations and their capability in 2009
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Fig. 11. Total energy production megawatts generated from different type of
stations
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Figure number 12 presenting the presents the percentage of different
type of consumption, the highest is from house and lighting 33,24%
and 18,29% respectively, in 2009.

35.00%
30.00%
25.00%
20.00%
15.00%
10.00%

5.00%

0.00%

Type of consumption

Fig.12. showing numbers of consumers and their consumptions & the
percentage

Table (3) presents the total revenue & total expenses for generating power in
Libya

Total of Revenue Total of expenses
1,440,145,692 1,687,216,638

In the Fig.13. we find the total amount of money has been spent from
the government to keep power supply available is more than one and
half billion, and the revenue from generating the power and keep the
sustainability moving safely is less than one billion and a half.
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Fig.13. presents the total revenue & total expenses for generating
power in Libya

Figure 14 showing some new projects in different cities in Libya and
their percentage of accomplishment, and most of them above 80%
completed, and the most ready project is Zwetina enlargement with
96% ready to start producing power and its capability 570 mega watts

a year.
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Fig.14. showing the percentage of the achievements on new projects
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figure below presents the different speciality of electrical company
employee, the highest number speciality of employee is technician
with 18, 599 then comes engineers with total of 6425, and the lowest
number of specialty on Libyan Electrical power Company is assistants
with 3637 employee.

20,000 - 18,599

18,000 -
16,000 -
14,000 -
12,000 -

10,000 64725

8,000 -
’ ,842
6,000 - 3,8 4,509

4,000 -
= =

Fig.15. presenting the specialty & the number of Libyan electric power
company

Discussion

Libyan production of fuel oil in five consecutive years ( 2006 to
20010 ) is 27781 metric ton, which is considered the highest petroleum
production comparing with other type of petroleum production, then
comes the Gas on the second highest with Total of 16438 metric ton,
and producing many other type of petroleum production like Naphtha,
Gasoline, natural Gas. it uses some of the production locally as found
in this study, there is a different type of petroleum production and the
consumption and the most of local consumption is Gas oil 5220 Cubic
Ton in 2010.
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The amount of Gas production quantity is increasing since 2005, its
about 50% of Gas production burned to flare and the remained Gas
Exploiter, the total production of Gas in 2010 is 1078.8 Billions of
cubic feet. price of petroleum products in Libya still considerable
cheap for instance one litre of Gasoline is less than 0.2 dollar. Libya
supplying energy using petroleum products, the maximum loads of
energy differ in last five years for example the maximum load in 2008
IS 4756 mega watt, while the total production 30373 Giga Watt per
hours, and still increase every year. Libya depend only on fossil fuel to
generate power, and depend on three types which is heavy fuel, light
fuel and natural Gas, and the quantity it uses for generating power
from Gas is more than 3.3 Billions of cubic meters, and nearly two
millions of cubic meters of heavy fuel, and four million cubic feet of
light fuel. in the last two years ( 2008 -2009 ) the consumption of the
total is 4602 ( MVA ), and the number of consumers is rising in the
last years to reach in 2009 more than 1,225,000 consumer, which the
total energy sold is 19,266,142 mega per hour, and the type of fuel
used, the study found out there is an increase of gas to be used
comparing to other fuels in the last years, which is now 35% of power
supply generated by Gas fuel, Libya generate 1240 megawatts a year
from steam station which is lowest production, and then generates
2589 megawatts from Gas stations, in the combined cycle stations the
government generates 2355 megawatts, and in the others which doesn't
mentioned in the official data generate 6766 megawatts a year.

the total amount of money has been spent from the government to keep
power supply available is more than one and half billion a year, and
the revenue from generating the power and keep the sustainability
moving safely is less than one billion and a half, which is mean Libyan
government still subsidies the Electrical Company with some funds to
keep power supply safer and available for development. company
employee has different specialty, which the highest number of
employee is 18,599technician, then comes 6425 engineers.

Conclusion
Reducing the environment effects from burning fossil fuels and not to

rely on fossil fuel only to generate power, and use other natural
resources, Libya needs to produce more power to keep the supplyin a
safe levelasincreasing in demands, encourage the entire private and the
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public sectors to have its own power supply to ensure work at
workplaces will not be disturbed.
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APPENDIX

Note: all the data presented came from Libyan government official
office.

Note :one dollar equal to 1300 Libyan Dirham
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Abstract

In this paper we conclude the theoretical approach to practical
application for Libyan 220 KV network . Starting with introduction to
AACIR method, and brief description to Libyan power system, then
analysis for whole Libyan transmission network reliability data with
calculation of some reliability indices , after that we explain some
different case studies that concludes the various states of operation
conditions of transmission grid, then the full calculation of AACIR
for whole 220 KV transmission network was achieved for all 220 KV
substation loads for three years 2008, 2009, and 2010 as two load
points for each substation. The transmission line reliability takes
important place in overall power system reliability evaluation,
because the transmission lines are the most exposure part to the fault in
power system, mainly due to bad weather conditions. The evaluation
of transmission lines reliability is accumulated with power system
operations , that leads to the new reliability term called " Operational
reliability ".

1. Introduction

The aim of modern power systems is to satisfy load as economically as
possible with reasonable level of continuity and quality. The power
system reliability is the ability of the system to perform adequately its
intended for the period of time required under the operating conditions
encountered.Reliability evaluation is an integral part of engineering
economic analysis, its provide an additional degree of consistency in
evaluation of alternate proposals. In the area of power system design
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and development, the application of reliability evaluation can provide
valuable input for high decision making process. The basic steps of
reliability assessment are shown in Figure 1. The first step is to define
the system being analyzed and its operating policies. The models of
the components and system need to be defined and specified.
Component states together with system operating strategies describe
system states. A possible approach would be to select each possible
state in turn and evaluate it for its status as success or failure defined
for a subsystem or the system. Then based on the probability of the
failed states and the magnitude and location of problem, the relevant
reliability indices can be computed. It can be seen from this process
that the following are needed for the reliability evaluation:

Component and system models, data and operating strategies;

A state evaluation procedure;

Definition of failure and specification of reliability indices are
computed.

System reliability analysis could be done basically, by three stages
inherent in any reliability method: state selection, state evaluation and

index calculation. [7,8]
&S @@
State Selection
Operating Strategies
L3
)

L1 L2

Evaluati
Load valuation *

Curtailment

Success State Failure State

Figure 1: Reliability evaluation steps

-

Reliability Indices
Calculation
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Transmission system reliability takes an attention in last few decades,
although the outages are localized effect, but it’s important to evaluate
whole power system reliability in generation, transmission, and
distribution systems, also the transmission reliability achieves the
acceptable customer reliability and services it.[5]

The transmission reliability evaluation could helps in reinforcement
schemes, allocation of equipments, redesign, and improvement of
operation and maintenance policies.

In this paper, Libyan transmission network is selected to be the case
study; this network includes various types of substations, lines, cables,
and transformers, from different manufacturers . Also this network
includes a different load characteristic such agriculture, industrial, and
residential, with different load value, the main construction of Libyan
transmission network is meshes with few redials, those constructions
contain different types of lines and cables with different lengths and
ages, as well as transformers. Beside all that this area will be improved
and upgraded in next few years by redesign and changing of old and
aging substation, cables, lines, and transformers.

One of most reliability indices is Annual Average Customer
Interruption Rate (AACIR) , AACIR will computed for Libyan
transmission network, beside failure probability indices for all
substations and feeders in the network.

2. Average interruption rate

This method is quite straight forward and can be applied to a relatively
complicated network. It provides a measure of continuity rather than
service quality by examining the simultaneous condition that must
exist for power flow in series and parallel combination of system
components. The application is based upon four relatively simple
principles.[1]

A component operates in only two states, available and unavailable.
Maintenance is not considered and the probability of a component
being unavailable is given by its forced outage rate “p “. If “q” is the
availability rate then p + g=1.0
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Component failures are assumed to be independent and therefore the
probability of simultaneous failures is given by the product of the
respective probabilities.

In a series system all components must be available for power flow
into a receiving point. The probability of success is the product of the
availability probabilities. For a two unit system with outage rates p;
and p, and availability rates g; and gs:

ds=0102 (1)
Ps=1-9192=P1+P>,-P1P 2

If p, and p, are much less then unity the p; p, product can be
neglected. The failure probability of a series system in

This cases us the element failure probabilities.

In a parallel system all paths must fail if no power is to flow into the
receiving point. For a two element system the failure probability is the
product of the two component failure values.

Forced outage rate is usually defined as the total component outage
time divided by the total component exposure time and is the
probability of component outage existence.

To provide an indication of both outage frequency and outage duration
the definition can be modified to indicate the probability of outage
occurrence rather outage existence.

If component forced outage rates for different minimum specified
duration are compiled, it is possible to predict the frequency of
occurrence of this condition at any particular point in the system. [1]

It should be realized that outages can occur on the same day but not
simultaneously. This approach assumes that all outages occurring
during one day are simultaneous outages thus giving a pessimistic
result. This can be partially reconciled by considering that if two
components within an area are forced out of service during the same
day the probability of simultaneous occurrence is somewhat higher
than that implied by absolute outage independence. This method is
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restricted to the evaluation of continuity at a particular point and
cannot be extended to systems that are not fully redundant.[1]

This approach has been applied to the small hypothetical system
shown in figure 2

A B C

Line 1 Line 3

Line 2
» |Load —> Load

Line4

Figure 2: Hypothetical Configuration

The failure rates for each line section are reported in the table below:

Table 1 System parameters for above case

Line Failures/Year
Section

1 0.5

2 0.5

3 0.1

4 0.6

Considering the failures per year as the number of days upon which
failures occur within the year, the probability of an outage occurring
on lines 1 or 2 is given by :
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0.5 R
P;=P,= =1.37x 10
365
Similarly:

P3=0.274 x 10-3
P,=1.644 x 15°

Define Average Annual Customer Interruption Rate (A .A.C .1 . R) as
the expected number of days in a year that the specified outage
condition for the load bus will occur .[1]

Assuming that the system is first composed of lines 1, 2 and 3 and
then of lines 1, 2, 3 and 4, the results are shown table 2.

Lode B. Lines 1, 2 and 3 6.85 x 10
Lode B. Lines 1, 2, 3 and 4 1.31 X 108
Lode C. Lines 1,2 and 3 0.1006
Lode C. Lines 1, 2, 3 and 4 0.165% 103
Table 2

The results shown in table 2 are obtained as follows:
Leaving line #4 out of the analysis

Ps=(1.37 X107, (1.37 x 10 %) =1.878 X 10 °
AACIR g = (1.878 x 10 ©365=6.85 X 10
Pc = (1.878 X 10 ®+ (0.274 X 10 %) = 0.2759 x 107
AACIR ¢ = (0.2759 X 10 ) 365 = 0.1006

This is almost equal to the 0.1 failures/year figure given in table 5.1
for line #3.

The lode C reliability is dominated by the series element .This
characteristic is evident in most studies using a continuity criterion and
redundant facilities.

For the complete system show in figure 5.1:

Pg=(1.878 X 10 ). (0.274 x 10 3+ 1.644 x 10 %) =3.603 X 10 °
AACIRg = (3.306 X 10 °) 365=1.315 X 10°°
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Pc = (0.2759 X 10 ). (1.644 X 10 ) =0.454 X 10
AACIRc = (0.454 x 10 ) 365 =0.165 x 103

This approach can be easily applied to a relatively complicated system.
It is not valid to introduce transmission load carrying capabilities
utilizing a variable load model into this approach as it is assumed that
all outages are simultaneous outages.
The reliability indices are based entirely on the continuity of supply to
the respective load points therefore assuming a completely redundant
system.
In an actual system the failure rates for each line section can be
obtained by correctly combining the failure rates of the series and
parallel equipment configurations within each section.[1]

3. Transmission reliability indices

To find AACIR reliability index , we have to calculate ad find some
related indices, which could be defined as
1- Outage Time : is the time where the equipment is out of
service by specific forced fault.
2- Frequency : Is the number of outages
3- Forced Outage Rate F.O.R.: It’s a ratio of outage time( down
time) to whole time
4- Failure Probability : It's a ratio between the time where
the equipment is on operation( Up Time ) to the whole time.
5-  Failure Rate : It's indicates to rate of failures that could
happen , and also indicates to system behavior during the life
time

4. The Libyan network

The Libyan network includes two mainly areas, Eastern and Western,
they are connected throw tie lines of 220 KV and 400 KV double
circuits each, this connected grid spread over wide area of Libya from
Tobruk in East to Abukmash in West with long extends to southern
area up to Awanat in west south and Tazrbo in east south. This large
network contains more than 14,000 km long of 220 KV circuits and
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more than 100 substations 220 KV. The grid has peak | load of about
5800 MW with total installed capacity of 8000 MW, and available
generated power of about 6000 MW. The nature of load vary between
residential and agriculture with small industrial and commercial loads.
The network exists over different natural regions that various from
mountains, costal, and deserts. Of sure all of above conditions that the
system are worked on, have serous effect on its operation specially its
transmission reliability.
5. Libyan 220 kv substations data analysis

After collecting the data that related to reliability analysis, the
following table could be prepared for the whole 220 kv substations
and outgoing lines, which contains; Substation name, transmission
lines, total outage time , frequency, forced outage rate, and failure rate
Libyan Network divided to three major regions : Western, Eastern, and
Southern, so we apply reliability techniques to these areas for three
years 2008, 2009, and 2010. Because of huge size of these tables , we
put curves that indicated to data analysis followed by sample of tables
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Fig. 3 Outage time and frequency
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Table 2. sample of data analysis
Forced .
.. . Outage Frequency Failure
Transmission line Time (Hr.) | (No.) Outage Rate Probability
FOR

Bunjam-Hoon 1 75.6 45 0.00863014 0.991369863
Bumjam-Hoon 2 74.1 45 0.0084589 0.991541096
Hoon-Wadilarial 1 62.3 37 0.00711187 0.992888128
Hoon-Wadil arial 2 59.6 37 0.00680365 0.993196347
Smnu-WadilLarial 1 84.2 48 0.00961187 0.990388128
Smnu-WadilLarial 2 86.2 48 0.00984018 0.990159817
Smnu-Sbha 1 80.8 44 0.00922374 0.990776256
Smnu-Sbha 2 80.9 44 0.00923516 0.99076484
Binwalid-GMMR 11 74.4 30 0.00849315 0.991506849
Binwald-GMMR 12 72.3 30 0.00825342 0.991746575
WadilLaral-GMMR 21 | 88.1 40 0.01005708 0.989942922
WadilLaral-GMMR 22 | 84.1 40 0.00960046 0.990399543
GMMR2-GMMR 11 62.6 28 0.00714612 0.992853881
GMMR2-GMMR 12 64.8 28 0.00739726 0.99260274
Sbha-Tragen 1 106.6 45 0.01216895 0.98783105
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The given historical data that includes two important indices which
are outage time and frequency, that they indicate to reliability
behavior of transmission power grid during the past three years
2008,2009, and 2010. The calculated reliability indices  driven
mainly from both outage time and frequency, which are forced outage
rate (F.O.R), failure probability, failure rate, that they indicates to
future behavior of power transmission network.First of all ,Its clear the
diversity between outage time and failure probability , as shown in
figures and curves above, where we noticed that , the transmission line
having high outage time and frequency meet low failure probability,
beside that , generally the transmission lines that locate in free space
in suburbs of cities of western area, almost they have relatively low
failure probability like Tripoli west — Zhra , that because its agriculture
area and over head lines OHL. On other side, the transmission lines
with high probability like Tripoli south — Hadba, that because they are
bundle supper conductors , and like other transmission line that
constructed throw cities which are mainly from cable type with high
level of protections. Another important point is about the effect of
repairing and enhancement of effective components of power
transmission lines after year of 2008 to improve reliability in next
years 2009 and 2010, this is clear when comparing those three years in
recent figures. This practical repairing actions could be represented
by many steps , upgrading of whole transmission grid voltage from
220 KV to 400 KV in some parts, changing the conductor itself to
supper conductor type , and improving performance of tower's
insulators by either good cleaning or changing to high quailty
insulators that withstand Libyan high pollution , that faced our grid
specially at coastal areas.

6. Ain Zara case study

For the Ain Zara substation ; they are more stable than the others ,that
they are GIS [ Gas Insulated Substations ] so they are widely used in
Libyan 220 KV network, even though their troubles which is related
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to constructional stages and installation periods , like some mistakes
during civil stages presented in ground finishing and doors positions .
Generally as shown above , they are good enough for heavy duty
operation , but the case of relative high tripping in Souk Guma , this is
due to aging and lack of maintenance in past time. the network belongs
to the 220 KV Ain Zara Ring substation has low interruption rates that
because of relative newly networks compared to others , and stable
operation of those rings with suitable loading criteria , the two
exceptions are clearly appear in Souk Guma and Fashlum outgoing
feerds and transformers , in Souk Guma of course because of aging of
this substation and nature of industrial loads which has high short
circuit level and high starting current, and with respect to Fashlum
substation , the main reason of those trips is the reliability , that
because this special type of substations has only one transformer with
only one incoming and outgoing feeders , so when it’s lost the whole
substation lost .
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Ain Zara Bab Souk  Fashlum Watania
Azazia Guma

Fig 5. Outage time &Frequency for Ainzara
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7. AACIRcalculations forainzara ring

Referring to Fig. 4 for the AinZaea Ring , the summary of AACIR
and failure probability indices are listed in Table 3.

Table 3Ainzara ring load points

Load Line Failure
Point Route probability AACIR
A

20r3 0.002268  19.866

20r3 0.002268  19.866
1 0.000887  7.77
4 0.003468  30.383

land5  0.002432 21.3
4 and 6 0.002025  18.025

mTmQgooOwW

8. AACIR for Libyan Network

In the table 4, a sample of the important indices that is AACIR
and resultant failure probability for whole Libyan transmission
network, this index gives the annual average customer interruption
rate. AACIR, that indicate to hours to considered in future for
disconnect specific load, that by using transmission lines supplied this
load. AACIR wusually helps decision makers, planning people ,and
operating engineers, helps them know the real behavior of the load and
to expect the outage time , then how they work to decrease or prevent
such interruptions.
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Table 4. AACIR and resultant failure probability for whole Libyan
transmission network

Resultant
Load Point Failure AACIR (Hours)
Probability
Abukmash 1 0.000315421 2.763089712
Abukmash 2 0.000286548 2.510162232
Zuara 1 2.48369E-05 0.217571244
Zuara 2 1.47852E-05 0.129518352
Aglat 1 9.5782E-06 0.083905032
Aglat 2 5.6752E-06 0.049714752
Zawia 1 0.002581594 22.61476607
Zawia 2 0.004785297 41.91920435
Tripoli west 1 0.000297581 2.606812188
Tripoli west 2 0.000241576 2.116209264
Zhra 1 5.82174E-05 0.509984424
Zhra 2 5.87124E-05 0.514320624
Birghnm 1 0.009854146 86.32231546
Birghnm 2 0.005487368 48.06934193
Shakshok 1 0.000326485 2.860006848
Shakshok 2 0.000329821 2.889231084
Sraj 1 3.33257E-05 0.291933132
Sraj 2 7.41652E-05 0.649687152
Tripoli south 1 1.23478E-06 0.010816673
Tripoli south 2 1.47852E-06 0.012951835
Hadba 1 2.58971E-07 0.002268586
Hadba 2 2.58746E-07 0.002266615
Bab Azazia 1 4.78526E-07 0.004191888
Bab Azazia 2 9.5176E-07 0.008337418
AinZara 1 4.52189E-05 0.396117564
AinZara 2 1.25486E-05 0.109925736

From the above , it’s clear that the difference between two routes 1
and 2 for both indices , AACIR and failure probability. That depends
on the load nature and route length and related troubles, also the way
of feeding this load point either its series or parallel, each load
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point could feed from different routes but here we apply mainly
two important routes just enough to give clear idia about Libyan
transmission network reliability indices.

9.Conclusions

We could conclude from this paper the following points :

>

>

The evaluation of transmission reliability takes a vital rule in
both power system operation and reliability.

The evaluation of power transmission reliability could helps in
decision making, redesign, system improvement, operation,
and maintenance policies.

Libyan power system network has many facilities to be a good
case study for reliability evaluation, like location , economic,
area, and long transmission lines.

AACIR indicates to how the Libyam transmission network
behave for normal operation during the year

AACIR gives clear idea about the more efficient and more
stable substation type, this may advice to recommend to use
specific type of manufacturer .

The effect of operating condition for specific OHL due to aging
and loading , could be less with real redesign or changing of
equipment like CB’s , conductor size, or protection system

The more critical indices always belongs to agriculture far end
loads in southern grid like Sabha.

The AACIR index of all substations schemes is changed with
operating condition of Bus coupler , either open or close, of
course its more reliable when it be closed, but the operation
policy advice to open the bus couplers for security, that to keep
half of substation live when bus bar protection operates, which
is seldom occur , regardless for reliable operation

The leak of maintenance in past periods, the careless of
correct operation, and some human errors were the reasons of
some bad figures during the transmission reliability evaluation
for Libyan power transmission network.
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» The load points reliability calculations was some how high in
some substations , that due to opening bus coupler, so every
fault at transformer causes loss of all load , even though little
load.

» For the International standers for power transmission
reliability , the IEEE and NERC recommended that, every
network had its own specifications of equipment types and
ages, load characteristics, engineering, and operating policy. So
each utility could make its own standers , by comparing
reliability indices for the year with past one .

» To get real practical advantages of this study, it recommended
to redone again for Libyan grid, and generalized for whole
sectors of network like generation and distribution systems of
Libya.
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Abstract

Intrusion of strange complex petrochemical compounds from
human activities, considered dangerous, unhealthy to
environment and to human life, used automobile's tires
considered one of the problems facing us in these days, knowing
the quantity of thrown used and disposed tire in environment is
very serious data to government and activists, to start helping of
solve the problem with the reliable technology and science need
a collective data first, as has found the estimated disposed tires
in future of Libya environment are a big numbers, as the
quantity differ in each cities, to the type and the size of the
disposed tires related to type of automobile, for instance the big
cities in Libya has the highest number of private cars, while Al-
joufara city has the highest number of lorry vehicle, which is to
be the highest number of lorry's used and disposed tires.,
Environment of Libya in general has great threat from unsolved
tires pollutant, as we need a start to know how much that will be
thrown in Libyan environment, this data will give a good
indicators how much care should be put in future for strategic
plan to tackle a daily environmental problems, and to keep us
clean and healthy from petrochemical pollutant compounds.

Objects are:-

- To estimate the quantity that will be in future as used tires in
Libyan environment.

- To find out which city has the highest quantity of used tires.
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- To find out which size of tires are the most pollutant to Libyan
Environment.

- To give clear indication of the threat in future to Libyan
environment form used tires.

Hypothesis

When there is more automobile and no plan to tackle disposed
used tires, the number in future of disposed tires will increase in
the environment.

The importance of the study is to give information about the
tires in each city, and to the threat that will be when these tires
thrown to Libya environment now and in the future, and to be a
base of information on other studies to start solving the
petrochemical compounds environmental problem.

Table (1) presents the number of tires were used in 2010 from
different type of automobiles

Motorcycle 2810
private car 7462132
Truck 3218200
public taxi 343312
trailer truck 421528
Traction Lorry 324232
Tractor 15020
winches automobiles 225976
Total 12,013,210
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percentage of motorcycle’s tires in Libyan cities
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Figure (1) presents the percentage of tires from motorcycles in
Libya

In figure (1) it’s clearly that the capital Tripoli had the highest
percentage at 53.6%, of the contribution, as motorcycles tire’s
had been thrown to environment, then Benghazi had recorded
the second highest percentage with 27.4 %, and the rest of the
cities are below 6%.

Figure (2) shows the percentage in many different cities in
Libya of the thrown tires into environment, as had recorded,
Tripoli scored the highest percentages with 44%, then Benghazi
and Al Joufara cities with 13% and 6.6% respectively, then all
the other cities recorded individually below 5%.
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Figure (2) presents the different quantity of private car’s tires in Libya

percentage of Truck's tires in Libyan cities
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Figure (3) is showing the percentage of truck’s tires in Libyan cities.
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In figure number (3) as presented above Tripoli had the highest
percentage of truck’s tires with 32.4% of the total percentage of
tires had been thrown to environment, then Benghazi with 11%,
then Al joufara 7.5% and Gabal nafousa with nearly 5% and all
the other cities are below than 5%.

percentage of Public taxi's tires in Libyan cities
70.00 -
60.34
60.00 -
a50.00 -
=)
[0.00 -
c
430.00 1
— AN
g0.00 . 1475
10.00 - 34 446
_ ‘I—'I—-—.L ] —“I—.—-] — T = 3
m© © T = T ‘9 c [ M X © e ©c v © © +
2 = 0 o & S g L & s 0
§ts 28 gER3Es2358E83¢0
2B ErF5 5823 r 823
S 5 a2 < = o <
[an] i) —_
@ m©
) D
2 80
v <
Libyan cities

Figure (4) presents the percentage of the contribution of public
taxi’s tires in Libyan cities

Figure ( 4) presents the Libyan cities and their contribution of
the percentage of used tires of public taxi and the percentage
that had thrown to Environment, Tripoli had recorded the
highest percentage comparing to other cities, it scored more than
60%, then Benghazi city with nearly 15% , while Darna and
Zawia recorded at 4.4% and 3.4% respectively.
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Figure (5) showing the percentage of traction Lorry’s tires in
different Libyan cities

Figure (5) presents the percentage of the tires come from
traction Lorry in different Libyan cities, as it presented al
Joufara had the highest percentage with 25.8% percent, then
Tripoli scored with scored 21.4% from the total percentage of
traction Lorry’s tires in Libya, while Ben wallid, Misurata and
Benghazi recorded at 15.2% , 13.5% and 9.2% respectively,
then the rest of the cities had less than 3% individually.
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Figure (6) presents the total percentage of Tractor’s tires in
Libya

Figure (6) shows the percentage of Tractors Tires in different
cities in Libya, the highest percent recorded in Tripoli with
16.2%, then Tajoura comes in second with 13.7%, while Zawra
and Zawia recorded at 10.7% , 6.7% respectively, and the most
of the rest of the cities ranged between 6% to 1%.

Figure (7) presents the percentage of Trailar Truck tires in
different Libyan cities, Tripoli had the highest percent with
26.3%, in the second highest Aljoufara city with 22.4%, then
Benghazi 11%, while Ziltten and Musrata recorded almost the
same at 9.5%, and the rest of the cities are below 4%.
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Figure (7) presents the percentage of Trailar Truck’s Tires in different
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Figure (8) presents the percentage of winches Automobiles tires in
cites of Libya
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Figure (8) shows the percentage of Tires had thrown into
environment as used tires come from Winches automobiles,
Tripoli and Aljoufara come the highest, Tripoli had the highest
score with Aljoufara at 28.8% and 24.14% respectively. Then
Benghazi come at 7.31% the Total of the percentage, while
Zilttan and Tajoura recorded almost the same with 7%, and the
rest individually are below than 4%.

Discussion

Pollution means the introduction by man, directly or indirectly
of substance or energy into the Environment.

According to environment acts, waste management must
whenever possible, be arranged in such manner as to make it
possible to recycle the waste or utilize it in some other useful
manner, without detrimental effects on the environment.
Through the investigation to some Tires workshops, it found
that there are not any strategies they are following, and there are
not any government regulating they know about it, they are
disposing used tires. The tire’s workshop men answered that the
disposed tires accumulated with the general garbage as normal
rubbish.

The data presented in previous, its showing the number of used
tires, which is the highest private the car's tire with 7,462,132
tires in 2010, and the Truck's tires recorded at more than
3,218,200 , then the lorry's tires recorded at 324232 Tires in
2010.

While the Tractors and Motorcycle are the lowest type polluting
the environment from used tires with 15020 and 2810
respectively.

From all the data has been presented in the study, it gives clear
indication that there are environmental problems in Libya in
current and future years, the study had gathered the number of
tires that had been in use in 2010, but it didn’t include the tires
that used before 2010 means in twenty or thirty years ago which
is sure the number more than that has gathered in 2010, plus the
tires after 2010 until today 2014, and in further future, sure the
number will increase if we still don’t do any strategic plan to
tackle a daily disposing tires into Libyan environment.
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Conclusion

It is necessary to put more affective regulation to tackle
environmental pollution and more study should be done for
instance where exactly used tire disposed, and what the exact
effect to the Libyan environment, encourage the private sectors
and research centers to reuse the petrochemical compounds from
disposed tires.
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Abstract
The basic principles of this paper are illustrating how cross

correlation can be used to identify dynamic characteristics of a wide
range for the relationship between the velocity, sampling frequency
and the time delay. The transit time is measured by a cross correlater.
The design of the various subsystems is discussed in some detail and
the various sensing techniques required for specific applications are
described.

In addition, there are two main sensors in this cross correlation
method, one of them is the upstream sensor which will detect a flow

signature %seconds before the downstream one, in this equation L is

the destination between the two upstream sensor and downstream
sensor and V is the flow velocity in the pipe. By comparing the signals
from the sensors, we are able to determine the time delay.

Introduction

Flow measurement is a very relevant aspect of plant
instrumentation, and has in recent years been the subject of intense
research activity. Much of this work has centred on the cross
correlation flow meter, which gives impressive results in many
applications for which the traditional industrial flow meters are known
to be inadequate. Successful industrial cross correlation flow meters
are now on the market, but the technique is still very much in its
infancy. (S. Beck, A. Plaskowski,(1987), Cross correlation flow meter)
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The general flow measurement principle, flow cannot be measured
directly there are various factors required to detect the flow such as the
average flow velocity and the flow cross section; from this the general
form is optioned Q = V x A. How do we measure these factors? The
flow cross section A is determined by continuously measuring the
level measurement and consideration of the channel shape, if the level
changes the flow cross-section will change accordingly and hence the
flow will change as well. The flow velocity is detected by measuring
the practical velocity, most media particularly waste water contained
dearth particles or gas bubbles moving with the same velocity as the
medium, the velocity of the particles is measured by using ultrasound,
as soon as the velocity changes the flow normally changes as well.

The paper is constraint about the new technique used to calculate the
PF velocity in a pipeline, which is so relevant for controlling the plant
well.

Paper aims and objectives

The aim of the paper is to develop cross-Correlater to determine the
velocity from two-phase flow meter. In this method the based thing is
sampling frequency as well as the operating frequency. A new method
is illustrated to view the relation between the observed sampling
frequency and the corresponding sample’s number, which is utilized to
determine the actual sample frequency and the corresponding delay
used to determine the particles velocity. This method can be used to
determine the actual particles velocity. Hence, any change in the
velocity should be accompanied with a change in the corresponding
delay in order to keep the flow rate stable. The analyses are carried out
by using Lab view software and the results are displayed in multiple
figures and excel sheets. The objectives of the project is to develop a
software-based tool used to determine the pulverized fuel particles
velocity from the sampling frequency determined by using an adaptive
cross-Correlator of multi-phase flow. Time delay incurred when
signals generate from PF particles sensors in pipelines been used to
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determine the sampling frequency and hence recalculating the PF flow
velocity.

Outline of the Pilot-Plant.

The figure (1) shows a block diagram of the pilot-plant, this plant
consists four electrostatic meters sensors, two of them connected
vertically and the other two horizontally and the air flow of the system
was regulated by a computer controlled, which allow the user to adjust
the velocity of air in the system. Also, the main material of the plant is
the fuel which is powder fuel in the plant, to produce PF in combustion
generator is divided into four stages. The first stage is the variable
speed screw feeder used to feed solid fuel into the mill device. The
second stage is the mill device used to convert the solid fuel
into pulverised fuel. The third stage includes the air pump used to
pump air and mix it with the PF produced from the mill evice.

The step which come after putting the powder fuel and keeping it
ready for the system, it is important when the system start running
start with the air system first then the powder to prevent any dposit,
after starting the air system, it is possible to open the valve for the
PF to put it in the system as well and that valve is after the hopper ,
the air has been adjusted by the indicator which is located near the
van, and the weight of the PF is already measured, the PF will go
through the pipe and the sensors are ready to collect the signals
from the pipe to the terminal box, first the signal is analogy the
terminal box contains a lot of channels which is changing the
signals from analogy to digital cards, after that the data goes
directly to the computer to shows the correlator of the system all the
other parameters such as the velocity, density and the velocity.
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Figure 1: Block diagram of the pilot-plant

The main components of the experiment:-
1. The Solid (Pulverized fuel PF)
2. Electrostatic sensors
3. Air compressor

Calculation:-

A

To calculate the velocity of the powder fuel, there are
difference ways to fine it, and in this project the method which we will
use is based on cross correlation technique, as it known for cross
correlation method the basic point for it is to signals the first one is
simples as X (t) and the second it comes after time delay ¢ is 'Y (t).

The main cross correlation equation is illustrating below:-
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1 T
Ry = T fo x(Dy(t + 1)dt

Where: X (1), y ():- the upstream and downstream disturbance signals.
¢ : - the time delay. T: - the integration time.

Equation (1) has a maximum value when the time delay 71 is equal to
the flow transit time t*. The flow transit time is used to determine the
PF velocity by using the following equation:

L
V=—
T

Where L: - the spacing between the two transducers upstream and
downstream and it is constant here 40mm. V: - the velocity of the
fluid.

The polarity cross correlation method is usually employed
which is defined by

N

1
R jAt) = — )
Ly (1AT) N nZﬂsgn( x,)son( y, . ;) p

Where N: - the number of samples in the summation, at: - the

sampling interval. J: - the time delay index (integer)
(Yang. W and Beck. M, 1977)

Fundamentals of cross correlation

The Transporter calculates the normalized cross correlation function
defined by:-

R, (7)
P, (r)=

JR. (0)R (0) 4
Where : R, (0), R, (0) . - the auto-correlation functions for two

transducers, and they defined as:-
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T

1
R, ()= —J'x(t)x(t + 7)dt
T 0

T

1
R, ()= T—{ y(t)y(t+z)dt

The transit time tis determined from the delay corresponding to the

maximum value of cross correlation function as shown in the figure
below:-

\ 4

\ 4

Ryy (T)

Figure 2: Principle of the particle velocity by cross correlation

Cross correlation is a method measuring the similarity between the
upstream signal and downstream signal, and this similarity can be
illustrated by the correlation coefficient, which is defined as:-

R, (i)
\/RXX(O)RW(O) 7

o, (i) =
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1 N
R (1) = —> x()x@+ J) g

- 9
j=0,1,2,3....... M
R, (1) 1ZN: My@+ 1)
o (1) =— x()y(@+ j
N 10

i=0,1,2,3...... M

Where : N: - the number of samples in the summation, i.e. the record
length of the correlator. M: - the number of samples in the cross
correlation calculation, i.e. the correlation delay range.

The principle of Interpolation:-

When appropriate data has been sampled, the cross correlation
calculation is carried out, using equations 7 and 10, to obtain the cross
correlation function. The delayed sample number K, which gives the
maximum correlation reading, is selected. Multiplying this delayed
sample number by the sample interval At gives the time delay
between the transducer signals, i.e. kat. This is the method usually

adopted in sampled data correlations, but has a discrimination error of
+ At/2 .

This error can be reduced by interpolation. The figure below shows
three sample points surrounding the correlation peak (k-1, o, ,), (K,
p,)and (k+1, p, ). A quadratic equation can be fitted to these three
points thus

p = ax “1bx +c 11
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Where: A, b and c are the solutions of the following three
simultaneous equations.

pe, =ak-1)"=b(k-1)+c 12
p. = ak bk +¢ 13
P =ak+1)’ +b(k+1)+c 14

d—p =2ax +b=0
dx 15
The maximum of equation (11) occurs when

A
Py
Normalised Pr+1
lcross correlation  Pk-1
function |

k-1 k k+l1

Delay count number

Figure 3: Curve of the correlation

- ma 2a 16

Solving the simultaneous equations gives

1
a=—(pe,a-2pPc+pPcy)
2 K +1 K K -1 17
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1
b=—(py—Pca) Ko, —2p +pPy)
2 K +1 K -1 K +1 K K -1 18

Therefore,

1 Pra = Pxa

2pK+1_2pK+pK—l 19
The improved estimate of the delay time is thus

|p:max

T*Z(k—i Pri1 = Prs

2pK+l_2pK+pK—l 20

This method reduces the discrimination error substantially and has
been incorporated into the cross correlation software.

Description of the software’s functionality

The Labview software is already running when the data file is
selected and copied into the file path field in the front panel. Both the
operation frequency and sampling frequency can be transferred
manually onto the front panel. The project processes the data and
starts displaying both signals X and Y which were recorded from the
two transducers, on the virtual oscilloscopes - namely waveform X,
waveform Y. Additionally, both waveforms are displayed on the
virtual display named X and Y as seen on the front panel of the
project in figure (9). The cross-correlation between the two signals is
also displayed on the virtual oscilloscope shown on the front panel.
Additionally, the maximum cross-correlation is assigned and
displayed on the numerical indicator. The index number which
corresponds to the sampling number that returns the maximum cross-
correlation is assigned and also displayed in a numerical indicator.
The PF velocity corresponds to that sample number which is measured
by the Labview software and is indicated on the front panel also. All
the equations which is related to the principle of the interpolation was
added to the block diagram in order to calculate the estimated index or
sample number without a discrimination error, as well as the
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corresponding precise velocity of the PF. The last two parameters
were also illustrated on the front panel of the project.

The relationship between the frequency & the PF velocity

The frequency has an effect on the velocity such that the velocity is
directly proportion to the frequency. The frequency which is indicating
here is the operating frequency, not the sampling frequency.

The sampling frequency is presented by fs and it is represented as
follows:-

=75 21

Where, T => sampling interval.

When the number of samples is given, the total period for the
investigated signal is defined below:-

T=nT 22

Where, n => number of samples.
From the general equation which shows the relationship between the
velocities, the length and the time delay, we can put the values of T in

that equation.
L _ L
V=1 " =w 23
The differential equation for the equation (23), the equation bellow
comes.

AV__|AL N At
vV L T 24
Hence,

1
AI—EAT o5

(The equation above is denoted as an absolute error).
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Figure 4: Project blocks diagram
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Therefore, smaller T fast sampling rate gives a smaller error, so from
the point of view for smaller error, sampling rate should be fast, but
that will lead to large amount of data, leading to slower response time.
When the time delay is constant between the upstream and the
downstream, the next equation is come as:-

1
= * —
Ty =Ny ) 26
1
Ty =Ny * =
f 27
1 =1 => n *1— n *1
1 2 0 * 5 1¥E 28
no*T0=n1*T1 29

We assume the sampling number (n,) is 15, and the time interval (T,)
is 2ms. The values of T, is equal to 0.2, now the new frequency is
5KHz.
From the equation (28)

n,f
f, = 10

n, 30

Equation (30) illustrates that, any change in the sampling number;
result in change in the frequency and any change in that frequency will
effect a change in the error time delay.

When the sampling frequency is equal to 1 KHz and 5 KHz, which
will allow us to see the effect of the frequency on the time delay and
the transient time error. However, when the velocity of the powder
fuel is too fast the error in the time delay will increase, and if it is too
slow the error will be decreased.

To illustrate more, when the true time delay (ng) = 10 and the shift
peak position which is the new sampling (n1) = 150, the reason for
selecting this value 150, because the whole period sampling is 300,
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and this 150 keep the curve in the middle point, that will be visible and
clear to read. The sampling frequency (fo) = 1000Hz. From all of these
parameters, it is possible to calculate the sampling frequency (f1) as

next page:-
n,f, 150 * 1000
f, = = 5 = 15000Hz
1 ,
AT = £ 1000 = oo+ 1000 = 0.0666
AT  0.067
ERROR = —- = —— = 0.0335

The table (1) illustrates how we obtain the new frequency from the
number of sampling frequency and the shift peak position.

When the sampling frequency fs = 1 KHz, and shift peak position is
150.

Table 1: The new frequency with f;= 1000Hz

Sample

New
sampling
No n;

Sampling
Frequency
fo

Frequency
n, f,

Ng

When the sampling frequency f; = 5 KHz, and shift peak position is
150.
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Table 2: Table 1: The new frequency with fs = 5000Hz

Sample
Frequency
nyf,

True New Sampling
time sampling | Frequenc

delay ng No n; y fo o
0

5000 Hz
5000 Hz
5000 Hz
5000 Hz
5000 Hz
5000 Hz
5000 Hz
5000 Hz

If we make a comparison between the table (1) and (2), it can be
clearly seen that when the sampling frequency is low as 1 KHz the
new sampling frequency is low and when it is high as 5 KHz, the value
of the new sampling frequency it will be high. And when we apply the
new sampling frequency which obtained from low frequency the error
AT/2 will be higher than when we obtain it with higher new sampling
frequency. However, it is clearly from the tables above the effect of
the new sample frequency on the error, when it is high and low.

Calculate the peak position & Time delay 7.

After running the lab view software with the data which we
obtained from the experiment for cross- correlation, we can manage to
get the peak position pk, pk-1 and pk+1, and put these values in
equation, we will fine the value of a and b, then we calculate the peak
position and from the peak position we can calculate the time delay
easily by using the equation. We will calculate the values of true time
delay 10 to make it clearer.

From the figure (5) the values of each part of the curve (pk, pk-
1 and pk+1) in the lab view software is clear, for instant for true time
delay 10 the values as below-

Pk =198.918
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Pk-1 = 198.805

Pk+1 =198.755
From all of these values, it is easy to get the value of the peak position
from the equations (17 & 18)

1
a=s (198.755 — 2 % 198.918 + 198.805) = —0.138

1
b = = (198.755 — 198.805) — 10

2
* (198.755 — 2 %« 198.918 + 198.805) = 2.735
From equation (16), the peak position will be:-

_ b 2735 o
X pemax = =50 = "oz~ 7
corelation curve |

o
=
Araplitudes

e
a5
il

{198,755 IBU-I | | | | | | | | | | | | | | |
N 1 N N O (R O

Tig

Figure 5: Peak Position on Lab View Front Panel
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The table below explains the peak position for all true time delays.

Table 3: The peak position for true time delay

198.918 | 198.805

198.755

35.854 | 35.535 35,522

42,764 | 42.283 42.493

263.155 | 262.81 262 83

60.518 | 60.405 60.18
60.324 | 60.198 60.01
78.292 77.99 78.019
53.903 53.55 53.87

Table (4) shows the error between the true time delay and the peak
position:-

Table 4: error between the true time delay and the peak position

True time
delay ng
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It can be clearly seen in the difference between the true time delay and
the peak position is not that much big, the biggest error is 0.42, which
is at 45 true time and 45.42 peak position.

To find the improved estimate of the delay time is thus
TZ(K— 1 Pg+1— Pg-1 )* At

2 Pg41—2%Pg+Pg—g
From the relationship between the frequency and the interval time At,
it possible to fine the interval time by the from below:-

At—1
COf

When the frequency is 1KHz the time interval will be 0.001ms , and
when the frequency is 5KHz the value of At equal to 0.0002ms

All the parameters in the equation above are available

The delay time when the true time delay is 10 illustrated below:-

( oLl 198.755 — 198.805 ) Mo
= —_— * U,
3 2 198.755 — 2 « 198.918 + 198.805

= 0.01 msec

Table 5: shows the value of t for the whole data:-

PK PK-1 PK+1 At T
198.918 | 198.805 198.755 0.001 0.010
35.854 35.535 35.522 0.001 0.015
42.764 42.283 42.493 0.001 0.020
263.155 | 262.81 262.83 0.001 0.025
60.518 60.405 60.18 0.001 0.030
60.324 60.198 60.01 0.001 0.035
78.292 77.99 78.019 0.001 0.040
53.903 53.55 53.87 0.001 0.045

The same steps which has been done when the frequency is equal to
1KHz, now with the frequency 5KHz.
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Truetime | o0 PK-1 PK+1 At T
delay ng

10 198.918 198.805 198.755 0.0002 0.0020
15 35.854 35.535 35.522 0.0002 0.0030
20 42.764 42.283 42.493 0.0002 0.0040
25 263.155 262.81 262.83 0.0002 0.005
30 60.518 60.405 60.18 0.0002 0.006
35 60.324 60.198 60.01 0.0002 0.007
40 78.292 77.99 78.019 0.0002 0.008
45 53.903 53.55 53.87 0.0002 0.0091

Now and after calculating the values of the time delay T, it is so easy
to get the velocity by using the general equation (2)

L .-
V= - Where:- L :- the destination between the upstream &

downstream transit.

Table 6: shows the velocity in
each time delay, at frequency
1KHz

20182.815
13342.147
9930.563

4036.563 7995.717
6722.626
5750.280

4996.917

2668.429

1986.113
1599.143
1344.525

4403.411

1150.056

Table 7: shows the velocity at
frequency 5KHz

999.383

880.682
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It can be clearly seen from figures above the relationship between the
velocity and the time delay is inverse proportion, by this it is possible
to adjust the velocity in which time delay we need from the design of
the system.

Conclusion

The exploitation of pulverized fuel in industry has become very
appealing to both energy producers and consumers as a result of the
production costing less compared with crude oil. The prices of the
crude oil are unstable and fluctuate as a result of both global financial
and political crises. Most of the pulverized fuel is Biofuel that is
produced from soya oil and other grains. The main task to consider
in using the PF in industries is the process of measuring the flow
rate of the fuel particles within pipelines so that the burning
remains uniform in all burners attached to the furnace. In
addition, keeping the burning homogeneous will reduce the carbon
ash and gas expelled from the furnace and ensures that the
environment remains unpolluted. This research investigated
different methods to ascertain the PF velocity by using the
Labview software. The adaptive cross-correlator was investigated,
and this was used in conjunction with off line data collected from
the university reg. The Labview software tools were utilised by
creating a project front panel and calculating the cross-correlation as
well as the PF velocity with and without the interpolation. The
interpolation was used in order to reduce the discrimination error
occurred due to the time the signals needed to transfer between the
upstream and downstream sensors because of the obstacles in
the fuel pipelines. This is used to get an accurate sample index
number that gives the maximum cross- correlation. The measured
time delay is the basic for measuring and calculating the PF
velocity and it is a reciprocal of the sampling frequency, as a result,
any change in the sampling frequency will change the speed of the
particles. If the particles travel at a speed either higher or lower than
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what the burners expect, the amount of ash and carbon gas will be
produced in the furnace will increase, thus causing air pollution.
The results achieved showed that the error resulting which has
been achieved in table 5 from the comparison between the measured
PF (true time delay) and the interpolation is relatively small for the
specific range of sampling frequencies. It was observed too, that
the percentage error is minimised when the new method was used to
determine the accurate sampling frequency and the related delay.

However, the relationship between the velocity and the time delay
Inverse proportion, which mean if the time delay is small the
velocity should be high, and the last table illustrated that.
Consequently, any change in the sampling frequency will be reflected
on the measured PF speed. Hence, the sampling frequency can be
adjusted automatically according to the variation of the PF speed. It
can also be adjusted manually through the project front panel.
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Introduction
The majority of concrete structures that need repair , strengthening or

rehabilitation have been exposed to many different conditions such as
fire damage , corrosion, climatic effects, faulty design. These
conditions allow cracks to propagate and create large deflections in the

concrete structures. The repair of deterioration concrete members is
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most important to assure their safety and serviceability and also to
increase their strength and stiffness.

Generally, the repairing and strengthening can be placed in four
categories [1] and defined as followed:

i- Repair ; to bring the deteriorated structures back to their original
performance level.

ii- Strengthening ; to enhancing the structural performance over and
above the original level.

iii- Retrofitting ; it is an addition of structural components after initial
construction.  iv- Rehabilitation ; it is a generic term indicating any
aspect of repairing and strengthening.

Concrete structures can be found unsafe for different reasons, for
instance change in service loading, poor performance and inadequate
design, therefore repairing of deteriorated concrete structure is
becoming more important rather than rebuilding or demolishing. The
retrofitting of concrete structures using steel plates or fiber reinforced
plastic plates (FRP) bonded to tension side are known techniques and
widely used. However, some new repair materials were developed in
the last decade, for instance High Performance Fiber Reinforced
Cementitious Composites (HPFRCCs), which found to be more
reliable and effective materials for retrofitting because they are
compatible with concrete [2, 3, 4, 5].

CARDIFRC® is one of these new material where has been developed
at Cardiff University for the rehabilitation and strengthening of
damaged RC flexural members. It is characterized by high tensile /
flexural strength and high energy observation capacity that make it

particularly suitable for repair of concrete structures [6, 7, 8].
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As a result of many trial mixes and testing, the mixes shown in Table
3.1 are the optimized ones. Two different mixes (designated
CARDIFRC®, Mix | and Mix II) of high-performance concrete
differing mainly by the maximum size of quartz sand used in the mix
have been developed using novel mixing procedures. These
procedures are described in patent GB2391010. The investigations
showed also that a significant improvement in the performance of Mix
| by the use of two grades of fine quartz sand (Table 1). Similarly, in
Mix Il in order to maximize the dry density of the mix, three grades of

fine quartz were used.

Table 1: Mix proportions for CARDIFRC® Mix | and Mix Il (per m®)

Constituents (kg) Mix | Mix 11
Cement 855 744
Micro-silica 214 178
Quartz sand: 9-300um | 470 166
Quartz sand: 250- | 470 -
600um

Quartz sand: 212- | - 335
1000um

Quartz sand: 1-2pum - 672
Water 188 149
Super-plasticizer 28 55
Fibre: 6mm 390 351
Fibre: 13mm 78 117
Water/Cement ratio 0.22 0.20
Water/Binder ratio 0.18 0.16
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This optimization of grading of quartz sands used led to considerable
reduction in the water demand without any loss in workability. It is
reported by Karihaloo [5] that the produced material (CARDIFRC®)
in its hardened state is characterized by very high compressive strength
(in excess of 200 MPa), tensile / flexural strength (up to 30 MPa), high
energy-absorption capacity (up to 20,000 J/m?).
Objectives
Some studies have been conducted at Cardiff University using
CARDIFRC® as a rehabilitation and strengthening material for
damaged RC flexural members [4, 6, 7]. This study is an extension of
those studies. The main objectives of the study are:
i. Evaluate the effect of hot climate on fracture properties of
normal strength concrete (NSC) and CARDIFRC® .
ii. Evaluate the role of the interface when normal strength
concrete are retrofitted with CARDIFRC®, focusing on the
effect of thermal cycles and surface preparation on the repair

system.

Mixing and Casting of NSC and CARDIFRC®
The NSC mix with the required compressive strength was chosen, the
mix proportions that were used to prepare the test specimens in this
work are cement: sand: coarse aggregate: water ratio of 1: 2: 2.5: 0.56.
The CARDIFRC® mix used in this work is Mix I. The mix was
prepared according to the procedure given by Karihaloo [7]. The first
group of specimens was prepared to assess the fracture properties of

hardened concrete. It comprised of eighteen 200 x 200 x 200 mm cubes
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of NSC with a rectangular groove; they were cast in specially
manufactured steel moulds for the WS test. To determine the fracture
properties, half of the cubes were notched to a notch to depth ratio of
0.2 and the other half notched to a notch to depth ratio of 0.6 before
they were thermally cycled and tested. The second group of specimens
comprised of thirty six 200 x 200 x 98.5 mm half cube of NSC and
CARDIFRC® prepared for bonded specimens. These half cubes were
produced using 200x200x200 mm WS steel moulds partitioned with 3
mm sheet metal in the middle (Figure 1).

Preparation of WS bonded specimens

After the curing stage, the contacting surfaces of the half cubes were
cleaned and roughened to create a grid of grooves using an angle
grinder. The grooves were approximately 3 mm deep at a spacing of
50 mm (Figure 1a), and were now ready to be bonded together.
Bonding Process

As mentioned above, the joining surfaces of NSC and CARDIFRC®
specimens were cleaned and roughened with an angle grinder to
improve the bond and to create mechanical interlocking between the
adhesive and the concrete. The rough, irregular and furrowed surface
creates a structural morphology that allows the adhesive to penetrate
into the irregularities, forming a strong interfacial layer [1]. The
adhesive material consists of two parts which were thoroughly mixed
and placed with a serrated trowel on the NSC specimen to a thickness
of 3 mm, and applied also on CARDIFRC® half cube to cover the
grooves. The CARDIFRC® half cube was placed on the concrete half

cube and evenly pressed. Four small plastic spacers were fixed on the
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parent concrete to get a uniform adhesive thickness of 3 mm to
complete the normal cube width 200 mm (98.5 + 98.5 + 3) ( Figure
1b). They were removed after the bonding material had hardened i.e.
after approximately 3 to 4 hours. The bonded specimens were notched
to a notch depth ratio 0.2 and 0.6 along the interface by a diamond saw

with a blade thickness of 3 mm.

3 mm Spacers

Sikadur 31 CARDIFRC

Parent Concrete

Figure 1(a) Configuration of NSC and CARDIFRC® specimens
roughened and grooved surface

- |
30 mm
200 mm
CARDIFRC half cube Concrete half cube
\/:5; mm S0mm
- Grid of grooves
—— 985mm —|

Figure 1(b) Bonding of half cubes
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Thermal cycling

A group of test specimens comprised of six 200x200x200 mm cubes
of control and CARDIFRC® bonded specimens with a notch to depth
ratio of 0.2, and six 200x200x200 mm cubes of control and
CARDIFRC® bonded specimens with a notch to depth ratio of 0.6.
This group of specimens was not exposed to thermal cycling and was
tested after the curing stage at room temperature.

The thermal cycling for NSC and CARDIFRC® specimens was
conducted in two groups. The first group of specimens was subjected
to 120 thermal cycles and the second group to 180 thermal cycles. The
first and second groups comprised of twelve 200x200x200 mm cubes
as control specimens and twelve 200x200x200 mm CARDIFRC®
bonded to NSC half specimens with a notch to depth ratio of 0.2 and
0.6 for determining the fracture properties. The specimens were placed
in the electrical furnace and heated to maximum temperature of 90°C
from the room temperature (about 25°C) for about 20 minutes. This
was aimed to avoid any risk of the specimens being thermally shocked
during heating. The maximum temperature was maintained for eight
hours before the specimens were cooled down to room temperature in
approximately 16 hours. The 24 hours heating, hold and cooling cycle
constitutes one thermal cycle (Figure 2). The first specimens group
was exposed to 120 thermal cycles and the second to 180 thermal

cycles, after which they were tested at room temperature.
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Figure 2 Schematic representation of the thermal cycle

Fracture tests

The fracture behavior of control NSC specimens and NSC bonded to
CARDIFRC® specimens after thermal cycling using the wedge
splitting test (WST) are discussed in this section. The wedge splitting
test is a very stable test which requires only a small amount of test
material.

Test procedure

The test procedure is characterized by the simplicity of making and
handling of specimens and by stable crack-growth conditions. The
specimen shape, test configuration and load arrangement for control
NSC specimens are shown in Figure 3 and figure 4 (a & b) for control
and bonded specimens). The control and retrofitted cube specimens
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200 x 200 x 200 mm have an initial rectangular groove for the
placement of two steel load transmission pieces fitted with roller
bearings on either side. A steel wedge is placed between the roller
bearings. A vertical force Fy on the wedge imparts a well-defined
horizontal-force Fy to the bearings thus wedging open the starter
crack. The test was carried out using a DARTEC closed loop machine
(200 kN). The rate of loading was controlled by a crack mouth
opening displacement (CMOD) gauge at a very low rate (0.0002
mm/s) so that the fracture occurred in a stable manner. During the
propagation of the crack in the specimens, the deformation is
measured by the crack mouth opening displacement (CMOD) along
the line of application of the horizontal splitting force using this
CMOD gauge.

The vertical load Fy on the wedge was measured by a load cell
between the wedge and the testing machine. The horizontal splitting

force Fy was calculated with the aid of wedge angle 6.

B F, 1- utan @) 5 F. (1)
i 2tan (L + ucot ) (1+ ucot ) 2tan 6)

F
where Fy is the vertical force on the bearings and u is the coefficient
of friction between the wedge and roller bearing. The manufacturer of
roller bearings quotes ux between 0.1 and 0.5%. For 8 =15°, (the half
wedge angle for the WS used in this study) the contribution of p cotd
in the previous expression is therefore between 0.40 and 1.9%.

Therefore, Fy may be approximately expressed by:
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F, = = (2)
2tan 0

The area under the load-CMOD curve corresponds to the work done
which is required to separate the specimens. Dividing this work by the
fracture area or the ligament area that was intact before the test began
yields the measured specific energy G:. This value characterises the
crack propagation resistance of the tested material and can be simply
calculated as follows

G

f

:mj F,d(CMOD ) @)

where, B is the specimen thickness, W™ = W-d,, (see Figure 4c).

Control NSC specimens

The fracture behaviour of normal strength concrete under thermal
cycling was evaluated using the WS test. Eighteen specimens with
notch to depth ratios of 0.20 and 0.60 were tested at room temperature
after different numbers of thermal cycles.

Grove Centre of Roller

Starter Notch

W
ZW =B
—

Figure 3-a. Configurations of WS test -specimen shape
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Figure. 3-b. Configurations of WS test - loading arrangements,

e— 110 i

Knife edges for clip gange

W

W

Figure 3-c. Configurations of WS test: the points of application of

wedge force and location of clip gauge for measuring CMOD
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a b
Fig.4- a. Wedge splitting test, showing Fig.4- b.Wedge splitting test for
the wedge mounted between two rollers bi-material system
bearing at each side of the specimen CARDIFRC®/NSC)

Measured fracture energy Gt

Control specimens

The measured specific fracture energy results for NSC specimens with
the notch to depth ratios of 0.20 and 0.60 after 0, 120 and 180 thermal
cycles are shown in Tables 2, 3 and 4, respectively. The fracture
energy Gt (o) decreases as the notch to depth ratio o increases (Figure
4a). As can be seen in Table 2, the mean value of G; decreases from
123.1 N/m for o = 0.20 to 116.6 N/m for a = 0.60. This is brought
about by several factors. First, the propagating crack encounters
resistance from more coarse aggregate particles for shorter initial
notches. Second, the probability of flaws like voids, micro-cracks and
bond cracks in the path of the growing crack increases with increasing
ligament length [9].

A similar trend for the variation of fracture energy with initial crack
size has also been observed for test specimens after 120 and 180
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thermal cycling (Figures 4b and 4c and Tables 3 and 4). It was
observed that the crack path through the thickness of the NSC
specimens was not straight. Moreover, it seems to be more tortuous for
specimens with notch to depth ratio of 0.20. This variation in
tortuosity with notch size may be explained by the fact that with a
larger area available for crack extension, i.e. with small notch, the
advancing crack front will encounter more coarse aggregates which
are largely responsible for the tortuosity during the crack propagation
[10].

Based on the test results given in Tables 2, 3, and 4, after 120 thermal
cycles, the Gt value increases from 123.1 N/m to 148.5 N/m for
a = 0.2, and from 116.6 N/m to 134.6 N/m for« = 0.6 . This may be a
result of further hydration of cement paste, which gives extra strength
to the interface to resist cracking. With further increase in the number
of thermal cycles, the G value reduces to 137.2 N/m and 118.5 N/m
for « =0.2anda = 0.6, respectively after 180 thermal cycles. The
reduction could be due to the initiation of new micro-cracks at the

interface.

Table 2 Wedge splitting test results of NSC after 0 thermal cycles

Material | Depth | Specimens | Max.Load | Max.Load Mean CMOD Gt Mean
Type ratio no. Fm Fu Fu G
(KN) (KN) (kN) (mm) (N/m) (N/m)
1 6.7 125 12.3 0.0384 | 124.3 | 123.1
02 |2 6.0 11.2 COV% | 0.0845 | 107.3 | COV%
NSC 3 7.1 132 82 0.0405 | 137.8 | 124
1 2.0 3.7 4.2 0.0514 | 111.4 | 116.6
0.6 2 2.7 5.0 COV% | 0.0782 | 122.6 | COV%
3 2.2 4.1 137 0.0591 | 115.7 | 29.7
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Table 3 Wedge splitting test results of NSC after120 thermal cycles

Material | Depth | Specimens | Max.Load | Max.Load Mean CMOD Gt Mean
Type Ratio no. Fwm Fu Fu Gy
(kN) (kN) (kN) (mm) | (N/m) | (N/m)
1 9.6 17.9 18.3 0.0537 | 138.7 | 148.5
0.2 2 10.6 19.7 COV% | 0.0584 | 179.6 | COV%
NSC 3 9.3 17.3 6.5 0.0383 | 127.2 | 185
1 2.7 5.0 4.7 0.0958 | 138.8 | 134.6
0.6 2 2.5 4.7 COV% | 0.1559 | 129.9 | COV%
3 24 4.5 5.4 0.0958 | 135.0 | 3.3

Table 4 Wedge splitting test results of NSC after 180 thermal cycles

Material | Depth | Specimens Max Max. Mean CMOD Gt Mean
Type Ratio no. .Load Load Fu e
Fum Fu (kN) (mm) (N/m) (N/m)
(KN) (KN)
1 10.6 19.7 18.1 0.0398 153.8 137.2
0.2 2 10.0 18.6 COV% 0.0338 122.9 COV%
3 8.7 16.2 6.5 0.0421 135.0 11.3
NSC 1 24 45 47 0.0709 126.9 118.5
0.6 2 25 4.7 COV% 0.0733 119.8 COV%
3 2.7 5.0 5.2 0.0658 108.9 5.4
14 1
17 NSC after 0 TC

Load ¥

1] nz 0.4 I}5] n.a 1 1.2
CIOD

Fig 4-a. The influence of notch size on the load-CMOD curves, after zero

thermal cycles
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Fig 4-b. The influence of notch size on the load-CMOD curves, after 120
thermal cycles

WEC after 160 TC

0 (e 0.4 0.6 na 1 1.2
CIOD trm

Fig 4-c. The influence of notch size on the load-CMOD curves, after 180
thermal cycles
Bonded specimens
The test results of NSC bonded specimens exposed only to room
temperature are shown in Table 5. The results reveal that the crack
started at the starter notch corner and propagated in the parent concrete
at an angle of 13°to 19° for a = 0.20, and 10° to 15° for a = 0.60.

Visual observation showed a variation of fracture energy
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measurements Gs (o) with the notch of depth ratios of 0.20 and 0.60
similar to the WS test of control specimens (Figure 5a).

The specific fracture energy and the maximum load of bonded
specimens revealed a decrease with increasing notch to depth ratio
from 100.3 N/m to 87.9 N/m and from 15.5 kN to 4.1 kN. This
behavior was observed in all of NSC specimens bonded to
CARDIFRC® exposed to 120 and 180 thermal cycling (Figures 5b and
5¢). The results reveal also that the mean value of the peak load for
bonded specimens with a notch to depth ratio of 0.20 increases from
15.5 kN for 0 cycles to17.3 kN after 120 thermal cycles and then drops
to 13.9 kN after 180 thermal cycles, giving a total decrease of 10
percent. The results showed that NSC bonded specimens behaved as
the control NSC specimens. Tables 5, 6 and 7 also show that the
measured fracture energy Gs for NSC bonded specimens with a notch
to depth ratio 0.20 increases from 100.3 N/m to 150.8 N/m after 120
thermal cycles, thereafter, the Gy decreases to 134.0 N/m after 180
thermal cycles. Similar behavior was also observed in bonded
specimens with a notch to depth ratio 0.60 and those of control
specimens exposed to the same number of thermal cycles.

Generally, the results show that there is no significant effect caused by
the thermal cycling on the failure mode; all failures took place in the
NSC (parent concrete) without showing any signs of interfacial
fracture. This proves that the repairing system with CARDIFRC® has
no adverse effect due to thermal cycling, this leads to lowering the
material resistance for cracking and makes it more brittle. The results
also show that the maximum load for specimens with both depth ratios
(e« =0.2 anda = 0.6) increases from 12.3 kN to 18.3 kN and from 4.2
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kN to 4.7 kN after 120 thermal cycles. After 180 thermal cycles the
peak remains almost unchanged with both depth ratios.

Table 5 WS results of CARDIFRC® / NSC after 0 thermal cycles

Material Depth Specimens Max.Load Max.Loa Mean CMOD Gs Mean
Type Ratio no. Fm d Fu Gt
(kN) Fu (kN) (mm) (N/m) (N/m
(kN)
1 8.5 15.8 15.5 0.0279 | 95.8 100.3
0.2 2 8.4 15.6 Cov% 0.0336 | 98.7 Cov%
NSC 3 8.1 15.1 2.3 0.0381 | 106.5 | 5.5
bonded 1 2.2 4.1 41 0.0527 | 82.8 87.9
to 0.6 2 2.2 4.1 Cov% 0.0734 | 101.0 | Cov%
CARD 3 2.3 43 3.7 0.0565 | 80.1 | 12.9
IFRC

Table 6 WS results of CARDIFRC® / NSC after 120 thermal cycles

Material | Dept | Specimens Max. Max. Mean CMOD Gt Mean
Type h no. Load Load Fu Gt
Ratio Fwm Fu (kN) (mm) (N/m) (N/m)
(kN) (KN)
1 9.9 18.4 17.3 0.0361 143.2 150.8
NSC 0.2 2 9.0 16.8 COV% 0.0389 139.6 COV%
bonded 3 9.0 16.8 5.5 0.0534 169.6 10.8
to 1 2.8 5.2 5.4 0.1045 139.3 133.1
CARDIF | 0.6 2 2.7 5.0 COV% | 0.0937 123.0 COV%
RC 3 32 6.0 9.8 01051 | 1371 | 66

Table 7 WS results of CARDIFRC® / NSC after 180 thermal cycles

Material | Dept Specimens | Max. | Max | Mean CMO Gt Mean
Type h no. Load | .Loa | Fy D Gt
Ratio Fum d (KN) (N/m) (N/m)
(kN) | Fu (mm)
(kN)
1 8.1 15.1 | 139 0.0651 139.2 134.0
NSC 0.2 2 7.3 136 | COV% | 0.1092 | 129.5 COV%
bonded 3 7.0 131 | 6.9 0.0507 | 1334 36
to 1 24 45 3.9 0.0912 118.9 115.8
CARDIF | 0.6 2 2.1 39 | COV% [ 01029 [ 11938 COV%
RC 3 21 39 |83 0.0834 | 108.9 52
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16 - NSC with CARDIFRC after 0 TC
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Fig. 5-a. The affect of notch size on the load — CMOD curves of bonded

NSC specimens, after zero thermal cycles

NSC with CARDIRC after120 TC
20 -

16 1
12 +
8 -

4 1 /\
0 T T T
0 0.2 0.4 0.6 0.8 1

CMOD mm

Load kN

Fig. 5-b. The affect of notch size on the load — CMOD curves of bonded

NSC specimens, after 120 thermal cycles
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12 - NSC with CARDIFRC after 180 TC
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Fig. 5-c. The affect of notch size on the load — CMOD curves of bonded

NSC specimens, after 180 thermal cycles

Size-independent specific fracture energy Gg

According to the boundary effect model of Duan [11] for determining
the size-independent fracture energy, Abdalla and Karihaloo [12]
found that the size-independent fracture energy can be evaluated by
testing just two specimens of the same size containing a shallow and
deep starter notch. Due to this reason the tests were conducted on WS
specimens with o = 0.20 and o = 0.60 (Tables 2, 3 and 4) for NSC
specimens and (Tables 5, 6 and 7) for bonded specimens. The
determination of the size-independent specific fracture energy Gg for

control and bonded specimens was based on the following equation:

fG Fl 1 a, /W ] .
F -— -al/W >a /W
G(/W) J L 21—a/WJ
a =
f
IGFILM 1—alW Sa,/W (4)
L 2 a, /W
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Table 8 shows the results of the size-independent specific fracture

energy Gg and transition ligament length a, after thermal cycling

obtained from the Gs (a) values for o = 0.20 and a = 0.60 of control
specimens. As it can be seen, the Gg first increases from 129.7 N/m to
162.4 N/m after 120 thermal cycles and then decreases slightly to
155.9 N/m after 180 thermal cycles. The increase in the size-
independent specific fracture energy may be attributed to the partial
expulsion of capillary water. Gradual removal of capillary water
further reduces the lubricating effect of the water and toughens the
concrete [13]. Baker also showed that at low temperature, less than
120° C, the slight thermal damage via micro-cracking that occurs
before full drying out with moisture migration and steam escape,
actually provides a toughening mechanism [14].

The results show also that using the first of two equations (4) to

determine Gg and a, on the assumption that 1 - 2 > 2 s confirmed
woow

true after determining 21 which is less than both 1- 2= , 1.e. 0.8 and
W w

0.4 after each thermal cycling stage

Table 8 Size-independent fracture energy after 0, 120 and 180 thermal cycles
for NSC

Thermal Cycles Gr a, a,
N/m mm W
0TC 129.7 16 0.08
120TC 162.4 27 0.13
180TC 155.9 38 0.19
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Another factor that significantly contributes to the increase in Gg is the
age of concrete specimens as pointed out by Petersson [ 15 ].
Temperature, which contributes to the hydration of the remaining
unhydrated cement, densifies the cement matrix. The denser of the
microstructure of normal concrete, the higher its crack resistance will
be [ 9 ]. For more clarity, the measured and size —independent fracture
energy for the NSC after different thermal cycles is plotted in Figure 6.

180

*

150

o N

=0.2
120 %

90

60

Fracture Energy N/m

30

0 T T T T T 1
0 30 60 90 120 150 180

Thermal Cycles

Fig. 6. The effect of thermal cycling on measured and size-independent
fracture energy of NSC

For bonded specimens, Table 9 shows the results of the size-
independent specific fracture energy Gg and transition ligament length

a, after thermal cycling obtained from the G; (o) values for o = 0.20

and o = 0.6 . It can be seen that the size independent fracture energy of

bonded specimens increases from 112.7N/m at room temperature to
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168.5 N/m after 120 thermal cycles and then decreases to 152.2 N/m
after 180 thermal cycles.
Again, the first of the two equations (4) has been used and it has been

confirmed after the determination of Gg and a, that the condition

(1- i} < 2 s indeed satisfied. As the number of thermal cycles
W W

changes, the material behavior also changes. This can be clearly seen
in the measured and size independent fracture energy (Figure 7). The
increase in Gy and Gg after 120 thermal cycles is probably because
elevated temperatures assist further hydration. However, the reduction
after 180 thermal cycles is due to the stress generated at the interface
between the aggregate and the hardened cement paste which allow

initiation of more micro-cracks [1].

Table 9 Size-independent specific fracture energy Gg of bonded NSC

specimens
Thermal Ge a a
Cycles N/m mm w
0TC 112.7 35.0 0.18
120TC 168.5 335 0.17
180TC 152.2 38.2 0.19
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Fig.7. The effect of thermal cycling on measured and size independent
fracture energy of CARDIFRC® / NSC bonded system

Comparison of the results

Specimens exposed to 0 thermal cycles

Both control and bonded specimens test results show clearly that the
failure took place in the normal strength concrete, and the fracture
mode is quasi-brittle. The load-CMOD curves for control and bonded
specimens for a = 0.20 and o = 0.60 after 0 thermal cycles shown in
Figures 5a and 6a reveal as expected, that the stiffness and the
maximum load for bonded specimens with a notch to depth ratio of
0.20 increases compared to the control specimens and the mean value
of the maximum load for bonded specimens is 15.5 kN, whereas it is
only 12.3 kN for control specimens. Therefore, a total increase in the
mean value of the maximum load of bonded specimens for o = 0.20 is
26 percent. For specimens with depth ratio of 0.60, the mean value of

the maximum load seems to remain unchanged.
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Specimens exposed to 120 thermal cycles

The topical load-CMOD curves for both control and bonded NSC
specimens for o = 0.20 a = 0.60 after 120 thermal cycles are plotted in
Figures 5b and 6b. As can be seen, the maximum failure load for
bonded and control specimens with a notch to depth of 0.20 is nearly
the same but the mean value of maximum failure load for a = 0.60
increases slightly from 4.7 kN for control specimens to 5.4 kN for
CARDIFRC® bonded specimens, giving a total increase of 12 percent .
Specimens exposed to 180 thermal cycles

Figures 5c and 6¢ show the load-CMOD curves for control and
CARDIFRC® bonded specimens with a notch to depth ratio of 0.20
and 0.6 respectively. It can be seen that the maximum failure load
decreases from 18.1 kN for the control specimens to 13.9 kN for the
bonded one, giving an decrease in the maximum load of 23 percent.
Similarly, the mean values of the maximum load for control and
bonded specimens with depth ratio 0.60 are reduced from 4.7 kN for

control specimens to 3.9 kN for bonded one.

Conclusion

1 - The results indicate that the bonded specimens are somewhat
stronger compared with the control one at room temperature. The
bonding of NSC with CARDIFRC® system reveal that the peak load
has improved, the pre-peak non-linearity reduced and the post-peak
behavior is steeper However, after 120 and 180 thermal cycles, the
strength of bonded specimens decreased slightly for both notch to
depth ratios 0.20 and 0.60.
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2 - It was also found that the fracture energy value G; decreases
compared with control specimens. The reduction of Gs value could be
due to fact that the crack path in such bonded specimens is less
tortuous than that in the control specimens. 3 - To avoid any
deterioration in the repair system (delamination or interfacial fracture),
both NSC and CARDIFRC mating surface have to be roughened. This
creates a good bond and a higher interface toughness which delays the
interface crack propagation through the weaker material and forces the
crack to kink into the parent concrete.

4 - To further improve the bond, the thin film of cement paste on the
smooth cast surface of the concrete must be removed.

5 - In all bonded specimens, as the load increased the crack
propagation in the parent concrete started from the initial notch
without any visual deterioration or bond degradation.

6 - Both the measured fracture energy (Gf) and the size-independent
specific fracture energy (Gg) of control and bonded specimens follow
the same trend where the values decreased as the notch to depth ratio
increased.

7 - Generally, the repairing system of normal strength concrete with
CARDIFRC is more successful when the adhesive bonding technique

is used.
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Abstract

This paper presents the position and velocity of servo control systems
using a classical control, cascade control, identification techniques.
When modeling the servo system, there are two principle methods:

i. A mathematical model of the system was created using
Simulink/Matlab; and

ii. Utilizing Matlab and the Young’s Information Criteria a System
modification method was used to ascertain a model structure.

Using the identification algorithm for parameter estimation, a
distinct model of the servo system was achieved.
Furthermore, Ziegler and Nicolas employed two different approaches
to tuning the P1 and PD controllers on the servo system: first Quarter
amplitude decay ration was used, and second The good gain analytical
approach was used, whereby the simulation model and the real servo
rig then implemented the previously designed Pl and PD controllers.
Utilizing the velocity as the inner loop and position loop, a cascade
control on the server was applied, manually turning the loops of the
employed cascade control.

Introduction

The control system is the method or means by which the quantities
of concern in mechanisms, machines or any other equipment is kept or
changed in accordance with a desired manner.
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All engineers, no matter what their specialization, find that control
systems are of great importance. All humankind benefits from the
different branches of engineering, an industry which deals with the
comprehension and regulation of machinery and equipment — the
schemes utilized in providing commodities for the community.
Effective control systems require efficient design, modeling and
understanding, all aspects that are complementary and essential for
effective control systems, as will be illustrated below. Control
engineering is not confined in its range to any specific engineering
specialty, but is just as appropriate within aeronautical, chemical,
mechanical, environmental, civil and electrical industries, as for
instance a control system frequently incorporates electrical,
mechanical and chemical parts.

Modeling, analysis, design and synthesis are the essential stages in the
study of physical systems. In 1963, Zehad and Desor defined a
“system” as “a collection of all its inputs — outputs pairs” (M Gopal,
1993). The mathematical model that will be used in the development
of an effective system must take into account the fact that each input
must generally include outputs that depend on both the input signal
and also on the model. When this is completed, the next step is the
design and control, for which a common block diagram of an
automated control system is shown in figure (1). The diagram
illustrates an error finder which evaluates a signal through feedback
element, being a task of output response, with the reference input.

System modeling, which is a fundamental task in control systems
design, involves running the system without control, monitoring and
checking responses allows us to understand the mathematical term of
any system. This part of the paper will be concerned with the study of
the basic form of the servo control system: the velocity and position.
This is vital because, while it is the simplest form of servomechanism,
it is used as the starting point for understanding all other
servomechanism systems.
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Fig.1. Mathematical models and transfer function of Servo System

Introduction to a servomotor:-

The servo DC motor is, in its basic form, an electrical torque
transducer. Its purpose is to convert electrical energy into mechanical
energy, which is regarded as an essential component in factory
automation and control equipment. The modern servomotor is both
small in size and lightweight, is highly efficient, easy to control and
easily integrated within the circuit. The torque developed on the shaft
of the motor is directly proportional to the field flux and armature
current. Generally the motor is turned to a known angular position by
the use of a control circuit. The controlled system in the laboratory
application is the servo motor and the physical quantities such as
(velocity, angular position, voltage, current, torque, frequency) are
called “controlled variables”. The only controlled variables to be used
within this experiment are the position and velocity variables. The use
of machines and equipment to apply control of a system without the
intervention of a human operator other than for the programming is
called ““automatic control”.

There are two different types of control systems. The first is used to
control the sequential starting and motors overload protection and are
known as ‘“sequential control”, thus requiring a sequential control
circuit comprising of both a memory and a logic circuit. The “dynamic
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control system” is the second type of control system. This system
requires some form of energy storage element, such as inertia, a
capacitor, an inductor or similar.
Mathematical models and transfer function of Servo System:-
System modeling, which is a fundamental task in control
systems design, involves running the system without control,
monitoring and checking responses allows us to understand the
mathematical term of any system. This part of the paper will be
concerned with the study of the basic form of the servo control system:
the velocity and position. This is vital because, while it is the simplest
form of servomechanism, it is used as the starting point for
understanding all other servomechanism systems.

Consider an armature controlled DC servomotor system as shown in
figure (2) below, and assume that the field current is maintained
constant, and the voltage applied to the armature, that it has a
resistance and negligible inductance. The effect of the application of
input voltage will be to cause the armature to rotate. Therefore, the
relation between and the angular position is obtained as follows:
Mathematical models and transfer function of Servo System:-

o la(t) Constant

V(t)

Fig .2. An armature controlled DC servomotor system

1
2(8) = o= (v(O) = v (©)? 1)

Where vy, (t) isthe back emf=k,w(t) 2
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And ky is the motor emf constant.
The torque produced by the motor can be given by:

Tm =Km la 3

And the load torque is given by:

T = dw +D
V=g T 4)
Where: is the motor torque constant, J is the moment inertia of the

moving parts on the axis of the armature shaft, D is the damping co-
efficient due to the parts frication and

w = Cll—vtv is the angular velocity ()

Assume that the losses in the motor are neglect, in such case since the
electrical power developed is equal to the mechanical power available
as . If and substituting from equation 2 we get:

VvV — kbw] dw (6)

The above can be arranged as follows:

dyy N 1 [ N KmKb] ~ Km (7)
d ] Ra 1"~ JRa

Or

d

i + aw = Kv ®)
dt
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where:
17 KmKb 9)
a=—|+
] Ra

And equation 8 can be written as follows:

d’e  de (10)
By taking the Laplace transform we get the servo position transfer
function:

B(s) Kk (112)
v(s) s(s+a)

The servo velocity transfer function is:

1
W(s) = ——v(s) %
0(s) = lgws (13)

This derivation of the servo system transfer function can be
represented on the block diagram as shown in figure (3) below:

V% e LESL] ke [T e (9L s [B6)

V(s)

Ko

Fig. 3-a. The derivation of the servo system transfer function
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Fig. 3-b. The derivation of the servo system transfer function

Adaptive control

Adaptive control is the process of applying a system identification
technique in order to acquire a model of the process and its
environment using input-output experiments and using this model as a
basis to design the controller. The parameters of the controller are
manually attuned during the functioning of the plant. However, if the
number of parameters is larger than three or four, and they vary with
time, automatic adjustment is needed. A study is made of the design
techniques for the adaptive system and a theoretical analysis is carried
out for unknown but fixed plants. In practice they are employed on
slowly time-varying and unknown plants [1].

The two variables that can affect the functioning of a system are
external disturbance and parameter variations. A closed-loop system
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including feedback (shown in the upper part of figure) is used to deal
with external perturbation. In this case the measured value of the
output y(KT) is compared with the desired value of the output r(KT).
The difference e(KT) between the two signals is applied to the
controller, which then gives the correct control action u(KT) to the
plant or system under control. A fairly comparable method can be used
if parametric uncertainties show in the system model of figure, in this
case the controller includes adjustable parameters.

The classification of the performance index is duplicated based upon
the actual functioning of the system. The controller adaptation
mechanism is activated after the index is appraised and comparison
made with the desired performance index and the inaccuracy
concerning the two performance indices is determined. The parameters
of the controller are changed when the devise is properly designed, in
order to ensure that the error affecting the two performance indices lies
within acceptable limits.

Costs have contained in the employment of adaptive controllers
throughout industries as a result of the technological advances,
particularly in the field of microprocessors. The energy, paper, defense
and shipping industries have all benefitted from the application of
adaptive control schemes. It is hoped that product quality, cost
savings, production rates, fault detection and energy savings can all be
increased by the utilization of adaptive controllers. The two basic
techniques used to control discrete-time systems with unknown
parameters are the model reference adaptive control (MRAC) and self-
tuning regulators (STRs). [2]

Discrete Design Synthesis
Specify the desired closed loop transfer function:

Where (P) is the discrete pole location that relates to the desired time
constant (A) of the (continuous) closed loop system.

Can now apply a discrete version of (DDS; known as Lambda tuning)
to create an adaptive pole-placement controller.
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Discrete version of the DDS controller equations:-

1 Gogp (14)
Gpzy) 1 = Gagz)

G (Z) =

Substitute our plant model and desired closed loop transfer function:

1—az?! (1-p)z~?t (15)
Ga) = bzl 1—pz~1—(1-p)*t!

u(z) (A-p)l-—az (16)
e(z)y b 1-z1

This is a discrete PI controller with the gains given by:

(1-p) (1-p) (17)

Au = b e(t) —a o e(t—1)

System ldentification Technique:-

Recursive Least-Squares for on-line parameters identification, we have
the following recursive definition of least-squares with an exponential
‘forgetting factor ' 0

B(k) = Bk — 1) + K)[Y(K) —x"B(k — 1)] (18)
The time-varying 'Kalman' gain vector K is first updated according to:

P(k — DX(K) (19)
(v + XT(K)P(K — 1)X(K))

K(k) =

With the information matrix P updated as:
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P(K) = %UJ(K — 1) = KEXT(K)P(K — 1)] (20)

Discrete First Order Process Model:

Consider the following first order pulse transfer function, with a
sampling time of :

—Ts
K )_K(l—e Y)Z™t  bz!

- —Ts T 1 _ 4,1
S(1+ 1S) 1= (7 )z-1 1-—az (21)

Gy(z) = (1 — z—l)z(

The model structure is easy to identify using RLS, and we can assume
the following ARMA model:

Y (t)=bu(t-1) + ay(t-1) + e(k) (22)
Where k is an uncorrelated, Zero means white sequence. As in the

continuous case, this process can be controlled by P1 controller.

Continuous time transfer functions of a PI controller:

Ki 22
Ge(S) = Ke |1+ (22)
i
Assuming a backward difference approximation for: s~ = TZS
That is gives us the Discrete form of the PI controller:
TsKiKc
Gs(z) = Ke + - (23)
1-2z1

Rearranging into an incremental form:
From using the previous method:
The parameters of this transfer function were: - [a=0.9 and b=0.5]
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Fig. 5. PD controller block diagram
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- The difference between the PI controller block diagram and PD
controller block diagram that the PI controller has got

integrator. And that integrator obtained to remove the steady-
state error.

Simulink and real data collection

After the parameters of the transfer function have been obtained, these

transfer function built up with PI controller, therefore, we got the
curve as it shown below.

Il —r

Addl

R N
7| 109 T |

Discrete Filter! SCope2

U

Unit Delay1

To Workspace! f

To Workspace2

Unit Delay

Fig. 6. Block diagram of PI controller
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Fig.7. Transfer function

Graph of PI controller with transfer function

As shown in the graph, the controller and the transfer function have

positive response.

Figure (6) shows the block diagram of Adaptation Pl controller in

Simulink which is represented the equations..
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Fig. 8. Adaptation block diagram of PI controller
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Now the adaptive PI controller is ready to implement in Block diagram
of PI controller with adaptation, as shown in figure (7).
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Fig. 9. Block diagram of PI controller with adaptation
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After running the Simulink, the values of the parameters for both the
transfer function and PI controller appeared on the display screen
(@=0.9 & b=0.5) and the values of the K1(0.787) and K2 (-
0.7083).Thus, these results are confirmed to mathematically result
which were calculated.

Fig. 10. Graph of PI controller with adaptation

It can be clearly seen that, the settling time of about 10 second which
it is too big. For that reason the identification system is implemented
in order to overcome the large settling time. The identification system
can be represented via equations below of updating the values of (a, b).

P1=P1 (k-1) + u (k-1) * u (k-1) (24)

P2 = P2 (k-1) + u (k-1) * y (k-1) (25)
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P3= P2 (k-1) + u (k-1) * y (k-1)
Q1= Q1 (k-1) +y (k) * u (k-1)

Q2=Q2 (k-1) +y (k) *y (k-1)

(26)
(27)

(28)

The block diagram in figure (10) is donated all equations above

Simulation for a Discrete Pl speed Controller on Simulink model:

When we run that block diagram of the Simulink that give as the
velocity of PI controller as shown in the graph below.
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Fig. 11. Block diagram of Simulink velocity PI controller

As can see, the output of Simulink has a great response.
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Fig.12. Graph of Simulink velocity PI controller

Simulation for a Discrete Pl speed Controller on Servo:-

Figure (11) shows the block diagram of real velocity Pl controller
which is ready to run it.
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Fig.13. Block diagram of real velocity PI controller
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Fig.14. Graph of real Velocity (break off) PI controller

From the figure above, the output response with the (break off) has
10.88 sec.

Fig.15. Graph of real Velocity (break on) PI controller

From the figure above, the output response with the (break on) has
10.60 sec which is less than real Velocity (break off) Pl controller
response.
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Fig. 16. Graph of velocity PI controller (Simulink & Real)

As can be clearly seen from the graph, the value response of Pl
controller in velocity has great at both of Simulink and real .Moreover,
there are no steady state error; furthermore, the settling time at the
Simulink and real are 40.28 sec &40.88 sec respectively.
Consequently, both of them are less than 1 sec.

As a result, the output response of velocity PI controller on Simulink is
quicker than real as well as the settling time in Simulink is shorter than
real.

4.4.3. Simulation for a Discrete PI position Controller on simulink

In this part, the block diagram for the position has been implemented
via adding integrator to the system as shown in the figure below.
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Fig. 17. Block diagram of Simulink position PI controller

The discreet PI controller for position is ready for use in simulation
and the output response as shown below.

Fig. 18. The output response of PI controller for position in simulation
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Simulation for a Discrete PI position Controller with Servo

In this for real position, on difference and two constants have been
added in order to adjust the output response of position.

el PP

Motor Volts Out Metar Welociy
Messwenert Congaing Messursmend Campuding
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Fig. 19. Block diagram of Discrete Pl position Controller with Servo

Figure (18)shows the output response of real position Pl controller. As
can be clearly seen, the setting time is 45 sec.
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Fig. 20. Output response of real position PI controller
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Figure (19) shows the two output response for both position Pl
controller in Simulink and real. As can see, the settling time of real at
the position of Pl is slightly higher than the Simulink position. Also,
there is no steady state error or over shoot.
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Setlling time |
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— — e —
Fig. 21.
Output response of (real and Simulink) position Pl controller
Conclusion:-

This paper discussed the control design methods which are used to
design a set of controllers to control the DC servo-motor, In part 1, we
have designed a discrete Pl & PD controllers and we have seen their
behavior on the Simulink model and also on the Servo.

In part one, have designed a discrete Pl and PD speed controller
system using identification system, observed that the velocity response
for the PI controller is better than the velocity response for the PD
controller, because the velocity at the PD controller has huge steady-
state error with the ideal curve, and that is why not establish on the
project.
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In part two, have designed a discrete Pl and PD speed controller
system using identification system, observed that the position
responses for both controllers Pl and PD were very close to each other,
except that the PI controller has a slightly better response than the
continuous PD controller in the settling time region. However, both
responses are satisfactory compared with the ideal curve.

From these two parts generally the Pl controller is better than PD
controller as shown in the schedule below.

SETTLING

Decreases Increases No Change Decreases

Decreases Increases Increases Eliminates

No Change Decreases Decreases No Change
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Measurement of Mass Flow Rate (Pneumatically Conveyed)
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Abstract

In many industries flow parameters measurement is essential for
process control. The use of a reliable, cost effective and high accuracy
instrument is an important issue. Appropriate measurement method
and design are required to improve pneumatic conveying operation
and process efficiency. In this paper the focus will be on how to use
two electrostatic electrodes to measure solids flow rate and how to
compensate the effect of velocity and concentration.

In the field of energy generation, whole world is looking for
techniques which can reduce pollution and lower operating costs. One
of routes is via an appropriate control and measurement. In coal fired
power plants, this is very important regarding improving efficiency
and reducing greenhouse gas emission.

Electrostatic mass-flow meter is one of popular measurement systems
used to give a measure of the pulverised fuel mass flow rate. However
the system suffers from several problems. For example, a ring-shaped
electrode has non-uniform sensitivity, resulting in variations in meter
output for the same flow rate when the flow stream passes at different
radii relative to the meter’s central line, and the meter’s output varies
for the same mass flow rate if the solids velocity changes.

Introduction:-

The system of Pneumatic conveyor is often used to transport
pulverized and granular materials for many industrial processes
involving bulk solids handling and control. In order to achieve
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efficient utilization of energy and raw materials an accurate, reliable,
on-line, continuous and non-invasive measurement of solids mass flow
rate. Also this system has become increasingly significant. And solids'
mass flow rate measurements have been highly concerning by both
industries and researchers. However, there is many differen tmethods
have been studied and developed for metering mass flow rate of solids
inpneumatic transport systems twenty years ago.

In pneumatic conveying systems the measurement of mass flow rate
be able to understood as the measurement of the quantity of mass of
solid particles that flow through the cross sectional “area of a pipe per
time unit. Pneumatic conveying is widely use dindifferent industrial
settings and measuring the mass flow rate of solids is very useful for
control and monitoring purposes. In this paper I have used Air solids
and calibration of an electrostatic flow meter, because Air solids flow
is common in coal fired stations. The combustion plant is able to
improve by measurement and ideally control of coal-fired flow
velocity, concentration and the distribution (split) between pneumatic
conveyors feeding burners in the furnace.

The method of using solid fuel to create PF in combustion generator
is divided into four steps. The first step is the variable speed screw
feeder used to feed solid fuel into the mill device. The second step is
the mill device used to convert the solid fuel into pulverised fuel. The
third step pump hot air and mix it with the PF produced from the mill
device and at last step the PF meter used to measure the quantity of the
PF used in each burner connected to the furnace of the power
generator. Also the burners are connected with split pipes that are fed
by the solids-air mixture produced from the pulverizing mill. The ratio
between the air and the fuel can be set accurately, in universal the pf
flows in power plant are defined as lean-phase, with air/solids ratios
between 1.5:1 and 3:1 by weight, these results in solids volumetric
concentration levels around 0.05%. For control and fuel-balancing
purposes or merely to observe the flow type it is unnecessary to have
an absolute measure of mass flow rate.However any difference in the
ratio will cause uneven feed to the burners which yield negative
impact on the total fuel consumption as well as producing high carbon
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ash and increase the emission and increase the fuel consumption. The
particles speed in the pipelines can be determined by using the cross-
correlation technique.

In the analysis part we already have known two parameters which are
velocity and signal (rms) by using meters, but we don’t know mass
flow rate so by calculation method we can measure the mass and
calibration the meters. However, the mathematic equation was
developed which can govern the relationships between the meter’s
output voltage rms (mV), the ratio of (air/ solids Ras) and the solids
mass flow rate.

Experiments on Pneumatic Conveying System:-

During the experiment we have seen clearly that the output signal
(RMS) of an electrostatic flow meter is affected by lots of factors such
as (velocity, concentration of particles, humidity, temperature and
pressure etc). The theoretical analysis is able to give essential
guidance. However, the model can be optimised by using calibration
procedure. at this time demonstrated is an example in which an
electrostatic meter was calibrated under different (air to solids) ratios
Ras with solids mass flow rates and on the whole equation was found
to govern the relationship between the meter output(RMS), solids mass
flow rate and air to solids ratio.

At next figure (1) we have seen that, the block diagram of the test rig
in the Teesside University pneumatic conveyor. And the solids
discharges into the test rig through the screw feeder.Also the solids
mass flow rate into the rig is determined from the (rate-of-loss) of
weight depicted. Furthermore air mass flow rate is obtained using an
orifice plate located downstream of the cyclone i.e. in its exhaust.

The material which was used for my experiments is (Fillite) a
commercial product made of fly ash & average particle size which we
have been used in these experiments was approximately 100pm, solids
mass flow rate was between from larger than20 kg/hr to larger than
50kg/hr.
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Figure (1) Block diagram of the test rig in the Teesside University pneumatic
conveyor.

The ratio of air/solids was constant because the tests complete more
than the full functioning range of the pneumatic conveyor and over the
process was repeated for ratios of (1.9:1 to 3.9:1).

Also the solids mass flow rate was diverse for every one sequence of
tests and the signals were sampled in excess of the selected measuring
of period.

Experimental data:-

In this the experiment we have got many parameters such as the
solids velocity which measured by using cross correlation method and
rms (root mean square) by using pneumatic test rig in the lab at the
Teesside University as we have seen that, in the figure abov. The rig
consists of two horizontal sections and one vertical section,
furthermore a draft fan controlled by an inverter sucks air into the
system and the solids were delivered by a screw feeder and mixed with
air at the inlet the rig, furthermore the mass flow rate was controlled
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by another inverter and measured by a weighing system, the Air flow
rate was measured at a location downstream of the cyclone.

In the rig there are four electrostatic meters two of them in the
horizontal and other in the wvertical section. The solids are
pneumatically conveyed, then collected by the cyclone after passed
during the rig and the meters. The clean air will exits from the roof top
by using the stack.

The next table (1) contains the experimental results for the one meter
which number (1) in the vertical section of the rig. The tests covered
the large ranges of air/solids ratio and mass flow rate. However, all the
data in this table for each column represents one parameter indicated
by the heading as shown below in table (1).

Table 1 experimental results for meter [1].

Rms [mV] | Solid mass flow | Air flow rate Air /solids

rate [kg/hr] [kg/hr] ratio[Ras]
111 27.37 105 3.77
140 33.12 124 3.88
190 37.8 144 3.78
241 43.28 164 3.83
281 46.68 183 3.94
353 51.85 203 3.90
487 54.44 229 4.13
103 27 92 3.35
127 32.85 109 3.30
166 37.75 126 3.32
213 43 143 3.32
261 47.43 160 3.38
335 52.38 176 3.37
407 56 194 3.47
511 59.42 211 3.51
110 33 93 2.83

Figure (2) includes a bundle of curves illustrating the relationship
between signal (rms) value and solids mass flow rate under different
air-solids ratios. Also we have seen clearly that over the wide range of
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air to solids ratios from (2.83 until 4.13), the relationship between the
meter’s output (rms) value and the solids mass flow rate is curve-fitted
to a second order polynomial for a given air-solids ratio, which can be
optimised using the table (1) data.

By taking the air-solids ratio in the model, the below mathematic
equation was developed which can govern the relationship between
three parameters, the meter’s output voltage (rms), solids mass flow
rate (m) and the air to solids ratio (Ras).

The relationship between the ratio of air-solids (Ras), solids mass flow
rate and the output signal (RMS) as shown in below equation:-

RMS= (ARas + B) * M? + (CRas + D) * M + (ERas + F) (1)

Where RMS is the value of output voltage of the meter, M is the solids
mass flow rate and A, B, C, D, E and F are constants which will give
more information about how we can find them in, during the
calibration by using the data which we have been got from the
experiments.

.70
S -
= as 3.
= 50 Ras 2.88
= o Ras 2,39
= 40 s Ras 1.92
=
, 30
£ 20
Z 10

0 T T 1

0 200 400 600
rms (mV)

Figure (2) Calibration data the relationship between signal value and solids
mass flow rate under different air-solids ratios.
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Analysis by using the least square method to find the value of
variables:-

From the main equation above will find the value of variables as
following.
Next will put this equation(1) as below equation then will differential
all the six equations, consider N=16 from the table (1).

= Z?ﬂ[yi — f(Xi)]? where yi = rms and f(xi) =

equationl.
n

= Z[yl — (ARas + B) * M2 + (CRas + D) * M + (ERas
i=1
+ F]? = min

ST <
=2 Z RasM2[yi — f(xi)] = 0. (2)

n

811 2 E ! 204 E g 4
—== Ras;M{y; — A RasiM;"— B Ras;Mj
81_[ i=1 n=1

n=1
n
- cz Ras?M}
n=1
n
—-D Z Ras;M?
n=1

n n
- EZ Ras?M? — FZ Ras;M? = 0
n=1 n=1

n

il

- 2T N —

= ZZM [yi — f(xi)] = 0
n=

(3)
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By using Excel program easy to find single above summation then will
get six values for each variable (A, B, C, D, E and F). The software
was programmed using mat lab, will put all these values as a matrix
then variables (A, B, C, D, E and F) are identified as follows.
A=-0.1581, B=0.7908, C=-14.826, D=61.511, E=-290 and F=1210.5
From the main equation (1), air to solids ratio and values of variables
will get next equation.

RMS= (—0.1581 * Ras + 0.7908) * M2 + (—14.826 = Ras +
61.511+*M+(—290+Ras+1210.5) (8)
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Using Eq. (8), and logged solids mass flow rate & the corresponding
the ratio of air to solids, the calibration output (rms) value can be

obtained. The error at each calibration point can then be found.

Next table (2) shows the absolute and relative calibration error in
terms of rms value. Also we can see clearly that the maximum relative
error is approximately 13%, so it is really quite high for the signal
value but, is suitable for a multi-phase flow meter.

Table 2 Absolute and relative calibration error for rms values.

Solid Air | Air /solids Rms Absolute | Relative
Rms mass flow | ratio[Ras] | calculated error error
[mV] flow rate
rate | [kg/hr]
[ka/hr]

103.93 | 26.94 | 104.86 3.77 106.65 2.72 2.6
110.78 | 32.93 | 124.14 3.88 116.80 6.02 5.2
111.3 | 27.37 | 143.87 3.78 107.12 -4.18 -3.9
127.7 | 32.85 | 163.78 3.83 129.07 1.37 1.1
128.92 | 37.75 | 183.37 3.94 121.96 -6.96 -5.7
140.26 | 33.12 | 202.79 3.90 142.61 2.35 1.6
14571 | 37.79 | 228.89 413 143.98 -1.73 -1.2
158.64 | 42.21 | 92.04 3.35 157.69 -0.95 -0.6
166.32 | 37.76 | 108.75 3.30 165.39 -0.93 -0.6
1749 | 47.10 | 125.67 3.32 183.55 8.65 4.7
186.82 | 42.82 | 142.67 3.32 189.09 2.27 1.2
190.03 | 37.80 | 159.54 3.38 186.99 -3.04 -1.6
202.87 | 46.44 | 176.44 3.37 206.41 3.54 1.7

213 43.03 | 194.10 3.47 217.78 4.78 2.2
237.63 | 51.38 | 210.97 3.51 252.62 14.99 5.9
487.23 | 54.44 | 99.61 1.90 429.30 -57.93 -135
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Figure (3) Calibration data the relationship between signal value, solids mass
flow rate and solids velocity.

Develop an equation to measure solids mass flow rate with velocity
information.

From the equation (1),
RMS= (ARas + B) * M? + (CRas + D) * M + (ERas + F)

If air to solids ratio (Ras) unknown.
Then the equation (1) will be as shown in the next equation

A"/ \"
RMS = (A+ K3 +B)+ M2+ (CxKy+ D)+ M+ (E 9)
A"
K~ +F)
RMS = (aMV+b*M2)+(dV+e*M)+(r%+s)- (10)

Using Eqg. (10) and the table (3) in this table, each column represents a
parameter indicated by the heading. Rms is the meter’s output rms
value in mV, and the ratio between air mass flow rate to solids mass
flow rate is referred to as (air/solids ratio) or (Ras) and solids velocity
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‘V’, to find all factors (a, b, d, e, r and s) by using same method (least
square method), The error at each calibration point for the meter’s
output voltage rms and solids mass flow rate can then be found in next
step.

Using the least square method to find the value of factors:-

By the equation (10) and the table (3) will find the value of factors as
following.

V
RMS=(aMV+b*M2)+(dV+e*M)+(rﬁ+s)

Next will put this equation (10) as below equations then will
differential all the six equations, consider N=16 from the table (3)
below.

Table 3 Experimental results for meter (1), with velocity information.

Rms [mV] Solid mass flow Solids velocity Air /solids

rate [kg/hr] ratio[Ras]
111.30 27.37 17.28 3.77
140.26 33.12 20.52 3.88
190.03 37.8 24.13 3.78
241.6 43.28 27.80 3.83
281.31 46.68 31.19 3.94
353.58 51.85 34.78 3.90
487.23 54.44 39.42 4.13
103.93 26.94 15.27 3.35
127.7 32.85 17.99 3.30
166.32 37.75 21.11 3.32
213 43.03 24.15 3.32
261.43 47.43 27.02 3.38
335.48 52.38 30.01 3.37
407.25 55.93 33.18 3.47
511.72 59.42 36.04 3.51
110.78 32.93 15.46 2.83
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n
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By using Excel program easy to find single above summation then will
get six values for each variable (a, b, e, d, r and s). The software was
programmed using mat lab, will put all these values as a matrix which
we have done in the previous step, then factors (a, b, e, d, r and s) are
identified as follows.

a=-0.939, b=0.7980, e=-61.511, d=88.1, r=-1720and s=1210.5

By using E.q (10), solids velocity and value of factors will get next
equation (17).

n
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rms1=0.7980M"2-61.511M-0.939MV+88.1V+1210.5- 1720V/M. ‘(17) ‘

Calculate solids mass flow rate:-
From the next equation (10) and table (3) we can work out solids mass
flow rate (M) as shown below:-

\'%
RMS=(aMV+b*M2)+(dV+e*M)+(rﬁ+s) (10).

\'%
RMS*M=(aMV+b*M2)+(dV+e*M)+<rM+s)*M

bM3 + (aV+d)*M2+(eV+s—rms)*M+rV=0 .(18).
We have seen clearly that an equation (18) is cubic equation, the cubic
equation, its most general form, may be written as the form: ax3 + bx2
+cx+d=0,a#0.
So to solve this equation we have to follow next method:

bM3 + (@avV+d)*M?+ (eV+s—rms) *M+rV=0
M3 —97.41M? + 3285M — 37260.20 = 0

In this equation has the form: M3 -bM?+CM~—-d=0

After calculated the above equation will get the first calibration point
at the meter’s output voltage rms (111.30 mV), solids mass flow rate
(27.37 kg/hr) and solids velocity (17.28) as shown in table (3) it was
(26.1 kg/hr).
By using the cubic equation method all operating points were
calculated to work out solids mass flow rate as shown in next table (4).
However this table shows the error at each calibration point for the
meter’s output voltage rms, absolute and relative calibration error for
the mass flow rate.
By using the same method above to calculate solid mass flow rate at
each calibration point, the equation must be as the form of the next
equation: M3 -bM?+CM—-d=0
Then work out (M) by using cubic equation method
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% Calculate solid mass flow rate at output voltage rms (140.256 mV),
solids velocity (20.521) and factors which were calculated above.
0.7980M3 — (0.939 * 20.521 — 61.511) * M?

+(88.1+20.521 + 1210.5 — 140.256) * M
—1720+%20.521 =0

M3 —101.22M? + 3606.7M — 44230.72 =0  Hence:

M, = 31.56

% Calculate solid mass flow rate at output voltage rms (190.02 mV),
solids velocity (24.13) and factors which were calculated above.
0.7980M3 — (0.939 * 24.13 — 61.511) * M?

+(88.1+24.13 +1210.5 —-190.02) + M
—1720+24.13 =0
M3 — 105.47M? + 3942.77M — 52009.52 = 0 Hence:
M; = 36.43

% Calculate solid mass flow rate at output voltage rms (241.6mV),
solids velocity (27.80) and factors which were calculated above.
0.7980M3 — (0.939 + 27.80 — 61.511) * M?

+(88.1+27.80 + 1210.5 — 241.6) + M
—1720+27.80=0
M3 —109.8M? + 4283.30M — 59919.88 = 0 Hence:
M, = 40.86

% Calculate solid mass flow rate at output voltage rms (281.30 mV),
solids velocity (31.2) and factors which were calculated above.
0.7980M3 — (0.939 * 31.2 — 61.511) * M?

+(88.1+31.2+1210.5—-281.30)«M
—1720%31.2=0
M3 —113.8M? + 4608.92M — 67248.12 = 0 Hence:
Ms = 42.92

¢+ Calculate solid mass flow rate at output voltage rms (353.578 mV),
solids velocity (34.78) and factors which were calculated above.
0.7980M3 — (0.939 = 34.78 — 61.511) = M?

+(88.1+34.78 + 1210.5 — 353.578) * M
— 1720+ 20.521=0
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M3 — 118.006M? + 4913.58M — 74964.41 = 0 Hence:

M, = 48.78

Calculate solid mass flow rate at output voltage rms (487.22 mV),

solids velocity (39.42) and factors which were calculated above.

0.7980M3 — (0.939 * 39.42 — 61.511) * M?
+(88.1+39.42 + 1210.5 — 487.22) + M
—1720%39.42 =0

M3 — 123.46M? + 5258.37M — 84964.41 =0 Hence:

M, = 58.18

Calculate solid mass flow rate at output voltage rms (103.93 mV),

solids velocity (15.27) and factors which were calculated above.

0.7980M3 — (0.939 * 15.27 — 61.511) * M?
+(88.1%15.27 + 1210.5 — 103.93) * M
—1720%15.27 =0

M3 — 95.05M? + 3072.50M — 32912.78 = 0 Hence:

Mg = 24.42

Calculate solid mass flow rate at output voltage rms (127.78 mV),

solids velocity (17.99) and factors which were calculated above.

0.7980M3 — (0.939 * 17.99 — 61.511) * M?
+(88.1+17.99 + 1210.5 — 127.78) + M
—1720%x17.99=0

M3 —98.25M? + 3342.9M — 38775.43 = 0 Hence:

M, = 30.43

Calculate solid mass flow rate at output voltage rms (166.32 mV),

solids velocity (21.11) and factors which were calculated above.

0.7980M3 — (0.939 x 21.11 — 61.511) * M?
+(88.1+21.11+1210.5 - 166.32) +M
—-1720+x21.11 =0

M3 —101.92M? + 3639.06M — 45500.25 = 0 Hence:

M;o = 35.60

Calculate solid mass flow rate at output voltage rms (213.003 mV),

solids velocity (24.15) and factors which were calculated above.
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0.7980M3 — (0.939 * 24.15 — 61.511) * M?
+(88.1+24.15+1210.5 —-213.003) *M
—1720+24.15=0

M3 — 105.92M? + 3916.18M — 52052.63 = 0 Hence:

M;; = 40.71

Calculate solid mass flow rate at output voltage rms (261.43 mV),

solids velocity (27.02) and factors which were calculated above.

0.7980M3 — (0.939 * 27.02 — 61.511) * M?
+(88.1%27.02 +1210.5 - 261.43) +M
—1720%x27.02=0

M3 — 108.87M? + 4172.34M — 58238.6 = 0 Hence:

M;, = 44.59

Calculate solid mass flow rate at output voltage rms (335.47 mV),

solids velocity (30.01) and factors which were calculated above.

0.7980M3 — (0.939 « 30.01 — 61.511)  M?
+(88.1%30.01 + 1210.5 — 335.47) + M
—1720+30.01=0

M3 — 112.4M? + 4409.66M — 64683.20 = 0 Hence:

M;; = 50.3

Calculate solid mass flow rate at output voltage rms (407.24 mV),

solids velocity (33.18) and factors which were calculated above.

0.7980M3 — (0.939 * 33.18 — 61.511) * M?
+(88.1+33.18 + 1210.5 — 407.24) +M
—1720%x33.18=0

M3 —116.12M? + 4669.7M — 71515.79 = 0 Hence:

M,, = 54.54

Calculate solid mass flow rate at output voltage rms (511.72 mV),

solids velocity (36.04) and factors which were calculated above.

0.7980M3 — (0.939 * 36.04 — 61.511) * M?
+(88.1+36.04 +1210.5 - 511.72) « M
—1720+x36.04 =0

M3 — 119.49M? + 4854.51M — 77680.2005 = 0  Hence:

M;s = 60.42

239 Copyright © STJ 2015 2015 A8l 5 o slall Aaal s gina anlall (3 gis



Science and

Technology Journal — . >
wu (AJM‘ RJQA
Published Online in  http://www.stj.com.ly oA Aaall aBga Jo il &
April 2015 2015/ &/ ';H,Jué

% Calculate solid mass flow rate at output voltage rms (110.78 mV),
solids velocity (15.46) and factors which were calculated above.
0.7980M3 — (0.939 * 15.46 — 61.511) * M?

+(88.1+15.46 + 1210.5 - 110.78) + M
—1720+15.46 =0
M3 — 95.2M? + 3084.9M — 33322.30 = 0 Hence:
M;¢ = 30.87

Next table (4) is the final table shows the absolute and relative error at

each calibration point which has been done to calculate mass flow rate.

Table 4.above Shows the error at each calibration point for the absolute &
relative calibration for the mass flow rate.

Solid Solid Air /solids | Calculated | Absolute | Relative
Rms mass velocity | ratio[Ras] | mass flow error error
[mV] flow rate
rate [kg/hr]
[ka/hr]

111.3 27.37 17.28 3.88 26.1 -1.28 -4.90
140.26 | 33.12 20.52 3.94 31.56 -1.56 -4.94
190.03 | 37.80 24.13 3.30 36.43 -1.37 -3.76
241.60 | 43.28 27.80 3.37 40.86 -2.42 -5.92
281.31 | 46.69 31.20 3.51 42.92 -3.77 -8.78
353.58 | 51.85 34.78 2.93 48.78 -3.07 -6.29
487.23 | 54.44 39.42 3.83 58.18 3.74 6.42
103.93 | 26.94 15.27 3.77 24.42 -2.52 -10.32
127.70 | 32.85 17.99 3.78 30.43 -2.42 -7.95
166.32 | 37.76 21.11 4.13 35.6 -2.16 -6.06
213.00 | 43.03 24.15 3.38 40.71 -2.32 -5.69
261.43 | 47.44 27.02 2.84 44.59 -2.85 -6.39
335.48 | 52.38 30.01 3.38 50.3 -3.04 -4.13
407.25 | 55.93 33.18 3.40 54.54 -1.39 -2.54
511.72 | 59.42 36.04 1.90 60.42 1 1.65
110.78 | 32.93 15.46 3.83 30.87 -2.06 -6.67

240 Copyright © STJ 2015 2015 Zuall 5 o glall dlaal 1da ine aodall (358



Science and

Technology Journal =3 _ B PN
i) g o glad) dlaa
Published Online in  http://www.stj.com.ly oA Aaall aBga Jo il &
April 2015 2015/ Jan/ ';H,Jué

Z 70 600
2
=
= 60 500
2
=2 30 a00
= 40 %
S = 300 2
= LTG- 30 (=
=
= 20 200
2 10 100
=
- ] T . . . 0
20 30 40 50 60 70
True Mass Flow Rate (kg/hr)
=&==calculated flow rate velocity  =ill=rms

Figure (4) Calibration data the relationship between signal value, solids mass
flow rate and solids velocity.

Figure (4) shows the calculated mass flow rate against the true
mass flow rate for various velocities, we have seen that the
relationship between the calculated mass flow rate and the true mass
flow rate its linearity.

From the table (4) we can see clearly that the maximum relative error
is approximately 10%, so it is quite high for the mass flow rate but, for
a multi-phase flow meter is actually acceptable.

Table (4) and figure (4) show that, the air & solids mass flow rate were
controlled to keep air to solids ratio constant (mass flow rate of air-
mass flow rate of mass), as a result of that under every one of the
ratios between 1.90 and 4.13 when the solids mass flow rate be
increased, the air flow rate is increased as well (proportionally). The
relationship for each air-solids ratio between the signal value & the
solids mass flow rate was close to second order polynomial due to
shared effect of velocity & solids mass flow rate.

The higher air-solids ratio gives (less solids or lower concentration)
resulted in higher signal value for a given mass flow rate. It is also
seems contrast to the common sense, other than again it is due to
higher velocity, as shown in the graph. The velocity effects on the
signal value more than any other parameters, so the effect of velocity
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requires compensation for mass flow rate or concentration
measurement. However, the signal (rms) depends on the shared effects
of mass flow rate, velocity and concentration.

Conclusion:-

This paper has studied the characteristics of the ring-shaped
electrostatic meter. The effects of solids velocity, particle size and
electrode geometry on the concentration measurement have been
reviewed. The mathematic models have been developed to describe the
relationship between signal level, solids velocity, solids concentration
and mass flow rate.

Although these models are based on the laboratory experimental
results, the same methods can be implemented in industrial
application, which can significantly improve the measurement
accuracy using this meter.

The calculation and calibration have been based on one meter installed
on the rig, however the models can be applied to all four meters,
(vertical & horizontal) sections. In industrial applications, if the air to
solids ratio is known, and the output signal in the equation can be
obtained from the meter, the equation can give a measured solids mass
flow rate easily.

A signal processor was designed and built, capable of simultaneously
cross-correlating and processing pf signals from two sensors, including
compensating for spatial effects. Sensor calibration test rig was
successfully constructed using a moving belt to simulate a pf rope. A
method to improve the cross correlation velocity measurement is also
demonstrated and this also has been incorporated into the meter signal
processing software.

We have seen clearly that in calibration data which is in figure (2) all
the range of air to solids ratio from 1.90 until 4.13, the relationship
between signal value (rms) and the solid mass flow rate is curve-fitted
to a second order polynomial for a give air-solid ratio. Based on the
least square criterion and logged solids mass flow rate and
corresponding air-solid ratio. However, the calibrated output value
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(rms) is possible to be obtained. From the table (4) we have seen the
maximum error at calibration point for the mass flow rate was
approximately 10%. Also the table (2) shows the relative error for the
signal voltage (mV) was approximately 13%. So that are still quite
high for a single voltage and mass flow rate but, we can say that it is
really acceptable percentage for a multi-phase flow meter.

However, the output of an electrostatic meter is affected by multiple
variables, including velocity, mass flow rate, particle size, moisture
content and chemical property of solids, this study provides a method
to investigate the effects of all different parameters, and offering a
practical solution for such complex problem.
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Abstract

High performance architectures are increasingly heterogeneous with
shared

and distributed memory components, and accelerators like GPUs.
Programming such architectures is complicated and performance
portability is a major issue as the architectures evolve. This paper
presents the implementation of data parallel heterogeneous skeletons
that are novel in supporting execution on heterogeneous architectures.
The heterogeneous skeleton model simplifies parallel programming on
heterogeneous architectures. The programmer has a single model, that
of composing and parameterizing skeletons rather than two models.
The main contribution of this paper is to address the challenges of
programming heterogeneous architectures by providing skeleton-based
programming libraries: i.e. HWSkel for heterogeneous multicore
clusters. The libraries provides heterogeneous data parallel algorithmic
skeletons including hMap, hMapAll, hReduce, hMapReduce, and
hMapReduceAll.

Keywords Parallel, Skeleton, Heterogeneous, performance portability

1. Introduction

In recent decades, a large variety of parallel system architectures has
been introduced to the market. With the advent of multicore systems,
parallelism has become mainstream. In terms of memory architectures,

244 Copyright © STJ 2015 2015 Zuall 5 o glall dlaal 1da ine aodall (358


mailto:Khari.armih@gmail.com

Science and

Technology Journal — . >
wu (AJM‘ RJ%A
Published Online in  http://www.stj.com.ly oA Aaall aBga Jo il &
April 2015 2015/ &/ ';H,Ju‘é

a cluster of multicore nodes can be classified as a combination of
distributed and shared-memory parallel architectures. Such a parallel
architecture is intended to increase performance by providing two
levels of parallelism, one at the top level between the nodes and the
second within each node in the cluster. However, in spite of the
undoubted ability to increase the processing power of multicore
clusters by upgrading their nodes or adding new nodes, this increase in
processing power often results in heterogeneous environments due to
the variety in the capabilities of the newly added or upgraded nodes.

Structured parallel programming (or algorithmic skeletons) was first
introduced by Cole in (1). Simply, algorithm skeletons are high-level
parallel programming model that used to ease parallel programs
development process by concealing most parallel coordination from
the users (programmers). Much work (2; 3; 4; 5) has been done in the
area of skeletal programming under various names, and for different
parallel architectures. Different research groups have provided
skeleton implementations. Some of the skeleton frameworks come as a
library and others are provided as language constructs. Since the
organisation of parallelism in skeletal programming is up to the
skeleton implementation, algorithm skeletons can be classified either
as distributed- or shared memory architecture. Many frameworks are
provided as libraries that support distributed parallel computations
which are implemented on distributed parallel architectures.

eSkel (6; 7) is a library of C with MPI functions offering data parallel
and task parallel skeletons. eSkel is used in distributed environments
such as clusters and grids. SkeTo (8) is also using MPI to achieve
parallel distributed computations on distributed parallel architectures.
It is provided as a C++ library. Muesli (9) provides data parallel and
task parallel skeletons as a C++ library. It works using MPI to achieve
parallelism on distributed parallel architectures. Google’s MapReduce
(10) is a parallel programming model for distributed-memory
environments developed by Google. It is proposed as library that can
be implemented in C++. Google’s MapReduce is designed to take
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advantage of large clusters by providing high-level abstractions for
parallel algorithms. These abstraction are based on the concept of map
and reduce primitives present in functional languages, where the map
function processes the input data and produces a set of intermediate
key/value pairs and the reduce function merges the intermediate values
that have the same key. Apache Hadoop (11) is a Java framework for
processing large data set on large clusters. It provides a distributed file
system (HDFS) that can store data on nodes in the cluster and
implements the MapReduce paradigm.

One of the recent skeleton libraries that supports shared-memory
architectures (Multi-core systems) is Skandium (12). Skandium (13) is
a Java library of shared memory algorithm skeletons. It was designed
to works using the Fork/Join framework in Java to achieve parallelism
in shared-memory environments.

Other frameworks such as TBB (14) provide high-level parallel
abstractions. TBB is a C++ library, which provides various templates
for parallel programming such as parallel for, parallel reduce, parallel
scan, and parallel pipeline.

However, the implementation philosophy of our libraries differ from
these frameworks in that the skeletons can be executed on a variety of
parallel architectures in a transparent way. This means the programmer
does not need to choose the appropriate skeleton for the target
hardware; instead the skeleton automatically implements a suitable
model for the specific heterogeneous multicore cluster architecture.
This paper presents a C based-skeleton library that uses MPI (15)
and OpenMP (16) to simplify parallel programming and achieve
parallelism on heterogeneous multicore cluster. The library provides
heterogeneous data parallel algorithmic skeletons including hMap,
hMapAll, hReduce, hMapReduce, and hMapReduceAll. In previous
work (17), we proposed a new architectural cost model for
heterogeneous architectures, and demonstrate that the cost model can
be exploited by skeletons to improve load balancing on
heterogeneous architectures. The heterogeneous skeleton model
facilitates performance portability, using the architectural cost model
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to automatically balance load across heterogeneous components of
the architecture.

2. HWSkel Library

The HWSkel design goals are as follows. We aim to provide a high-
level heterogeneous programming model that can hide many low-level
details that are commonly encountered in any parallel application on
heterogeneous parallel architectures. Thus, programmers need only
concentrate on the key application-specific issues.

The skeletons in HWSkel are implemented using a hybrid
OpenMP/MPI  model. The proposed framework enables the
programmer to develop parallel programs in the C language in a
sequential manner, where the skeleton call appears as a normal function
call in the program. This design is adaptable and hence HWSkel
skeletons can be used for distributed-memory systems, shared-memory
systems or both systems together as heterogeneous multicore systems.
For instance, if the underlying system is distributed memory, the
distributed parallel programming model will be automatically adopted.
The HWSkel library has the following characteristics:

e The recent trend of designing algorithm skeletons is to present
them as libraries to avoid adding any new syntax. Therefore,
HWSkel is provided as a library for C that works using MPI
and OpenMP to achieve the parallelisation on heterogeneous
multicore systems.

e HWSkel library provides simple heterogeneous parallel
skeletons for data parallelism for heterogeneous multicore
clusters.

e HWSkel supports parallelism on heterogeneous multicore
architectures, and flexible parallelism on both shared and
distributed memory architectures.

o Lower-level details of parallel programming are concealed
from the users by our skeleton. Furthermore, the interaction
between MPI and OpenMP introduces new communication
such as data flow between these models, and this

247 Copyright © STJ 2015 2015 Zuall 5 o glall dlaal 1da ine aodall (358



Science and

Technology Journal — . >
wu (AJM‘ RJ%A
Published Online in  http://www.stj.com.ly oA Aaall aBga Jo il &
April 2015 2015/ &/ ';H,Ju‘é

communication is implicitly defined by skeleton composition.
Hence skeleton can be used to develop parallel programs in a
sequential fashion.

2.3 Host Language

From a programmer’s perspective, providing parallel skeletons as high-
level libraries in an existing language is more common than the new
language approach. This is due to programmer reluctance to learn a
new programming language. Thus, we introduce our approach as a
high-level library of parallel algorithmic skeletons, which can be used
by C programmers in as normal function call in the program. Our
library is written in C due to the popularity of imperative languages in
the parallel domain. In addition, C has the following important features
that make it a good candidate host language for algorithmic skeletons.

e Higher-order functions: Typically, algorithmic skeletons are
offered to programmers as higher-order functions, due to their
natural properties (18) that make them highly abstract, where
the details of a problem are passed as arguments. Thus,
skeletons can easily be implemented in C since it supports
function pointers as function parameters. Thus skeletons can
imitate higher-order functions by accessing arbitrary argument
functions. However, this does not support function arguments
as closures.

e Ability to write polymorphic functions: since the idea of the
algorithmic skeleton approach is to encapsulate common
parallel patterns into polymorphic higher-order functions (19),
therefore, generic skeletons can be provided in C by using void
pointers.

3. Algorithmic Skeletons in HWSkel

This section presents the current prototype of the HWSkel library that
includes heterogeneous algorithmic skeletons for data parallel
computations. We provide a brief description and definition for each
heterogeneous skeleton in the HWSkel library. Note that all the
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definitions of the skeletons are written in BMF. The current HWSkel
library defines some widely used skeletons to provide a baseline for
comparison with other people's work. The skeletons include hMap,
hMapAll, hReduce, hMapReduce, and hMapReduceAll for data
parallelization.

3.1 Data Communication

All our skeletons work on homogeneous data structures (mostly
arrays), so dealing with heterogeneous data structures has to be in a
high level way by mapping them to homogeneous data structures. This
is done by means of the ArrayList, where each element contains a
buffer of char data type and the length of the buffer. So the data
structures need to be packed into this ArrayList before the distribution
process and then unpacked on each processor.

3.2 Initialisation and Termination

Since the implementations of the HWSkel communication system uses
MPI at the top level, the skeletons must be invoked after the
initialisation of the MPI environment. For this reason, we defined two
wrapper functions to initiate and terminate the MPI environment. In
principle, these could be added automatically by a pre-processor.

InitHWSkel()

The skeletons that are defined in the HWSkel library must be called
after InitHWSkel. InitHWSkel initialises the MPI environment and the
global ArrayList currentCluster that contains all the architectural
information that is needed in the architectural cost model as discussed
in (17). It calls the getClusterinfo() function that does dynamic
parametrisation of the static cost model.

TerminateHWSkel ()
The TerminateHWSkel function is called to terminate a computation
based on skeletons. The prototype for the TerminateHWSkel is:
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void* TerminateHWSkel()

3.3 The hMap Skeleton

The HWSkel library provides a heterogeneous map skeleton called
hMap. hMap is equivalent to the classical map skeleton for data-
parallel computations, where a single function is applied to different
data elements of input data structures (usually an array). To achieve
parallelism, a collection of input data structures are distributed
amongst a group of processing elements; then the map function is
applied to each data element in parallel and then the results are
collected. hMap is implemented using a Single-Program-Multiple-
Data programming model, where the input data structures and the
results are contained in a single node (usually the node with rank 0).
Since the underlying target hardware consists of two levels of parallel
hardware architecture, hMap first partitions and distributes the input
data structures amongst the nodes, and then partitions the local data
amongst the CPU cores in each node in the system. After the map
function is executed by each processing element the local results are
collected in each node, and then all results are gathered by the master
node.

hMap BMF Definition
The hMap skeleton applies function f to each element in array a[].

hMap(f,all) = [f(a[0]),f(a[1D),....... Sflan—1p] (1)

hMap Interface:
The prototype for hMap is:
void* hMap (void* dataL.ist, int size, enum DataType dType
void* mapFunc, enum DataType rType);
where
dataList  Specifies the starting address of the data.
Size Indicates the length of the data.
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dType Denotes the datatype of input data.
mapFunc  Specifies the map function.
rType Denotes the datatype of the output data.

Algorithm 1 displays the implementation of the SPMD model
in the hMap skeleton.

Algorithm 1 hMap skeleton implementation

=] = L

o oo

= &3 b

: BEGIN

- — master node:
- for every node; do i parallel

Send chunks-list]i]

- end for
- — worker node:
- for every core; do in parallel

assign core-local-list from node-chunks-listi]

- end for

: —+ each core:
11:
12
13:
14:
15:
16:
- end for
18:
19:
20:
2:
3

for every core-local-list[i] do in parallel
core-local-resultsfi| = map( f, core-local-list|i]
end for
— worker node:
for every core; do in parallel
concatenate (core-local-results[i], node-results|i))

—+ master node:
for every node; do in parallel
concatenate (node-results|i], global-results[i)
end for
END
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3.4 The hMapAll Skeleton

The hMapAll Skeleton is similar to hMap, but all input data is sent to
each processing element in the system, and then each gets its own
portion.

hMapAIll BMF Definition
The hMapAll skeleton applies function f to each element in array a[]
against the whole a[].

hMapAll(f,a[]) = [f(a[0] a[]), f(a[1]. a[D),...., f(a[n -
1], a[D] )

hMapAll Interface:
The prototype for hMapAll is:
void* hMapAll (void* dataList, int size, enum DataType

dType,
void* mapFunc, enum DataType rType);
where
dataList  Specifies the starting address of the data
size Indicates the length of the data.

dType Denotes the datatype of input data.
mapFunc Specifies the map function.
rType  Denotes the datatype of the output data.

hMapAll Algorithm:
Algorithm 2 displays the implementation of the SPMD model in the
hMapAll skeleton.
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Algorithm 2 hMapAll skeleton implementation

10:
11:
12:
13:
14
15
16:
1T:
18:
19:
200
A:
-

= BB B R

: BEGIN

|
2 — master node;
F
4

for every node; do m parallel
Send input-data

end for
: =+ worker node:
- for every core; do mn parallel

assign core-local-list from input-data
end for
—+ each core:
for every core-local-list[i] do in parallel
core-local-resultsfi| = map( [, core-local-list i], input-data
end for
—+ worker node:

for every core; do in parallel

concatenate (core-local-results|i], node-resultsfi])
end for
— master node:
for every node; do m parallel

concatenate (node-results|i], global-results|i))
end for
END

3.5The hReduce Skeleton

The hReduce skeleton represents the reduce function, where all
elements in input data structures (usually arrays) are "summed-up"
using an associative binary function. As in hMap the input data
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structures are partitioned and distributed to all nodes in the system, and
then the local input data for each node is split amongst the cores.
Finally the reduce function firstly merges all the local intermediate
results, and then perform the reduction on the global results.

hReduce BMF Definition
The hReduce function converts an array of numbers to a single value
using an associative binary operator &.

hReduce(@,a[ ]) = a[0]@all] @.......Pa[n — 1] (3)
hReduce Interface:

The prototype for the hReduce skeleton is:
void* hReduce(void™* dataL.ist, int size, enum DataType

dType,
void* reduceFunc, enum DataType
rType);
where

dataL.ist Specifies the starting address of the

data.

Size Indicates the length of the data.
dType Denotes the datatype of input data.
reduceFunc  Specifies the reduction function.
rType Denotes the datatype of the output

data.
hReduce Algorithm:

Algorithm 3 display the implementation of the SPMD model in
hReduce.
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Algorithm 3 hReduce skeleton implementation
- BEGIN

- — master node;

: for every node; do in parallel

Send chunks-list[i]

5 end for

6: = worker node:

7: for every core; do in parallel

assign core-local-list From node-chunks-list|i
- end for

10: — each core;

11: for every core-local-list do in parallel
12:  core-result = merge| @ , core-local-list )
13: end for

14: — worker node:

15: for every core; do in parallel

16:  node-result = merge (@, core-results|i])
17: end for

18: — master node:

19: for every node; do 1 parallel

20:  result = merge (@, node-results]i])

21: end for

22: END

H= &3 b3 —

3.6 The hMapReduce Skeleton

The hMapReduce skeleton is built from the basic data parallel
skeletons: map, reduce, and split. The underlying conceptual model is
similar to Google's MapReduce (11) but the target architectures are
heterogeneous multicore clusters. The computation in the
hMapReduce skeleton is expressed as two functions: a map function
that processes the input data and generates an array of intermediate
results, and a reduce function that merges all the intermediate results
into a single result. Here the map function generates a local array of
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intermediate results within each multicore node, the reduce function
firstly merges all the local intermediate results, and then perform the
reduction on the global results.

hMapReduce BMF Definition
Simply, hMapReduce skeleton is a generalisation of the map skeleton
including the reduce skeleton.

hMapReduce(f, @, a[]) = reduce(®,map(f,al])) 4)

So from the equations (1), (3), and (4) we can rewrite the hMapReduce
skeleton as follows:

hMapReduce(f, @, a[]) =
faloD@f(a[1D@... @f(a[n - 1]) ()

Where a[] is an array of elements, f is a function applied to each
element in a[], and @ is an associative operation.

The hMapReduce Interface:
The prototype for hMapReduce is:
void* hMapReduce(void™* dataL.ist, int size, enum DataType
Type,
void* mapFunc, enum DataType rType, void*

reduceFunc);
where

dataL.ist Specifies the starting address of the data.
size Indicates the length of the data.
dType Denotes the datatype of the input data.
mapFunc Specifies the map function.
rType Denotes the datatype of the output data.
reduceFunc Specifies the reduction function.
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Figure 1 shows the computation scheme for the hMapReduce skeleton.
The skeleton employs SPMD programming model that is inherited
from MPI.

" nputData D

s

Master:
Spllk Input data)
dsnisohunke)
Warksr(1): wmm Worksrin):
mapif) i mapif)
raduse{laoal recults) redusafocal o] redusedloaal reculls)

Master: reduce(global results)

|l

< oupt O

Figure 1: The Computation Scheme for hMapReduce Skeleton

3.7 The hMapReduceAll Skeleton

The hMapReduceAll skeleton is similar hMapReduce described above,
but all input data is sent to each processing element in the system, and
then each processing element splits the data to get its own portion.
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Thus, both the input data and the portion of the input data in each node
can be used together by the map function to perform its computation.

hMapReduceAll BMF Definition

hMapReduceAll(f,®,a[]) =
f(@[0La[® f(a[1l,a[D®...® f(a[n = 1Lal])  (6)

where a[] is an array of elements, f is a function applied to each
element in a[] against the all elements in a[], and @ is an associative
operation.

The hMapReduceAll Interface:
The hMapReduceAll skeleton has the same for prototype as
hMapReduce, but the implementation is different:

void* hMapReduceAll(void* dataL.ist,int size,enum DataType
dType,
void* mapFunc, enum DataType rType, void*

reduceFunc);
where
dataL.ist Specifies the starting address of the
data.
size Indicates the length of the data.
dType Denotes the datatype of the input data.
mapFunc Specifies the map function.
rType Denotes the datatype of the output data.

reduceFunc Specifies the reduction function.

HMapReduceAll Algorithm:
Figure 2 shows the computation scheme for hMapReduceAll skeleton.
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Master: Send(all input data)
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Master: reduce({global results)

J

C Output P

Figure 2: The Computation Scheme for hMapReduceAll
Skeleton

4. Conclusion

In the paper, we have presented a new skeleton-based programming
library called HWSkel for heterogeneous systems, in particular,
heterogeneous multicore cluster architectures. The library is
implemented in C on top of MPI as a distributed-memory
programming model and OpenMP for shared-memory parallelism.
This means that the heterogeneous skeletons can take straightforward
advantage of their underlying hybrid-programming model to execute
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on either distributed-memory systems, shared-memory systems or
distributed-shared memory architecture.

The HWSkel framework provides a set of heterogeneous skeletons for
data-parallel computations i.e. hMap, hMapAll, hReduce,
hMapReduce, and hMapReduceAll. Moreover, since our skeletons
need to be invoked within an MPI initialisation, the HWSkel library
provides wrapper functions (e.g. InitHWSkel and TerminateHWSkel
for some MPI routines to keep the programmer away from using a new
programming language within the skeletal programs.

Currently, HWSkel framework provide heterogeneous skeletons that
only support mostly regular data-parallel computations on
heterogeneous architectures. An important future work would be the
extension of our framework by adding new heterogeneous skeletons
for task-parallel computations as well as more skeletons for data-
parallel computations, and this could allow for task- and data-parallel
skeleton integration.
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