Sept enber,

1985

A STUDY AND ANALYSIS G- THE I NSTALLATION G- A DG TAL
FLIGHAT SIMLATCR AT THE NGER AN QML AV ATI ON TRAI N NG
CENTRE ZAR A THROUGH THE TEGHN QUE G NETWIRK ANALYSI S.

BY

MUSTAPHA BASHI RU
B.Sc (Hons) A B.U 1972

A Project Report submitted to the Departnent of Business
Adm ni stration, Ahnmadu Bello University Zaria, in partial
fufillnent of the requirements for the anard of the Degree

of Master of Business Admnistration (MB.A)

Departnent of Business Admnistration
Ahnmadu Bell o University

Zaria, Ngeria



[ hereby declare that chis preject, which was a record of

ly research w.rk, has been weitteo by m=. Tt has not been

previously prosented for the aword of any degree,

Mustapha Bashiru - ’B'\ - fct[‘i!%
NAME OF STUDENT SIGNATURE DATE
The above declaration is confirmed by

Dr. J. G, DONLI SIGNATURE DATE

SUPERVISOF



CERTIFICATION

This Project report cntitled A Study and Analysis of the
Installation of a Digital Flight Simulztor at the Migerian Civil
Aviation Training Centre, Zariz by Mistspha (2shiru meets the
regulations governing the avard off the derree of Master of
Business Administration (MPA) of the Ahmadu Belle Uiniverzity,
and is approved for its contribution to Mnowlodee and literary

contribution.

{Mame and Sienature)

Supervisor Date
: I:‘J;!E &nd Signature) M—/L '2»611 E}%”
External rxamner TDele

(Name and Signature)
Head of Department Date

(Name and Signatur<)
Dean, Post Craduate School Date




DEDICATION

To the loving memory of my late mother

Hajia Hauwau Basharuy and father ilhaji “ohammadu

Brabisra -oms ubu.



ACKMOWLEDGEMENTS.

This work has been carried out at the supgestion of Mr,
V. Janakiraman, to whom I feel greatly indebted. His suggestions
and critiques have been of tremendous help to me. I am pmarticu-
larly grateful to my supervisor and the Head of the Department
of Business Administration, Dr. J. G. Donli who has been of
great inspiration. I must express my appreciation of the
co-operation of the Principal, Migeriarn Civil Aviation Training
Centre, Zaria and the entire Staff of the Flight Simulator

Department for allowing me access to sather data.

To my wife Ramatu and our childrcn, Mohammed, Ibrahim and
Halima, for showing love and understanding throushout my study

period, it is a big thank you.

Fina ly, I wish to express my profound gratitude tec my
brothers Hamidu, Sidiq and Aminu for their unending support and
kind desire to make things possible. May Allah guide us all.



ABSTRACT

Modern flying machi nes are equi ped with conpl ex instrumenta-
tion and controls, requiring high degree of nastery of use for en-
hanced safe air navigation. H gh operating costs and risk to live
equi prent have led to the invention of the Flight Simulator, whoso
nmanufacturing fidelity is of such realismthat total transitional
training may take place in this device. Consequent |y this high cost
nmachi ne (nni numabout US 28n) dermands as nmuch managerial skill as
possible in every phase of its cycle, fromproduction to delivery,
installation, commi ssioning and subsequent operations. Installation
i nvol ves |l ocal and foreign | abour inputs, use of hired machi nes and

pl ants.

In 1981, the N gerian Qvil AMation Training Centre, Zaria,
installed a Fokker 2B Digital Flight S rmulator at their S mulator
conplex in Zaria. representatives of the manufacturers, Messrs
Redi ffusion Sinulation Linited of Lhited Kingdom were on site
with the N gerian counterparts to carry out the installation.

Al costs vrere borne by MCATC. The technique of Network Anal ysis
is hereby applied to the installation in order to reduce instal-
lation tine and therefore costs. A PERT Network was produced for

t he proj ect.

The critical paths obtained showed a tine saving of 11 days
and a cost saving of MO, 115.63. Sources of inprovenments have

al so been identified.
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PREFACF

This work, which irvolves the study and analysis of the
installation process of a digital flipht simuletor at Viperian
Civil Aviation Training Centre (NCATC), Zaria through the technique
of notwork znalysis, is as a result of & Jjoint decision between
my superviscor and I, The basis of this dociszion is the retrospective
view of such an installation which was carried out at NCATC, Zaria

in 1931,

I participated in th= installation of a Fokker 28 Fellowship
Flight Simulator, at the facilities of 'CATC, Zaria., Various diffi-
culties were encountered that resulted in loss of time, heavy cash
expenses, consequently a delayed commissioning resulting in the
loss of revernue, It was therefore decided that n cost and time
saﬁing proceedure could bhe eﬁolved which may be applicable to the

next flight simulator installation,

Chapter 1 gerves as an introduction detailing activities of the
NCATC, Zaria with particular reference to the role of the Flight
Simulator, A description of methodolozy is also provided in this

Chapter,

|
! Chapter 2 reviews relatoed iiterature and goneral theories

of application.

In Chapter 3, the anzlysis and interpretation together with

recommendntions are provided,

Chapter 4 covers the sumary and conclusions.
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CHAPTER ONE
INTRODUCTION

1.1 THE ORGANISATION

1.1.1. Historic Synopsis

Early plans for the establishment of a Civil Aviation Training
Centre in Nigeria were discussed at the 12th Assembly of the
International Civil Aviation Organization which was held at San
Diego, California, United States of America in the sumer of 1959.
In 1962, the Government of Nigeria requested the services of an
International Civil Aviation Organization experti to assist in the
preparation of a formal request for assistance Irom the lUnited
Nations Opecial Fund, and also to investigate the actual require-
ments for the establishment of the project. In the same year, the
official request was forwarded to the United Nations Special Fund
and was approved in January, 1963. The Bill establishing the
Training Centre was passed by the Nigerian House of Representatives
on the 29th of September, 1964, and ihe Nigerian Civil Aviation
Training Centre Act came into force on 23rc October, 1964, The
project was thus formumlated as a joint project between the Federal
Government, the United Nations Development Prograrme, and the

Internatioral Civil Aviation Organization,

Sin¢e the inception of the Training Centre, the Government of the
Federal epublic of Migeria has been providing the infrastructure,
counterpart instructicnal staff, the administrative and technical
staft’, furnishings, eguipment, insurance and operating expenses.

For the recurrent and capital expenditures of the Training Centre,
the Federal Government has been making available large sums of money

yearly, in accordance with the approved Annual Budget o the Centre.



2

The United Nations Development Programme has provided over a
seven year period (1966~-74), a stafl of international experts and
most of the training equipment, 7The United Nations Development
Programme (UNDP), with the acreement of the Nigerian Covernment
appointed the International Civil Aviation Organization (ICAO)
as the Executing Agency responsible for carrying out all of its

comitments during its programme of asgistance.

The initial UNDP programme of a2ssistance for the first phase
came to an end on 31st December, 1974, Since that time, the
Government of the Federal Republic of Nigeria has assumed full
responsibility for the continued operation of the Training Centre.
A Board of Governors appointed by the Government is charged with
the responsibility for the orpanisation, administration and policy
planning of the Training Centre. The Board is answerable to the
Federal Minister of Transport and Aviation. The Principal of the
Training Centre is responsible to the Board for the day to day

administration of the Centre.

OBJECTIVES OF THE PHOJECT

The long range objec. '~ »f the project is to provide the Civil
Aviation industry as a whole on a continuing basis with the trained
personnel who will be able to carry out their duties and ensure safe
air and ground operations according to recognized international

standards,

The immediate ohiectivea are to provide Pilots, Aircraft
Maintenance Engineers, Air Traffic Services and Communications
personnel, Aeronautical Flectronics and Telecommunications Technicians
and Technologists, anc other highly skilled manpower required by the

Civil Aviation sector in Nigeria and all friendly African countries.
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In the fulfilment of the above objectives, the Training Centre
has, since 1966, given admission to about one thousand students for
various Civil Aviation courses, Out of this number, over one hundred
have so far been admitted from the following African countries:
Ghana, Sudan, Somalia, Liberia, Ivory Coast, Mali, Sierra Leone,
Cameroon, Niger, Kenya, Uganda, Tanzania, Rwanda, Sao Tome, Lesotho,
Zambia, Malawi and Swaziland. Over seventy pilots and one hundred
aircraft maintenance licenced engineers have so far been produced
mainly for the national airline, the Nigeria Airways; over fifty air
traffic controllers, over one hundred communications personnel, and
well over one hundred aeronautical electronics and telecommunications
technicians and technologiests have since been produced mainly for
the Nigerian Civi]l Aviation Department. #All the courses have been
based, and will continue to be based on the International Civil
Aviation Organization Training Manual Syllabi with emphasis placed on
maintaining the minimym standards and recommendad practices laid
down in the various fAnnexes to the Convention on International Civil

Aviation..

ORGANISATION AND STRUCTURE

The Training Centre is organised into four different Schools
namely, Flying School, Air Traffic Services and Communications
School, Aircrafl Maintenance School and Aeronautical Electrenics

and Telecommunications {formerly, Radic) School.

All four Schoels cffer standard as well ag specialised courses,

The Flying School offers a standard course in flight training
for Commercial Pilot Licence with Instrument and Multi-Engine type

ratings. It also offers the theoretical courses for the Airline
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Transport Pilot Licence and also Jet Simulator conversion and refre-
sher courses for graduate pilots and senior pilots for the airlines,
Air Traffic Services/Cormunications School trains Air Traffic Control-
lers as well as Aeronautical Communications Officers. The School
would scon introduce courses in Area/Airways Control and Air Traffic
Control (Radar). The Aircraf't Maintenance School trains Aircraft
Maintenance Airframe and Engines - 'A' & 'C!' - Licenced Engineers

and personnel with 'X' Electrical and Instruments licensing qualifi-
cations, The Aeronautical Electronics & Telecommunications School
trains feronautical Maintenance iechnicians, and Telecommunications
Technologists who are responsible for the maintenance of all
Aeronautical Navigational Aids equipment including ary High
Frequency Omni-Directional Range (VOR), Distant Measuring Equipment
(DME), Instruments Landing System (ILS) and Air Traffic Control
Radar euipment.. The levels of knowledge and skill for successful
completion of all the standard courses and the specialised courses
conform with the minimym standards ancd recommended practices outlined
in Annex I - Personnel Licensing and cther relevant Annexes Lo the
Conventicn on International Civil Aviation. 7The Syllabi and

course curriculae are bas. on the materials contained in the
relevant ICAO Training Manuals and the specialised equipment manufac-

turers' manuals,

RECRUITMENT OF TRAINEES AND ENTRY QUALTFICATIONS

Most of the trainees are recruited from Nigeria while quite
many come from other African countries mentioned earlier. In
Nigeria, some of the trainees are recruited directly by the Training
Centre while others are recruited by the varicus sponsoring bodies
such as the Ministry of Civil Aviation, the Nigerias Airways and the

Federal and State Scholarship Boards. Nigerian pilot students are
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selected directly by the Centre through series of aptitude tests

and interviews with the collaboration of the Test Development and
Research Office (TEDRO)} of the West African Examinations Council,
Lagos, For any of the courses run at the Centre, the minimym quali-
fications is the West African School Certificate with at least
credite in Erglish Language, Mathematics and Physics or five passes
at the General Certificate of Education Ordinary Level including

the three subjects already mentioned, or the City & Guilds Interme-
diate (or equivalent) in the appropriate {ield of training. In
addition, the would-be trainees must be medically fit. Professional
pilot trainees and air traffic controllers would normally enter the
Training Centre between the ages of 18 and 22 years. They must be
medically fit in accordance with relevant ICAO medical standards for

pilots and air traffic controllers.

THE FLYING SCHOOL

The Commercial Pilot Licence syllabus has been designed so as to
satisfy the requirements of the Internmational Civil Aviation Organie
zation and the licensing requirements (presently based on the United
Kingdom pattern) of the Civil Aviation Division of the Ministry of
Civil Aviation.

The ground subjects taught include Navigation (Ceneral and
Plotting), Flight Planning, Radio and Radic Aids, Aerodynamics,
Aircraft Engines and Systems, Aircraft Performance, Aviation Meteoro-
logy, Aviation Law, Air Traffic Services and Communicaticns including
fadio Telephoney. Flight training consists of 200 hours on single
engine aircraft (Cessna 150 and/or Cessna 172), 50 hours on twin-

engine aircraft (Piper Aztec), 60 hours Instrument Flight Procedure
training on Link Model 60 and GAT-I, and 50 hours Instrument Flight



training on GAT-2. 'The course length is 81 weeks and the present fee
for the course 1s N14,000 (fourteen thousand Naira)., Students are
admitted twice a year, that is=, in January and June/Jduly of cvery
year. Both theoretical and flight examinations are conducted during
and/or at the end of the course. The theoretical cxamination for
Commercial Pilot Licence and Instrument Rating, consisting o

papars in Navigation, Flight Planning and Meteorclogy are at present
set and marked by the United Kingdom Civil Aviation Authority {(CAA)
under an arrangement betwecn the U, K. authority and the Civil
Aviation Division of the Ministry of Civil Aviation.. Examination on
Aviavion Law, Aircraft Systems and Aircraft Performance are set and
marked by the respensible examination boedies in the Ministry of Civil
Aviation. The Ministry's Test Pilot conducts the {light tests for
the Commercial Pilot Licence with Instrument Rating. A Student must
pass the theoretical written examination as well as the flight test
and the medical test before he is awarded the Commercial Pilot

Licence with Instrument Rating.

Courses offered on the F28 gimulator include Transition and
basic jet handling for frsh piloks, of three weeks durétion.
Others are re-currerry and check ride. The fee is K250 per hour

{two hundred and fifty naira per hour) of flying time.



PROBLEM SETTING 7

The Nigerian Civil Aviation Training Centre purchased an
28 Digital Flight Simulator with Six Axes Motion System and
Novoview Visual System from Rediffusion Simulation Ltd; Crawley,
United Kingdom Lhrough the Civil Aviation Purchasing Service (CAPS)
of the International Civil Aviation Organisation in 1981, This
equipment was the most sophisticated civil aviation training device
so far brought intc Nigeria. The installation of the Flight
Simulator was carried out in 1281 with a lot of pains, changes in
plans, high cost hired plants spending a lot of idle time and

heavy cost of keeping the foreign labour..

The heavy losses in time and cash are thought to be highly
attributabie to lack of suitable management skill in planning the
installation. Since a similar installation (Boeing 737 Flight
Simuiator) may soon be installed, a review of the installation is
hereby done and the technique of network analysis applied in order

to improve efficency, reduce delays and costs.

OBJECTIVE AND SCOPE OF STUDY

This project examines the installation proceedure of the F28

Flight Simulator in Zaria, Nigeria in order that

(i) A network diagram of the activities will be
produced, identifying the critical path (s},

time and cost.
(ii) Heduction of time and cost will be made

(iii) Suitable recommendations will be made for

future installations.
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THE FLIGHT SIMULATOR

Of the =ajor inventions, the flight simulator may be regarded
as a PRACTICAL joke, Just as its history began, Just before the
second world war, an American nemed Edward Link was seeding ways of
pleasing his younger brother who was very keen on flying but had
no money to finance his private flying. Link bhen decided to builld
a small wooden cabin in the shape of an ailrcraft cockpit and fitted
it with home made items that looked like the controls of an aircraft.
This mimic armused the young man who invited nis friends to learn to
fly in this "blue box" as it was named., Link's name suddenly jumped
up the American Aviation Hall of fame when the US government, despe-
rate to produce airfurce pilots fast during the war against Hitler,
discovered the blus box. The blue box was further developed by
researchers to become more eff ctive, thus cutting down the actual
airborned training. This story of success led to the commercializa-
tion of Linik's idea that today procduced some of the glants in the
business; Singer-Link Compzay of US4 whose net sales exceeded
UsS 3200m in 1975, Rediffusion Simulation Ltd of England (US 8204m).
CAE of Canada (US S121m)1 Simulators have since been manufactured
for civil, military, space Tlying machines as well as for power

stations, automobiles, trains and air traffic control facilities.

The F28 Simulator consists of major assemblies that together
make realistic flying possible within it. The largest single unit
is the fuselarge which is made up of a large motion platform with
dimensions approximotely 4.5m by 6m. On the platform is mounted a
glass fitre shell that forms the flight deck and instructor station

together with on board electronics cabinets and the visual monitors,
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The flight deck 1s an exact replica of the deck of Nigeria Airways

F28 zircraft MK2000 with registration SM-ANI, tabulation number SN11108

as defined in the Fokker-VIW Specification with fddendum. The flight
simalator faithfully duplicates the performance and operational be-
haviour of the zctual zircraft within the flight envelope as defined
in the certification programme., The systems, together with the
associated switches, controla, instruments, indicators, displays,
lights, fuses, circuit breakers, etc are simulated according to
approved data. The actual aircraft instrumentation, avionics and
components have been used to the extent possible to simulate reali-

stic representation of the actual aircraft.

The next major asczembly iz the support motion system, Six
servo actuators anchored at the three tips of an equalateral triangle
on the floor are jointed to the motion platform of three points
by use of universal juints to provide realistic motion cues during
all phazes of {lizht. Associated with the motion actuators are
three moticn vuups, hydraulic reservoir tank, motion electrics

cabinet and the motion control cabinet,

Computing hardware together with associated interfacing electro-
nics and power cabinets consitute ancther major assembly, In
essence, there is a general purpcse computer, the R2000A; the
CAT A Linkage which interfaces the computer with the flight deck.

A series of cobinets designated as BAY 08 contains the multitute of
power supplies used throughout the complex. Ancther cabinet contain
the static inventer which generates the 400BZ signal needed for
syndro instruments. A micro computing system for monitoring pilot

performance by the instructor known as the Modular Advanced Graphic



10

Generation System (MAGGS) all of the above utilise the simulator

programme (software),

Visual simulation of alirport scenery is achieved by the use of
some special hardware called the Novoview SP 1 which proceases
stored data base and current software update from the host computer
(R20004). The hardware consists of a Texas Instrument model 980B
minicomputer, the special Image Generator (SP 1), The ASR 723
Terminal, a model LP 2 Advanced Electronic Devices Floppy disc unit,
4 units of series 1910 by Display Systems Inc. together with sepe-

rate power supplies,

Ancilliary equipments comprise fuselarge airconditiﬁning unit
wich is piped to the flight deck, a network of hydraulic pipes
for motion and control lecading, smoke generating unit [Smoke
Genie) for simulating cockpit fire, oxygen system, purpose made

boarding ramp and the motion oil cooling unit.

SIMULATION PROCESS

Flight Simulation Process

The entire flight simulaticn ig built around a powerful
sof'tware which has been generated for this particular aircraft,
based on information provided by the lire aricraft manufacturers,
Messrs Fokker-VFW of Holland. All of the data that were gathered
during the various test flights of the particular aircraft (F28
MK 2000 SN 11108) are incorporated in the varuous computer program-
mes for the rlight simulator. Thus, details of engines performance,

electrics, airconditioning, pressurisation, flight, contrcl feel,
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environmental conditions, sound, instrument responses, safety
limits, hydraulics, control effects geographical displacement on

a global basis etc, are written as seperate computer programmes.

A supervisory programme coordinates thege varuous programmes. The
R 20004 computer runs these programmes in accordance with the sche-
dule dictated by the executive (supervisory) programme on a real
time basis. By use of special interface electronics, the flight
deck is made to incerrupt the running programme in the computer,
Thus, any pilot action from the flight deck is transmitted to the
computer for evaluation., The result is immediately communicated
back to the flight deck, resulting in a series of responses from
the deck. This mey be a control movement resulting in a change in
aircraft attitude, enzgine sound, mction cur and instruments reading
changes. The speed of response is such as would happen in the

live aircraft, The feel will alsc be similar to that which would
have been experienced in the live machine. Thus, to the pilot, he
is actually flying that aircraft. To all to the realism of flight,

a visual presentation is added,

Visual Simulation

Because most flights are above wezther, visual presentation has
been limited to a small range around the particular airport being
simulated. Limitation is further imposed by cost of producing

extensive scenery.

Visual similation derives from established data base and its
management by the visual computer, thence the ultimate image presen-
tation at the displays. The particular airport to be simulated is
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descrised by the general night scenery of a 16 km square surrounding
the airport runway. Thus, not all of the metropolis surrounding

an airport may be shown. Data on the partern of lighltings are
mapped out, includirg the runway edge indicator lights (REILS},
taxiway lights, approach light, traffic lights (option) etc. All
of these are then converted into suitable data which can be used

by the visual programme (NSPFLY) in the T1L G80B computer. The
atorage medium for these data is the floppy disc. The NSPFLY pro-
gramme running in the TI ¢80B compuler demands some real time data
from the flight simulation programme {(about zttitude, altitude,
gpeed, geographical location ete of the aircraft) and combines this
with the input from the data base to calculate the expected pilot
eve view at any pint in time. The result of the computation is
forwarded to the Image Generator which then determines what patterns
are to be displayed to each of the two pilots both directly infront
of them and on their side windows, It is te be ncted that there may
be slight differences in what the two pilots see, depending on the
alttitude of the aireraft i,e, if the aircraft barks to the right,
the pilot on the right sees both infront of him and his right side
window whereas the pilot on the left only sees through his front

window.

Motion Simulation

By the use of = synergistic support motion system, a six-

degrees=of -freedonm motion is achieved.

The rmotion somprises of the parameters of He®ive, Lateral,

Longitutional Pitch, foll and Yaw movements. The support motion
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actuators are fed with hydraulic fluid under high pressure from
three powerful pumps of the Hydraulic¢ Power unit. The six pistons
of these actuators are driven by the operation of special valves
which are controlled by a computing device, The computing device
obtains flight information from the rligzht simulator programme at
regular intervals. The computing device will determine which
pistons are to move to produce the necessary effect, thus signal-
ling the pistons to respond through the valves. The computing
device will also determine pressures, thus controlling when pumps

should operate and how much pressure to deliver as the need may arise,

Scaling Limits

11 Mach Number - 0 to 0.85 Mach

-1000 to 40,000 feet with
respect to mean sea level.

2, Altitude

3. Weight - up to 100,000 lbs.

4., Centre of Gravity - 10% beyond design limits
5. FReoll Augle - 360 degrees (no limit).
6. Pitch Angle - 390 degrees

7. Heading Angle - 360 degrees (no limit).
8. Barometric Pressure - Nermal to follow ICAO

model, Instructor can
vary sea level pressure
950 to 1060 mb.

9. Surface Air Tempe-

rature (SAT) = 40% to +55°%.
10. Temperaturs Lapse é

Rate - -6°c/1000 ft. to +1%¢/1000ft.
11. Profile - C=-300 knots frog any

direction 0-360
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LIMITATIONS OF THE STUDY

Being the first of such equipment installed so far in Nigeria,
the estimate of timings of the activities is limited in accuracy,
since no comparative gigures exist as such., However, since the
writer was invloved in the installation, the estimates are consi-

dered realistic.

Pue to contractural agreements between Nigerian Civil Aviation
Training Centre and Rediffusion Simulation Ltd; there is some res-
triction on proprietory information which further mlimits writer's

5COPE,

Because Nigerian Civil Aviation Training Centre, Zaria is a
Federal Government Parastatal under the Federal Ministry of
Transport and Aviation, labour renumeration is as the current
government. rate i.,e. GL 01 - GL 16 (N per amum to N13,056 per
arnum) for civil servants. Hence local labour utilised during
installation couldl only be costed on such figures, not on labour
cost in an ad hoc situztion. Similarly, the foreign labour cost

was as per contract which was entered into 2 years before equip-

ment delivery,

| Since the installatlon was completed in July 1981, Nigeria
had faced galloping inflation, social unrest, election truma and
two military coup dé'tate. Conclusion based on this study would,
therefore, be restrospective 1.e. to apply to 1981 condition,

though the method would be valid at the present time.

The study is limited to the point in time from when all the

equipment have been off-loaded and uncrated.
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DEFINTTION AND EXPLANATION OF IMPORTANT TERMS

1.. Fuselage
This is the name siven teo the main round body of an
aircraft, For a flight simulator, the portion so Jes-
cribed is the shell ‘usually made of fibre glass) that
houses the fligzht oeck, the instructor bay and an-board

electronics cabinets,

The assembly of a two-way actine piston and rod in
a long tubular housing. The piston action ‘extended or
refracted) depends on the action of certain valves
that will permit in-flow or out-{low of hydraulic fluid

in the chambers on either side of the piston.

2, Hydraulic Power Unit

This unit consists of a large tank of hydraulic
rluid, electric driven punps and associzted piping network
that enable pressurized hydraulic flvid to be delivered
to the motion actuators and also enable return flow when

no dematr! is made..

4, Moiion Control Cabinet (MCT)

The MCC is a free standing box which contains a
micro processing system, visual disvlays, switches and
power supplier needed to regulate the actions of the motion

actuators and tne Hydraulic Power Unit,



L

L65)

19

MNovoview

This is the trade name for the computer Generated
Image Hardware and associated software made by

Rediffusion Simulation lnc. of Arlinhton, Texas USA.

Catenary Tower

The purpose made metal structure fitted to the
mezzaine floor of the simulator bay to secure all
electrical cables, airducts and contreol loading flexible
hoses that link up with the fuselage so as to generate

slack for the purpose of motion flight..

Universal Joint

A mechanical assembly which connects the motion act
actuator to the motion platform so as to permit movement

in different directions.

Fork Lift

A motorised land vehicle with twd.pointed bars
[forks) in its front used to 1lift and carry heavy loads.
The one used in this project has capacity for metric

tonnes and can 1ift to a height of 3 metres.

Mobile Crane

A motorised land vehicle with extensible arm and
hoisers which remains stationary when it lifts load and he
arm rotates to deliver the load at any point within the
radius of the arm~length. The mobile crane used for this
project has a minimum rating (full arm extension) of 9 tonnes

and maximum rating of 15 tons (full arm refraction),
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11.

12.

13.

2n

Cavity Floor

If a part of a normal floor is recessed and now
covered with slabs resting on porpose made supports such
that the normal level is maintained and easy access to the
cavity so created is possible, such floor is described as
cavity floor. It is particularly useful where cabinets
of electronics are linked by o mesh of wires . that can be
passed under the surface (in the cavity) in order to
reduce risgk of damage to the cables and make for a tidy
environment. The set up must be rated to stand all loads

that may be imposed by the required equipments.

Diagnostics

A set of computer programmes that a run to point

out errors in the computer or faults in the system..

Bay 07

This is the set of electronic cabinets that contain
printed circutes which act as the interface or interpreter
between the flight deck and the most computer R 2000A.

This bay is also referred to as the LINKAGE,

Bay 08
All dec power supplies utilized by the flight deck and

Bay 07 plus safety circuits as well as warning systems
(smoke, power fail etc) are contained in this free stand-

ing cabinet,
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1CHO

International Civil Aviation Organisation with Head-
guarters in Moutreal, Canada. This is the world wide

civil aviation regulating body..

Critical Path Method (C.P.M.) and Programme
Evaluation and Review Technigue (PERT)

CPM and PERT are mansgement Lools that serve as the
science of using network tecnniques for the efficient
utilisation of manpower, machinery and time in a project

realisation,

Activity
This term refers to a job or a process among the

procesges in the whole project.

Event

Events are the points in time that define the begin-
nings and ends of activities. The "earliest event time"
of each event is the total activity time that derives
from going through the longest path to the avent from

the starting event.

Network
This relates tc the activities and events that form

a mesh when combined together,

Earliest Expected Time

The time at which the criginating from an event can

be started.
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Latest Allowable Time

The latest time at which activities terminating at
an event can be completed and still permit the entire

preject to be finished on schedule.5

Slack
In PERT, this is the time that can be spared. Slack

can riewed as:-

(a) Total Slack: The time average obtainable in a pro-
ject by which an activity may be delayed from its
earliest start without affecting the completion

time of the whole project.

(b) Frec flack: This represents the amount of time an
activity may be delayed and yet not affect the

earliest start of the succeeding activity.

Normal Time

It refers to the expected time of a project.

Normal Cost
The cost associated with finishing a project in the

normal time.
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AESLEARCH METHODOLOGY

" Havine worked on Flight Trainers (Small Scale Simulators)
and Digital Flight Simulators for a few years, my subervisor
guusested that I should carry cul a praoject in thig area. Upon
visiting the 28 simulsuior {acility, my supervisor cskKed a few :'
questiong about Lthe installation of the massive equipment. From
the responses, ib woe clear that a review of the installation

would be beneficial to the researcher and his cmployers..

The work is, therefore, not an attempt to prove any

hypothesis through collection of datn and analysis of same.

. Rather, the work iz an analysis of a project already executed

- with a view to providing a bebter allternative woy of e¢xecuting

the same project. Thorefors, the project is based on the data

collected from the installabtion of the flight simalator in 19871.

Contact wis made with the monagement of the Nigerian Civil

- Aviation Training Centre, Zaria to grant permission for the

study. Personal interviews with the participants in the instal-
lation project were granted. Access to the installation docu-

ments as proposed by the simulator manufacturers was also granted.

* Data collected on the 4 year old project covered all the
detnilad activitics of the instnallalion; scquences of operation,
timlng of the various stages and the reguirements of labour
and skill, installation materials and difficulties encountered.

The manufacturers programme of iustallation wos a Gantt Chart.,

§
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After gainiog a thorough understanding of the installation
proceedure, the project was then broken down inte smaller jobs
factivities) and the management tool of Prograume Fvaluation
and Review Techrique (PERT) was applicd te the projeet in order
to deternine if it would have been a betler method ol aanaging
the instalistion. 1 the PERT mcthod wns found sufriciently
advantagcous, this vould be recommended to the management f the
Wigerian Civil Aviation lruining Centre, Zaria for usc during
the installation of the propesed Bocing 737 Flight Simlator

in the near future.
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SEPETT DESCRIPTION OF TNSTALLATION REQUIREMENTS

[
b : —

ANT A FKEVIEW OF THE TECHNIGUE Cr NEIWORK

¢ 2.A., PROPOSED LAYOUT, FLOOR SPACE, POWER AND ENVIRONMENTAL
REQUIREMENTS

The Simulator complex - layout is made up of the following:-

R

(a) Simulator Bay

- = i

This large hall houses the simulated fuselage on six Axis

o

Motion System with Novoview attachment, Motion Clectrics

POl ok s 24

Cabinet, and Fuselage Air conditioning Unit. Dimensicus

are 14 metres x 12 metres x 7.5 metres. This bay is
provided with special access door 6 metres wide by 5 metres
high., This is to enable the single largest component, the

; fuselage mounted on a motion platform. Immediately adjacent
:F; S to this access door is created a free access spacc of not

i less than 7 metres square of concrete floor te support

heavy vehicles delivering the crated loggages., See fig

{b) Computer Room

This 7 metre x 6 metre x 3 metre room, fitted with a

cavity floor houses the R2000A computer, Bays C7 and 08,

e Bk — i e — 7 m—————

The static inventor (400H2 generator), Novoview image
generator and computing hordware, the line printer,

typewriter and disc drivers. The cavity floor is 230 mm

high for cable laying and its pancls {(600mm square) are

Ak S oS o4

rated to stand 450 kg poini load over 25 square mm with

maximum deflection of Z2mm in the centre of the panel.

(¢) Hydraulic Power room

The Hydraulic Power Unit (HPU) is fitted in this room

(ém x &m x 3m} whosc Tlooring reguirement is sealed screed

ori concrete.

e e e e e ks

-
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2.1

2.2

2.3

2.4

Power Reguircment

Power supply is 3 prase 415 Volts ac with variation 35%

between phases and Irequency of 50HZ in within “%. Total
requirement is 305 KVA maximum for 15 seconds and 180 KVA

- anning, excluding supplies te airconditioning units, Lighting

zn. o« her services.

Envirommental Limits

Maximum
Temperature |Relative Humidity Sharge per
Hour
Min Max Min Max % o%FH
Simulator Bay 8%  26% | 2% 0% 2 3
Computer Room 18% 26°¢C 20% 0% 2 3
Hpu 16°¢C 30% 20% 70% 3 5

Dust control should be achieved using air conditioning fillters
of about 95% efficiency docon to & microns with humidity range

20% to 70%.

Lighting
Min mum maintained level (IES Code 1968) provides 200 Lux for

gimulator Bay, 600 Lux for computer room and 200 Lux for

HPU room.

INSTALLATION REQUIREMENTS

Aspect of installation include positioning various equipment
according to the schedule of the layout. Interconnecting cablles
will have to be carried out while piping work has to be done

for the hydraulic system. Air conditioning houscs have to be
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linked as appropriate. The various stapes would require

appropriate testing before linking with the other aystems.

Movement of equipment around the various locations require the
assistance of the forklift and mobile crane as applicable.
Notably, the fusclage which weighs over 8 tonnes will be initi-
initially lifted up and and purpose made wheels attached to it
to enable easy entrance from the off loading peoint to the main

simulator bay. This is ackieved by the use of the mobile crane.

Both the mobile crane and the fork 1ift are hired plants which

attract high hourly rates.



2.B NEIWORK ANALYSIS

2.5 DBackground

The management of larpge consiruction projects, manufacturing,
research and development has sought quicker and efficlient ways
to achieve goals so that cost and time are saved. MNetwork

analy or critical path method has been developed as a powerful
tool to project monitoring and realization activities of any
proj-ct that may be "critical" are identified and projection can

bec made as to the eipected finishing time of such project.

Thus, the allocation of resources such as labour and cquip-
ment can be made to minimise the total cost of the project.
Should the case of a crash programme arise, optimum balance
between the various costs and time involved may be worked out

in order to reduce costs to minimum and generate profit.

CPM originated in 1957 through the joint cooperation of
Remington Rand Division of Sperry Rand Corporation and E,I. du
Pont de Nemours and Co. Insurance who used this to plan and
control the maintenance of chemical plants. Subsequently,

Du Pent appliecd the method to varicus engineering problems

actual successes from the application of Network analysis includes
(a) Du Pont's saving of US 8imillion in a US 810 million project.

(b) By use of PERT the Polaris weapon system development saved

2 years over the estira.ed time,

(c) A 16% time saving and 27% in cash and labour in the
maintenance programme of Shell's Petite-Conronne

Refinery.
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{d) A reduction of nearing 17% in a construction job (9 monts

down to 71 months) cxecuted by Mauchley Associates,

The history of PERT may bc associated with earlier work by
GANTT who developed the Cantt milestone chari, a chart that repre-
sents the work to be donc. It has 2 time scale accross the
bottom of the chart that shows the specific tastes relative to the
entire project. The Cantt chart, as illustrated in figure 2 depicts
relationships among the circles contazined in different tastes. A
taste is represented by a rectangle and each of the circles repre-
scnts the accomplishment of a specific phase of the total under-

taking.

-I (1) (éz} Task X
l (3) (4) I Task Y
(5) (6) J Task 7

> Time

Gantt Milestone Chat

Fig, 2
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Development of logical consideration of the various tasks
resulted in due consideration to the performance of these various
tasks. Could onec task be performed independently or after the
successful performance of some others. Thus, if such condition
existed, then, one would have to wait for the prerequisite tasks to
be performed before succeding tasks could commense. This was the
beginning of PERI. Suppose in fig. 2 above, tasks 1 and 2 would
have to be performed before tasks 3 and 4 depended on the executor
of 2 and 3 while 5 dependend on 3 leaving 6 as a function of the
performance of 5 and 4, the outlock of the digram would now be as
below in fig. 3.

) —

Fie 2 5*-\
S b

Subsequent development changed the diagram by indicating indivi-
dual timing on the various arrows, rather than use a single time

scale, Thus, the visual presentation is more informative as shown

in fig. 4.
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2.6 Proceedure

In order to apply the network technique, first, a petwork has

ta be prepared. Next, an analysis of the nstwork will be made

iﬁ order to be able to determine results and nece s

recomendations.

2.7 Preparing the Yebwork

In order to prepare the network, the following inputs are

necessary i =

(i)
(ii)

(iii)

Definition of the scope and purpose of the whole project.
Identifying individual tasks {(called ACTIVITIES) which
may be regarded as sub units or job executions that

time and cost can be sepurately assigned to

Jetermining the logical relationship between the
activities in (ii) i.e. at what point in time can onc
activity or set of activities commense in relation to

other uctivities.



(iv) 1dentifyineg the beginning and ending of such activities

{reterred to as EVENT)

(v) Determining for euch acltivity time duration, labour
and skill input required ana any possible restrictions.
Could such activities bc shortensd by increased cost or

not etc.

2.8 Analysing the Network and Preparing Reports

The analysis of the network should point out

(i) Those activities that are critical to the project

determination (completion time and costs)

(i1) Other details e.g. delay in starting some activi-
tiecs at no cxtra cost etc. Thus, the manager must
be very concious of the time value of money and the
various natures of the activitics so as to be able

tc pay careful attention to those hish cost oncs.

2.9 Drawing the Metwork

As shown in fig. 5 bclow, every component task of the project,
called ACTIVITY is indicatcd by an arrow, the tip and tail of
which are denoted by a circle each., The label for the ACTIVITY
is marked on the body of the arrow. The circles (usually numbered
1,2,30e0senactr 10,20,30,..0.44.) are denote the start and end of
the activity with which they are agsociated and they are termed
EVENT, The sense of the arrey denotes the sense of the flow of

the activity.

(1) %2}



The numbering of the evenls is ordered to show ths flow of
the logical sequernce. These numbers also serve as nudes or addres-

sable points of a computer model of thz netwerk is prepared.

A more camplex interr:laticnsnip is chowm in fig. 6 in which

six activities (A,B,C,0,E APD F) compriz the project.

1
_,2\-&1_\

e

PERT Networic

Situatior. arise in vhich the lopic may appear confusinz. As
depicted in fig. 7, without the usc of the "Dummay Arrow" it would
be difficult to sketch the relaitionship that exists here, namely:-
Activity C is prececded by Activiiy L and B, Vhereas activity D
is preceveded by activity B, activity D however, has no relationship
with =activity A. Thus, vo lump coctivities € +nd D on a single
node would lead to a wrong assumption of thne relationship between

A and D,

>N
v




Example of Dummy Freow >

2.10 inalysing the Network

Three mojor elements are of interest in analysing the network,

The analyst looks out for the clilowing:-

{1} The element of Time which determines schedules and slacks

thot may have been gencerated.

(2) The element of Resources by which the formulation of the
distribution of trades, cquipment etc needed for the

various aspects.

(3) Cost clement is used to place cash value on the whole

p! ".Jj \1-ct .

2.10.1 Time
Consideration of Time element Iin a network analysis reveals
potential and risks in the project such as:-
(z) The minirmum time in which the project con be completed
(on the basis of the ustimated times of the various

censtituent activities)

(b) The set of thuse activities which are to be considered
critical i.c. which must be complcted on time if the

target completion date is to b met.



{c) A sct of all other activities through whose relationship
slacks my be generated; thus pointing out sources of

savings.

511 of the nbove when put together will help the analyst
utilize 2 systemtic proceedure which will thus identify the
activities heving potential for shorlening the over all duration

of the projecl.

2.10.2 Reswurces

S0 as the cconomic phenomenon of scarce resources
applies, projects will like other human activities be subject to
the same necd of balanced resource allocation, It nearly be-
comzs a2 game of "hide and seek™ as the competing activities
will hve to be carcfully considered for resource allocation.
The analyst is faced with difficult decision making as he may
have to tradc time for some critical activities. The sum
total will include consiceration of labour (tradesmen,
semi-skilled and unskilled, plus high skills ¢.z. computer
enzineers) as well as capital cquipment such as crancs,

bulldozers, carth moving machines and other plants,

The procecedura is to

(a) Make an znalysis of the requirements for each type
of resource accerding to various a ctivities,

pruject by project, period by period.

(b) Obtain data for each particular rescurce the total
requirements for cach period, assumming that each

activity is started at earliest time possible.



fc} Balance the resource requirements either by delaying the
least critical activities or charging the resource

avalilable.

2.10.3 Cost

Cust analysis in a network is used to reduce to the minimum
possible the cost of the entire project. This cust represents the sum
of the direct and indirect costs. Direct cost derives from cost
of labour, material and expenses needed to execute the whole project,
Expenses that do not go directly to the project but are as a result
of the project (loss of time, etc) are referred to as indirect cost.
The manager seeking tc prefit by this analysis will require to fol-

low the proceedure below:-

(n) Estimate the normal time and associated normal cost of

the most critical activities.

(b) Determine if such activities in a can be reduced in time
dimensicn and cbtain ccsts of such time saving. This may
be a result of doing overtime or employing more labour or

machinery in order tc reduce time to minimum,

(c) From data gathered as « result of steps a and b, tabulate
the direct costs for progressively shorter completion
time. These costs are computed by reducing the time taken
for those critical activities which cost least to reduce,
This proceedure may change the critical path are or more

Limes,
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{4) Obtzin a similar table for indirect costs for each consi-
derec completicn time, since indirect cost may likely

be affected by the time taken to complete the project.

(e} Add the direct and Indirect cost and determine the best

time and cost combination.

As a result of steps a throush e above, a graphical represen-

tation of cost relationship with time may be depicted as in fig.E below.
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Cost versus time,

2.10.4 BSetbacks in PERT

1.. Because of the high dependence of the PERT technigue on
accurate time information, without due regard to extermal environ-
mental changes, the extent of its accuracy is no better than that for

gathering the information on timing.
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2.. PERT ignores some factors of cost, capital and manpower

availability,

2.11, WHY THE NEED FOR INSTALLATION PLANNING

In the contemporary Nigeria, such equipment as the Flight
Simulator is of such high technology and high cost in hard currency
that small mistakes may result in high costs and damages that may
not be easily made good. The entire equipment, because of share size
bigger than aircraft cargo door, had to be shipped by sea from the
United Kingdom to Nigeria via the Lagos Port. Thereafter, heavy
duty trucks conveyed the cargoes to Zaria where installation was to
take place., Considering the variocus inputs of the installation

exercise, the need to plan the installation may be =zdduced as follows:

(a) Persomel
A team of engineers and technicians had to be dispatched
from the factery cf the manufacturers of the Flight
Simulator, Messrs Rediffusia Simulation Ltd, U.X., to
Zaria, Nigeria, to carry ocut the installation, together
with their Nigerian counterparts., Hotel accommodation,
transpot expenses, communication and medical services
were all paid for by Lhe Nigerian Civil Aviation Training

Cent4e, Zaria, the buyers, for 2s long as the installation

toock.
(b)  Equipment

S50 long as the equipnent remained uninstalled, it stood
greater risk of damzge through rust, especially that the
crate might have gathered moisture while on the high seas.

There was the increased risk of severe weather changes
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(UK to Lagos and then Zaria)., Pilfirage could not be
ruled out, From the moment the equipnent was installed,
it had a ready market for its operations that guaranteed

a daily turnover of at least H2,000 {(ftwo thousand naira)
from the moment the installation was completed, the risk
te equipment would be hightly reduced as it would be withe
in a controlled environment (Humidity and temperature

controlled by the use oi' powerful air conditioning units).

Plants and Machinery to be hired

The installation inveolved the uze of certain plants and
machinery {eg, mobile cranc, power pipe bender etc}.,

The hourly rates for these equipment are high and some of
them were not obtainable nearly, eg. Boeing 737 aircraft
Jacks had to be imporied rom Lagos while one mobile crane
came from Kaduna, Lack of planning would result in
untimely requests which will thus make the organisation
pay heavily for idle time of such eguipment or even cause

s0 much delay of other activities, hence time and money loss.

Contractual Obligations

From the contract point of view, buyer was expected to
provide certain facilities to enablc installation in
reasonkble time. Ab the end of installation, buyer would
then be in position to sign the cualifying certificate
upon which stage payment to the vendors is based. Thus,

the UK bank in which a letter of credit was opened for
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the purpose of such payments could only honour qualifying
certificates duly signed by appeinted signatories. If
delay was caused by the buyer such that there was delay

in paymeni, then the delay would be converted into cash

al the current interest rate {(about 174%) in England at
that time. Since hcavy cash outlay (reasonable fraction of
one million pounds British Sterling) was involved in each
stage payment, interest charges made as a result of delay
would run into tens of thousands of pounds due from the

buyers.
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1. Rediffusion Ltd., UK (19781 Facility Desing Criteria. Document
contained in the Tender for F 28 Simulator.
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4, Koontz, H, et al, Management McOraw-Hill International Book Co.
1980 T7th Ed.
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: CHAPTER THRE®W
i

ANALYSTS AND INTERPRETATION OF DATA AND
HECOMMENDATEONS

How The Installation was carried cub in 1981

A detailed programme of installation contaired in a handbook

titled Standard Installation Proceedures was prepared by the Simula-

tor manufacturers, Rediffusion Sirulator Ltd., U. ¥. The layoubt of
the installation allowed a total of seven weeks or forty-nine days
for project sxecution. 1In order to execute the proposed plan, of
course, it was necessary that all of the services of other machinery
and plants were available with zero time request i.e. instantaneously.
The installation lacked merit as it only prescribed achievement by
dates rather than what to do and how best to get the job done (see
fig 10 ). Thus, the Site Manager was 1eft Lo use his discretion in
the installation exercise.

H
1

One of the wasteful ocutcomes of the unplammed installation was
the hiring of a mobile crane to lift a piece of equipment three times
instead of once simply becausc the obher items had not been positioned
properly to make enough room for crane operaticn, Secondly, aircraft
jacks were hired from Lagos, flown in as a chartered flight, the
arrival of which was too early for thatl operation. Because of the
tisht scedule of the usase of the jacks in Laces, another chartered
flight had to return the jacks to Lamos {after the two day contract}
only for a fresh requast to be made a week later when the jacks wers
actually utilized for a period of only eighteen hours. The result
was a clear lo3s to the tune of the charter fee and the hiring costs
incurred. In addition, the loss of time on the project execution
was at least four days due to the non-availability of' the Jjacks

when they were actually needed. This point in time occured three

days after the jacks were returned to Laesoz following the first

&i
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arrival.

Cne cobservation made is that the various groups (e.g.
(2.g. cunputer and electronics commissionin: sroups, cable
installztion group etc) worked virtuclly indepondently and
it was only by accidunu that ome group stopped work to give the
others room to dc theirs rather thmu to o schedulc that would
assure moaximum utilisation of the available onpower, Thus,

there was hech idle time.

A major sctback was the lack of full utilization of the
Rediffusion trained Higerion cngincers during the installation..
For Year -1 damage or incompetence or suse appairont reasons (com-
pany pelicy, worlksrs union requirement etc) o 1ot of the jobs
that could have been carried out by the ligerinn enzincers had to
wait for the attenticn ol the liedifiusion engineers and technicians.
In the opiniun of the writer, even simnle jobs as positioning of
the cabinets or others without poser on were left to the hiesh
cost labour of the foreipn Lechnicians al a cost that would even

L higher than the risk cust.

Fiz 10 shows a Gentt Chart of the installation plan. 411
the thirtcen bioad tasks of the Cantt Chart are revicwed below
with an indicaticn of their relationships tc the proposed

FERT Table 2.

PERINL {(DAYS) TIME | RELATFD PERT ACTI-

g o Pl il b3
GANTT TASK | ppovs pav 70 paY | Days | VITIRS o REMATKS

1{ Cable HPO 7 12 5 fictivity K
2 | Czble Sinu--

lator 8 15 T activity M
3| A/C & Teat 8 10 2 activity F
4 | Waldway 3 € 2} Gctivity T
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TABLE 2

— _,...

PERIOD {DAYS? TIME

WANTT ;
GANTT TASK FROM DAY TO DAY | DAYS

RELATTD PERT ACTIVITIES
AND RIMARKS

Pgsition Fusclage 1 3 2

Position Miscclla-
neous rquipment 0 4 4

Motion Pads and
Actuators ]

I

4
Snt up Computer ?%{
Diagnoatics 0 5 5
Catenary and
Drawbridee 4 8 4

N

The actual positioning is
dependent on positioning

of 211 items in computer

room, Puselsge a/c unit,

motion pads.

Thiz is nssumed to in-
clude Intercornecting
cable laving and eloectri-
cal connections,

Tour activities are
involved namely Instal-
Iation of motion Pads,
connecting the Lower
Joints of Actuators,
Raising of the Fusclage
and connccebing of the
Uoper joints of the
Actuators bto the hmiver-
a2l joints of the Fuse-
lage,

Tis strictly follows

Mg

Task

These are two indepen-
dent activities. The
catenary tower could he
mounted in parallel with
the computer Room itoms
vhile the Drawbridaze can-
not be fittoed correctly
unless the fuselage s
reating on iLs support
six axis notion-system
(SAMS) writh all olecbri-
el connection fully tested.
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A oM, s bl el P

CANTT TASK PERTOD (DAYSY TIME| RELATED PERT ACTIVITIES

FROM BAY TO nAY | DAYS AND REMARKS
10 | Pogition HPU and The location of the HPU
Plumbing 3 13 n Room iz such thal Aaccess

to 1t 1s unobstructed by
a1l other activitices,
béing well located out-
side of the main Simula-
tor bays and the Computer
room. lence this may be
troatod as a parallel
activity., Only the plume
hine between the HPU Room
and the Simulator Bay can
E : pe affected by other acti-
. vities. Thus, the plumb-
ing can be started from
the HPU Room and progress
towards the Simulator Bay.

fﬁ Novoview set up 14 21 7 The Novovicew system set

up depends strictly on the
positioning of the fuse-
1nge and completion of the

. L.

Corputer Room diagnostics.
There is a specialised
group that works separa-
tely on thiz visual systoem,
5¢ thelir services depend

on the above two activities.

121 Test HPFU and In crder to carry out this
Flush 12 17 17 task, the activities
roquiring completion are

~h

the wiring of the motion
system, connecting of the
actustors to the motion

pads.
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A

- PERIOD (DAYS) | 7IMP | WELATRD PERT ACTLVITIES
GANTT TASK FROM PAY 0 DAY | DAYS AND REMARKS

"y System commis-
sioning 21 4G z Thiz task includes

' =ctivities N and J,
Hence, the actual verdiosd
is lems than the Gantt

{ prediction.

Proparation of the PURT Networl,

"

Tn order to produce the PERT Network. it is necessary to deterw
m%ne the interrclationships of the various activitias of the project
and produce the table to indicate the time scale. This gives a
plcture of what activities have to be accomplished before some others
or those that can be accomplished independently (parallel activities).
The installation times of the major asscerblies as per Rediffusion
Installation Plan arc used to produce Table 2 below. The labour in-
put data are from records bv NCATC,

E Table 3 pives the breakdowm of the various activities as proposed
iﬁ thia work, with data based on records and the gensrated column
showing the possible input by the Vigerian engineers. The purpose of
this table is to provide dote for a “crash” programme i.e. in the
event that the management insists on the very minimum foreign labour
input and Lhe shortest time, then more responsibilities would be
transferred to the Nigerian counterparts, based on the knowledge of
their trainine and familiarity with equipment handling. Therefore,
the jobs regquiring deep knowledge of the manufscturering or set up
proceedure will then be the total responsibility of the Rediffusion

]

ehgineers asaisted by the Nigerians.

1]



The activities and normal time
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TABLE 2

cedence relationships shown below.

(CR) = Computer Room (SR) =

Power Unit Room.

Thes=

Time = days.

times wers extracted from

sstimate a

Simulator Bay

long with the pre-

the installation,

(H?) = Hydraulic

ACTIVITY

DESCRIPTION OF %WORK

LOCATION

MORMAL
TIME

IMMEDIATE
PREDECESSOR

A

Uncrate all items outside
Position HPU

Set up Rays 07 & 08,
R2000& Computcr,

Static Inverter, Novovizw
Cabinet -nd Peripherals

Plumbing of Hydraulic
lines for Motion and con-
trol loadinz startine
from HPI! Room to Simula-.
tor Bay

Installation of Catenary

Tower

Positioning of Fusclage
Air conditioning Unit,

Flectrical connoctiona

and Proparation of Air
Ducting pipes

Cabling of interconnec--
tions between the Com-
puter and interfaccs

Sceuring Motion Pads to
the floor Botits and
nountine of Hydraulic
accumulators

(HR)

(CR)

(SR)

-t

(a2
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ACTIVITY

DESCRIPTION OF WORK

LOCATION

MORMAL,

TIME

IMMEDIATE
PREDECESSOR

M

N

Wheel in Fuzelase and
locate over the motion
Pad

Powering up of compu-
ting and peripheral items,
Settinz up of Diagnostics
and systems performance

Tests

assurance

Wiring of the motion
Electrics cabincts,
electrical testz and
cabling of th=: HPU to
the Simulator Bay via
HYydraulic/Cable ducts

Covering of Ductsa
linking Hydraulic
Room and Simulator
Bay

Cabling of' Fusclare to
the interface units in
the Computcr roorm wvia
the catenary tower and
cable racoway

Powering up flight deck

and Instruments and
aystems cnlibration

Novoview visual system
asctup and alisrment.

Connecting up oi' mokbion
actuators (60ff) to the
motion Pads

Charge up the Hydraulic

HPU Test and accumulator

baloons with Mitroren
(S00ps1)

(SB)

{CR)

(HR)
(SB)

(HR)

(SB)

{S3)
(CR)

{CR)
{3SR)

{CR, SB)

4

(g% ]

ra

K

F. J, M
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—
MOBRMAL | IMVEDIATE

» * T C P'T‘ 1 T )
{AFT¢VITY DESCRIPTICON OF WORK LOCATION T PREDECESSOR

R Flushine of the motion
system by running the

dydraulic fluid through
entire pipes and actus- (SB) {HR) (3)
tors and control loading 4

network 2, Q

S Test. Flisht without
motion (only control TN, O,
loading, iz utilized! 16 T.

T Yallkway 3 T

U Raising Dyramic motion
5 Platform to cnable TN, O,

I comnection of actuators 1 T.

v Cormect upper end of
actuatore to the motion
Plati'orm universasal

|3

™

Jeinta.

Lower motion Platform
on Lo the support
actuators (S4AMS}),

i W Setting up of the
' Drawbridee (e 2 v

X Mation Test (3B} 4 R, 8¥

i t Clear all surrounding,
and remove crane,

forklift and a/c Jjacks (SR) 1 v, X
from the buildine

A Integrated Flight Test
{systems, visual {CR, 5B,
and motion) (HR} 2 YW
14 Seal entrence to the
| buildinz {3B) ? ¥

zZ2 Finish o b oz, 7
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TABLE 3

, Labour rates
‘ Nigerian Engineer (GL. 10}z ¥15.7R por day per person.
Rediffusion Tgineer = M70.00 per day per person,

Labourers (CGL.. 01, 02} = M&4.17 per day per person.

for the Rediffusion Engineer or partial,

Nigerian Fngineer in the table implies a complete substitution

WORK ITEM REDIFFISION PERSONIL NIGERIAN | NIGERTAN | TOTAL
) ENGIVERR TRCANMICIAM | EMGINEER | LABOURERS { DAYS
Pogition HPU 1 & .
1 Set up Rays

07, 08, R2000A
Computer, Sta-
tic Inventer,

Novoview cabinet
and Peri-
pherals _ 2 8

Plumbing of
Hydraulic
lines for
motion and

contrel loading
" starting from
HPU Room to _
Simulator Bay 1 1 4

. Installation of
catenary Tower 1 2

i Positioning of
'Fuselage air
conditioning
unit, eiectrical

connections and
and preparation
cof air ducting

Ipipes I
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WORK ITEM

ENGLIFER

REDIFFUSION PRRSONNFL

TECHNICIAR

NIGERIAN
ENGINEER

“IGERIAN
LABOURERS

TOTAL
DAYS

Cabling of inter-~
connections bew
tween the corputer
and Interfaces

Securing motion Pads
to floor Bolts and

mouncing of Hydraulic
_ accumulators

Wheel in fuselage and

locate over motion
Pad

Powering up of com-
puting and peri-
pheral devices.

Setting up of Diamno-

gtics and systems
performance assu-
rance tests

Wiring of the motion
electrics cabinets,)
electrical tests |
and cabling of the
HPU to the Simula-

tor bay via ducts

Covering of ducts
linking Hydraulic
room and Simulator
Bay

Cabling of fuselage
to the interface
units in the Compu.-
ter room via the

catenary tower and
cable raceway

A

s

10

¢._

B2\ -Vt



support SAMS

36

WORK TTEM

REDIFFUSION PERSOMMEL
ENGINFER § TECHNICIAM

NIGERIAM
ENGINEER

NIGERIAN
LABOURERS

TOTAL
DAYS

Powaring up of the
flight deck,
instruments checks
and systems cali-
bration.

Novoview visual
system set up and
aligoment

Commeacting up of
motion actuators
(6 off'} to the
motion Pads

Flushing of the
motion system

HPU Test and charree
up the Hydranlic
accumulator haleoons
with Nitrogen
(900psY )

Test flight and
systems commission..
ing

Install walkway

Raise Dynamic pa
platform to enable
connection of' the
actuators

Connect motion actua-
tors and lower fuse-
lage unto the

AR

M

16
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WORK TTEM REDIFFISION PERSOI™WEL ¢ MTIGERIAN § NIGERIAM TOTAL
' ENGINEER } TECHNICIAN EMGINERR 1 LABOURERS §DAYS

Setting up of the

Dravbridege 1 1 3 1

Motion Test 1 1 4

Clear surrounding

and remove unwanted

machines 0 3 1

Seal entrance 1 £ 1

Integrated flight

test 2 2 2

From the network of the project, the followins oAk one

routes can be

-F - N

- N

A
A
A
k=
A
A

2

- F - N-:

U

followed viz:--

-V
-V
-V
-V
-V

U’

- Y

...Y_

-2 - 172

-7 -

| o Vim =

w ¥ e
-Y

-V ¥ -

-V el -

w Voo W=

i T o B w

N

laya
16
16

17

17

19
32
31

26

29

28

20
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29

Y-2-12

Aec =G ed-N=-U=V-YX.

42

- 7o

= =N=S-X-Y - 1Z1

A-.C‘-(J

41

A-C-GC-J=N-5-%-7-17

42
47

AeCoGade0aSaValaZy=-2p

koBeuliudsD=8-%eT =1

26

Ko ComBmwf aM Bl el ol el wlfT2

25
28

AeColeT M -Pw¥el=g=t

fauCuBletl il aVelulel=2

27

RoGmBwT aMmD ol al ok = ol

40

BululdeloludadesTal-1ais

40

AwCaoH<TlaMauDa8aV..Z~Z

26

sU=V-W-Ya21=2

C-H-I-N-F

=

LDy
cJ

ReCuloloMaNuwlwl alWedwd

28

A-C-H-I-M-N-U=-V-X=Y-2Z1_%

27

X -7 =22

AeCweHeTl«aMaN-1 -V

41

4

A-C-H=T=-M=aNaeS-Y¥a=7-7

19

AeCollalaTaleV=WeY=«2) ..z

18

T - T2

BAeCoBwlwTallsV =l

19

YeY-2Z 172

A-C=-H-T-T.

18
34

AeCoeHoTleTeloeX=2-12

AeC-BalwTeBeX-T=D

33

AcC-H-1-T=S-X-7-1I2

12

hsColHulnPasla¥ale¥s 2.2

17

M2 -2

A-C~-H<«I=«P U=V

20

sPYaFaXaYelal

A-C~-H-T-P

19
33

AeCeHeI-PeU=-V-X-2-72

Aol sRulaPululalYsZed

32

keCollaToPeSulx? i

20

AeCh-H-Ta-P-RaX-Ya-2y_yp

19

A=C-HelI-P-R-Y-7=-7p
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21

A-E-T-M-"=10U.

A-Ewel«M-N-1U.

23

Kiw § m E1 o T

A-E-I-M-WN-U-=-Y

22

X =72 -2

A-BE =TI -MaoN-U=V

36

-n =Y =272

-
.

AwEwT..M.N.

35

AoBoleWelloda®sZet

21

Y - 25 2

A-E-TIT-M=0-U=V.-¥V¥

20

A~E-T-M-0-U~-V-V-W-2Z-72

23

Z2

AeBEeI-M-0-U-V-X=-Y-2Zq._

22

Z -7

w
- -

A-E~T~-Ma0Q0-0U-.V

R (I

AvEel~-M~0.

A=E=xTsMe0-8=Xa=Z 0

Y =21 -7

-V =1

A-E-T1T-T=1U

13
16

.
Z2

W-2-

A-Ei-T=-U=V-

Y e iy w'ls

A-Bei-T-UwV-X-

Z~122 15

29

-2Z1 - 22

yr

A-E=-T-T=-2«1X =~

28

-X -7 72

A-E«1~T--"

15

74 = 7o

r
.

A-E~-T1I-P~-T ~-X-1.

14

Z-ZZ

A-FE-T1-P=h-X¥-

13

A-E=«IlwPeleV ~HYa=21.2

12

AcEcIoPalaV-1Ta7 .22

T =71 =22 15

Aot sPalla-Xn

14

28

'.'"‘22

A-E-T~-PFP=-8-7

27

ko EuTalboBelslal

24

«DsKslL=0=-B-XoYe2y.2p

A-B

23

S 7

A«~B-D-K-LC
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AePeDaeKalaOal-V ol o¥oiyogz, 22
A-BeDeK-L-0&WllaV.W.7Z.7%s 21
BsBeBalasl sl wVelalYu?laid 24
ARl wu¥alLaQeellay ¥ 7 - %2 23
A-eBaila¥eL-0c8aYaelo-Zr vy, 37
A-B=DeKael «QuS-YaZ.7 36

Detarminaticn of the Farlieat Start and Finish Tires

The Networl:, fiz 1+ Js used “c debtermine time required for

each activity. Below ars the symbols used,

S = Earliest possible {linizh time for the project
Fs = Farliest possibie siartinz time for a given activity.

-
L

1]

Time required to complete a piven activity.

Ef = Fis + T - Earliest possibla inish time for an activity.

F

1]

Earliest possible finish ti~e for the oroject.

If the first activity A besa~ on June ist 1031, the installation
project startine time S - O
T=0,Fs =0
It is to be noted here that T - 0 berause this woric is concerned
only with the period from when ali items hove been uncrated,
Therefore
Ff=Es+T = 00 =9
considering the first rath--

AR I ST W - Z - 72, the next activity is F which can he
started at the same time, since ©f (AY = 0. Activity i¥ is followed
by activity N. MNow consider

s (F)

0, T=2

Pf (F) €8+ T=0+2 =2 i,e, June 3rd,

]
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For Activity M to start, all of its predecessors must have been
completed, The predecessor activities of N are F, J and M. Thus,
the Es of W is determined by the Ef of F, J and M.

Clearly the deviation of the project execution could be no

shorter than the most time consuming route or path., From the aboﬁe
two coutes have the same longest time of 42 days, These are
A-aCofade0o8-Xoy_7Zq_zand
A-C-G-Jd-N-8-%-¥-71-22, These two longest routes
are referred to as the Ycritical® paths, since any further delay in
any of' these paths would only further delay the wheole project.

Other routes contain "slacks" which represent the amounts of time

by which delay can be caused in such routes without causine any delay

on the whole project.
{

Latest Start and Finish Times.

Il In order to dotermine the earliest start and earliest finish of
any activity, the starting time of the project had to be specified;
%hence activity time T was adderd to obtain the earliest finish of the
next activity. The subsequent activity's earliest start was derived
from the preceeding activity's earliest finish. Then. progress was
Eade from project start te finish, To obtain the latest possible
start and finish time for each activity, ziven that the target date
is to be met (critical bimei. we then begin with the target date and
ﬁcrk backwards.

] The target time for this projoct is 42 days after its early
start time. Therefore, the target date cannot be earlisr than the
finish time. The computation for the various times are derived
vizi~

If Te - Target completion time for the project or the latest

possible finish time for the project.

Latest possible finish time for a given activity if the

tarcet completion time Te 1z to be met
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t = Time required to complete a given activity

Ls = Lf - £t = Lateat possible startineg time
for a given activity if the tarret completion time
Tc is to be met

¥rom the network, for activity 72

Lf = T = 42 days
t =)
Le = Lf =t = 42 - 0 = 42 days
For activity 7
s of Z2 = Lf of Z = 42 days.

t of Z = 2 days

Ls of X = 42 « 2 = 40 d~ys
Slack is computed from Ls - Fs or Lf - Ff

e.g, for activity 'I,

Leaz2 3., E8 =220, L. =3 Ef =22
Thus, Ls = B8 = 33 - 20 = 13 days
Lf ~FBf = 35 =« 35 = 13 days

The various times computed arc contained in Table &.

TABL™ 4

Summary of Pxpected times

Farliest start = (Eg): Latest start - (1s), Early Finish = (Ef);

Latest Finish = (Lf);

Slack = ([Lf<Ff).

actrvrTy |PREDFCESSORY RARLIEST {LATEST IEARLIRST [LATEST | SpAck
N T JACTIVITY START(Fa)| START(La) } FINTSH(ELY FINTSH(LT Y (Lf-Ef)
A 0 F 0 i 0 0 0
B 0 18 . 19 1R
¢ 0 0 | 3 3 0
1
D B 1 19 i ” 25 12




ACTIVITY PREDECESSOR| EARLIEST [LATEST EARLIEST LA'I.'E‘.'-'; SLACK
ACTIVITY START(Es) | START(Ls ) { FINISH(Ef) | FINISH(LS) | (Lf-Ef)
B 0 6 1 T 6
F 0 10 2 12 10
G C 3 3 T 7 0
H C 3 4 6 7 1
1 E.H 6 7 8 9 1
J G T 7 12 12 0
K D 7 25 1 29 18
L K 1" 29 12 30 18
M ¥ 8 9 11 12 1
N F,JM 12 12 19 19 0
0 F,JM 12 12 16 19 0
P I 8 30 1n 32 22
Q L 12 30 14 32 18
R P,Q 14 32 17 35 18
S P,Q,N,0Q,T 19 19 35 35 0
;¢ I 8 16 " 19 8
U P,Q,N,0,T 19 32 20 33 1
v U 20 33 22 35 3
W v 22 37 24 39 15
X R,S,T 35 35 39 39 0
Y WX 39 39 40 40 0
Z 4 40 40 42 42 0
Z1 Z 40 40 42 42 0
Z2 Z1 21 42 42 42 42 0
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Reduction of Time and Cost.

The loneest paths of the network are:--

A-CL =<-0=-8S=X=77=2Z1-12 = 42 days
AeCelndo0~SeX-2-2 = 41 days
A-C~HewlaoMaoVNaSaXaY.2q=~-22 = 41days
AeCuBulaMalelul el = 40 days
A-CelGaed-N-S-X=-Y=-2Zy-7% = 42 days
A-C=CG=J-NaS-X=2-2 = 41 days

Activity C is commor to all of these paths and represents a
3 day job. It had been shown earlier that a complete substitution
of Nimerian engineers was possible in this job. Althoush activity
C is on the critical path, the other initial activities B, E and F
have also been shown to require cnly the input of the Nigerian
engineers. Hence, a total of 3 days can be reduced from the project
time of 42 days to 39 days. Activities Y and Z¢ are also a source
of reduction of ancther 1 day if the strength is increased.

Critical Path Elements

From Table 5 below, it will be seen that the elements that con-
stitute the critical path are essentially those requirine hish tech-
nology.

TABLE &

From Table 2 and 3

) I
rermvrre) PR O oRs, prrontoras [mcs | [<ABOURERS | pive”

C Set up Bays 07, 08

etc. 2 8 3
G Cabling of Inter-

connections 1 2 2 4
J Powerinz up of

devices 2 2 2 >
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0 Novoview system

sot up 2 2 7
N Powering up

flight deck 2 2 7
S Test flight 2 ’ 16
X Motion Test 1 a 4
b Clear surrgund-

ing 6 1
Zy |Seal entrance ]

Recommendations for Cost Reduction.

From the PERT Network analysis, it is obvious that the instal-
lation work could be reduced to 42 days, as shown by the critical
path., Crash considerations of activities C, Y and Z4 will further
reduce the project time to 38 days. This represents a time saving
of 11 days over the 49 days produced by the Gantt Chart as decided by
Messrs. Rediffusion Simulation Ltd. The cost implication are now cal-
culated as below:

Personal emoluments.

REDIFFUSION NIGERI'™M

ENGINFERS ITECHY cTans | Eng Ty eps| VBOURERS | TOTAL

NUMRBER 8 6 4 20 38
s
Remuneration
perday per
person ¥100.00 | ¥ 72.,00f ¥ 15.78|M 4,17 H¥189.95
Using Gantt

49 days total |¥39,200 H20,580.00] W3,062.88]4,086,.60 | ¥66,059,48
Using PERT
38 days total | N30,400 ¥15,960.00F ¥2,398.56}3,169.20 | ¥51,927.76
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Hotel accomodation and feeding for 49 days at N70.00 per
person per day for 14 persons = N48,020.00

Hotel accommodation and feeding for 38 days at ¥70.00 per
day per person for 14 persons = ¥37,240.00
Using Gantt Chart, total personal emoluments (Allowances and

accommodation) = Y66,050.4F + N4R 020 = N114,079.48

Using PERT method, total personal cmoluments (Allowances and
accommodation) = ¥51,029,76 + N37,240.00 = MB9,167.76

The differenco represents the savings on the personal emoluments
= N26,811.72.
This represents 22Y savings in cash and a reduction of 11 days
in project exccution time. The time savings is another 22%
savings as well.
If the Simulator we2s immediatcly put into use, the daily turn-
over (16 hours flying por day at H200/hr) H3200.00. During the
11 days (2 days rest), the turnover would hc H28,800.00.

Running Costs.
Total personal emoluments p<r annum = ¥56,000.00
Fuel and lubrication for Generatings
set annually = 25,000.00
Depreciation on all machinery/
annum + incidentals cte. = 400,000.00

——

Daily runnine cost = N1,317.81
For 11 days, running cost = N14,495.89.

Income .

The income therefore in the 11 day period would be
N28,800 -~ N14,495.89 = HW14,304.11.

From the foregoing, the cash benefit of the installation
using the technique of nctwork would have bozn M25,811,72 + N14,304.11
= N40,115.83
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The elements of the criticel path point ocut the great depen-—
dence of the inatallation exercise on high degree of technical
know-how; such as the ability to understand the usc of diagnostics,
test routines, and a good working knowledge of electrical and
electronic cabling. It will therefore be highly advantageous if
part of the training programme for the enginesra lays some emphasis

on the practical knowledme which could enhance installation,
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CHAPTER FOUR

SUMMARY AND CONCLUSIONS

For zrhanced safe air navigation, aircraft operatcrs around
the world have come to recognise the use of the flight simulator
as an indispensable tool of tralning. Likewise, simulator
manufacturers have ovor the years beenh very responsive o the
growing need of the airlines, Having started from the simplest
and mest crude form called the "Blue Box" (after Edward Link),
especially with the military backing in the US4 during the
World War 11, the flisht simulator has undergone series of
‘methamorphosis’ into its present day shape; complex instru-
mentation, new facilities including visual and motion simulation
and hich deeree of simulation fidelity. To achieve this tremen-
dous feat, a 1ot of investment has been made In rescarch and
development. Today, simulators have been produced with such
degree of reliability that total transition training can be |
effected without actual time or the live aircraft (Zero~flight

time},

In.1981, the tliperian Civil Aviation Training Centre,
Zaria, installed an F28 Simulator which was purchased from
Messrs Rediffusion Simulation Ltd of England at the cost of
US 84m. The installation was carried out by a combined team of
Rediffusion and Nigerian engineers, The programme of instal-
lation was prepared by Rediffusion in their manual titled

Breakdown and Installation Plan, This plan was purcly a Gantt

Chart which proposed a 49 day project time. The actual time
recorded was fifty-five days due to late arrival of some of

the mochineries needed tu effect the installation. | !
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A retrospective study of the installation project was made
at the request of the researcher. Perscnal interviews were
made with the Nigerian Participants in the installation. Records“
of the activities were exemined together with the Gantt Chart. -
It was decided to apply PERT Network analysis in order to deter-
mine its suitability as a better method of managing the ;nstal—

lation in order to save time.

In order to apply PERT method, a breakdown of all of the
aﬁtivities was made. Data collected from the installation
included all of the sequences of the identified activities
(in some cases many activities comprised a Gantt task). The
times taken to execute such activities were also obtained.
Information on material requirements, use of cranes, fork 1lift
and aircraft facks were also obtained, Data on personnel
(foreign and local counterpart) and skills and manual labour
impul were also gathered. Problems encountered during the
installation were also studied. After a thorough understanding
of how the installation was carried out in 1981, the researcher
then proceeded to apply the technique of Network analysis to

the installation data,

Thirteen Gantt tasks were proposed in the installation plan,
In the PERT method, twenty-five activities were identified. A
comparison of the Gantt tasks was made with the PERT activities
| derived in order to show the relationships. From the PERT table
| procduced, a PERT Network was prepared and the critical Paths
were identified. The elements of the critical paths were also
examined in order to make recommendations that could be found

useful to such installations in the future.
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The study and analysis of the installation through the

technigue of Network Analysis have shown the following:~

1.

The proposed 4% day installation time could have been

reduced to 38 days with a time saving of 11 days.

Personal emoluments that could have been saved by
use of the PERT Network Analysis amounted to
N25,811.72 (Twenty-five thousand, eight hundred and

eleven Naira, Seventy-twc kobo only).

Time saved could have been put to use by selling

simulator training time.

Iﬁcume that could have been ﬁwrther derived ffam
the saving produced by the application of PERT
amounted to ¥14,304.11 (Fourteen thousand, three
hundred and four Naira, eleven kobo only) by putiing

the simulator to use at the saved time.

)

Recommendations

1. The technique of Network Analysis ﬁhéh applied to the

installation of the F28 Simulator can save time and
money. FPuture installations should follow the -

network produced.

Elements of the Network have shown gross underutilisation
of the Nigerian engineers. Therefore, future plans
should be negotiated on the basis of a Network Analysis
as the one produced in this work in order to identify

the extent of local input so as to save costs. .
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If access to the computer room were possible from
outside the building, more time could have been

saved in the whole installation.

Flements of the critical paths have shown the laree
depcndence of the installation fime on knowledge
of high technology. It is, therefore, strongly
recommended that future Nigerian Simulator
Engineers should be further trained in order to be
able to participate more in the more complex acti-

vities of installation.

It is hoped that if the next installation of a
simulator at the same facility is to be carried using
the network produce¢ from the previcus installation,

the technique applied will be fully justified.
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