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ABSTRACT

With o view to achieve industrial growth, Nigeria bas tned (o establish a soumd
mfrastrocture mvalving among many other things, the establishment of an indigenous machine
wals andustry, Unfortunately, machine tools mdustry’s development in Nigena s adversely
alfectad by uncertaimties in capacity building in some areas which mclude technology,
manpower, rw materialy, equipment and energy.

This thesis developed o robust model o achieve o desirable, dynamic and balanced
capability of building and upgrading machine tools capacity in Nigera, The model was
developed Tor determiming the machine fools technolegy capacity level m terms of machime
design and |1r:||_']1iJ1IL' fabrication capacity, The parmmeters determined Trome the model include.
Manpower, equipment, raw materials and encrpy capabilities Tor= machine tools design and
labrication. The capacity outcomes were compared with established stondards. The  shortisges
and  or surpluses inocach elemental capocity were determined  using statistical difference
method. This established appropriate funds o be allocated 1o each resource at specific time Lo
vield reguired and appropriate resources capacily level within the time schedule.

A dynanue programming techmgue with coneept of adaptive control theory was used
i maching fools resourees capaeity development. A feedback control svstem with adjustable
coellicients was developed o nanimnze the eflfects of the uncertaiity of the process purameters

b
nlentilied as manpewer, raw matenals, equipment and energy.  The adjustable coefficient was
miahe dynamae Trom avalable fund thin was allecated m approprate proportion depending on the
level ol development required of cach system parameter, A software named CAMTCAD-2008 in
Visual Basie was developed Tor effective implementation of the model. The model was validated
with the data collected rom Nigerian Machine Tools, Oshoghbo,

Fhe result of the model bas shown an imnadeguate bevel of development in resounees
lur capacity building in the machine tools industey at a particalar time, The nodel has revealad
an ymmediate cost benelit i spreading the development of the system over the vears: 11 was
further observed from the resull that the lnancial comulative ellect does not Bnvour long-term

pertod ol system development. This may be due o variation in time value of money. This model

xil
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turther helped i adentifying all the resources that have shortfall or surplus in their capacity
levels s provided o clue of what the industry has 1o put in place in order to meet acceplable
staridards,

Fhe inode] gave an msight on Tuture development and direction of advancement
miachime Lol hditding in Migenia therehy making a way i optimal development of machine
toals that 15 technically sound, environmentally friendly and economically jus!ttiluh]u- The
resullmg software 15 amenable to practical application of technologically based qualitative
forecasting strategles for planning, managing and development of machine tools industry in
developing cconomies like Nigeria. This model has enhanced a sustainable structure for future

development and direction of advancement in machine tools industry,

xidi
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CHAPTER ONE
lNTRﬂI]UéTIDN

Despite Migeria's early recognition of imporance of I'l'lEl,:hil_I‘I: l-mﬁ"'lll the
nation’s industrialization, the country has not escaped the dependence on imported
machinery inherited as part of the colonial legacy (Oladipo, 1988). With a view 1o
athieve the industrial prowth and o reduce the nation's dependence on impnnﬂtinn.a.
especially in the engineering sector, MNigeria has tried to establish a sound
infrastructure invelving among many other things, the establishment of machine tools
industry {Agiobenebo and Agiobene 1989; AMT, 1998). Unfortunately, up till now
the goal of establishing the machine wols industry in the area of machine building is
vel o be ;l'l:hil:"«"'l:lj. despite huge investments made by the Federal Government of
MNigeria on the Machine Tools sector of the cconomy (Olaove. 1985 b

MWigeria deserves rmpid industrialization, but has little capacity for designing
and building machine tools. Capacity inadequacy has made MNigeria to rely on
imported technology Tor machine Wols development, This slep invalves passing on
technical information, eguipment and actual transplantation of whole networks of
institutions, values, work method and infrastructure of imported technology. Ariyo
{2004), made it clear that this step sctually posed serious adaptation problem and the
situation was further worsencd when the technology structure was introduced before
the social and infrastructure prerequisites are ready. Laditan, 2000 stated that the
technology  acguisition through technology transfer has been very costly and
ineftective because most of the industries like the Nigerian Machine Tools Oshogho,
Ajaokuta Steel Plant, Delta Steel Company, e.l.o, established through these processes
became in:mﬂirnl. underutilized, debunked from local economy and eventually
incapable of generating exports, skills or employment. -

Keeping in view the present level of technology existing in Nigeria, it is
ohyious that relyving on external acquisition of fechnology to huih‘l. machine tools will
na lenger (it the configuration threats, opportunitics and capacitics faced by Nigeria in
today's environment, Aderoba (1989) atiributed the machine building problems to
low Migeria content in terms of raw materials, manpower, energy and cquipment,

which formed the bases for machine tools technology development. He further stated



that the problem of machine tools was worsened by the mismanagement of
funds allocated o various resources that are responsible for the development of
maching tools- industry, These abnormalities have led to a dearth in job, skills
development, and capacity  building/utilization of machine tools sector and
consequently shaping the destinies of other sectors of the E:vl:nnt;m}' in a negative
direction in a way, which scem inevitable and irreversible. The imporance of .'
developing indigenous capacity for building machine tools taking into consideration
the needs, resources, environmental factor and lifestyles of the people was stressed by
Aderoba ( [988).

In Migeria as at now, there are scantily formulated and coordinated stralegies
that are aimed al the systematic transformation of machine 1ools huiil:li_ng production
system and capacities. Moreover, there had been no significant achievement in
modification and adaptation of imponied technology, and the development of
ndigenous technology as well, Therefore, for an effective machine tools building
technological capacity. it is important that a meaningful, concrete and result —oriented
strategy  be devised to sustain the technological take-ofT of machine tool building ol
the nation.  »

Therefore this thesis focuses on the development of concrete and result -
oriented strategies aimed at developing technological capacity for machine tools
huilding. This involves the upgrading of indigenous technologies through gradual
development of all relevant resources for machine building to meet up with functional
machine tools technological capacity through proper disbursement and management

of funds to all necessary resources responsible for indigenous machine tools

development.

1.1 Background of the study

According to Obi (1989), any economy that is unable to produce machinery
and cquipment lacks the capacity to directly transform its own savings inlo investment
since capital accumulated in such an economy cannot be sustained without
complementary import machinery and equipment for production of other goods and
services, Linfortunately, in spite of the nations potential, various public authorities in
Migeria have all along neglected building of capacity necessary for the development

of machine tools sector which is the base for producing machineries and equipment



i Dickensen, 2007). In an effort to develop machinery, the country heavily relies on
“the imponation of tcchnologies rather than adopting, molding and transforming the
local wechnology 1o a form sustainable for machinery production.

This approach has not helped the situation since no country would willingly
transfer technology that would undermine the potentials of sale of its finished
products 1o other countries (Girvan, 1979). Obi (1989 stated further that impﬂrl::d.
technology has not been profitable (o Nigeria and it has failed to close the increasing
pgap between Nigeria and developed countries, because of continual stagnation of
lechnological competence. Adejuyigbe and Aderoba (2000) dated that external
acquisition of technology  no longer fits the configuration threats; opportunities and
capacities faced by Nigeria in today’s environment. Interest has been  focused on
what happens to these technologies after acquisition since most of the industries like
Nigerian Machine Tools Oshogbo, Ajackuta Steel Plant, Delta Steel Company, e.l.c.
established through these processes became inefTicient, underutilized, debunked from
local economy and eventually become incapable ol generating exports, skills or
emplovment, -

' In the recent Nigerian (il and Gas 2007 exhibition, Migerian indigenous
companies cried out that power infrastructure and equipment has made it difficolt (o
meect the advanced challenges posed by their operations, The emphases were laid on
how to increase the capacity of 'irlu:lig_um:-us machine tools and fabrication industries (o
meet up the challenges. Therefore, the idea of developing appropriate iechnology
capacily for machine tools building wking into consideration the needs, resources,
environmental factor and lifestyles of the people therefore becomes very important,

which 5 the foces of this research,

1.2 scope of the study

The sector that produces machinery and eguipment in the manufacturing
industry is usually referred to as a capital goods sector, The products of this sector
include, mechanical machineries and efuipment, electrical machinery, appamtus, and
applianee, transport equipment, prolessional and scientific (measuring and controlling)
equipment (Kolade, 1990). Ot of all these products, only mechanical machineries
and equipment played a major mle (being the bedrock for other categories of capital

poads) in economic development of any nation and it needs special attention,



Therefore, this study developed a technology strategic model which focuses on
machinery production capacity of machine tools industry. Machine tools are basic

mechanical machinery used to produce or répair other machine parts,

1.3 Modeling Concept :

The mathematical modeling in this study was used to determine the pr::,:nl
machine tools building capacity level, using probability and goes further to upgrade
each machine building elemental capacities using dynamic programming with
adaptive control parameters (o actualize real machine tools capacity as stated in the
initial project implementation manual of machine 1ools industries in Nigeria (NMT,
1994 ).

The resulting software named Computer Aided Machine Tools Capacity
Development {CAMTCAD -2008) was proposed to control all the elements and the

resources of machine tools capacity building, s

1.4 Specific Objectives of the Research
The specific objectives are to:
a. assess the capacity utilization for building machine tools industry
using relevant criteria; .

r b d-e'.-clup a model for resource appropriation of capacity building in

* machine tools industry:

g, develop a computer software for effective implementation of the
madel developed in *b’; and
d, validate the model developed vsing data obtained from Nigerian

Machine Tools, Oshogha.

1.5 Research Methodology
A preliminary study was conducted in some relevant establishments in
Nigl:ria to obtain informution on the criteria useful for the development of
appropriate model for machine tools capacity building in Migeria. Some of the
relevant establishments where information was  collected include: Basic Raw

Materials Industries and Promotion Agencies, Basic Equipment and Promotion



Agencies, Energy Production Industries and Promotion Apencies and Human
Resource Development establishments and Agencies.

Based on the information gathered, the relevant eriteria for machine tools
building were established which include technology, manpower, equipment, raw
materials. finance, environment and socio-political factors, The aforementioned
criteria were analyzed mathematically and this formed the basis of the dewli.'qmd"
maxlel for machine capacity building. In developing the rnm-lrfl.. the benchmark of
machine tools resource requirement was done using probability theory and
machine building capacity resources ﬁlﬂnning was done using dynamic
programming and control theory.

The model was developed for determining the machine tools technology
capacity level in terms of machine design and machine fabrication capacity. The
rparameters Eletcrmincd from the model include, manpower. equipmenl. raw
malerials bnd energy capabilities for machine tools design and fabrication, The
capacity outcomes were compared with established standards. The shortage and/or
surplus in each elemental capacity were determined using statistical difference
method, From this, appropriate funds o be allocated to cach resource at specific
times were established.

A dynamic programming lechnique with Wl'tl:l:-pl of adaptive contral
theory was used in machine tools resources capacity development. A feedback
control system with adjustable coefficients was developed to minimize the effects
of the uncertainty of the process parameters identified as manpower, raw materials,
equipment and energy. The adjustable coelTicient was made dynamic from
available funds that were allocated in appropriate proportion depending on the
level of development of each system parameter and fund per unit marginal value
improvement of cach resource with respect to total final fund per marginal
improvement of the machine tools.

A software named Computer Aided Machine Tools Capacity Deviopment
(CAMTCAD-2008)  using  Visual Basic was  developed  for  effective
implementation of the model. The model was validated through data collected
from Migerian Machine Tools Oshogbo



L6 Expected Contributions of the Research to the Knowledge
The research is expected o
(a} establish technologically based qualitative forecasting strategies for pJnnni.ng:'
' managing and development of mac hiru; tools industry.
ib) enhance a sustainable structure for future development and direction of
advancement in machine tools industry; and
(c) provide a sofiware amenable to practical application of the machineg tools sector

of the Nigerian economy,
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CHAPTER TWO
! LITERATURE REVIEW
Industrialization was embraced in the early 1960°s as a vehicle for rapid
ceonomic and  social developrhent knowing thal no  Industrialization  without
dE\frlthml.:nl- of indigenous technology capacity to build mau_:hine maost E::-'.pcci\ailf'
machine tools, in which other goods and services emanated (Atteh, 1992), In trying
to develop Nigeria machine tools building technological capability, it is necessary 1o
reviews the past approaches adopted in developing technology capacity in machine

tools industries in Nigeria,

L1 Development of Technological Capacity for Building Machine Tools Industry

In today’s environment of developing technology of building machine tools,
Nigeria has o maintain a strong technological position by developing a strong
strategy to acquire needed technology. The ability to contribute a controlling efement
of technology system, and the core technology, is frequently the key to having a
technology acquiring capacity (Aderoba, 2000). Recognition of the adverse effects ol
external dependence was responsible for specific objective of the Fourth Mational
Development plan, 1981, titled *Greater Self Reliance’, that is, increased dependence
on our own resource in seeking to achieve the various objective, of the society. An
important dimension of self-reliance is technological self-reliance most especially in
the ares of building machine tools for production and repair of l:l:nthcr machinery used
for production of goods and services. (Oveniyi, 1984),

With the in the promotion of indigenous technology in Nigeria, available
technology becomes obsolete when compared 1o modern technology. This creates a
bigger problem of technology stagination, thereby makes technoelogy o be looked
upon a3 the preserve ol the developed countries and was Ih-:}:.lghl unattainable by

Miperia.



. Ihe capacity to search and select the most appropriate technology for machine
building from many alternatives is of course fundamental; but technologics, which are
known to exist, are not readily available. The capacity 1o acquire them includes the
capacity to identify technology source, the capucily o tmilor the technology o sot
local conditions and the capability to transfer technology as when necessary from
abroad or within countries (Bhalla and Fluitman, 1985) .

The locally available technologies are not considered appropriate enough and
there is a need to make provision for altermatives. To do this, technological Oplions
in Fig. 2.1 is modified to fit the need and the situation of Nigeria Machine Tools. The

modified lechnological Options for building machine tools is shown in Fig. 2.2

L
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2.2 Importance of Machine Tools Industry

The most strategically important component of capital goods sector is the machine
tools industry (Olanivan, 2006). Machine tool are sometimes referred to as “mother
machine’ which are power — driven machines used 1o work on metals, wood, plastic and
glass. Machine tools are centrally important 1o the existence of a,domestic engineering
and machinery building. This sub-sector of the capital goods is the heart and foundation
of the capacity for self-actuated national i:lldu&ll‘iﬂliiﬂﬁ;:lll'] and technological
transformation because it provides the equipment for itself, the other capital goods sub-
sectors, the intermediale good industries sector and for consumer goods industries
{Nagpal, 1986}, Machine tools development will help to develop a national capacity for
sustaining existing machineries that are operable by ensuring the prompt replacement or
substitution of parly and o generally assisl in expanding the manuﬁmluring base and
-;.'alp.;u_':ilg.-' ol nations (Finegolge, 1994), Machine tools, which is the mother of capital goods
industry, is rn:lzlliwly labour-intensive. It has also been proven that machine tools
industry 15 quitle a d:.'l:tamin: industry in the sense that it is a carrier of the process of
many technological innovations which in tum are transmitted W other sector of the
economy (Difilipo, 1986).

Machine tools can be classified into two main categories: metal cutting machines and
metil forming machines. The machines that fall under metal cutting machines are lathes,
milling, shaping, drilling, gear hobbing, and broaching machines. Metal forming
machings comprise presses, forge hammer shearing, welding and explosion forming
machine, In order to determine the basic requirements to build these machines, the major
component paris, material composition and the manufacturing techniques of producing
them must be known, This will give an insight to the appropriateness and adequacy of
nmﬁpuwcr, equipment, raw malteriasl and energy required for the production of each
component part. An economical and reliable fabrication technique must be adopled 1o
munufacture the various components of a machine. In fact, the selection of material and
appropriate uhni& ol method of [abrication lorms an imponant aspect influencing the
design considerations (Aronson, 1996). The fabrication techniques to be used depend on

the material, size, shape and surface finish of the component parts. This consequently



determines the human resource. raw materials. equipmeni and the energy requirement for

the production of the machine parts.

2.3 Development of Machine Tools Industry in Nigeria

Development of machine tools industry is supposed to have a technological feedback
I‘t‘iii:llﬁl'lg in gradual reduction on importation of machinery. Nigera with its abundant
natural resources and manpower conceived the fulfillment of this objective through her
National development. Based on this plan, Nigeria Machine Tools, Oshogho, and
Ajaokuts Manulacturing and Repair Shop Complex, Metallurgical and Machine Tool was
esterblished. Al the initial stage of machine tools, the industry was expected (o assemble
machine tools. The manufactured machine tools were actually proposed to cater for
ground 38% of the total demand of machine tools in Nigeria up io 1985 (NMT, 1994).
Unfortunately. up till now (2009) this objective is yet to be achicved.

The selection of plants and machinery for machine tools division, tool room and
foundry has been made with the consideration that machine tools production in Nigeria
will be hased on production® and not mass production. The reason for planning the three
other two divisions along with the machine tools division is to provide required industrial
manpower, quality castings and Tacilities for manufacturing of jigs, Nxtures, special tools,
gauges ere, (AMT, 2000). Training center was also p]annu{j o organize intensive
training to develop required skills not only for assembly but also to cover manufacturing
activities in the subsequent phases.

In drawing up the production programme, the main consideration has been the demand,
minimizing the lead time for indigenous availability machines development of skills, use
ol approprinte "tr.‘El'Inniug}r, future needs, quality requirements and optimization of
facilities to achieve the best economy commensurable with capital investments {CHadipo,
| 988} Despite all these good plans, Nigerian machine tool factﬂriels are still in their
mlancy, their product range is narrow and cannot adequately provide the needs of the
ransformation envisaged in this plan (Louis and Adeola, 1992). This is because local
professionals, technicians and crafimen need to gain experience in the design and

manufacture of machine tools. This makes it necessary for invitation of expatriates who



more than ofien exploit the nation. Morcover, mismanagement of funds for the

development of michine tools industry is another major hindrance,

24 Government Approach towards Developing Machine Tools Industry

In trying 1o develop the :a]mcit:.r'nf Migeria machine tools, it is necessary to review
approaches that has been pursued and used by the government since independence in
Migeria, The strategy adopted in first national development plan, (1962-196K), was lo
import  substitution  industnialization  through transfer technology. This makes no
provision for development of goods and services in  particular, Implementing
industrialization policies was hampered by various problems including among others a
weak raw material base, lack of technological know how, shortage of management
manpower, reliance on imports for capital goods and raw materials (Okojie, 1985).

'he second nation development plan, 1970-1974, noted the problem created by the
import substitution industrialization strategy. Government decided to upgrade local
prodduction of intermediate and capital good for sale 1o other countries, At this time, the
policy was made without concrete implementation. It was only in the third national
development plan, 1975-1980, that the Federal government of Nigeria gave indication
that it had begun 1o understand the urgent need of the engineering sector and its centrality
1o sustamable industrial transformation. With reference to the firstand second plans, the
third development plan did not articulate a comprehensive policy and strategy for the
development of primary engineering and machine industries, which are necessities for the,
development of machine tools (Oni, 1999), ‘l'hel: plans only foeus on development of
miermediate goods or base material industries such as iron and steel. It was as a result of
recognition of the adverse efTect of external dependence on foreign country for goods and
services that actually initiated the idea of  self- sustenance in fourth developmental plan
{1981-1985), This aims al. increasing dependence on local résources in seeking to
achicve the various objectives of the society. It was in this plan that Federal government
hegan to lake conerele steps o stan the development of some key components of a

capital goods sector, like Nigerian machine tools Oshogho,
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2.5 History of Nigerian Machine Tools, Oshogho .

The Nigernian Machine Tools Limiled is the leading industrial equipmy
manufacturing in sub-Saharan Africa (NMT, 1994). It was 85 to 15 percent equ
ventures between the Federal government of Nigenia and the India government — Owr
Hindustan Machine Tools {international) limited. The agreement was signed in the v
1979 and it was incorporated with share capital 1o the sum of N20 million. The Nige
machine Tool Oshogbo was conceived in the Nation's 4" National Development P
(1976-1980) which supported the establishment of industries for production of cap
and engineering poods of intermediate technology content.

The Federal Government objective in setting up the project was to:
- establish a self-reliant machine tool complex in Nigeria for the local manufacture
marketing of machine Tools, spares and accessones;
- support and inlluence the country’s drive toward industrialization and self-reliance
the manufaciure of engineering goods:
- train Nigenian Engineers and technicians in arl of machine tools production;
- conserve valuable foreign exchange for the country by meeting substantial part of
demand for machine tools through local manufaciure
- aid. establish and develop ancillary units and assist down-stream user industries
- assist entrepreneurs and user industries by offering total project — engineering tuml
consultancy services for Nigerian and ECOWAS sub-regional market and prov
effective after-sales service for the products,
The ivpes ::;I' machine tools sclected for manufacture for Nigeria machine 1o

Crshogho are as I':.:lt::l-ws:

(1) Power hacksaw

{11} Lathe machine

{iil) Milling machines — medium size vertical and universal

(iv) Shaping machine

(v} Dnlling machine — Bench and pillar type

{vi) Pedestal grinder and

(vii) Guillotine shears.
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The project on the long-term, as to add manufacturing of metal-forming machine,
sharing* machine, nr::.*-;:-:un: die casting machine, forging machines, numerically controlled
machine lor ]}rud;.u:lrs requiring precision technology. Despite all the efforts made by the
government to revolutionize the building of machinery in Nigeria since second nation
development plan, up till today, all is of no avail because of the government inabilify to
address the foundation of the pn:ul.'btem ol building capital goods sector which is the
technological capability of developing machinery (Radnor, 1991). The Federal
Government of Nigeria (FGN) has privatized 100% of the enterprise 1o 8 domestic core
investor named Bowell Nigeria limited that would be able to turn around the enterprise
since the objective of set up the project cannot be achieved since all these years, As a
springh:‘-arﬁ tor industrial development, the role of the Nigeria Machine Tools limited
Oshogbo in the Nation's cconomy cannotl be over emphasized. Therefore it needs more
attention than privatization programme of the government. The need to be able to develop
the resources necessary for the development of machine tools 1o achieve the set up goal is
VETY NECcessary.

Nigeria machine Tools can be broadly divided into three sections namely production
seclion, engineering section and administrative section. In this study production and
manufacturing sections of the machine wols industry was considered.

2.5.1 Production Section

Production section of Nigeria machine Tools limited has two sub units, they are

manufacturing unit and foundry unit of the industry. These units are responsible for the

major preduction of machinery, equipment and spare parts, Production section 15 shown

Fig. 2.3.

252 Engincering Section

Engineering section of Nigeria Machine Tools limited (NMT) has five sub units. They
iare pmgu::linn planning, store, quality control, researches and :ieéign. These are the units
where the proper planning seeks o deploy the facilities of the company in such a manner
that the required guantity of the product is manufactured to the right guality at the
required time by the best and cheapest method. The chart in Fig. 2.4 shows various

divisions in engineering seclion.
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Tables 2.1 and 2.2 show the Production and Engineering departments with

sections, units, and their functions.

Table 2.1: Orrganisation of Production Department

MODULE UNIT FUNCTIONS .
'M'ﬁnul':mluﬁng Small Parts Machining of small round parts. ats, gmr:f.:“
Shop sprockets, hub, bushes and other small parts.

Heavy Parls Machining of rounds, Nat above Tkg.

Heat Treatment | Anncaling.carburizing, hardening electroplating,
nickel plating and blackening of paris.

Assembly Sub-assembly final assembly and Testing of
machines.

Fabrication | All sheet metal work requi-'ri_lir, folding, rolling, |
culting, welding, !hrmin;;“' J;Eunking, punching
and profile cutting.

Foundry Shop | Molding | Sandmoulding of cast parts.
Pattern Shop Production of wooden, plastic and metal
) paticrn,
Fettling Fettling of cast produscts.
| Melting  Melting and control of composition of cast
malterial.
' Laboratory Sand  testing, mmaflugmplli'n: analysis  and

MEasUrements,
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Table 2.2: Organisation of Engineering Department

L

MODULE ~ [UNIT | FUNCTION
Research Mechanical / ‘Design of mechanical and hydraulic
Hydraulic sysiems. .
Electrical Design of electrical svstems.
Design Machine Design of machine and machine parts,
sub - assembles and assemblies.
Diesign Drawing of part, sub - assemblies
and assemblies.
Tool Design Design and selection of cutting tools,
special tools, jigs and Nixtures.
Spare Parts and Industrial | Design of spare parts and industrial
design machine parts.
Production | Production Planning | Time  and . cost  estimation.
Planning Estimation {PPE) Establishment | . of  performance
standards and breakeven analysis.
Pre-Production  Planning | Linking ol design with production
(PPP) dep:mment.h-‘leth;mi of work study.
Production Planning | Materials Inventory control.
' " | Material (PPM) i
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Production Planning Tools | Procurement, Resharpening,

(PrT)

Production

Contral (PPC)

planning

reconditioning  and  maintenance of

Loanls,

Release of production papers and raw
malerials to production department.
Liaising with inspection department

for perindic and rowtine checks of

materials.
Quality Haw Material Inspection Inspection of all aw q:aterials.
Control In — Process Control Inspection and comtrol of all n -
proccss production activitics,
Final Inspection Inspection of final assembly.
Tesling Testing of final assembly.
Store Engineering Store | Management of stores  comprising |

engineering parts, subasssemble and

assembles.

General poods

Managemenl of non — engineering

goods in storage.

. |




L6 Resources for Capacity Building of Machine Tools in Nigeria.

This 1echnological capacity building is a carelully articulated strategy which
is gonceived and devised for the integrated development of resources which include;
basic raw malerial. scientific research facilities and engindering and technical
personnel of all types. It includes also the supporiive political adrninistmlim;l
financial policies and infrastructure. |

Appropriate machine design ’r'a.n:il'ttiag for development of machine toals 15 a
function of requisite quality and cnough design material, equipment’ tools and
energy which can be oblained from related intermediate capital good sector, raw
material based industries and nation grid of power generation plant ,

Morcpver, appropriate fabrication facilities for developing machine tools
are function of requisite quality and enough fabrication raw  material,
cquipmcnt-"inn!s and encrgy. These are obtainable from corresponding fabrication
intermediate ua:|l1i1.u| goods industries, raw material based industries and National
grid of power gencrating plant, respectively, Appropriate trained skill and technical
staff for development I::qut.'ll'tim: tools in Nigeria depends on requisite education
and requisite experience, These are acquired from formal learning institution,
Research Development Institute, Technological training center, industry and

industry village depending on the categories of technical staff,

1.6.1 Manpower Capacity

Machine tools manufacture demand more than average ability and
experience in certain trade which are peculiar to its production. This can be acquired,
sometimes in a short time, if the trainces are properly selected and systematically
trained. One of the imporant machines tools building capacity is human resources;
highly skilled personnel is required in relevant engineering feld sech as mechanical,
electrical, mining, metallurgy and material. The development of human resources is
based on clear understanding of basic technology requirement for the manufacture
ol ma-::hine: tools (Ayensu, 1997). Machine tools manufacture involve high labour
content of technically skilled and semi-skilled categories talented and trained design
and engineering personnel are also required, which involve highly trained personnel

such as Engineers, technologist, technician, craftsmen and artisans, apart from



specialized personnel training in project engineering/application engineering and
servicing of machine tools,

In developing manpower, four ranges ol skill and capacities are put into
consideration.

(i} Machine qﬂ?&rﬂliﬂﬂl’fahﬁmﬁﬂn.ﬁkill;

(i) Manufacturing technology skill;

(iii) Product design skill: and

(1v) Research and development skill.
(i) Machine Fabrication Skill Capacity

Machine fabrication skills, this includes aspects of the manufacturing

processes such as casting, forging, machining, heat treatment, as;semhly and welding.
This skill can be taught in polvtechnic and technical colleges as well as acquired on
the job or in training center, These sets of people are chliéd technicians and
craftsmen. The factors that is responsible for this capacity development is requisite
cducation and requisite experience development.
iii) Manufacturing Technology Capacity

Manufacturing technology is technology for organizing, managing and
exccuting factory operations, which produce machine tools. This is essentially the
ahility to organize and deploy the necessary skills, raw malerials, equipment and
management (o convert a product design 1o a technically and economically desired
product. The skill can also be taught in the Polvtechnic, University and as well
acquired on the job.

{iii}) Mroduct Design Capacity,

This capacity has three phases; feasibility study, basic design and detailed
design, It is highly trained and extensive experienced Engifieers and technologists
that are usually involved in product design. This capacity help firm or industry to
conceplualize, define and actually design a product that is scceptable on both
economic and technical grounds.

{iv}) Hesearch and Development Capacity

This capacity secks appropriate combination of already existing technical
knowledge so that it con be used to refine and modify established machine tools. All
categories ol technical personnel arc necessary to be participants in  this

development to be able to improve in area of operation.
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[t is therefore necessary to know the human resources technological level of
the country 1o prodduce machine (ool before one can bes thinking ol Turther
dEwlc:mm:nl. The evaluation of requisite manpower Tor building machine tools 15
hased on n:glui:-;iu: education, requisile experience and requisite research. The level
of requisite cduéﬂtiun can be determined by knowing the number of Engim:crf-.r
Fechnologists, Technician, Craltsmen and the artisan compared 1o set up standards.
Also the level of requisite ::.'-:.pr:ﬁl:nw: is determine by knowing numhber of all
categories of technical stafl with five vears experience compared to set up standard.
e level of requisite research for guality skill is a factor of techpical personnel

invalving in research compared to set up standard.

Lo 2 Equipment Capacity

Apart from  highly trained personnel, highly sophisticated equipment for
production of machine ool is necessary, The development of facilities/ equipment
for production of machine tools' is based on the clear wnderstanding of
manufacturing technology requirement. Machine tool fabrication equipment
capacity is function of:

(i} Requisite standing intermediate capital goods sector

(i)  Requisite machine building and design promotion service

(i1i)  Requisite standard design center

(iv)  Requisite related research and development institute

The evaluation of fabrication and design equipment capacity is based on

quantity snd quality of equipment production capacity of intermediate capital

goods sector with the support of machine building and desig.n promotion service.

standard design center. and related research and development institute,

2.6.3 Raw Matcrials Capacity

Machine tools materials being planned and controlled can be categorized into twor
djrect materials and indirect materials. About 60 — 70% of machine tool weight is that
af casting which is to be supplied by the foundry within the complex (NMT, 1994).

The other major raw materials included mild steels, medium carbon steel, case

23



hardening alloy steels, ool steel, aluminum, bronze, malleable iron, alloy steels, high

speed, ool steel, ferrous casting, Torging and malleable casting,

Nigerian machine tools Oshogbo foundry is designed 1o produce 1800 tons
per annual and 160 metric tons of intricate and quality grade iron casting per month,
The raw material available for the production of castings in the foundry division
was not adequate to meet the capacity as initially planned (o be made available from
indigenous source, through establishment of steel plant.

The steel plant has not been able to cater for requirement of this complex mainly
because thpre are no facilitics t;::n cater for wide varietics of sizes and small quantity
reguired. The same is applicable to other raw materials (RMRDC, 1991}, Basic
material industries requires & network of highly sophisticated and advanced national
research and development facilities, institute and laboratories for provision of
knowledge of quality and quantity ol raw material.

* Requisite quality and quantity of raw material for raw material development
capacity depend on basic material industries and raw material promotion agencies
(RMRIDC, 1991). The level of guality and guantity are determined from the

production capacily of the basic material industries with the support of material

Promeion agencics
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1.6.4. Energy Capacity

Energy and its ulilization constitule the transforming agent that allows raw
material conversion to finished product, using industrial processes through
appropriate proportion of interaction between material and appropriate equipment
under some suitable condition {Awayemi, 1987). Energy resources can either from'
national grid or fossil fuel and this i.n;'\-ery important for operation of equipment for
development of machine (Megbowon and Adewunmi, 2002). Machine tools
industry makes uwse mostly of electrical source of energy either from pas
hydrothermal plant through NEPA as national grid. The importance of electricity in
the process of national development of machine cannot be overemphasized, but the
unfortunate thing is that electrical power supply has been unreliable. Electricity is
an essential tools in manulacturing of machine ols and its production cannot be
sustaingd  without effective. relinble, and large scale sup;'.nlics of electricity

(Mudueme, 20402 ).

1.7, Previous Studies on Capacity Regquirements for Machine Tools Industry

Me mie of development of machine building technology depends on

manpower, equipment, mw materials, and encrgy.  Moreover, the
all

development of
these capacitics for machine tools building cannot succeed in'the absence of

Ao P T : : .
carclul consideration of all mfluencing factors,  which include  financial

evirunment, socio-political and information resources

“ast work on machine tools building technology development in the arca of
skill formation and manpower development, raw material development. tools and

cquipment planning and development energy requirement for machine

building are
enumerated in the follow sections.

L7.1 Manpower Development,

Humzan res sonsists ol ski
varce consists ol skilled worker, unskilled labour, professional

TErSOnne N i
I land management, Human resource in suflicient number, where and when

required; their quality in terms of formal knowledpe and practical experience as

well as skill and attitude is highly required for reasonahle development (Mogassibi



1984}, The purpose of manpower planning in any industrial organization is o have
an efficient control of stafl structure so as W bring about g;pllmal productivity at
minimum cost (Offiong and Nsien, 2003), The aim of manpower planning is (o
match the future manpower necds (demand) and resources (supply) in the light of
multiple objectives, e.g. economic conditions, production/sales trends, people’s skill,
invcﬁtnry government regulations as well as organization history with the pﬂ1i:ie5:'
regarding hiring, promoticn and retirement.

A lot of work has been done by many researchers to put a lasting solution (o
manpower problem as related to i.'-rlpiiﬂl poads sector development, Most people that
have worked on manpower research focused more on manpower planning than
manpower development. In recent vears a ot of attention has been given o
manpower planning model and their applications in the industries. The use of
markov chain models for deseription of structures in hierarchical manpower system
has been extensive advocated by Offiong and Nsien (2003). Some of models deal
only with the different structures of the organizations in gencral while others
concentrated on certain aspects of organizations such as age, length of service
wastage and promation (Nsien, 1997; Lesson and Al-Nuaimi 1973).

. Okojie ( 1985), saw manpower development problem as a pr.nl:ﬂcm which is
solvable using systems approaches for skill formation for technological self-reliance.
Despite the fact that the suggestion is good but it has not provided analytical means
il achieving this goal, Oladeji (1989), also tricd to address manpower development
a5 @ factor that necessilates serious consideration of perspective planning. It is so
because of lohg time gestation period associated with education investment. He
ends up withoul any  formulation that 15 useful in forecasting forecast additional
manpower requirements laking inte consideration range of time projection. Laditan
{2000), made it known that lack of skill and knowledge along with counter
productive attitude are constraints 1o machine building development. Fafunwa (1991)
made it khown that the, pre-requisite for machine ools industry development is
manpower and in manpower development, education, is central. 1t was further stated
that technological process in machine tools building is impossibility without the
exisience of an adequate supply of competent and qualified engineers, technologist,

technician, craftsman and artisan.
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Maost of those people that have worked on manpower research actually
focused more on manpower planning than manpower development. Manpower
planning activities actually involve inventory ol skills require for technological
athlncprn:nt and preparing manpower forecast (Babalola, 19907, While manpower
duv::lirp!nf;lt activities include making provision for selecting emplovees and
training new u::;c'rm'mg emplovees, deployment of trained personnel, ]'rcrl'ﬂrm:mtie
improvement (on-the-job training) and carcer development (Offiong and Nsien,
2003). '

This rescarch work actwally tries (o po further in cvaluating the manpower
capahility using syvstem approach method, which involves manpower planning and
manpower development. Since skill formation go beyond guantifying the number of
university, polytechnics, or trade schools required to train qualify hand. Skill
formation in this work is related to strategy of manpower development rather than
narmow concept of cducation planning.  Through this approach, the number of
engineer, technologist, technicians, craltsmen, and artesian per thousand for a
reasanable development of machine tools in appropriate ratio of catepories 10 meel
up with the set up manpower capacity for machine tools development will be
established.,

This system approach to manpower development will be appropriate this time
because of inereased number of jobs in building machine that  requires
knowledgeable and experienced workers rather than manual workers, Manpower
capacity development for machine tools building is quite difficult in the past
because of no analytical evaluation of the requirement for mathine tools building.
Therefore. this project has tried to do the comparative analytical evaluation of
manpower capacity on ground with set up standard. The pn::ju:t goes further 1o
develop a model to upgrade the shor fall nl’r‘lht.: required manpower technological

CHpACity,

1.7.2 Raw Malerial Development

Folayan (2004) stated that the abundant raw materials for building of machine
tools in Nigeria are available and it was underutilized. The raw material include
such metallic minerals as iron ore, tin, bauxite, copper, zing, lead nickel; non

metallic mineral like limestone, kaolin, pvosum,. phosphate. tale. dolomite. salt.



silica, sand, mica, baryte. bentonite, feldspar: fuel mincral, like petroleum, gas and
coal.

Mumﬂﬁen inability of government established agencics like National Stecl Raw
Material Exploration Agency (NSREMA], National Metallurgical Development
Center, (NMDC), Nigerian mining cooperation (NMC) like Raw Material Research
and Development Council {RMRDC) National Mﬂu][urg.i;:&li Development Cente;',
(NMDC), o discharge their duties is seriously disturbing the development of
machine tools. AKintunfaji of al (2006) developed  sofiware lor matenal
requirement planning but the model does not make provision for sumplus and

shortage in material requirements.

g Hquirrm-ent Development

Badaway (1991) stressed the important of developing indigenous machine and
equipment (o produce machine wols since most of technology transfer through (he
sophisticated imported machine cquipment are beyond technical know how ol our
people to operate and to maintain. This entire step is a deliberate action to put the
country in perpetual technological slavery and industrialization bondage for life.

Godkin (1988) stated that, until 2 drastically action is taken 1o replace the
expatriate with indigenous services in supplying equipment, the machine tools
industrial can not Tunction. Government has tricd by promulgation of National
policy on Science and Technology in 1986, which resulted to the formation of
Mational Apency for Science and Engineering Infrastructure (NASENI) in 1992,
NASEN] has established three related machine building project for design and
building machine in Nigeria. :

The first major capital equipment project in the general machine sector was the
Engineering Materials Development Institutes [EMIDM]. 1t is (o underiake research
and development of the manulacturing process and system for the conversion of
semi — processed materials into engineering materials for use in design and
production of machinery and cquipment in that seclor. The second major project is
the Hydraulic Equipment Development Institute (HEDI), kano. National
Engineering Design and Development Center (NEDDC), Noewi is the thind
important project of NASENL All these agencies are put in place by the government

o design and build equipment that can be operated and maintained domestically
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without the attention of the expatriate, unforiunately the agencics are unable to  live

up o expeciation.

2.74 Em."rgy Development )

Accurpte asscssment of prevailing technical realitics in power gcncra!im"l
industry is the only management (ool for improving power generation, 5o far pnwcf
generation development is the basis ol development of machinery in Nigeria, 1t is
quite necessary 1o develop the technical capacity Ffor power generation for a
reasonable development of machine tool in Nigeria. Aderoba (2000) made il clear
that electricity constitutes an essential input in the industrial development process
and also is the biggest operational problem facing industries in Nigeria today.

Requisite encrgy in term of gquality and quantity is a function of power
peneration, power transmission and distribution. The guantity of encrgy is a
function of energy generated and quality ol energy is a function of energy
transmitled and distributed. Osoba (1983), stated that development of machine tools,
& sub sector of capital goods is a pre-requisite for industrialization, which is also
pn:-r::quisillc to rapid cconomic development and growth. Azee (2004), also
stressed the needs for increase energy inpul for accelerating dhe development of
machine tools and made it clear that the cost of machinery and auxillaries
equipment 1o produce this energy has risen to such an incredible level that it is vers
difficult 1o acquire. Esan and Awosope (1981) made it known in their hinding that
energy is needed for practically all the activities for building machine tools.
Madueme (2002) also stressed the importance of effective, retiable, and large scale
supplies ot electricity in sustaining Machine tools plant sub sector of capital poods
sECHor, :

* Tunde H.‘J"}ﬁ] made clear that poor performance of machine tool sector can not
be dissociated from PHCN's poor performance which is not only managerial
weakness or operation incompetence but it rest squarely on the fact that the agency
aperates. in a technological void environment. A lot of models have been developed
1o forecast and predict the demand of energy by d#fference authors such as Oke
(2002) :m-lrl Madueme (2002) using basic empirical mn-dn_:l phl () mode and

composile model respectively, Moreover, Oke ef all (2007) examined three levels ol
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maodels for predicting electricity demand in Nigeria. In all, none of the literature
spoke on how the maching tool’s electricily supply can be improved.
2.8 Distinguishing Features of Current Stody

Majority of past work centered on the policies making, suggestions and
prescriptions on how individual resources that constitule the machine tools h-ui.l:linb:'
capa;:il}' can be developed without quantitative analvsis of the individual resources
and influencing elements,

In Migeria as at now, despite all the past approaches in resolving the
preblem of machine tools dewclnpllucm.. there are scanty clearly formulated and
coordinated strategies that aimed at the systematic transformation of machine tools
building production svstem and capacities (Carlsson and Wohlgemuth, 1996).
herefore, for an effective machine tools building technological capacity, it is
important that a meaningful, concrete and resull -oriented strategies has o be
devised to'generale and sustain the technological take-ofT of machine tool building
of the nation. Hence, there is a need for quantitative analysis of individual machine
building element in term of level of development and how thc‘rcspﬂcliw: elements
can be improved. Moreover, there is a need for interaction of all these elements that
constitute  machine building @t their effective developmental stages. The
contribution of each element in development of machine building capacity is being
viewed as an important factor that deserves evaluation.

This work therefore addresses the following:

- quantitative analysis of individual machine building through comparative
analytical evaluation of resources capacity on ground with sm'up standard.

- develop a model to upgrade the short fall in the required resources technological
capacity by allpcating the appropriate fund to each of the resources,

- access the contribution of cach elements to the development of machine tools
huilding capacity.
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CHAPMINER THRELR

METHODOLOGY

A preliminary study was conducted in some relevant establishments in

Migeria 1o obtain information on the criteria useful for the development of an
appropriate model for machine tools capacity building in Nigeria.” Some of the
relevant establishments where information were gathered include; Basic Raw
Materials Industries and Promotion Agencies (BRMIPA), Basic Equipment and
Promotion  Agencies (BEPA), Energy Production Industries and Promotion
Agencies(EPIPA) and Human Resource Development establishments and Agencies
(HRDEA)Y  Based on the information gathered, the relevant criteria for machine
tools building were established which include technology, manpower. cquipment,
raw materials, finance and environment and socio-polilicsl  factors.  The
aforementioned criteria were analyzed mathematically and this formed the basis of
the developed model Tor machine capacity I:u.:ilding- The major parameters for
development of machine tools are: Manpower, Raw material, Equipment and
Energy. All these capacities are developed along the line of  machine fabrication

and design capabilities as shown in Fig. 3.1.

MR

¥

b L r L w i Y l

EQR

LRI I|_ EMR | MR | EQD RME + [ EMR MPE

L]
MBC — Machine Building Capacity, MDR — Machine Design Resources. MFR -
Machine Fabrication Resources, EQIR - Equipmemt Resources, RMR - Raw
Materials Resources, ENR - Energy Rﬂ:murcﬂs; MPR - Manpower Hesources,

Fig. 3.1: Interrelationship of Resources for Capacity Building.

32



The software developed shows the database of standard resources that are
required for machine tools indusiries and existing available resources as in the case
study of Nigerian Machine Tools Limited in Oshogbo, The resulting soflware is
intended 1o control all the mechanism for influencing elements‘and the resources of
machine tools. The software package also determined the technological capacily
level of machine tools as al now based on the existing resources and {I.II!‘I.hL'I.'I
determined the present technological capacity development of Nigeria machine
tools.

I'his model will consider among others the following:

ti} system fra'mc work for model development;

{111 benchmiark estimation determination;

{iii) development and integration of machine tools technological capacily resources:
il

{iv) development of database for machine tools technological capacity.

Software -:'It,:'l.ri:lnpml:nl involves flow chard, algorithm, and the use of Visual Basic
programming software in capacity Computer Aided Ma}:hinr: Tools Capacity
Development (CAMTCAD-2008) to implement the model. The steps to be followed

in developing the model are shown in Fig, 3.2,

3.1 Systems Frame work for Model Development

The need for comprehensive assessment of technology is  extremely
important to most Machine Tools Industries in Nigeria. Technology forecasting
method will be a veritable (ool for assessing, planning and decision making as
regards future potential of technology and direction of change in machine tools
industries, The intending model for developing indigenous technology capacity for
machine tool building can be conceived as an integrated assessment tools to
comprise essential technological, economical, social and environmental Fctors as
model input for machine tools building technological capacity development. This
model development involves organization of resources such as manpower, finance,
Factlities, time and energy with technology, information and force of nature so that
as far as possible the future machine tool building capacity of Nigetia will be

achieved with the objective set for it
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Ihe model 1o be developed is of two stages which include planning and
upprading stape. The frst major step in the mathematical model involves
determination of machine tools huilding technological level using probability theory

based on studies on a comprehensive set up of Nigerian machine tools,

GO

|
| Cioul definition

k4
Machine Tools elements ‘

pdentileation amd wmalysis

L
Techmological fevel determination !
evaluntiom

l

Development of machine element
capacitics -

Indegration of machine building
clemienial copacity

Finek

Fig. 3.2: Model Flowchart
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It goes further to develop each machine building elements and resources
capacities, then mix or integrate all the resources in appropriate proportion. The
developed Trludul resull to user orientated intelligent decision making tools mode
for Migerian machine tools building capacity that enable one 1o make strategic
choice of machine tools capacity elementior elements and resnurcﬂfl;emlrces to be
developed base on Nigeria machine ool technological level,

This model will dentify resource/resources that is/are nol adequate or
surplus. The resources of machine twols building technological capacity actually
include appropriate and adequate manpower, raw material, equipment and energy.

This thesis addresses the problem by proposing strategy of making a significant
| progress in formulating predictive model. The first phase of the model determines
the Migeria technological capacity level of building machine tools compared with
sel up standard. The second phase sequentially addressed all the abnormalities
discovered in the phase onc by upgrading and integrating all the elemental
capacities (o the standard level set up for sustainable machine tools industry, In
developing this model cach resource of machine tools building capacity is addressed

with all its input or influencing control elements .

J.L.1 Systems Analysis of the Problem

In Migeria as at now, despite all the past approaches in resolving the
problem of machine tools development, there are scanty of clearly formulated and
coordinated strategies that aimed at systematic transformation of machine tools
building production system and capacities. Moreover, there had been no significant
achicvement in modification and adaptation of imported fechnology and the
development of indigenous technology (Aderoba, 1989), Therefore, for an effective
machine tools building technological capacity, it is important that meaningful,
coticrele and restlt -oriented strategics have to be devised outl o generate and
sustain the technological take-off of machine ol building of the nation.

The rate of development of machine tools building technology depends
on careful :;gnsidcrmim: of seven contributory constituent ¢lements, which represent
the input clements for development of resources for Il1ﬂ-|.:|;im.' toals technology

cepacity. The contributory elements of machine tools building include;
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(1) rescarch and development;

(i) specralist workshop and Facilities; -

{iii) engineering and consuliancy:

{iv) Information;

{v) management planning and financing:
. {vi)education system: and

(¥ii) socio-palitical situation.

he output result of the interaction of the constituent clements as shown in Fig.
1.4 are the maching tools building recourses which include, manpower raw material,
energy and equipment. Bach element of machine tools building must be supportive
of everv other, through a network of demand and supply relationships and through
pattern of pressure and response as shown Fig. 3.3, From this figure, it can be seen
that, for meaningful machine tools development, technical training centers are
required to train technicians for effective use of specialist workshop.  Engingering
pnd consultancy institution also needed to ulilize the outcomes of nesearch
institude. The outcome of this research arc expecied (o be in conformity with the
needs of Engineering and consullancy institution. The combined elTorts of all the
constituent elements are necessary for effective production of machine tools.
Besides. financial and environmental situation of the country must be conducive

befone o tangible machine ool technology capacity could be developed,

3.2, Determination of Benchmarks fur Machine Tools Resources

The model was developed for determining the maching tools technology
capacity level in terms of machine design and machine fabrication capacity, The
perameters determined from the maodel include, manpower, equipment, raw
materials and energy capabilities for machine tools design and ’r'ﬂ'twicﬂlinn.
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The capacity guicomes were compared with established standards for functional
and productive machine tools industry. This gave the dircction in delermining the
shortfall or surplus in each elemental capacity thereby establishing appropraote
funds 1 be allocated o cach resource al specific time o yield reguired and
approprisle resources capacity level within a time frome.

This first phase of the model tried to expose the guantity and quality of
design and fabrication facililies required for the country (o be able to design and
fabricate machine tools. Nigeria's ability to design and fabricate machine tools
appropriately lies on factors such as requisite education in various felds of
engineering like, Mechanical, Metallurgical, Mining and Electrical Engineering.
This education can be acquired in leaming institution and rescarch institutes.

Moreover, the Engineers are required to have relevant experience in
machine designed, material and fabrication of these machines, The first part of the
model is about knowing the present siatus of level Nigerian machine tools

technological capacity compared to the set standard, using probability concept.

3.3 Upgraging of Capacity Resources for Machine Building

This is the second stage of the model formulation where the technological
capacity level determined n the first stage 15 upgraded. A :Iy;umic PrOgramming
technigue with concepl of adaptive control theory was emploved in machine tools
resources capacity development. A feedback control law  with  adjustable
coeflicients was developed to minimize the effects of the uncertainty of some
process parameters such as manpower, raw malerials, equipment and energy
(Camacho and Bordons, 2001 ).

The adaptive law developed using discrete time system with direct
Parameter Adaptive Algorithm (PAA), in Fig 3.5 is based on minimization of the
rEi‘ml‘ signal between the responses of the aclual system and ideal. The adjustable
coefTicient is ILlr:w:|n[:||.'l:n'.:ntul fund that is allotted in appropriate proportion
depending on the level of development of each system parameter as determined in
the lirst part of the model therehy minimized the system error with time until
system emor tends to zero, To achieve optimal technological capability for
machine tools building at this stage, sulTicient understanding of the impact of
individual output variables on the varous levels of development from design

stages 1o the fabrication stages is required.
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CHAPTER FOUR
MODEL FORMULATION
The fiest major step in the mathematical maodel involves determination of
machine tonls building technological level using probability theory, This model was
wsed to determine each machine ol resources level and consequently machine tools
building capacity technological level for a specific period. The second stage of the
mu&fling 15 the upgrading of each of machine tools building resources using dynamic
programming with adaptive control techniques-to actualize machine tools capacily as
shated in the initial project implementation manual of machine tools industries in

Migeria.

1.I_Estimntinn of Benchmarks for Machine Tools Building

The first phase of the model formulation is the planning stage, which involves
knowing the Machine tools technological capacity state in term of machine design
capacity and machine fabrication, This can be determined by knowing machine tools,
manpower, equipment, raw materials and energy capability snd compared them with
set standard for functional machine tools industry. The resulting shortfall or surplus in
each clemental resowrce capacity has led o the use of appropiate forecasting
technique based on linear regression for the determination of quality and quantity of
each capacity within frame of achieving the target.

The ranking of present state of machine tool technological capacity with set
standard is accomplished by decomposing Machine tool capacity o Machine tools
fabrication capacity and maching tools design capacity. The influencial clements of
the resulting separation include manpower, energy raw material and equipment
cipacity, '

Fig. 4.1 shows hierarchy of machine tools building capacity in Nigerio. Al the
top of the hierarchy is the overall poal, ie. Machine tools Building Technological
Capacity (MBTC) The overall goal is broken down into two sub-poals namely,
Machine Fabrication (MFC) and Machine Design Capacities (MDC). The sub-goals
gre  respurces called contributory factors which are Manpower, (MP), Equipment
(B0, Energy (EN), and Raw Materials(RM) resources.  There are sub-contributory
factors which are measured in term of quantity () and quality [n.i}- Al the bottom of
the hierarchy are the items that are to be compared with Nigera actual level of
deveélopment as regard machine toals building technological capacity(N) and standard

lechnological capacity(5) set wp for an operative machine tools.
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For simplicity and © be able o address all the elements and the sub <elements
that contribute 1o machine tools building technological capacity, il is preferable 10
first determine the level of quality and quantity of contributory factor, follow by
determination of the equipment. energy and raw material capacitics of machine
building in Nigeria. Based on this, 1.""" status of machine fabrication and design
 facilitics capabilitics of Migeria are determined. The hierarchical structure of the
process 15 shown in Fig 4.1, The system is dynamically motivated, the resolt of one
slage is an input to the next stage uniil the overall objective of achieving 1h¢l
benchmark of machine toals technological capacity 15 attained,
This can be expressed mathematically as follows;
That machine tools building capacity development (1) is a function of machine tools
fabrication capacity development {a) and machine tools design capacity development
1Tl
f = flon o) el A
Maoreover, machine tools fabrication capacity development (o) is a function of
Manpower (v, Eguipment {u,). Raw Matérial (v and Encrgy (ue) Capacity.
Machine tools design capacity ( ay) also  depends on Manpower (), Equipment
() Raw material (ug) and Energy (ug).
This is expressed in Equations (4.2} and (4.3}, respectively.
O™ f (U, Vg Ure, Vier ) ‘ {4.2)
Op= f (U, Va0, Vi (4.3%
Manpower requirement for the development of machine tool Fabrication (vmy)
! capacity 15 related to requisite education (@ mig). experience (@ we) and research and
development { g ).
Manpower .capac'tt;- for machine tool design (vgg), also depends on requisite
education { ¢ ). experience (¢ g ) and research and :!e--.-el:qm'l-ent { @ md)
These are expressed in Equations (4.4) and (4.5), respectively,
ume = (e i, @ miny [4.4)
U o ke @ s o ot (4.5)
Equipment for developing machine tools Fabrication (v is a function of well
functional equipment and lfacilities (¢ o) and non Tunctional equipment (¢ g,). The
=T H’Iii'l_l;_’. i5 applicable o equipment development for machine tools design (ugy),
which also depends on well functional equipment and facilities { ¢ ,x) and non-
lunctional equipment and facilities (¢ ).
These are expressed in Equations (4.6) and (4.7} respectively.
v =S [ gm, Pqim) (4.6



=1 ( qon, Ban) (4.7)

Raw material for machine tool development is a function of qunntiiy and
quality. The raw material for machine tools fabrication {ury ) can either be in
conformily { @ g, o not { @), Similarly, the raw material for machine tools design

{urg ), is in conformity (@) or not (@) These factors are responsible for raw
material  appropriation  for machine tools  building. These are  expressed
mathematically in Equations (4.8) and (4.9}, respectively.

ity =/ # vy, # ) (4.8)

e =1 (e o) {4.9)

Energy required for machine 1ol development is considered 1o be a function of
energy availability in terms of quality and quantity, The energy required for machine
ols fabrication (v ) can cither be regular (¢ .0} or epilectic (¢ . ) and this is
similar for machine tools design (va) regular (@ cgy) or epilectic (@ ogg). respectively.
These are also expressed in Equations (4.10) and (4.11)).
ver=f (F ey #eio) (4.10)
ven = f (o & eda) (4.11)
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4.1.1 Manpower Benchmark Estimation

Manpower Tor developing machine tools is considered’ to be a function of
mqulir:-:il.c education, requisite  experience  and  involvement in  research  and
development in ||1.m:lhine design and fabrication, The level of manpower capacity 15
determined using probability theory and is represented by 2 Venn diagram shown in
Fig. 4.2

Requisite Education l Requisite Experience

Actual Available

T RO ET

Requisife
R& )

Fig. 4.2: Venn Diagram for Manpower Development

Available manpower { ¢, ), for machine tool fabrication as shown in the venn digeam

is expressed in” Equation (4.12) as a function of  groups of manpower available for
fabrication ol the machine ool in the industry, These are group of people  with
reguisite education { ¢ o) experience (@ na) research and development (@ wn)

education and experience{ ¢ mg,;, cducation and training( ¢ M), training and

experience ¢y ) and education, training and experiencel ¢ moe).

b = uss Boir Bunr Buier Buer B Brr) (4.12)
In the same vein, total manpower available for machine tool design (4, L are
expressed in 1-;1|u_.'jli{'.-|1 (4,13} a as a lunction of groups of manpower available Tfor
nmr.‘]"ninu tooks design in the industry. The group also include people with Reguisite:
education {@ ). experience (@ ) research and development (g qg) education and
experience { @ gy education and trainingl @ e training and experience! @ man ).

and education, tmining and experience! ¢ juse)
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Bb=Al6 o boss Poiar Boir Puier Pooa) | (4.13)

L . &

Total manpower available Tor machine tool fabrication at a specific lime is expressed

in Equation (4.14) based on Equation (4.12),

o =im (4.14)

=t
=12, 0 #di = N

J = the number ofdifferent groups of manpower available in the industry at a specific
time eid in this case n =7

i = the number of stages of development

The corresponding available manpower level for machine tools fabrication, (g ) is
expressed in equation (4.15) using the outcome of equation (4.14). Where {¢_, ) is the

expected number of manpower for elfective aperation in the maching tool industry.

’"%_‘ - (4.15)

Total manpower available for machinge tool design at a specific time is expressed in

Eguation (4.16) based on the information in Equation (4.13)

oy =2 00y (4.16)
J=|

The corresponding available manpower level for machine tools design (¢ ) Is
expressed in Equation (4.17) using the outcome of Equation (4.16). Where (g, ) is

the expected number of manpower for effective operation in the machine tool industry

al specific time :
) ﬁ.%ﬂ — (4.17)

In estimation of manpower benchmark for machine wols fabrication (e, ) and design
(e, ) it is important to note that actual manpower capacity development s a function
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“of requisite education, training nn:l'::xpcrir:nce. The aforementioned elements are
‘mutunlly exclusive as illustrated by Venn diagram in Fig. 4.2. Based on thig, the
uselul available manpower level for machine ool abrication (e, ) and design (e )
s expressed using probability relation in Equations (4.18) and (4.19) respectively,
-~ This is the probability of having a group of people that have all !"ahr'tca.tinn education,

cexpenience and  training p{.,;ﬁ‘“_:] and design  education, expericnce  and
Arining p(d,,.. ). respectively.
Hﬁ-w JI|= f"‘?rm- U '#-rr Ud'nd-a U'ﬁnﬂ u '#-«-:m 1 . u'ﬂw«h j =

Fra‘uj_f’{d'nn]_f’{ﬁan]"' F"l‘#nf.;.}"' F{'ﬁmu:'['f?‘.'ﬁ'm} (4.18)

Pl = Pl Ui U Ui Ui, Pt | -
Pl )= Pl ) Pl )+ B )+ Pl )+ P8, (4.19)

where,
plé,,. ) and plg_. ) = Probability of having number of people that have requisite

education, requisite experience and requisite research and development together in
machine tool design and fabrication respectively.

s Ui Ub U Ui, fuis) and

Flll'.., Ve Usy, Lid., U#_J-,.m_wlﬁm.,J = Probability of having people with cil]'lr:r
requisite education (¢, ) and (#, ) or requisite experience (4, ) un:l{gﬁm ) or
reguisile research and development [#m ) and [#_m }m’ requisite education with
experience (¢ . ) and {.ﬁq,":l or education with training (¢, ., ) and (g, Jor training
with experience (¢ _, ) and {ﬁﬂm }ur education with training and experience(d_ )
and H_J.,, j Thi.s islcqual 1o the total number of employee in the establishment in
involving in d-i.ssigﬁ { ., ) and fabrication (¢, ). respectively.

: i b pld b pli., ) = Probability of having people with only design education,
experience and research and development, respectively.

p{g!-*i;:{#_“ L plé., ) = Fabrication education, experience and research and

development, respectively.
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Probability of having different categories of manpower for machine tools fabrication
m the system, expressed in terms of number ol manpower for machine tools
fabtication in different group and total available manpower for machine twols
fabrication in machine tools industry as expressed in BEguation (4.20), Alse Equation
(4.21) also expressed probability of having different cotegories of manpower for
miachine tools design in the system, in term of number of manpower [or machine tools

design in different groups and tolal available manpower for machine wools design.

bin b B b Suin e b

= (4.20)
"M L f.ﬂ',-,.,. P ﬁ".u...., P P f!‘]nr
!'_.gu;_l =\ Hraat . P B Pt P | P ) Pt s P 421

l#I---l én'-l' #J-!-J gsfnd ﬁn'run' 'ﬁrlﬂf #llhl '#Jl'bl

Equation (4.20) and {4.21) is factorized to pive

t, =|- /w (fos + B + b )+ %m (foss + B + ) (4.22)

| | ) |
a, =l f}f;rw {iﬁm ik i }Am.l {L'F!'.....h Pt + ﬂj“.,.," 425

L
Usefisl available manpower level for machine tool fabrication (72, ) and design

(e, ) is expressed in Equation (4.24) and (4.23) in terms of Tevel of development of

development of different categories of manpower for machine twols fabrication and
design, These include dﬂ':lnpmcnta.l level of people with fabrication and design
education (Amp) and (dng) experience (Aon ) and (i), training (b ) and {"I'-.,...I,r.
education and experience (A and (Amae), education and training (L) and (Aoged:
training and experience (Anny and (Anas), respectively
By = A =1l + A, + A )+ AL +a . +2) {4.24)

B = A 1 (s + A+ A0 1 (A, #dle + 420 ) (4.25)
Then, using the outcomes, (e, ) and {a, ) of Equations (4.24) and (4.23), the level

of actual useful available manpower for machine wols fabrication] v_, ) and design

(¥, b ot specific stage of development is computed based on available manpower Tor
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M“ fabrication ( @, ) and design { ¢, ) and the required manpower for

fabrication (4., ) and design (g, ). These relations are given in Equations 4.26 and

:I:'i.ﬂ,,:?}. respectively. ]
Pras C(426)
Vg = g ¥ —— . (.2
el
o = r.q'__].'rh ' (4.27)

i
From equations (4.15) and (4.17), actwal available manpower for maching' ool
{abrication can be writlen as Equations (4.28) and (4.29), respectively,

AT (4.28)

Vo = s X P : {4.29)

4.1.2 Eqnipmen.t lll-ennlmrk Estimation

Equipment for developing machine tools is a function of well functional
design and fabrication equipment and facilities, These two [actors are responsible for
determination of equipment capacity level and are mutually cxc!usilw as shown in
Venn diagram in Fig. 4.3. Available equipment (4 ), Tor machine tool fabrication as
shown in the venn digram is expressed in Bguation (4.30) as a function of
functional :_ﬁln.:.‘ :i wnd non functional (¢, ) equipment available for fabrication of the

machine ool in the industry.

B = S8 (4.30)
Similarly, total equipment available for machine tool design, (¢, ) are expressed in
Equation (4.31) as a function of functional {ﬁ“} and non functional 1.#",.*.'

equipment available for machine wools design in the industry

i*,u.- =.l|r{¢.'w.v'liﬁuu:l' f"-tjl]

L]
Total equipment available for maching tool fabrication at a specific time Is expressed

in equation (4.32) based on Equation (4.30).

i = 2ty . (4.32)
ol
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;{'Fl.l...m and. i =1......... u

]-lh: number of different groups of equipment available in the industry ot a specilic
time and in this case n =2 :
1 = the number of stages of development

Thl:_ﬂﬂll‘ﬂﬁ]}ﬂmjiﬂ.g available cquipment level machine tools Fabrication, (@, ) is
expeessed in Equation (4.33) using the outcome of Equation {432}, Where (¢, )15

the expecied numj:mr of equipment (or efTective operation in the machine tool iddustry,

:‘MA‘I = F'a"' ) {4.33]

Total equipment available for machine tool design at g specific time is expressed in

Equation (4.34) based on the information in Equation (4.31)

P = im (4.34)

dsl

The corresponding available equipment level, (¢, ) is expressed in Equation (4.33)
using the owtcome ol Equation (4.34). Where { ¢, ) is the expected number of

equipment for effective operation in the machine tool industry at a specilic time

mi!-,.. — 4.35)

In estimation ol equipment benchmark for machine tools fabrication and design. it is
alse important 10 note that actual equipment J;a;mcit:.f development depends on
functional equipment. The aforementioned clements are non-mutually exclusive as
ilustrated by Venn diagram in Fig 4.3 Based on this, the useful available equipment

i

level Tor machinetool fabrication (e, ) and design (e, ) are expressed using
i probability relations in Equations (4.36) and (4.37), respectively, This is the
‘ probability of having functional equipment fabrication p@w} and design p[ﬁ,‘.j in

place.
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Actual available equipment

Fig. 4.3: Venn Diagram for Equipment Development

ﬂl:'«d.d.':'l- }_ !ﬂ:ﬂql‘ﬁ- U#I.lﬁl }_ .P[#Iqmj [436'}
.l"[#'.'..'.-.- .: - F{ﬁm Ug, }- ."’{'id'.,u. .’ (437}
Where
PA#, . ) and g, ) Probability of having o fungtiondl  design  and

fabrication cquipment, respectively.
Plg, Us, ). and Plg, Ug,) = Probability of having a functional or

L

functicnal design and fabrication equipment, respectively.

P {ﬁuﬁ,]‘ and Fllyqﬁ,} Probability of having non functional design and fabrication

equipment respectively.

Probability of having good and functional equipment( 4, ) available for machine
tools fabrication in the system, is expressed in terms of number of eguipment For
machine tools labrication in different groups {.ﬁqm,#w] and total available equipment
for machine tools fabrication (¢, , ) in machine tools industry. (Equation (4.38)). Also
Equation(4,39) also expressed probability of having  functional equipment 4_,
avaifable Tor machine tools design in the system. in termS of number of equipment
for machine tools design in dilTerent group f,gﬁ.m., r Jand total available equipment for

machine toels design (@, ) .

ﬁ'.,w 'Pﬁ'-n' "'_“-;1

i S (4.38)
ﬂ:,-r #Il.f.l #;l.-:f .
ﬁ-\,lu'u‘- '#n'qd = ﬁq.h . - :4-] l}"

#.'.,u" i ’#.-.;.1 #':r.r.r
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: ful available cquipment level for machine tool fabrication (e ) ard design (o, )

dre expressed in Equations (4.40) and (4.41) in term of level of development of
;#Hlupmcnl of different categories ol equipment for machine tools fabrication and
dﬁjgn These include developmental level of functional fabrication and design (om)
a0 (), and non- functional fabrication and design (Agn) and (Ags), respectively. |

=2 =1- A (441}

The outcome, (g} and (e, ) ol Lguations (4.40) and (441} arc used 1o determine
the levels of actual uselul available equipment for maching 1ools fabrication( v ) and
- designd v, ) ot specific stage of development as computed based on available

equipment for machine fabrication (¢, Jand design( ¢, ) and the required equipment

for fabrication (¢, ) and design (4, ). These relations are piven in Equations (4.41)

and (4.42), respectively.

P“=ﬂ'ﬁ:¢#— i4.41)

it

= ?—*‘ (4.42)
il

From Equations (4.33) and (4.35), actual available equipment for machine tool
fabrication and design are written as Equations (4.41) and (4.42), respectively.

Vg =5 ¥ Py {4.43)

r..h.i = q:\iﬁ = 'P*ﬁ !'1 ..4""
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413 Raw Material Benchmark Estimation
. Row material for mochine tool development depends on guantity and
guality. ‘The raw material is either of good quality or nol. These [aclors are
responsible for appropriation of raw material in mutually exclusive way

' Actual available raw material

P

Fig. 4.4 ¥Yenn Dingram for Raw Material Development i

Available raw materials, for machine tool fabrication (¢ ) and design (¢, } as shown
in the Yenn dingram (Fig.4.4) is expressed in Equations {4.45) and (4.46) as a

function of conformed {;6_,,[,] and l'_ﬂ_y]and non-conform (¢, ) and (¢, ) mw

materials, respectively.

fig =iy (4.45)

by = Jllﬁd’nu.ﬁﬂw ] {4.46)
Total raw material available for machine ool fabrication and design st a specilic time

s expressed in Equation (4.47) and (4.48) based on Equation (4.45) and (4.46)

respectively.

b = Y b ' (447)
jul

P = Em. {4.48)

el

. Tital availoble mw material level for machine tools design (@, ) and fabrication { @ )
are given in bquations (4.49) and (4.50), respectively. Where (@, ) and ¢ represent

5 the expected  guantity of quality raw materials for maching tools desipn and
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fabrication, respectively for effective operation in the machine teol indusiry at

specific time.
P =P (4.4%)
B
&
p = l {'1'.5‘”
" b

In determine the raw materal available, which con either be conlfomed or
mon-conformed. I invplies that two determinant elements Tor determining raw material
availability are -n‘m"n mutually exclusive, Therefore, the uselul available raw material
level for machine tools fabrication (e, ) and machine tools design (e, ) is obtained
wsing probability theory and is expressed in Equations (4.51) and (4.52), respectively.

This is the probability of having conformed raw material for fabrication and

design plg, ., ) in place p (¢, )

= f-";i.-q_n e F[#'._ﬂ_l u #.;.5,,- )= pf '#'._.lq ) ; {4-5" |
By = pldp) = plda Ut Y- plds) {4.52)
where.,

F[-ﬁ_,._,} and ]‘{#,,L,]' =Probability of having conformed raw material for design and
fabrication respectively,

Plt, Udy ) and Plg, Ug,) = Probubility of having conformed or defiective

raw material for design and fabrication respectively.

P{'ﬁ-w} and P {ﬁw] =Probability of having defective rmaw material lor design and
fabrication respectively.

L ]
Probability of having conformed (non-defective) raw material for  machine twaols

fabrication { A,,,) is expressed in term of quantity of raw materials for machine tools

fabrication and design in different groups [.li',&” ¢ ) and total available raw

]
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materials for machine tools fabrication (@, ) in machine tools industry is expressed in

Equation (4.53). Also Equation (4.54) expressed probability of having non- defective

mow materials{ A .} Ffor machine todls design in the system, in terms ol quantity of
mw materials for. machine tools design i different groups h!-,:,i., ﬁ,ﬁ.} and’ total

svailable raw materials for machine tools design (¢, ).

o _ s | (4.53)
‘TH' dl?ﬁ'
b P (4.54)
P e

Useful raw material level for machine tool fabrication () and design (e, ) arc

expressed in Equations (4.56) and (4.58) in lerms of levels of development ol
different categories of quality of raw materials for machine tools fabricdtion and
design in the system. These include developmental level of non- defective raw
malerials for machine tools fabrication and design (Ayn) and (o) and defective raw

materials for fabrication and design (o) and (Ay,). respectively.

o=, =1-1, (4.55)
@, = 1-2,, : {4.36)
Il
ﬂ.ﬂ.l= Aq'q_l =1_‘2’.|-,l.v.‘| 1"1'571
= =4, {4.58)

Available raw material for machine tool fabrication Eu“.] and design (v, ),, when

useful raw materials for machine fabrication (#, ) and design (§,,, ) are compared
with required raw malerial capacity for Fahricaiinn{-.ﬁ,” } and df:&:ign[gbm. ), respectively
are given by Equations {(4.59) and (4.60)
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B =60 v {4.59)

=, xp . (.60}

4.1.4 Encrey Benchmark Estimation
Energy required for machine tool fabrication is a function of quality and

guantity, ond it may be delective or non-defective. The elements that are responsible

e Happropriate energy are mutually exclusive,’

Available energy for machine tools fabrication

=11 ) A.61)

-~ Also, pvailable energy for machine wols design

=T d) | | . @6

 Total available energy for machine taols design
B = 4. (4.63)

Total available energy level for machine tools design and (abrication sre given in

Equations (4.64) and (4.65), respectively.

= P _ (4.64)

o {4.65)

The energy available for the system can  either be defective or non-defective, It
._l'mp‘rii:.li that two determinant elements for determining energy availability level are
non- mutually exclusive as shown by Venn diagram in Fig. (4.5). Therefore, the useful

energy level for machine tools fabrication (e, ) and machine tools design (2, ) are

shown in Equations (4.69) and (4,72} respectively.
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_. lﬁ'“ﬂ_l.’ . F‘.iﬂ_] L i.-_,l.r] = F‘.'F".._N] . id.66)

d
L P (467
Py
b=, =11, (4.68)
By =1- 4, . (4 697

The level of available energy for machine ool fabrication (v, ) when useful energy

for machine design (9, ) 15 compared with required energy capacity |, | is given by

{4.69h)
Actual available energy
Available Energy
Fig. 4.5: Venn Diagram for Energy Development
Far machine tools design
= plbag) = Pl Ud) - ) (4.70)
b | Pog. (4.71)
Braa e
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o= A=, (4.72)

@y =1-A., . ' (4.730)

Then the level of available actual energy availability for machine tool design (v, |

when useful available energy lor machine design (¢, ) is compared with required
il

squipment capacity (¢, Jis given by Equation (4.73h)

Vo = oy WPy (4.73h)

Where .
Ph_n..j and F'ldl;l,;] = probability of having regular encrgy for fabrication and design
- respectively.
Fkﬂ,v Ud.. }. and F'{.ﬁw Ugﬁ_w} = Probability of having regular or defective energy
for Machine Tools fabrication and :!m-.igr.l respectively.
Plg.) and P8, ) = Probability of having epileptic energy for Machine Toal

fabrication and design respectively.

4.1.5 Machine Tool Capacity Bench mark Estimation

Machine tool capacity as earlier slnte;:l depends on requisite manpower, energy,
raw material and equipment facilitics capacity for design and (abrication. All of them
must be utilized in appropriate value before machine ool can be fabricated or
designed. I
Therelone, pctual level of available capacity lfor machine tool fabrication is the
average of what is obtainable in Equations (4.28), (4.43). and (4.57) and (4.68). This

is summarised by Equation (4.74)

T, =i i"m ].l' H | i4.74})
\

o O = (Ut g Ty + D) 4 g {4.75)
Also actual level of copacity available for machine tool design capacily is determined
is the average of what is obtainable in equations (4.29), (4.44), (4.58) and {41.‘..'3]'.']'h':5

is expressed in equation (4.76) as
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"fti‘."au]”’ ' (4.76)
A=l

Bge (Vg + Ugg g + Vg 4 {477
Also, actual level of capacity available for machineg tool building is obtained rom
Equations (4.74) and (4.76) as

fi=| ia* ]m o {4.78)
\i-

fi= (ag + aq) 27 (4.79)

e ] e

i = number of stages of development which is equal 1o project implementation plan

period

4.2 Upgrading and Integration of Machine Building Capacity Elements

A simple adaptive control technique is used in the design ol machine 1ools
plant capacity upgrading control system. The main control design problem stems for
certainly in the knowledge of operating parameters. A feedback control law having
adjustable coefficients, which are adapted online by self-turning algorithm, can
minimize the effect of the uncertainty of these parameters (( Landau, 1982).
Machine ool sector in Nigeria is o complex system that needs a control design
lechnique aupmented with an identification  technique aimed at obamning o
progressively better understanding of plant (Swindebanh and Higg, 1989).

lhe two 544:[!.:: will be taken sepamtely by sell tuming regulator technigue of
adaptive control that will be wsed in developing this model. The first ::.Ecp i5 on-line
identilication of the system ermor and the second steps which is the control part is
minimisation of identified model output error from ideal system output, through
simultaneous adjustment of the controller parameters. :
The self-turning regulator frst identilies the plant parameters recursively and Jthen
uses these cstimates 1o update the controller parameter lhn':uy,h some  fixed
ransformation. The controfler 15 W have two loops: an inner or regular loop that is
ordinary control loop consisting of plant and regulator and outer or adaptation loop
that adjusts the parameter of the regulator in such & way 85 o minimize the error
between the ideal system output i, and the real system plant output fi,
The self-turning control to be emploved in the model is minimum variance in which
k-step prediction nfl' the outpul machine tool capacity is evaluated. Nigerian Maching
ol is represented by a linear discrete time dynamic system with Single Input {Fund)

Single Output {Machine tools capacity), (SI150) is described by Equation (4.80),
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Afly= 2By + Ce, (4.800)
Where
[y ane v, are the machine tools capacity and machine tools resources respectively at
fimee dnisiant 1.
g is the nggregote of mndom disturbance corrupting the measured machine tool
capacity which is uncorrected with the input allocated fund
The operation Z” is the backward shift operator and is defined as Z'y, =y,
The integer k: k =1 which is the time delay of the system expressed as an integral
multiple of the sample time b, is non zero in the polynomial definitions, polynomials
A, B and C are in backward shifi operation 27 and is defined as
A=l 4oz + a4 g™
B=bot+he' +ba™ + ..+ bae™
C=1 4+ +orte i+ o 1™ (4.82a)
The argument 27 is ipnored to simplicity. It is assumed A has roots which lie study
within the unit circle, and B is non-zero for ' na, nb and nc are the orders of the
gystem assigned a prior, as part of the assumplions of the dvnamic Structure of the
miadil.
The model output at sample instant t+n can be written in vector form as
kp* i = 0'8 ' (4.821)
Where ny is the optimal prediction of the muchine wols capacity { 1) at sample instant
L1 - - '
The parameter vector & can be estimated on-line at each sample/control instant using
the recursive lenst-sguare algorithm.
The estimation error, which the identilication error obtmined al each recursion, is
"~ Kpn ' {4.83)

ey—kg"— 0'5 (4.84)
where 07 is the measured output machine tools capacity and input  machine tools
resources variable defined as [ Kbz, K cokenad Bt Pl ofiates
and 4 is the unknwn parameiers delined by 8 P e, L N B )
The identification of system model given by Egquation (4.82) is performed using
recursive least square (RLS) estimation.

The above on-line system modeling circoit gives marginal improvement ol
" machine tools with time with corresponding marginal allocation of fund until
identificd resources error is minimised. Machine Building Technology capacity
Resource Upgrading{MBCRL) is repsented by a control circuit shown in Fig, (4.6).
The key problem in the scheme is to oblain an adjustment mechanism that minimised

the machine tool output error &, = -y o 2ero,
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(— ldeal system
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i System (1)
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|deplfilied &
™
Controller 6 =1/3 /

Parameler update mechanism

Fig.4.6: Control Circnit for Upgrading Resonrees.

4.2.1 Contrel Parameter Determination

| The control parameter, which 8 fund (), 15 a function of ECOnOMic,
environmental and political factors. Fund is allocated to each unit of machine tools
resources (v) to achieve improvement in them. AL this point the developed model
defermines improvement in marginal value of contributory factor with addition of a
umit sum of money at a particular time. In fund allocation, it is 'impnnanl to know how
much fund to allocate to each contributory factor at cach stagt:. o ensure meeting of
selostandards,

) 15 atlactor of cconomic trend ond economic trend of Nigeria can be based on
the present value of Migeria currency. To pet the equivalent value of money for unit
development of machine ol capacity as yvear poes by, method of least square method
based on linear regression was asssumed,

0 =a+bx, (4.85a)
a and b which are the constants of the regression Equation are determined based on
the past trend of total amount of money (i) (when its equivalent is determined by
comparing with dollar wvalue at that particular time) required for umit percentage

devilopment of maching (B} ools with vears (%),
' il



Where:

1, =economic indicator based on the value of Maira when compared with dollar with
year frame,

()= total money required Tor unit percentage development Tor year i

The values of parameters o and b are obwined from lincar regression coetlicient
L]

reladions:

o- 2V LO- 210, W) H0-Fi) 0 (4.85b)
H = Er}' HEIT = E'I.:f

Whene, ]

it i5 the number of vears since the establishment of machine tools industry

Amount of Fund Required For Further Development

Amount of fund required for further development can be determined after determining

the money for unit development of machine tool &5 year goes hy{ﬂu,}
(A, =a+bxi (4.86)

Based on the fact that, the only amount of money budgeted for machine tool
development can be known but the amount spent so far is difficull 1o oblwin because
of improper recording and mismanagement characterized by many industrics in
developing countries such as Nigeria, Therefore, Equation 4.87 gives the J;J'H.'mm'wu
method of estimation which is based on the total amount of fund for unit development

[expressed as a percentage), the machine tool capacity level,

=

@y, = 1000w, (1- 3, . (4.87)
Required fund lor further development can also be expressed as Equation (4.88)
BT (4.58)

Where (), = actual money for machine tools development



Y =amount of maney already spent for machine tools developinent, The spent
money { () is therefore obiained by substituting the value of O, . (in Equation 4.57)

mto Equation (4.88). The new Equation (4.89) is expressed as

-, -0, =0, = (1000ui1 - ) (4.8%)
From which -
(=0, —(1000u,(1- 4) : (4.90)

Amount of money spent (£, ) 5o Gar s therefore given in equation (4.91)

g, =@, —(100Qu(l - 7 (4.91)

Therefore, total amount of money allocated at a specific time (Qg) is given by

Equation (4.92)

)
0, = %;, (4.92)

=

Wherei=1 ..M

Where N is the number of year of project implemenintion

Present value of the required money for machine tools development for a specilic yvear

{i) '
B, = i—“{u +hix..) (4.93)
Where

T = is number of year from the inception/establishment of machine tools industry.
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4.2.2 Control Parameter Distribution
Having known the required money for machine tools development for a specific year,
the controller parameter is allocated base on two factors: .

(1) the weight of each machine tools eror with respect'to-total emmor in the

svalem reference 1o the highest machine tools resources
¥, =l {4.%4)

where
oy = error in cach resources
fiy = r'r = W
£, =2.f =Total error in the system
Whese
4 = level of highest developed resources
ki = fractional developmental level of other maching tols resources
it W0 1A ——" n-1)

j= counter for developmental siapes. | = counter for resources

(ii} the weight of fund per unit marginal value improvement of each resource
(Choyd with respect to total final fund per unit marginal improvement of the

maching tools system (Chp)

_Cow
Ui

¥

(4.95)
The distribution pattern of allocation of fund to all the resources is given by Equation

{4.96). C

¥ =
D“" . .-.L—w{rl.l U'" ‘ I'Il.- "‘“" -ip.n ':Iur: uﬂl] {4.‘}&)

Y.,



O = Qo + Qoia F Quise oo e Qi

n ] J-
Qo= Zﬂﬂn z E.ﬂ_._.* T
e i _E?'a“n:r

=l

- Wherei=1....N-1 and

L n,

Where i is the stage of development and j is number of resources
Oy = distribution money at specific year (i)

Oy = distribution money to each resources j al specific year (i)

The controller parafmeter (Qun) which is fund required for cach resource, is inversely
L]

proportional to the level of its development; that is, the more the level of development,

the less the tund required for the development (Equation 4.98),

@'n = (lq( amd 6" = &, (408

Let . *

i
0= S 49

Al the point when

¢ mand § —» &, then) (1) - /m e, 0

Having dqlermmud the pattern of distributing the fund, the model is developed
in such a way that the highest developed contributory factor is chosen The trend of
allocation of fund to each resource 15 illustrated in Fig, 4.7
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'

4.2.3 System Identification

The system identification is recursive in which the plant model is periodically
updated on the basis of previous estimales and new data,  The system identification
technique ir-. used o obtain a model of the plant and its environment from inpul-
outputs experiments from which controller is designed {Agee, 2004}, The parameter
al the contraller (fund) is adjusted during the operation of the plant as the value of the
machine.tools resources increases until all the resources value reach the level of
highest identified resources. The objective of this part of the model is to stabilize the
system: by ensuring that all the resources are in the same level there by converging the
diverse error in the system al initial stage before final upgrading to the set up standard.
The flow diagram lor the system identilication is shown Fig, 4.8
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in the self-regulator there is an estimator which has adjustment mechanism, which
contains an wdentificr parameter & (1), which is the resources with highest development
value which other resources value (k) supposes to be equal. There is also a control
pu.nﬁrnl:l:r in the* adjustment mechanism which helps in improving other resources
kevel (k). Ala,point when nominal value of resources with highest development 6% is
equal to other resources value (k) then & = "= k; at this point the regulator must have

minimised the identifier error {e;) from the plant resources to zero
The on — line controlled pa rameter vector which is the resources (v )is updated as

Wew gstimate = old estimate + Gain x prediction ermmor

: Fpthy
I.'l'l+|=.ﬁ.ll-'v+ _‘IJ—_{QJ"}V“ '[4..”]{"]
50e]
=1
Where,
Fo&,

=g, = Prediction error for cach resources (§) at every development stage (i)

Yre,
e

Therelfore Equation (4. 100) can be written as

T Jr.“'..“%&’m{t'..:l (4.101)

When ¢;— 0, then kis—* & ‘
The highest contribulory factor has to wait for other factors 1o get to the same level &

before any fund sharing, .

At this stage, the machine tools resources with highest developmental level has

nothing as a gain as shown in Equation (4. 102)

Vg +1= &, )40 (4.102)

fH|1E:I resources dre uperiaded using Eguation (4.101)

1 .1 I h‘l rl"h ] | "‘.{:’lh :.‘In }

n,

The upprading will.continue until e;—» 8 , kis —=& the ileration stop lor the

firsi stage and this at this point & =& =k, = &, = =

a7



4.2.4 Machine Tools Resources Upgrading

At this point the second stage of upgrading starts, as all the machine tool resources as
pliained the same level 1.e. .
d=k=k=k=..=k a0 {4.103)

In ;erur e actualize the sel point y which is the resources with highest value of
development is introduced to form an auxiliary’ error function e, (t)

e (1) =1t — & (d.104)
since the idea 1o move all the entire machine tools resources to unity (i.e, y=1).

The desirable properties of the adaptive controller algorithm is to stabilize the system
in the sense of vielding bounded deviation of the output machinrr: toal capacity [rom

the set point and should converge eventually to a control comresponding to underlying

design method.
Then. the output £, error becomes?, = -4 {4.105)

Where 1 = 1, 2, ... N ( stages of development)
L]
So Tar all the machine tools resources are in the same level,
The most important Tactor in distributing the allocation in this stage s the weight of
the fund per unit marginal value of each contributory factor with respect to 1otal fund

per unit marginal improvement of the machine tools so far all the resources are in the

same level of development.

I'he machine tools resources on - line controlled parameter v, al this stage is

updated as shown in Equation. (4.106)

L

. 4] = r'fl l'lll + . {Qm}i-’" [4-“}6}

2.4,

]

The iteration will stop whendis —w 0 then When ¢, —» 0
At this poimt
"F.=|‘:|'=k1=&_-_=u.=k =I

As this processes progress, the machine tools capacity increases concurrently, In
order (0 achieve this, the model is developed m such a way that the controller. which
is fund periodically monitors the svstem transfer function and then modifios it. The

Mow diagram for sell - tuming synthesis is shown in Fig. 4.8.
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CHAPTER FIVE
SOFTWARE DEVELOPMENT
The fowchart for the soflware is presented in Fig. 5.1 while the algorithm is given in
section 5.1, The Nowchart and algorithm enabled computer soflware coding of the
sg.-sit:m.l'l'he restlting code in Visual Basic is shown in Appendix |, Visual hasic was

chiosen becanse of its user friendliness and networkabilily

31, Development of Algorithm

Algorithm Tor the development of Im:hlnnlug:.-' capacity lor machine tools industry in
Migeria is presented as follow;

1. Input various values of machine tools, Elemental resources capacity

Foris (P mbe, Swts, Por, Gmber, Povce, Por )l P ons (Fmiee @ moee G min, @ mbcn,
P ozt @ mid .]'- @ arn (¢ qen. arab g (@ gon, @ gon ) Pore (@ s Faqk Fonn
(#enon geng # s (fmo @ G { oo dey) ‘

2. Compute available total manpower for machine tools design and fabrication,

respectively.

By ™ i#’muu v By = i#‘nwn

3. Compute total equipment available for machine tools design and fabrication

Ld
respectively

Pou™ 2#‘”:! ?leﬂ-:iﬁ]m

4. Compute available total ‘energy for machine tools design and fabrication,
W

respectively

'#I ke IZI#.H“' {ﬁllr = Zﬂ-’hu

3. Compute available total mw material for machine tool design and fabrication

respectively

L Thr ™ iﬁrm- ':d e = i'ﬁh- i

0



'lﬁ,{impull: manpower element level for machine lools design

| ¢
R = f;‘h {"I-':«r' iRgigs Py ARG "I..Jw} r
{iwm

7, Compute manpower element level for machine tools fabrication

w&{i{aﬁ#. R Agars: A )

8. Compute machine (ool design and fabrication equipment clemental level

_ P
‘ Pimg
P
iy

5. Compute machine tool design and labrication equipment elemental level

e iy Aol

(T

[
Priv

-t “ (2 4)

A =amfr . 4, )

1. Compute machine tool design and fabrication encrgy elemental level

B

It =T
.r 1] ﬁm_

{ﬂ:,am an)

Ag =:ﬂ[i:rf#. AvFr)

rtv

[L.Compute machine tool design and fabrication raw masterial elemental level

A = fﬂl‘.[,:[m'_ ‘Lm]

(2 =
L]

L {'aaﬁ -w

| 2. Compute the actual machine tools resources capacity level o
13, Compute manpower resources [or machine wols design level.

ﬂlm’* = I = [";l‘lwl-r +"'1'|l:1|r + 't'-ﬂrl'"{"'ln-."--- + 'Aﬂilln-'l T 't-m'lr\n:i
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14, Compute manpower resources for machine tools fabrication level

= 1= (A + A+ 300 % s + A + i)

15 Compute machine tool design equipment development capacity level o, =

=4,

|6, Compute machine tool fabrication equipment development ﬂﬂ]‘lﬂ';.!-ll}-' level o, =
I=4,,

I7. Compute machine tool design row materinls development capacity level @, =
1-4,,
|8 Compute machine tool fabrication rmw materials development capacity level e, =
i,

19 compute machine tool design energy requirement development capacity leveler
e

2 compute machine tool fabrication encrgy capacity level @, = 1 -4,

21, C:Jm]im: real weighted available resowrces capacity level g

1} Compute real machine building resources

= /
My = il M ;

23. compute machine building fabrication capacity tevel;
! i [l
[Z{an JFI:V E .
O, = #=| m{ M, ]n"ﬂ
l‘ B d=1
24 compute machine building design capacity level

f

; HZ:"...
25. Compute machine building capacity level; f, = [ =1 %

26, Sort out the highest identified resource fevel = o,

27, Compule resources ermors base on identilied resource level capacity level;

'F:n =¥y Wy



25, Compute the total error as in the svstem; £ =zl‘,,

i=l
: 2 £
M. Compute weighted ermor = f';" =¥

3 Input value of money 1o improve machine building capacity and cach resource by
one unit, B and ry, respectively
1. Input various values of dollar equivalent of naira (v,) with respects to vear (%))
12, Compute constant of the trend of the variation of money value which is assumed
t fillow linear regression;

N -y xy mY Xy— x ¥ p

3}, Compute the trend of variation of the value of mopey 1o improve machine

building (Mbi) and each resource (Mrij) by one unit and shortfall control fund with
yeurs
Mbi = Mb {a+b{xi)
Mrij = Mri(a+hixi)
. Compute amuur.ll ol money required to be spent on the system al specific time
(Msi) = 100Mbi (1-i) '
35, Input the control. fund Mci <Msi
36, Compute shortfall of money required 1o be supplied Mesi = Msi — Mci
37 Il the short fadl in control fund § not zero goto 17 else stop.

38 Compute the adapiation lactor for  each redource
Lt Mol
£, + Mbi

Va =

34, Upgrade the resources capacitics; vijs + 1= vijs + yi
40. Compute the identified resources error ; £ =v, —v, +|
41, IF the resgurces errors are not lends o zeros retum 1o (40) else compute

smooth maching tools building resources capacity V.

N
- [ [J'II_ ]
42. Compute uniform level machine building capacity level g =

n
43. Compuite the error in the ideal system £, =1-u,,

44. Compute the total error in the system ¢, =3 (
¥l

45. Compute the sdaptation factor 1o upgrade the system resources (o the required

Ad i
fideal capacity level; g = {[ M"“ JM}, E-Mw

L]
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46, Upgrade the resource capacitys vais + | = tus +
b, Compute resvurces capacity error, nl'.:,,, = I_l-l’_* +!}
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Fige. 5.1 Flow Chart for Capacity Development Continued
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.

Compute MTB
fabrication capacity:

'

Compute MTD design
capacity level;

Fig.5.1: Continued Flow Chart for Capacity Development.

¥

g -lonrenll |

Compute MTH
capacity level

70

.

Sort out the highest
indentified resources
capacity level v, .

Compute identificd
syslem error
£, =F;-F,

1

Compute the total in
the svstem;

2,
=1

Compute weight error

f

o =7

Ji

l
)




Compute real fund required
for system development

lr"'1-||| = Mh {“l" h:":.l:’
M = My (2 + bxi)

Compute the amount ;
required to be spent on the

> system;
M = 100mbif 1 -bi)

Compute adaptation factor, upgrade
factor, for each resources;

f.+M
g = |~ e gy bag
r1|'| + 'ﬂ'fll

L&

i

Upgrade the resources capacities
"lryig + I = \Ililfc 2 i-ll-..

L
Compute the identified
FeSOUFCES Srmor
[ A

L

Fig. 5.1: Continued Flow Chart for Capacity Development
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Capacity level u rmumm capacity level vy,

,, =,

Fig. 5.1: Continued Flow Chart for Capacity Development
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Fig. 5.1: Continued Flow Chart for Capacity Development
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Compute the system resource error
Ciis = Y1 = Yuan

YES

END

; Fig. 5.1: Continued Flow Chart for Capacity Development.
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52 Design of CAMTCAD-2008 Software

Computer Aided Machine Tools Capacity Development named CAMTCALD- 2004
was developed using Visual Basic 6.0. Visual basic was chosen because ol ils
familianty, wser [rendibiness and networkability, CAMTCAD-2008 was designed in
the famibar Microsofi windows environment 1o be inleractive and user- [nendly
through the use of contral such as text boxes, command buttons, frames and other
appropriate massage boxes. The database and structure of the software j= fexible bul
mbust enough 1o accommodate as many branches of capilal E.n-n;lﬁ seclor as slorage
capacity of the computer allows.
5.3 Design of Interfaces

The designicodmg of CAMTCAD-2008 soflware mvolved the [ollowing

phases namely; Gtle, data entry, and operation / execution and report phase

5.3.1 Title Phase _

This interface welcomes the sofiware user into the system. 1t conlmns the name of the
L]

saftware, developer, the supervisors, the essence of the study and the depariment to

which the developer belongs (Fig. 5.2).

5.3.2 Data Entry Phase .

The interfaces enters data fnle the database, the data entry system is very flexible and
gives room for data updating. [t contams the following sub-interfvee;{ Fig5.3 and 5.5)
Diata entry for clemental resouree eapacity; this enter elemental data for manpower
development which include:

Number of people with reguisite education;

Number ol people with requisite experence;

Number of people with requisite training;

Kumber of people with requisite education and training;

MNumber of people with requisile trainimg and experience;

Kumber of people with requisite education and experience: and

MNumber of people with requisite edueation, training and expenence.
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@ Wain Menu

«f [lemental Resources Capacity Eniry

Elemental Resources Capacity ‘Entry Form

|r' Han Power | Eupment T ‘Enperay 1 R Marenal
Fabnc.aton
Ho ol Pessonnel wath Educaton | Mo of Peezoonel with Expetiencs |
M o Parzonmed with Felevant |' L Mo of Perzonnel with E ducation
Tiaring and Enpenence
Mo of Perzonned with Education | Ho of Personned with Enpenence
and Tratming énd T rainirg
Ma ol F"m-diif.l;ﬁ.l:ﬂu'l. Tatal Ho of Perzoriees!
Expemence and Trarng §

Ewpecled |deal Mo ol Petsonnel

Design .

Mo ol Peizormsl with Education Mo of Parzonned walh Expenerce

Mo of Pessonnel with Flolevanl | Mo of Persornel with Education | 4

Training . and Esperence ¥

Ho ol Personned with E ducation Ho of Persanned with E xpenence

and Traiing and Trarng .
Ko of Persornel with Education, | Tolal Ho of Persorme] | g
Expenerce and Tisnng e

Ewpecied |deal No of Peszonne

Fig. 5.2: Data Entry for Manpower Resources

Elemental data for equipment development is enterd here which include number of

functional and non functional equipment



Maw Power | Equipment 1 Enery 1 RKarie Mazerial
Famication
Mo of Funchional Equpment | Ho of Hon Functional
| E quapiesrt
Total Mo ol Equspmient | Ikl Mo oof E v
' [}
Dzign ]
[SS T
Mool Pt Ecigmers [ M of Mon Functianal s
Ecpuipieert . i
e e =1
i
Teotdl Mo of Equipenent Ii el Mo of E quipment gl
7
- 3:; i )
b
Chek Hee o Continue | Liamim Clane | Save H":_: 1
e . ’ .'\- ¥
-y

f

Fig. 5.3: Data Entry for Equipment Capacity Scheduling

Quantity of quality and non guality raw material for machine tool is also input here.



3P Main Meny

i Procest  Resulls

| « [lemenial Hesources Capacity Entry

Elewcntal Resotirces ( apacety Entry Jonu
Maw Poeer | Eurp et 1 ‘Enenipy 1 Rawe Material ]
| ; :
| Amount o Qually Alaw Materal |' o Amount of Non Qually Alaw |
" Mabenal |
1
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| ; s
Dengn "
| dunourd of [ty Aew Matens Aot of Hon Gluably Raw
L Malesial
|

kel Armount ol Flasy Maleial

Fig 5.4: Data Entry for Raw Material Planning



eover, the amount of available quality and non quality encrey was entered in this

¢ bn Menu

o flemental Resources Capacity Entry

"Elemen tal Resources Capacity ‘Entry ‘Form

Man Power | Equipmemt | Energy Rave Aaterial
Fabncataon
Amcurt of Quality Erergy [ R Amourt ol Hon Quality Ereigy |
Supphed | suppbed !
Todal Arnourt of Ensigy e [deal Guantity of Enegy
Supplied ' . Especied
Deaagn
Amount of usity Enetgy I o Aumount of Mon Qually Enesgy
Suppled ! Supphed
Total Amount of Enengy I iddeal Amourd of Enesgy '_-
Ekﬁﬂiﬂd e I E'-m -; _|l.
L]
|
Chick Here to Continue Lamm | Chsse  *  Save i

Fig. 5.5: Data entry for Energy Planning

Pata entry for system improvement fund; this enters data on the appropriste fund
|;nit development of machine tools capacity and fund for unit development for each
resource responsible for machine tools development,
Duta entry for year of initiating the project; this make avalable .lhc time the
project is going to start to help in calculating the present value of fund for the
development of the system (Fig. 5.6).
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h!ll entry for number of stage of system development; the number of siapges of
dvelopment  help in appropriate calculation of fund to be allocated Tor each

mesources development and the system in general which varies with number of stages.

A48 Operation/Execution menu

This progamme execution menu leads o the following submenu

Machine Building Benchmark Estimation Determination menwo: this menu
comprises of the following menuw.

~Elemental capacity level; 1t determined the level of quality and gquantity of machine
loals resources contributory [actors. .
Resources capacity level; the result of elemental capacily level s used 1o determine
maching toals. resources capacity level and also determine the resources that need

fresh development from the seratch (Figs 5.7 - 5,14),
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Fig. 5.6 Data Entry for Funding.
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«1 flemental Capacity Level of Machine Tools ! i
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Fig. 5.7: Data Entry for Manpower Level Determination
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Fig. 5.8: Data Entry for Equipment Planning

Ra



Fig. 5.9: Data Entry for Energy Planning
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Fig.5.10: Data Entry for Raw Material Planning
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Fig. 5.12: Output for Equipment Determination
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Fig. 5.14 Outpul for Raw Materials Determination

¥

Machine Building Capacity Level determination.
The result of mochine building resources was used W determine Machine
tools fabrication and design facilities capabilities level, then machine tools building

capacity level and the errors in the system were finally determined with reference 1o

v



up standard according to initial implementation plan for machine 1ools

:'_ lopment in Nigeria.

!.11 Forecasting menu

This is the second stape of the operation in which the machine tools
Jechnelopical capacity level determined in the first stage is upgraded, The parameters |
of the resources of machine tools are adjusted during the operation of the system as
appeoprinte fund are made available W the system. This consequently increase the
Lm:tu'n-: ol capacity level until it reached o set up stndord sccording b imitinl
f’lmplumemmiun plan for machine tools development in Nigeria.

This interface forecasts the present fund required Tor the upgrading base on
the present value of the money which is a factor of implementation and number of
lime in which the money is going to be made available. 1t also forecast the fevel of

development reference to the amount money made available. The interfage that shows
the forecasting pattern is shown in Fig. 5.15 and Figl5.16.

Payvment! fund distribution Plan Menu

It caleulates exact money required for the development of machine toals with
year #nd simultanepusly distributes the money o each resource responsible’ for
machine toals 'cnnucil:r' development, The amount made available 15 factor of number
af year to complete the development and the value of money which varies with time,
Distribution of the money to each resource is also a factor of the initial level of
development of cach resources and the amount required for unit development of each

nresources (Fig, 5.17).
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Fig, 5.16: Output for System Errors




Fip. 5.17: Output for Fund Allocation.

3,15 Report Menu
I'his interface reports the resulls each and every module of operation currently

in use. The developed solflware 15 flexible and can effectively validme users input. In

¢ the report menu there are;

(i) machine tools resources capacity development;

(i} machine tools design and fabrication capacity improvement;

(iii) machine tools building capacity development;

(iv) impact of each resource on machine tools capacity development;

{v) resources ermor reduction;
O




|i¥) impact of each resource on machine tools capacity development;

v} resources error reduction;

ﬁ‘ﬂﬁ sllocated fund far resources development;

{vil) machine tools building capacity error reduction; '
{viii) machine tools fabrication and design error reduction; and

{ix) machine tools resources error reduction,

54 Computer Requirements

The computer hardware requirements for the development af Computer .;'.idcd
Machine Tools Capacity Development (CAMTCAD-2008) are personal computer
with ai least Dual -Core. I can also be run on computer system of higher prade like

Core 2 duo, 2.0GHZ, 400068 hardisk. 3GHE Ram.

A5 Areas of General Application

The mndn;l"lﬁ flexible and versatile. It may be applied to other sections of
capital goods sector include: manufacture of mechanical machineries and equipment,
_ Monufacture of eclectrical machinery, apparatus, and applianee, ‘manufacture ol
mnsport equipment, manufacture of professional and scientific (measuring and

controlling) equipment.
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_'|m]ﬂat!. of each resource on machine tools capacity development,

W resources error reduction;

allocated fund for resources development;

| machine lools building capacity error reduction; '
' i) machine tools fabrication and design emror reduction; and

{ix) machine tools resources error reduction.

A4 Computer Requirements

The computer hardware requirements for the development of Computer :’-.il.h.:d
Machine Tools Capacity Development (CAMTCAD-2008) are personal computer
‘with at least Dual -Core. 1t can also be run on computer system of higher grade like
- Core 2 duo, 2.0GHZ, 400GB hardisk, 3GB Ram.

55 Areas of General Application

The mm‘la.l'is flexible and versatile. It may be applied to other sections of
eapitul goods seclor include: manufacture of mechanical machineries and equipment,
Manufacture of electrical machinery, apparatus, and appliance, manufacture of
mansport equipment, manufacture of professional and scientific (measuring and

controlling) equipment.
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5 L '“'H;#& ;
CHAPTER SIX ' ’
: MODEL VALIDATION & .:)
i y
6. 1 Model Validation | \ Vsl

The model was validated with data from Oshogho Mau:hin::%g,& ir;ﬁﬁlmghd.
Osun State, Nigeria. The developed software accommodates the ‘data based on the
cnnértud facilities in the machine tools industry and the actwal facilities, The
responses afler analysis served as input data for the model which was entered into the
data entry interface to determine the benchmark or level of machine ll.'ll.'!l!-l
development as at a particular time and also assist (o know the level of acceplabilily
of developed  Software named Computer Aided Machine Tools Capacity
Development (CAMTCAD-2008) in achieving the aim of upgrading the machine tool
within a specified period of time. In validating the model, the model was tested with 5
to 10 years of period of execution of the project starting from 2008. Benefit cost
analvsis and analvsis of variance were used to analyze the results from the model.
Repression analysis was also used o determine the strength of the model over the
vears of svstem development.

6.2 Nature of Problems of Nigerian Machine Tools Oshogho '

Based on the information gathered, it was discovered that the current
prodisction of machine tools remains al 8 rudimentary level of development. This
level of development consists relatively of large-scale assembly type of import-
substitution ventures, which incorporate insignificant levels of local content in
production. This is as a result of the following problems:

(i) Negleeted traditional technologies;

{ii) Over dependence on imported technology;

i1ii) No formulated technolopy strategy;

{iv) Inadequate relationship between Institution, Industrial sector and Government; and

{v)Misappropriation of fund.

6.2.1 Effect of Inability to Develop Machine Tools Building in Niperia

Based on the irregular development of the resource, the system cannol work
and it has lo be privatized 1o indigenous company called Bowell Nigeria Limited.
Inability to develop Nigerian machine tools has resulted to Nigerian dependence on
imports of machine tools. This problem has meant a rising import hill and
vulnerubility 1o international disturbances especially in industrial market cconomics,

which are Nigeria's trading pariners. This Massive imporation of foreign technology
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mugh importation of machineg tools has acute negative consegquences on the country
s¢ include:

fi} Drainage of foreign exchange;

{iil) Dumping ground of ohsolete maching;

fiv) Low productivity of machine; and

) Inhibition of growth ol indigencus innovative capabilities.

j;u Proffered Solution to Machine Tools ﬁuilding in Nigeria
Ariva (2004) made it known that, an important dimension of self-reliance is
lechnological sell-reliance most especially in the ares of building machine twols for
prauction and repair of other machinery used for production of goods and services o
- meet the needs of the citizen. The ideal of developing appropriate technology capacity
for machine tools building taking inte consideration the needs, resources,
- environmental factor and lifestyles of the people therefore becomes very imporiant
(Laditan, 2000). This technology involves upgrading indigenous technologies and
adapting imported ones 1o meet up with technological capacity or capability of
building machine tools for effective use (Goitinger, 1989). Therefore, for an effective
machine tools building technological capacity, it is important® that a meaningful,
comcrete and resull ~oriented strategies has to be devised out 1o generate and sustain
the technological take-oft of machine tool building of the nation. The resulting nfodel
developed and suﬁ‘wnn: i idended o control all the mechanisms [or inlluencing
elements and the resources of Nigerian moaching tools Oshogho.

The software package determined the technological capacity level ol machine
foofs s ot now based on the existing resources and further determined the future
technological capacity development of Nigeria machine tools. This model considers
benchmark estimation. development and integration of machine tools technological
capacity resources. In other to actualize the above mentioned objectives, data were

collected on all the resources that are responsible for the building of machine tools

COpICiLy.

6.3 Data Collection
Questionnaires were administered to the Machine Tools Industry Oshoghbo 1o
get relevant information required for the model  implementation. Besides, interview

through phone calls and direct contact with the management of the organizations was

e



:: :i:rhlu:t:::! [or Turther classilication on their Questionnaire responses. The responses
afier unuly.n‘is served as input data For the model. The resulting data were used to

- develop the data bank for the validation of the model. The data collected are shown in
Tables 6.1 -6.9.

.31 Manpower Development Table
+Table 6.1 shows the number of required worker and actual worker available
in machine toals Oshopho between the yvear 1980 and 1985, Table 6.5 shows thé

munpower development trend between 1980 and 2007.

6.3.2 Equipment Development Table

Table 6.3 shows the available tools and equipment between the year 1980 and
1985 and standard tools and equipment that required to be in machine tools Oshogbo,
Table 6.8 also shows the available functional and non functional equipment and the

trend nl'n.lu:vn:!unm-:m of equipment between 1980 and 2007

633 Raw materials Development Tahle -

Table 6.2 shows the available raw materials between the year [980 and 1983
and raw materials that necessary 1o be in machine twols Dshogbo. - Table 6.6 also
shows the available raw materials and the trend of maw material between 1980 and

2007

6.3.4 Energy Development Table
This entail Table 6.4 that shows available energy betwegen the vear (980 and

1985 and encrgy that necessary to be in machine tools Oshogho, Table 6.7 also
shows the available quality energy and the trend of development of energy between

R0 and 20087

635 Trend of Financing

I share capital of N20 million was allocated for the development of machine tool
within the period ol five yvears, between 1980 to 1985 with 40% allocated as the
starting l:ﬂ-p'rtﬂl while the remaining 6% was cvenly distributed over the years.
Federal governmenl of Nigeria owns 83% of the capital while the remaining 15% was

owned by Hindustan Machine Tools International Limited of India. The money was
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within the resource in this ratio 5:6:5:4 lor manpower, Maw Materiil,

nt and energy, respectively as shown in Table 6.9 (NMT. 1994)
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Table 6.1: Manpower Development Trend from 1980 to 1985

Year Planned - l‘iEL‘I 1981 1982 1983 | 984 1985
Reguired i
workers
Manpower fao of | shilled Mo of | skilied Mo ufi shtlled P af | skilled i ni'] sheitled Mo of | skilled
mvnilshle | warkers | available | workers | pvoiloble | workers | ovoilable | workers | ovailobfe | workers | availoble | workers
workees workers wiloers woakors -.mrk-r_:m warkery
Machine A0 A50 140 3 171 392 102 413 33 434 264 454 195
Designer
| Engineers 150 106 42 1z i 118 62 124 Td 132 138
Technologist (00 i 27 3 33 76 40 B2 43 B4 53 R 57
Drraught men Bi) =¥ 23 B 8 i 13 B3 38 L 43 74 48
Administrative | 170 19 48 l‘E& 56 133 - 67 142 T8 148 B0 154 4]
Machine 1050 T35 194 3 as9 823 424 B6T | 487 211 554 955 ]
fabricator
- wielder 20 400 33 149 L) 158 9 67 83 175 105 184 120
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fuundry men | 250 175 7 |86 Hiy

-fiting men | 200 144 59 151 70 159 TR T 53 72 w7 | 180 iz
= Smith men 200 136 36 143 8 154 Bl bl Q2 T [ 182 LIE
- garpenter Bix} m P ) 74 33 78 L) |‘ﬁl 45 26 33- el 5%
Other 100 70 2 T 3d 77 il 40 Rl 46 87 32 41
cruftsmen
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Table 6.2: Raw material Availability Between 1980 and 1985

Required  Raw | 1980 1981 1982 1983" 1984 1985
"material .
{ Tonnes/Amnual

| 2235 TRl 714 i tid 578 510 440

| 635,050 196,865 | 182,626 168,187 | 53848 139504 125168

| 265,200 82,212 76,224 TO236 H4258 SE260 52,271
.6 0,50 (146 0,43 .39 0,36 0.32
63300 19.623 18194 16765 15336 139407 12,476
13.400 4,154 3851 354K 3245 2942 2,641

— [ 95, 400 2914 2702 24490 2278 2066 1853

B5,500 26,505 24574 22643 20712 18781 | 6852
13,600 4,216 1909 3602 3205 2988 2681
7] 208 174 140 1 06 T2 18
1174356.6 F3TATOS | 312968.46 | 28825743 | 263659,39 | 239035.36 | 21442032
2,500 795 By 671 Bl 547 483




Table 6.3: Equipment Availability between 1980 and 1985

- Section Required(A) / Trend of Equipment Capacity Development
1980 [ B/A% | 1981(C) [ C/A%: [ 1982(D) | D/A% [ 1983(E) | 'A% |_1984(F) | F/A% | 1985(G) | G/AY
(B) .
Fabrication 351 al 26 18 34 19 34 159 45 194 55 213 61
Foundry | bR 17 22 27 {32 37 41
{ Training centre | 42 1] 14 17 20 23 25
Heat treatment | 13 4 3 & & 7 8
Toal 11 3 4 4 4 5 7
Reconditioning |
Metal 14 4 & 6 7 7 9
fabrication 3
shop
Heavy parts 14 4 6 7 7 8 10
some shop -
Small part 79 20 26 30 | 35 41 47
work shop | _
Electrical i) & I3 L7 22 25 |29 * 30 ¥
Others 60 15 |8 20 - 23 [ 30 36
Design 200 B0 40 3% 44 03 | 48 100 50 [112 36 120 60
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Table 6.4: Energy Availability Between 1980 and 1985

Section Required - Years and Percentage Availability

Energy(GWh) | 1980(B) ' B/A% | 1981(C} | C/A% | 1982(D)) | DA% | 1983(E) | E/A | 1984 F | F/A% | 1985(E) | E/A%
Energy for | 310 206 | 66 194 63 F.54 60 | 178 57 | 168 54 155 50
fabrication !
Energy for | 6 2.6 43 24 40 231 39 221 A7 | 215 i6 2.19 33
Design l |
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Table 6.5: Manpower Projection from 1980 to 2007

Manpower Toeal = number | 1980 53 =] e 2004 | a7
af worker
requires e v = = ) L
E 1% 1T | & [Ex] ol E | % 1T |Et |Ex A [Ex| [E IX | T |BL]Es]|® |Ew Exl Eat
S0} 350 10 |8 [ 35 |4 |2r 4 | 140 |49 |93 |8 [ 13 [32|14 |- |25 |3&| 1301 |3 |86 |3 |- |220| 19 | (96 206 | 206 | 120 120 |
Machine n
Designer |
130 106 Al = | |- F H 2 Va1 e b= 1%
Engmeers 2 1] 4 |1 | 28 ERE a1 (74 |4 & a0 [ &0 [ &% | B3 | 5
Technningist : ﬁ I |88 | O ] B 38 ,
|6 - |« |13 : O " T ' . | 3 e [w [ Bl W |z 1 |an (a0 |2 | M.
Dirnught men Y ER) : &[4 [3 % |= | = |™ |B&B[|= [3 [% [ Z [= | |&[Z[= |[T|=[|F [= [ % |52 |% [ [ &
Admissive sl | 170 L] ¥ (& |10 |13 [T |- 5 |8 g E[E a2 |+ |=
: | | a || 3 B |2 o | B |5 - |74 |ss |6e |68 |&e |41 |4
|
Wnchine L R O L Ll R | 30| 14 | 955 |45 |5 |80 | 36| 10 |58 | 620 | 816 |1 |- |9 |34 |- |7 | %65 | 15| 413 | 336 | 336 | 267 | 3n2
Fabsicatar | i
Welder 0 | 1| I5 |0 |50 |10 |5 |7 |@ |H&|12]=- |0 |7 |2 | |10[% [= |+ |2 - |Z |88 |76 |16 | & (82 |31 |4l
-Toundrymen |6 [TE [W [T (W [ (3 (3 [0 || @[T [T [T (@[T [- [T (¥ [- [T [mE e s e | &
! | 1
finermat 360 | 18 o a8 (37 11 | || (2 [& %23 Tl - =118 1= |1L [ | |7 [& [84 |& |47
—mpalh men S | 106 |8 | = | 52 |0 | T [E | % o T [ |IZ] 1 |10 : - |= 2 1% [= |t |5 |80 |# |8 |86 |5 | ]
| & 11
-sarpenter o0 | i % % |1 |6 |28 |58 |5 |- 5 |4 |2 | & [ [aF |- [= [1. 12 [= [T |4 |40 |40 [41 & |35 |35
-mnachinist - o | . i |
biheroraftmen | 108 | T 02 | e |2 (& |2 [E]|2 |90 |50 6 |4 |2 [k [sp |50 [- [- [« [« ] |- |26 |4l o [ |1
Total nurmber of | 1330 | 1083 | 171 | 15 | 30 | (02 | 39 | 24 | 434 | 180 | 1B | 195 &8 | 28] 3% | 905|760 | 18 |1 |01 |#0]3 |7 | 643 811 [ sl | &7 [ 42
wiirkoers - =
availahle
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Table 6.5: Manpower Projection from 1980 to 2007

. Manpower “Total - mumber | 1980 [LEH R 150 1954 RIEH] 7
of wirher
[Ei|uires _
E [X [0 [E T&: [ Wi[bw E X [T [EGi[Ec]® [Ba JE [R|T (G [Ex] % [Em [ Exl Ent

] ] MIEENENE NI Y E R E 15 3 [ 1d- IS r 2 (& 1F |- A0 0w | 1w | 306 | 208 | 130 a0
“achme i
D::iin:r

)

153 K] { 4 . 2 . : " = - 2 | ! kT
Etgitreers . | 10 43 | 13k | 2% i5 |8 o | T[4 &1 |60 [0 |83 | 63 Bl
Techralagist " ! n P 3 F] ] , EF]

I AR = E 13| ‘ a fi S 57 SN ESENE ] M |40 |e | | M,
Draught men Bl 57 5 2 |4 |3 5 |- | 2% [ W | B - 3 5 2 |# 8 [ =0 [= |7 [= 36 [ 37 |3 | H | W [0 |m
Admissive staff | 170 E] § B 10 |2 |V |- ¥ B . I [0 fa = [

- | 4 | 154 | 32 3 B | By | : 74 |66 |66 |8 |&m |41 |4
wachme Tosa | 735 GI | GF | 279 | 53 | 7 |24 |24 | 955 | 45| 5 180 | 36 | 10 | 5% |ceo [B16 |1 [=- |9 [3& |- |7 465 | 415 | 415 | 336 | 336 | 262 | 262
Fahrcaios
Welder 00 | 140 5 |0 |o9 |10 [§ 7 |53 |tH]I3]- i3] 2 (15 [0 % = |= |2 [& J= |2 |88 |76 |76 |83 [& [4] | &

- fopmndry men =25 [EE] N ERECRED i: 2|7 [2am] o] 3 2[4 [ I B (- [1 [ &= MR EC AN

| |
Fiermis ] F] W [ 3 |82 |6 (X [T |35 [16a| 10| 3 FBEEERR r 5 1= [ % [F [= |1 90 | 78 | 78 | B4 |84 | 4T | 47 |
~smaoth men -2 136 09 13 |5 [T (4 [2 [ 36 i ¥ (121 |1 B = 0= |2 |9 [= [0 |65 |05 |80 |80 [8% |31 |31 |

182 |4 114

~carpenler E L [ I T |6 [28 [ @ |5 |- 15 |4 |2 |# 5 a9 = =01 I3 |= |1 4 |40 (40 |4 [ 4 |25 |25
~MmAchanasg - B b
ither crafimen | <100 [ 70 62 (- |35 |6 (2 [& [27 [%° [0 6 |4 |2 (K [SE |30 |« [« |« |4 |~ |- 45 | 4l LT I B i
Toml number of | 1350 | 088 | 170 | 15| %0 | G2 | 39 | oF | 458 | |40 | 10 | 098 | 68 |24 | |98 | 761 | 19 |1 11203 [7 | &8 6L | 611 | &2 | 642
“'Hkiﬁ a - -
Eviarlable
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Table 6.6: Raw Material Projection from 1980 to 2007

Raw 1980 | 1985 1990 1995 2000 2007
Material *
Tanes!,
Annual

117.4356.6 | 337479,5 | 214.420.32 | 168.089.22 | 10287828 | 117.472.34 | 34.193.34

2235 78275 | 44052 | 34397 | 20808 | 247.64 125.16
635,050 |96, 8655 | 125168 T 59123 v 70363 3336
265200 | 82212 52.271 40814 24650) 25247 14851
e |oso na2 0.25 0.2 0.26 018
|e3300  |19623 |12476 [ 9742 | 5893 7014 13545
8 4154 2641 2062 1248 1485 250
o400 | 2914 1853 1447 875 1042 4788
£5.500 26,505 | 16.852 [ 13,052 | 7980 2 | 9473 4788
13,600 4216 2681 | 2756 2845 2567 2456
670 = | 208 38 38 16 34 34
2 500 a4 483 448 233 - 250 200
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Table 6.7: Energy Projection from 1980 to 2007

| Section Required 1980 | B/A% | 1985 | C/A% | 1990 | DVA% | 1995 | E/A% | 2000 | F/A% | 2007 [ G/A%
ErergyiGWhi A | B C D | E 1 F i
Energy for | 310 206 |66 155 |50 137 |44 | 140 | 45 (204, | 66 101 33
Fabrication .
Energy for | & 2.6 43 2.1 35 I.B 30 1.9 32 [ 2.4 4 1.2 20
Deesign - ! |
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Table 6.8; Equipment Projection from 1980 1o 2007

Mumber -

equipment | 1980 1985 - 19040 1995 2000 2007 .

| Reguired ;
Section ' Noof NF | F NF | F NF |F FN [F | NF [ F | NF | F

availahle |

Foundry 68 17 - 17143 | 2 41 |41 |6 35 (41 [10 |31 |50 |- 40 50 12 |48
Tralning 42 11 = 11|25 |- 25125 |4 21 |Z2% | # 18 |33 |- 33 a8 |- 23
centre |
Heat i3 4 - 4 |08 |- 0 |08 |2 06 |0 |4 04 (10 |- 10 12 | = 3
treatment '
shop .
Toaol [ 3 - 3 107 |- 07 (07 |3 M |07 |2 05 (08 |- 08 11 |- |35
reconditioning
Metal 14 4 - |4 (10 (1 jO02 |09 (05 (04 |09 (3 |06 |12 |- 12 11 (1 10
Fabrication
shop |
Heavypart | 14 4 - [4 71212 |10 10 |04 [o06 [10 [3 [OF [IL [- |10 [19 (2 |9
shop . |
Small parts T4 20 - 20|51 |4 47 |47 |08 |41 (47 |8 39 |6l |- 6l 6l |3 |50
wark - S5 g
Electrical 50 |3 - 1360 |- 30 (30 (03 (27 |30 |7 |23 |40 |- 40 40 |1 39
Others i) 15 - 15|36 |- 36 |36 (04 [32 |36 (10 |36 |26 |- 44 a1 13 |41
Total asl 91 3 91 | 2229 208 |206|36 17021354 | 169|274 274 | 28712 | 275
DESIGN 200 80 - 80/120 /10 [110[120[14 |106|120 14 | 106 150 |- 150 |150|3 | 147
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Table 6.9: Trend of i'"inanring for Development from 1980 to 1985

1 Year
1980 | 1981 | 1982 | 1983 | 1984 | 1985
Allocated Moncy (20 Million)
Resourees Ration of | 24 |24 | 24| 24 | ZA
allocation k
Percentage Allocation
40% | 12% | 12% | 12% | 12% | 12%
Manpower (Design)} 5 1 03] ey D3 | 03 103
Manpower (fabrication) F | 1 Os ey | 03] 03 |93
Raw material (Design) 6 1.2 1036 | 036 | 0.36 | 0.36 | 0.36
Raw material 6 1.2 | 0.36 | 036 | 0.36 | 0,36 | 0.36
(fabrication)

Equipment {Design) 5 1 03 | 03 | 03 [ 03 | 03
Equipment {fabrication) 5 I 03 103 [03 | 6.3 | O3
Energy (Design) 4 0.8 | 024|024 | 024 | 0.24 | 0.24
Energy{ Fabrication) 4 08 | 024 | 024 | 0.24 | 0.24 | 0.24

Source: NMT, 1994
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4 Mudel Application

The data collecled was enlered into the seftware data entry interface 1o
determine the benchmark or level of  development of resources responsible for
machine tools capacity development as at a particular time, Finally the machine lools
capacity benchmark was determined from input data which is the first stage of the
development. The result oblained from the first stage was worked upon to upgrade the

system to the accepted standard. ‘

6.4.1 Manpower Benchmark Determination

lhe data in Table 6.1 and 6.5 were input in to software data entry interface for
manpower capacily determination in Fig. 5.2 to determine level of manpower
development in Machine Tools Oshogbo for each year from inception of the project.
The interface in Fig. 5.7 helped in determining the level of development of manpower
clemental capacniy which include: people with reguisite ‘education; people with
requisite experience; people with requisite training; people with requisite education and
Iraining; people with requisite training and experience; people with requisite education
andl experience; and people with requisite education; training and experience for
machine tools design and fabrication. Interface in Fig.5.11 finally determined the level
ol marlpuwur‘ for machine tools design and Fabrication for each vear, which is one of

the major resources for machine tool capacity development.

6.4.2 Equipment Availability Benchmark Determination.

The data in Tables 6.3 and 6.8 were also used through software data entry
interface for -equipment capacity determination in Fig.5.3 to determine level of
equipment availability development in Machine Tools Oshogbo for each year from
meeplion of the project ( 1980) to 2007: The inlerface in Fig. 5.8 determined the level of
development of equipment elemental capacity which include; functional and non -
functional equipment for machine tools design and fabrication. Finally, the Interface in
Fig 5.12  determined the level of eguipment availability for machine tools design and
fabrication for each wvear, which is another major resource for machine tool capacity

development, -
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b43 Encrgy availability Benchmark Determination

The data in Tables 6.4 and 6.7 were input in software data entry interface for
energy availability capacity determination in Fig .5.5 o obtain level of energy
ailability development in Machine Tools Oshogho for each :.-'E:.ﬂ" from inceptian of
the project 1980 to 2007, The interface in Fig. 5.9 help in determining the level of
development of energy clemental capacity which include: regular and irregular
avarlable energy for machine tools design and fabrication. Interface in Fig. 5.13 finally
getermined the level of energy availability for machine tools design and fabrication for
gich year, which is also one of the major resources for machine tool capacity

development,

6,44 Raw material Availability Benchmark Determination.

The data in Tables 6.2 and 6.6 were also used through software data entry
interface for raw material capacilty determination in Fig, 5.4 to determine level of raw
materizls availability development in Machine Tools Oshogho for each year from
mception of the project 1980 to 2007, The interface in Fig. E-Iﬂ-deiermiued the level of
development of raw material elemental capacity which include: defective and non -
dEfEEIH:T-'E raw material for machine tools design and fabrication. Interface in F{gﬁ.!lﬂl
finally determined the level of raw materials availability for machine tools design and
fabrication for each year, which is another major resource for machine tool capacity

development.

in.4.5 Machine tools design and fabrication capacity benchmark estimation

The interface in Fig 5.15 determined the actual machine tools fabrication and
design capacity. from the result from the interface in Figs. 5.11. 5.12. 5.13 and 5.14.
Moreover, the overall actual machine toels capacity was eventually determined in this

interface.

4.6 Machine Tools Design and Fabrication Resources Frror Determination

The interface in Fig. 5.16 determined the eror in eéach resource and

consequently, the error in the system as a whole.
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ﬂ.? Resources and Sysitem Upgrading

This is' the second stage of the operation in which the machine tools
echnological capacity level determined in the first stage is upgraded. The parameters
“of the resources of machine tools are adjusted during the operation of the system as
appropriale fund are made available to the system. This consequently increased: the
‘machine tool capacity level until it reached a set standard according to initial
.implmmcntaiiun plan for machine tools development in Nig;ria.

The interface in Fig. 5.14, determine the amount of money to be made available
{0 each resource, for development to required stape which is a factor of level of
developnient of each resource, time of project completion and amount required for a
uii! development of each resource,

The time the project is starting is input in this interface which helps in
caleulmting the present value of fund for the development of the system. The
completion time determined the number of stages of development. The number of
stages of development helped in appropriate calculation of fund to be allocated for each
resources development and the system in general which varies with number of stages.
Interface in Fig. 5.7 calculate exaclt money requiréd for the development of machine
twols with year and simultaneously distributes the money to each resource responsible
for machine tools capacity developmeni. The amount made available is a factor of
umber of year to complete the development and the value of money and varies with
ime. istribution of the money to cach resource is also a fac'.{u'r of the nitial level of
levelopment of each resources and the amount required for unit development of each
CHOUMCes, L

The result obtained when the model was validated vsing the data obtained from
Jigerian machine Tools Oshogbo in the second stage include; machine tools resources
apacity developpent, machine tools design and fabrication cupﬂ'::ity improvement,
nm.:h‘im: tonls _h:.li]ding capacity development, impact of each resource on machine
ools capacily development, resources error reduction, allocated fund for resources
levelopment, macil'line tools  building capacity error reduction, machine tools

abrication and design error n.'dul:ltic:n. and machine tools resources error reduction,
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CHAPTER SEVEN
RESULTS AND DISCUSSION
The results obtained when the model was tested’ validated using the data
gbtained from Nigerian Machine Tools Oshogbo are presented here. The results are

discussed based on each machine tools resource.

7.1 Benchmark Estimation for Resources

Based om the allocated money io the resources, the machine tools capacily
development is expeted to follow the same trend. It is shown clearly from Figs 7.1 and
1.2 that the level of development of all the recources did not match up with the ideal
plan for each of resources between 1980 and 1985 and further 23 years.

For n':ﬂripnwn:r development, it was observed that manpower increases from
28% as at 1980 10 maximum of 5%% as at 1985, instead of 100% expected for smooth
running of machine tools. The situation get worsened after 1985 as it can be seen in
Fig.7.2 that there was a drastic fall in which the level of development in 2007 reduces
o 24%, *

The raw materials for machine tools labrication and design have developed to
28% and 32% respectively as at 1980, Further years from 1980 witnessed a reduction
n availability of raw materials for fabrication and design of machine tools of 19% and
18% respectively, These were reduced to 0.8% and 0.3% respectively as at 2007,

Moreover, equipment development did not reach the pick of development as
planned for 1983, instead it staris with 40% and 26% development for machine tool
design and fabrication and ends with 60% and 61%, respectively.
The energy availability to the system for design and fabrication reduced from 43% and
66 as at 1980 (o 35% and 30%, respectively as at 1985, The condition gets worsened
as gl 2007 when energy availability reduced to 20% and 33%, respectively.
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FFrom Fig.7.2 it can be seen that the equipment for machine tools design has the

highest development followed by equipment for machine tools fabrication. Energy

I

*



anfability for machine tools fabrication followed and m::ng;uwr.:r development later
Tillowed by 28% development. Energy for machine tools design was the next and the
Jeast developed resources are raw materials for machine tools design and fabrication
with 0.8% and (0.3%.

These results of machine tools resources helped in determining the benchmark
lor the system capacity level as shown in Fig, 7.3 which is 36% developed against 40%
developed as at 1980 and later increased o 53% as against 100%. As at 2007 as shown
an Fig 7.3, there was drastic reduction in the development to about 37%. This level of
development was used as benchmark and the yard stick for development of system to

pperative condition,

i...—m:man:@I'

% Development
PJ
on

. Year

Fig. 7.3: Capacity Development Projection Between 1980 and 2007

7.2 System Erfror Estimation as at Year 2007

Bascd on the data available. this model was able to determine the resources and
capacity levels for a specific year and in compared them to ideal system. The error in
the system resources and capacity levels were determined for a specific year. Therefore,
the model was able to determine the error in the system from 1980 to 2007 which was
shown in Fig, 74. Error in each resource was determined with reference to ideal

resource of respective year which is shown in Fig. 7.5 to 7.12. It was discovered in
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1980 that a lot of money was spent on energy which adversely piected other resource’s

devefupment.
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Fig.7.4: Error Estimation for Capacity Development between 1980 and 2007

Fig 7.5: Error Estimation for Design Manpower Between 1980 and 2007
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In 1985 and 1990 the error level ol all resources was high until 2000 which witnessed
reduction 10 error as a result of huge money spent on equipment procurement for
design and Tabrication. Other resources leftout witnessed extremely high error value.
Based on this irregular development of resources, the system cannot work well and it
has 1o be privatized to indigenous company called Bowell Nigeria Limited.

The mode] formulated 1o upgrade the system therefore, incorporated the level of
error in each resource with real amount required for unit development of cach resources
o help in appropriate distribution of fund to each of resources to enable them

developed uniformly for effective performance of the system.

7.3 Financial Implications of the Capacity Planning

The present capacity level helped in determining the amount of fund that is
required for the development of the resources of the system. Having determined the
present value of money at the inceplion required for the development of machine tools
as-at 1980 and the equivalent amount of money required for development of the system
(il the system is 1o be developed now 2008) is obtainable using the model, The fund
required 1o duw:-mp each resource was also  obtainable h::' the model. The model
determined the real fund required for the development of each resource and the system
in general, put it ifto consideration that, there at least a level of development in each

resource and in the system. Based on the level of development of each resources as al
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27, the required amount of money to develop each resources by one unit was

giimated by thesmodel and the result presented in Tables 7.1 o 7.6 for 5.6, 7, 8, 9 and

0 vears of proposed development.

Table 7.1: Projected Money for Five Years Development (Millons)

Fridonay | IPDMoney IEQFMoney IECDMoney IEMFMoney IENDMoney IRFMoney IRCMoney :
700 B5E3 | 21315 B235 1066, 704 0 064,763 BO04 3052 | 201713817 | 176442817
1776 0566 | 949Gt 1636 G631 2108 1436 5201 I751 7914 | 454 763 | B2r0.e5a2
HEAE2E R 5AEE 213 SAEDE213 4375 Q7 4375 537 G563,9058 G563, 5056
WIS 7211 | 103457211 103457211 103457211 BZT6 5765 BZ765764 | 124148853 | 12414,8653
U] 10TE0 9484 | 10760 9484 10769, 9464 076D D454 BA15 9587 a615.9567 129239381 | 12923.9389
ES16718 | G251 6718 GGl G710 B35l BT 16 B0 375 SOB1 2375 | TB2Z00GZ | 7AZ2.0062
IPF- fabrication manpower,|IPD - Design manpower, |IEQF - Fabrication
Equipment, IEQD - Design Equipment, IENF — Fabrication Energy IEND —
Design Energy, 1RF - Fabrication Raw Materials IRD — Design Raw Materials,
Table: 7.2: Projected Money for Six Years Development (Millons) .
|
| fear | IPFMoney | IPDMoney IEQGFMoney | IEQDMoney | IENFMonay | IENDMoney | IRFMonoy IROMonay |
|
2008 31560485 | 17763,1863 1655 687 0 2553 6592 BETO.2577 | 16809.4831 14?'[!3.553:.
2008 2436 BRAZ | 13702.5113 12771188 1970,1303 |- 51454328 12966633 | 11342323
709 | 2162 7567 | Z1BZ.75GT |  ZIBZ7567 | 21627567 | 1730.2004 7302054 | 25053081 | 2595308
2110 EG21 4342 BE21 4342 BE21 4342 G621 4342 GBAT 1474" =4 6857 1474 | 10345.7211 10345, 721"
2011 BaT4 a57F BHTE BST B4TA BET BT BaT T179.89656 TITREG56 | 10760 9404 | 076D S48«
202 0328 4758 O328 4798 0328 470A 9328 4708 T4E2 TRIA T4EZ TA3E | 11184 1757 | 11184175
2013 | 45559816 4655 DB16 &E55 9816 46559816 AT24.TE52 37247852 S5E7 TR 58T 1T




1.5 Upgrading of Capacity

The cumulative effecis of the resources development is the enhancement of

machine tools design and fabrication capacity which are shown in Tables 7.13 to 7.18.

Moreover the cumulative effects of machine tools design and fabrication capacity

development is the achievement of machine tool building capacity (Fig. 7.13.)  *

Table 7.13:Design and Fabrication Development Projection for five years

Year | MBulldD MBullsF

2007 02655 D.!.?H'I?H?T

20048 448060047 0 482078350

2005 0453 053

2008 0.6130&5309 061 SIZIBEEE'_

200 0.7e378TTaa 0, 7E37ET7 28

2011 0 914490148 0. 9144090148

2012 1 1 -

MBuildD — Machine building Design, MBuildF - Machine Fabrication

Table 7.14: Design and Fabrication Development Projection for Six years

Year | MBuildD M BuilfF

2007 02655 | (LITEITEZIS

2008 | DAITASO03% | (46551 1643 .
b 25 .53 0.53

2009 | D562ES1169 | 0562851169

2000 | O.6ERAI65I0 | (GERAIGSTY

2000 ] "OLRI4OTIRGE | OEI402 1868

2002 | 09319607218 | 049307218

2013 | |

| 30




Table 7.3: Projected Money for Seven Years Development (Millons)

Wridaney | IPOMoney | IEGFMoney | IEQDManey | IENFMoney | [ENDMoney | IRFMoney | IRDMoney
I15T.04B5 | 177631663 1655 687 0| 25539692 | 6702577 | 16BOB.AG3] | 14703 5661 :
SN BREZ | 1RO 1277 1184 15970, 1303 51454328 12966 833 1134?-3?3'?_:
F162 7567 | 2182 7567 2162 7567 2162 7667 | 17302054 17302054 | 25053081 | 25853087 |
BhZ) 4347 | 6214342 | 0621 4342 BG21.4342 | © G807 1474 | GBO7.1474 | 103457211 | 103467211
BGT4 G57 BG4 957 LR R T BaT4 GsT 166656 FIT89686 | 107690484 | 10765 9484
17| G26 4790 | 93GB4795 | G328 4708 | DIZBATOB | TABLTEI | TABLTBE | TI1GA 17T | T1IGA 76T
W13 | 46559616 | 46550616 | 46559816 | 46559816 | a724.7852 | o724.7052 | 55871779 | S507.1779
Table 7.4: Projected Money for Eight Years Development (Millons)
Yaars I IFFMoney t IPOMaoney I FEQFMamey | IEQDMonEy ! IENFManey | IENDMoney I IR I IROManey
:msl 236D, 2/04 1 13322 M97 | 1241 6902 | 0 ! 1515 4789 | 5007 6931 | 12807.1108 | 11027 878 |
HEg | 4TE 185 13917 475 1257 1545 1] 20010381 SEAG IR | 13TP0ERER | 195302842
2010 B20 4519 | 461335634 AZH BE05 6633037 1732 365 4365 652 JH148.7351 |
2010 | 44105013 | 44105013 | 44105913 | 44105013 | 3520473 35284731 | 5200 7om6 | 6202 7096
AT | B731.21978 | &T31.2178 BT ETTE GY31.2178 s B 5304 9742 BOTT 4613 BOTT 4813
2012 | B9963508 | 60063508 | 60063508 | GO063S0n | SSoToaTe | 55070879 | BIDSE3ME | BINSEND
2013 | 72615019 | 7ae15019 | 72615019 | 72615019 | s80R20i5 | 58002015 | E7i3e023 | 67136023
2014 | T526.644 T526.644 7526 B44 7626644 | BO021.3152 | 60212152 | @031.9728 | 90319728
2015 | 2398.7309 | 2398 705 Z198,7204 250 TA0G 16518, G847 1518 GoL7 28784771 FH78.4771
Table 7.5: Projected Money for Nine Years Development {_Mil!uns}
Years | IPFMoney | IPDMoney | [EQFMoney | IEQDMoney | IENFMoney | IENDMoney | IRFMoney | IRDMoney
J00E | 21080324 | 118421242 11037246 0 1702 6461 = ﬂlE.ElﬂE 11206.3287 QB02. 3787
3009 | 2200 1054 | T 05 1153 0262 i 17787005 36454718 | 11706.8971 | 102402348
090 | 13930064 | 7634 3786 730, 6625 ) 1126 9025 70439912 | 7475415 | GABB.25TD
2010 | 22552320 | 22662326 | 22662008 | 22052378 | VBDA 1862 1804 1862 | 27062790 | @I08.2793
011 | 50833047 | GOB3 3047 083, 3047 5003, 3047 ATHG G437 27866437 | 7179.9650 | 7179.0658
a2 | 62189865 | G216 0EGS B218.9665 B2189865 | 4075 1892 40751092 | 74627838 | 7462 7EI8
013 | BATABEED | 5454 5683 E454 6663 6454 GGE3 5163 7347 1637347 TTA5602 | 7745602
2074 | GES0IL0E | GG 3502 GO0, 3502 G680, 3502 G352 7802 |+ GIG22B02 | 00284202 | 60204202
2018 | T 6U26.032 6026 032 E026.032 BO26.032 | 5540 B256 SRA0AZ56 | B311.2384 | B311.2364 :
2016 | 15851417 | 15851417 1565 1417 1565 1417 1268 1133 12681133 1902 17 1902 17




Table 7.6: Projected Money for Ten Years Development (Millons)

Yaar | IPFMoney | IPDMoney IEQFMoney | IEQDMonay | IENFMonay | IEMOMoney | IRFMoney | IROMonoy ]
008 | 18554201 | 10657.9118 £03 3522 0| 15322895 | 40021545 | 100856950 | 8822 1408 '
- ]
soenpods | 1113300832 | 10077236 0| 96005305 | 41809243 | 105362074 | 92162114
0 | sesze321 | 104183008 71028 1407 9435 3912.212 | 98500345 | 86238761 |
1
010 | 5305459 530, 0453 5309450 5305459 424 7557 474 TH67 BI7.1351 | 8371351
| m%1 | saganvaz | s3ado7az | s3gag9vé2 | 53840742 | 4307.9704 | 43079704 B4 06T |  £451.550
|dp | sso7on7g | S507.0e79 | KAG7OATO | SSG7.0BTS | SA7TET0N | 44TTE703 | ETIG.SO54 | B716.5054
ooy | seoozois | smooross | seoudois | sepo2ois | searasi2 | asa7 3612 | 69710418 | GO710M1B
o | Rozi3isz | so213152 | BORIM52 | 60213957 | 4BI7OS21 | ASiTOe2 | yaanaTal | 7208 ETA2
S | ETII4HE | 62334238 | G2I3AZRR | F2334288 | A9BG 7431 | A9BATAM | 74501046 | 74RO 1148
HE | F4455425 | B445.5425 | 64455425 | B4455425 5156434 | 5156.434 TTMES1 | 7734651
17 | #o7 5659 807 5669 807 5650 P97 5669 718.0535 71B.0535 |  1077.0802 | 1077.0802
74 Upgrading of Resources
The development of each of resources based on the proposed year of development
of the svstem are also shown in Tables 7.7 w0 7.12.
Table 7.7: Resources Development Projection for Five Years
EpaliPD RealFEF RealFEL Heal(JEF RealQED RiealRD RealQRF Yeat
0.04 0 4843304 053 | 04416355 i} 0.192 0 1425858 2007
(a5 0 S1SB5E0E2 063 | GAO2T4052 | D ASETELESE 0425315801 0410322474 2008
053 053 053 0,53 ED) 053 [EE) 2009
0613085300 | 0613085300 | 0613085309 | 0613005300 061 0.613085309 0.613085308 2008
A5
LFBITHI TN GIEITRF TN | GPEATETEY | OOGIFRTTER | O FGITETTIE 0. FEIFETTH (L TEIFATTIE i) ]
CHILE0TAE | 0 0VAAD014E | 0914400148 | D.G14490148 | 0.914420148 0.914400148 0 014490148 2011
i 1 1 1 1 =3t 1 FATF)




Table 7.8: Resources Development Projection for Six Years

RealMFD

RaealFEF ResIFED RuabQEF RealQED RualIRT RoaQRF Yoar
T LR 0 4843304 053 O &4 1905 o3 LR L r n.lm_ 2007
o | 0321885856 | 0510601218 053 | 040250341 | 0432304382 | 0386429217 0. 365867028 008
1] 053 53 .53 o83 o533 a1 053 T00e
1369 | 0SERES1160 | 0562851160 | 0562851168 | 0562851169 | 0552851168 | 0562851169 0 567851160 2008
15 I:IEIBl]-E-E'Ii OEE3AAES1Y | OGEBL3LR1D OSARESGH19 OGARANGH1S LR NTEL ] 0 0EEL38519 2010
856 | 0E14121838 | 0814021858 | 0BIAO2IEEE | DEMADZIBEE | DA1M0Z1868 | 0814021868 0.B14021850 2011
m | nesesoraie | ossesorass | osiosorzin | osassoraie | oosssoraia | nolseorass 0 930607218 2012
i 1 1 i i i 1 i 013

Table 7.9: Resources Development Projection for Seven Years

' FeaalMPD RualFEF RealFED FeealQEF RealQED FealORD ReaIQRF Yoar
T r ] I:IEI-I'-I-_ O A4 35 na3 44109055 03 01683 0,1435008 fran i g
14 | 0321685856 | 0510801218 053 | oaoesoost | o43zs0dss | oapsecngi? [ 365867028 008
(L] 053 053 053 053 053 mal 053 2008
951960 | 0562651169 | 0.562851160 | 0562051180 | 0562851160 | 0562851180 | 0562851180 0562851169 2005
dsosats | o.easassss | osnsdssis | oessdissis | oessaiesis | ossadasmie | osassiesia 0888438510 2010
(pargese | 0E14021868 | 0.814021665 | 0614021858 | 0E14021388 | 0614021858 | 0814021888 0834021868 011
i"lmi’ﬂ‘l! LOYGEOF2IE. | DOISEITIE | OENEoT2 TN L EEaE0T218 0.53E0T218 O.5EaE0T21H0 0805507218 201Z
1 1 1 1 1 1 1 1 2013

™
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;Tllﬂa?d 0: Resources Development Projection for Eight Years -
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Table7.11: Resources Development Projection for Nine Years

RealMPF RazlMPD RealFEF ResiFED RaalQEF RealQED Real GRD IQRF ‘fear

§.4428572 0.04 0.434 2304 0.5 04419285 03 0152 01435008 2087
0476275478 022741057 DED 844275 G.E3 CaTETOTAL | 0 IAB20RG2Y | DE21615045 | 0291774818 2008
0,508684 152 0415821142 0518350188 = 0 EQQ4TEITE | D4TEA0GR4 | 045133684 | 04365554308 2005
051 041 B . 53 0.53 053 a3 _TEHS 2010
0582851165 0582851165 DLESZES1189 0.582851189 D EEZBS116R | 0.562B511649 | D.582E51168 | 0.562851168 2010
0646574735 0.645574725 | O E4B5747IS QE4BETATHS | DE4RETATIE | Q54657478 | DEAEET4TIS | 064857475 2011
0.730263302 0.7 30208302 0.TI0FE302 | O.TIRE8302 | O.7I0REA302 | 0.TI0RE8302 | 07306302 | 070268302 22
b B140Z 1684 081402 1828 0.81402 1858 0814027868 | 0814021888 | O AT4029868 | 0814021888 | 0814021584 2013
L BSTT45425 O.EETT45425 Q.87 745435 0,887 745435 0.807745435 | Q.BEYT74E435 | 0897745435 | D.BET7T45435 014
O BE1488001 0 B 142500 0.581458001 D.9B1465001 0.9B1489001 | D.OB1465001 | 09681462001 | 0881489001 2015

1

1

1

1

1

1

1

1

2018




Table 7.12: Resources Development Projection for Ten Years

AealMPF RealMFD RealFEF ) HFFE:D RaalQEF RealQED RaalQRD RealQRF ' ear
04428572 004 04843304 | - 0.53 0. 4498358 0.3 0.152 0.1435858 | 2007
0AT2H3I8ES 0.208118514 0500092851 053 D4TAAID2AG DITEIEIGIE 0. J8GETEE 0.2ZTEa58137 | 3008
0 S33010487 0.3782380Z8 0.515855382 0.53 0503 T 340532 0458765258 0425318801 0410322474 | 2009
.53 053 0.53 .53 .53 L.53 0.53 055 | 2010
0537734004 Q0837734059 D EATTIA060 0.537 734008 O.BITTAL08 0537734053 [L53TT3A000 LEITTIA050 | 20140
0.513085309 0.513085309 0613088308 0.E13085309 QB 3085309 0.1 I0BE30S QUETI0RST0S DE1I0E5I0G | 2041 |
0.6EB43EE10 0.6B84 36519 0 B854 36518 0.EH8436514 gﬁ-ﬂﬂﬂ-ﬁ-ﬂﬁm ¥ EB-‘H-*HE_EH_'EI O 5A8436514 [ E5843R518 | 2012
0.TEATETT2E 0.TE3TRTT2E 0.TB3ATETTZE D.TB37ETT 2B 0. 763TET728 D.TEITHT 728 0. FE3TETT28 O.TRITATYZE | 2015
0835138538 0. EIGTIBGIE 8307385938 O B301 36938 0.8381 36538 0.B301.385%38 J.8301358538 FAY913B838 | 2014
0914460148 0.8144901 48 0814490148 0514200148 08514450148 T H14400148 0.914450148 0314400148 | 2018
[.BB5E41357 0.508RL135T . 98BH41357 _';I_.'EEIE'&'HjE'? 0958841357 0. 550841357 D._Qlﬁ&ﬂﬁ-&? 1 SE-BH-H:E? 2018

1

]

1

1

1
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1.5 Upgrading of Capacity

The cumulative effects of the resources development is the enhancement of
maching tools design and fabrication capacity which are shown in Tables 7.13 to 7.18.

Moreover the cumulative elfects of machine tools design and fabrication capacity

development 15 the achievement of machine tool building capacity (Fig. 7.13.} %

Table 7.13:Design and Fabrication Development Projection for five years

Year m m

2007 02655 | 0378178225
7008 | 0448080047 | 0482078378
2004 053 053
200 06108530 D.G1I0B5305%
2010 | 0763767728 | 0.7637B772B
2011 | 09144590148 | 0914450148
2012 1 1

MBuildD — Machine building Design, MBuildF - Machine Fabrication

Table 7.14: Design and Fabrication Development Projection for Six years

: Year | MBuildD MBuildF
2007 02655 | GITRITEZLS
2008 | 0417650039 | 0463511643
2iW19 (r.53 i.53
2009 | 05628500160 | 05602851169
2000 | DGERLIAHTT | DGERALIG51Y
2001 (LET40ZIR6E | | (LE14021R68
2002 | D93G0T21E | 0039G07T21E
2013 1 1
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#7115 | Design and Fabrication Development Projection for Seven years

Yaar ME D MEsidF
2007 | D.265% 0378178225
2008 | 0417650038 | 0465511643
7009 | 053 053
2009 | 0562851169 {8 B520851 168
2010 | 0638436513 0 GBB436518
2011 | 0614021668 D.B14021568
i dE | DaleshT e 0A38607218
IR 1

7.16: Design and Fabrication Development Projection for Eight years

Yaar MEwddD MEBunldF
2007 0 55 O.3TEITE
008 0379613 0443678 )
2009 0493725 0509176
2010 0.53 0.53
2010 0554248 0 504248
2011 0 BEB437 0 688437
2012 0. TEIRDE D.7TR2E3G
2013 0 876815 0.876815
214 0971004 0971004
2015 1 |
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Table 7.17: Design and Fabrication Development Projection for Nine years

Year | MBu#dD MELKIF
2007 0. 2655 0376178225
2008 (- 16RIEAR50 ( AGA00503
2009 D AGA3EET 18 DAMEZZTER |
200 0.53 0.53
2010 D.56:2851168 0.562851 168
2011 0.G4EGT4TIS 0. 648574715
2012 0 TGN 0 730298302
2013 0214001 56D 0 A1402 1868
2014 0. BE7745435 0.BATT45435
2015 0 OB 1465001 0.541459001

| 2016 1 |

Table 7.18: Design and Fabrication Development Projection for Ten years

Yaar MB s MEuildF
2007 0 2855 03T Te2s
2008 0 256 TR0 0 4305TE2TE
2004 0 A4Ba0na T 0 ARXSTRIZG
2018 0.53 @.53
2010 03T TR0 0 53774059
2001 0 ETI0REH0S 0E13085309
2012 0 GBl4ES1R 0 GRB428519
a3 0. 763737728 0.7EITRITEE
. 2014 0838135035 0.835813E936
2075 8144901438 0.91449901 48
2016 [.BH9E4 1 357 . 982841357
2017 i 1
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Fig.7.13: Projection for Capacity Development
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1.6 Svstem Error Reduction

, A5 the sysfem develops with vear, the error in the system reduces gradually

until the error tends 1o zero. The reduction in error Tor the machine ool resources is

shown in Table 7.19 -7.24 . The comulative effects resulted to reduction in the machine

Wols building capacity errors (Fig.7.14).

Table 7.19: Resources Error Reduction Projection for Five Years

Year

ErealMPF | EnReslMPD | EnRessEF | ErflealFED | ErRealQEF | EnReslQED | EnReslQRD | EnRealQRF
FL C.0G7 1428 A 0.0456 65 i D.08804545 023 0.3348 0. 3854102
2 | 002EFA0543 | 0 i51TEDET2 | 0084144618 0 | 0027275008 | 0.OT1234742 | 0. 104684000 | 0119877525
L X .47 G447 047 04T 0.47 .47 047 .47

| We | 0MBGHI4EE | 0306914651 | 03889146910 | 0385014601 | 0.08E014681 | 0.3BG014601 | D.3BGI14681 | 1.3BEI14651
M0 | 0236212272 | 0 2IG12272 | 0236212272 | 0236212272 | 0236212272 | 0236212272 | 0.236212272 | 0.236212272
Wit | 008ss0A652 | 0 0BSS0GESE | O 085509857 | 0 0BSS0SASD | O 0BSS09852 | 0.085509852 | 00BS508652 | 0085500852

|z o o i o [ [ o o
Table 7.20: Resources Error Reduction Projection for Six Years
EnfesitiPF | ErrRealMPD | EmRepFEF | EnRealFED | ErReaiQEF | ErRealQED | ErRealQRD | EnReallRF
0.087 1423 LIE 0. (455696 o 0.0880645 023 0338 03864202
1PN 508G | 00134144 | O.0F800B7EZ 0| 003740659 | OLOGVESSEIE | 0143570063 | 0164150872

047 0.47 0.47 0.47 0.47 047 0.47 047
0aragaat | 0427148830 | 0437148831 | 04371486831 | 0437148831 | 0437140831 | 0 43714BR31 | G43T4EE3

031563481 | 0311563481 | 0311563481 | 0311563481 | 0311562481 | 0311563481 | 0.311563481 | 0311563481
0185975132 | 0185678132 | 0185078122 | 0185978132 | 0.185078132 | 0185678132 | 0185978132 | 0186978132
[OE03E2TE2 | 0.060392782 | D OS03827EL | 0.DS0382TEZ | 0060392742 | 0.060392782 | D.0603G2TES | O.0G009TE2

0 0 0 0 0 0 o 0

Table7.21: Resources Error Reduction Projection for Seven Years

ErFesMFF ErfReallP ErrRealFf EF ErfRealFED ErRealQEF EmReallED EﬂHEBﬂHD‘_JinﬂBHW

00a7 1428 49 0. 0 B oG 4] (. DEEG4 5 0.23 0.338 03864102 |
TOTOTS08G | 0208134144 | 0019398762 | O | 003740659 | 00B7GE5616 | 0 143570083 | D 164132872
047 047 047 D47 0.47 0.47 X 047 047
1ATT148E31 | C437148831 0437148831 | 0437148831 04571408851 0437146831 | 0437148831 | 437148834
DITTSE4EY | 0311563481 | 0311562481 | 0311563481 | 0311563481 |  .0.311563481 | 0 311563481 | 0311563481
| 01E3ETadl | DiBsars1ad 0.18587E132 | 0.1858TR132 0.185876132 0. 18557E132 | D1BSETE132 | 0 185976102

00E03SZ7A2 | 0 06036272 | 00G0IG27HZ | DOBCIGITES | 0060362787 |  0.060382787 | O 060392782 | 0060362782 |
0 v g 0 0 0 0 0 0

|34




Table7.22: Resources Error Reduction Projection for Eight Years
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Table7.23: Resources Error Reduction Projection for Nine Years

EmRaalFED

ErrHealllEF

ErrRealQED

ErRealllRD

EmRealRF

(.49

0. DASEEG

0
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0. 3864102
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1]
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Table 7.24: Resources Error Reduction Projection for Ten Years

ErriealPD ErResiFEF ErReslED ErmRealEF Erffleal GED EnfeaiiRly ErRealRF
LF] 0.a5 0. 04 556586 0 0.0BB0E45 023 0536 03864102
RE T 0320860486 | 0.025907109 ] 0.0576E9T 54 1508173 022154205 0253043863
i K] 0.15176e0ET2-] 00714144818 o 0.0F72T5008 0071234742 O 104GES05E 0.1 1867 325
LT 047 47 047 047 047 047 047
401 0 462265601 | 0452265001 {0 462265901 0 46XME5501 D482 255507 0. 462265801 [ 45265801
maET 0386214651 | O 286914651 1 388814891 (38651489 0. 3BE9T 4687 0. 365914581 0. 386914691
HaH1 311563481 | 0311563481 0311583481 031156354481 0311563481 0311562481 031 1563481
LR 0238212272 | 0238212272 0236212272 0.FIE212272 0.236212272 D.23e2122T2 DEIe212272
1062 O 180861062 | O 1ﬁl:l'!E1-ﬂ'Ei!'. 0. 180881 082 0. 160661062 0 160867062 0, 160861062 0 1B0EG1 062
52 0.0R5509852 | D.OBSS0SA5Z | 0.DASS09852 0.0RSS00A52 | 0 DAS509R52 0.085500852 0.0B5505852
DONDTSEEAT | D001 58548 | 0010150642 0010158643 | 0010158643 0.010158643 1010158843
U ] ] ] ] i ] ]
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Fig.7.14: P'rojection for Capacity Errors
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1.7 Performance Evaluation
The validity of the results and the sensitivity of the model was tested using

Benefit Cost Analysis (BCA), Analysis of Variance (ANOVA) and regression analysis.

7.7.1 Benefit Cost Analysis (BCA)

Benefit cost analysis in this case actually shows whether it is advaniageous to
use Jong-term lime or short-term time in actualizing the development of machine tools
system. Since the model was tested Tor live o ten years of actualizing the development,
benelit of spreading the development over six o ten vear was tested over five year.
Also the benefit of five vears project implementation was tested over other year to
know which one is preferable and adaptable.

Benelit cost of spreading the development over six (o len vears over [ive years
shown in Fig.7.15 and is obtainable from the ratio of the difference of the cost of
project  implementation for further years [rom five years to cost of project
implementation of five years. Also benefil cost of spreading the development for five
Vears over six to ten vears is obtainable as the ratio of difference of the cost of project
implementation of five year from further years to cost of project implementation of
the yearsiFig. 7.16). It is observed from the result that it 15 beneficial to spread the
development over long period. This action reduces financial stress.Generally, the total
cost of executing the development increases with years. 1t +i:1' therefore depend on the
practisionners to choose either to reduce time of execution of the project and spend

more or extends time of projeet execution and spend less,
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COST BENEFIT ANALYSIS OF OTHER YEARS OVER FIVE YEARS

08000
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Fig.7.15: Cost Analysis for Five- Year Project Plans

COS5T BENEFIT AMALYSIS OF FIVE YEARS OVER OTHER YEARS
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Fig.7.16: Cost Analysis Tor more than Five Years Project Plans
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1.7.2 Analysis of Variance (ANOVA)
I'his analysis ol variance shows whether the year of implementation of machine

ol development affects the distribution of fund 1o each resource, and the 1otal amount
of money for eagh resources development or not {Table, 7.251 1t is observed that there
18 :ii'gniﬁt:i.tm rdil'ﬁ.:rcncc in the distribution of fund with vear of dwel;:npmerit [or
particular years :Jl‘lt.[tw.'lnpmtnl. There is also a significant dilference in the total fund
reguired o develop each resource lrom one year (o the other. This means that the mode|
18 very sensitive to change of years and fund.
1.7.3 Regression Analvsis

Table 7.26 shows the summary of results of regression analysis, It was discovered
that the cocflicient of determinantion is very high with average value of %% which
shows that 96% of what is happening can be explained by the model. The detailed

regression analysis and analysis of variance table are shown in Appendix I'V
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Table 7.25: Summary of Analysis of Variance

ANOVA
Sum of
N _ Squares df Mean Square F 5ig
L3 Belwesn Groups | 113235487 .17 4 | 28306871.79 7186 001
Within Groups 88400365345 25 | 3939615.414 .
Total 211725872 .51 29
IFD Between Groups | 278657413.13 4 | 6966435328 8411 ‘001
Within Groups 27165801422 25 | 1086632057
Tatal 250315427 34 28
IEQF Between Groups | 18590451801 4 | 46476129.75 10.521 000
Wilhin Groups 110433347 22 25 | 4417333 889
Tolal 206337866.23 23
[EQD  Between Groups | 28678176581 4 | 71695441.45 14,122 000
X Within Groups 126921654 54 25 | 5076866 182
Total® 413703420.36 29
IENF  Between Groups | 7156B189.987 4 | 17882047.50 7.113 001
Within Groups G2B24942 104 25 | 2515307 688
Total 134453132 18 23
IEND Between Groups | BOBE728 624 22716082 156 826 465
Wilhin Groups B1362651,336 25 | 2454506053
Total 70449379 960 29
IRF Between Groups | 693397687.03 4 | 1733494218 B61 625
Within Groups 6553088636.2 25 | 2E21235456.5
Total 7246486325 2 29
KD Between Groups | TTEE3656.439 4 | 1941591411 2855 018
Within Groups 132805864 95 25 | 5312234 598
Total 210469521.30 29

140




[able 7.26: Summary for Regression Analysis of the Model

I . Sid Error CoelTicient
squarcd | Estimate
Constant (a) | Weight (b)
0.9%0 | 0.960 I58.483569 | 5451.688 | -370.705
| ;

0.804 | (1800 1016.4689 | 10847.686 | -970.516

0999 | 0997 177.255% | 13380580 | -16119.344
W | 09%0 | 0ueD | 452506 I5488.415 | -1053.184
2072 [ 051 (3, 300 1277.8639 | 10103.021 | -402.882
IFD, '
008 [ 0980 0960 | 8911508 | 30654.588 | -2084.458
W0 | 0833|0779 IOERL0932 | 21595.480 | -987.808
0100|0354 (0430 | 1932.566 | 7381420 | -672.868
000 | 0980|0960 | 4502546 | 15488.415 {-1053.184
2012|0557 | 0303 1277.8639 | 10103.021 | -4023882
IEQF
2008 (0980 (0960 | B9LI508 | 2857.106 | -194.278
2000 |[0K33 | 0570 1099.0032 | 9225666 | -030.069
26 H) 0.354 | 0975 1432.566 19512.917 | -930.069
0L FO9B0 | 0.960 4502546 | 15488415 | -1053.184
2002 | 0557 | 0333 1277.8630 | 10103.021 | -402.882

141




1EQD

2008 0.980 | 0.960 101.065 3647821 -201.345
008 | 0811 | 0657 1460373 | 8523.087 | -966.796
010 | 099% | 0.993 367.281 20759.829 | -2026.962
201 | 0980 | 0.960 450,250 |5488.415 | -1053.184
W2 | 0557 0333 1277.864 10103.021 | -402.882
IENF
008 | 0.980 | 0.968 128.1277 | 4407.4%0 | -299.701
009 | 0895 | 0.801 B09.3065 | 8698.0000 | -776.458
010 {0999 | 0997 141.652931 | 14684.319 | -1292.026
2011 | 0.980 | 0960 | 3602067 | 12390733 | -842.547
012 |0.133 | 0018 286875.86 | 249328.572 | -I8415.763
IEND m
2008 0.980 | 0.960 334.6372 11511109 | -782.734
2009 | 0988 | 0975 259.6421 11727.286 | -781.327
2010 | 0.967 - | 0.934 421.6375 11584132 | 2760.895
| 2011 0980 | 0.960 360,2067 12390.733 | -842.547
2012 0034 | 0018 288707.692 | 250901.20 | -18597.239
]
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! Jable 7.Cont.

CoefTicient
| Year R R.Square | Std. Error | Constant (a) | Weight (b)
IRD . :
2008 (0,983 0.967 5048708 21733.608 -1305.317
2009 0.954 0.919 650.7460 19938458 -1049.473
2010 01.633 0,401 612.9741 11275.949 -239. 536
2011 0,983 0.967 360,845 25929.252 056,108
22 (1LUES 0507 3R4.37014 16543313 =GR TH0Y
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CHAPTER EIGHT

CONCLUSIONS AND RECOMMENDATIONS
Ihe following conclusions and recommendations could be drawn from this

research on machine tools building capacily development.

.1 Cenclusions

The ided ol developing appropriate technology capacity [or machine tools
buitding taking i consideration (he needs, resources, environmental factor and
hfestvles ol the people therelore becomes very important . The rescarch work has
eslnhlished rd:ll:"v'unl crileria fu_uud uselul in the developmenl of capital poods sectors,
imcluding machine tools industry,  These relevant criterin were crilical poarameters
which formed the bedrock of developed model. The conclusions that were drawn from
the implementation of the model with the data on relevant parameters obtained from the
machine 1ools and other allied industries are as follows:

(i) The existing level of development of machine tools industry was not
adeguate, A colossal sum of money is regquired 1o meet a sustainable level of
operations, 11 was also established that there 15 immediale cost benelit in
spreading the development of the system over the years. Based on this
putcome,  fnancial  stress 18 minimized, effective moniloring  and
management 15 achieved as well.

(it)  Financial cumulative effect did not favour long term period of development
based on varation in the value of money with year, hence short term
planning is sdvisable. Howewver, the choice ol which one 1o adopt in cither
of the two (long- and short-terms) in the development of machine ool
depends on the available fund.

(iti)  Resources that had shortfall or surplus in their “capacily levels were
estabhished and identificd. This gave a clue to what the industry have to put
in place o make organization work well 1o the acceplable  standard,
EfTective and ellicient otilization of availlable resoorces amd imfrastroetone

was enhanced in the machine tool industry depending on available funds.
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{iv) The model developed is a strong analylical concept of system analysis,
dynamic programming and control theory, The resulling alporithm and
software make the model amenable for practical application to planning of
the machine tools sector of the Nigeria cconomy.

(v The model developed is user-lriendly and very Nlexable. It can be used for
other branches of capital goods to yield an articulated, coherent and strong
industrial base, ‘

fvi}  The software CAMTCAD-2008  developed  has  quickened  the
implementation of the model in machine tools industry, The CAMTCAD-
2008 runs on Core 2 duo, 2.00GHZ, 400GB hardisk, 3GB Ram. Computer
system took 5 minute to complete a single run. Manual computation could
he very lircsome and as well cumbersome and can Yake several hours for o

resilient mathematician to compute.

42 Recommendations

[t is important that a meaninglul, concrete and result ~oriented strategic model
currently developed be emploved by the Government and privale inveslors to penerate
and sustain the technological take-off of cifective machine tool building of the nation.

More attention should be paid to the development of m:hn'ulug}'. MANPOWET,
equipment, raw materials and energy availability for machine tools development since
the machine tool development cannot succeed in the absence of careful consideration of
all these factors, Migerian Content development stralegy for machine tools sector
should be put in place as it was dene for oil and gas, in order to sustain indigenous
lechnology development for machine tools,

Private or public investor, as the case may be, should make available enough
[unds as pr-t:dii.:li.‘d by the model and follow the distribution patlern of funds to all the
machine tools building resources for the achievement of sustainable development in
machine lools ndustry,

The developed model is uselul w0 investors in machine tools imdustry lor
effective planning and development of all the resources that are responsible for the

industry’s capacity development. The developed model is also uselul lor technological
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forecasting that is of help in managing, ﬁmmi.ng and upprading of machine tools
‘gapaeily in Nigeria.
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ATPENIMCES
Appendix 1: Coding of Software

“I'his Scction Displays the various Graphs
Trvite Sub allocatedmoch Click()
Latl Clesemywndow ]

sl CADORject ~ GetObject{ App.Path & "Book7.x15")

CADObject. Application. Visible = True
CADObjeet. Parent. Windows(1). Visible = True

Ll Sub

! Private Sub allocatedmoney Click()
Call Closemywnidow]

Sel CADObecr GetObject{ App.Path & "Books x1s™)

CADObject Application. Visible = Truc
CADOhect, Parent, Wmdows( 1) Visible = Trie

Ind Sub p i

Private Sub capbuild Click()
FleResourcesCap. Show
Fnd Suhb

Ihm CADObjeet As Object 'Excel. Workbook

Private Sub errred Clicki)
Call Closemywndow |

Set CADObject = GetObject{ App.Path & "Book2.x1s")
CADObject. Apphication. Visible = True
CADROBje, Parent. Windows( 1).Visible = True

il Suls

Privitte Sub lab Chick()
Call Closemywndow |

Set CADObject = GetObject{App.Path & "\Book6.x1s")

CADObject. Application. Visible = True
CADORjeet. Parent. Windows{ 1), Visible = True
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T Sub

Privide Sub levelimp Click()
Call Closemywndow |

el CALROBject = GetObjecti App.Path & "Book3.xls™)
CADObjeet Application. Visible = True
CADObject. Parent. Windows(1). Visible = True

Endd b'r_l.lh

Private Sub machinetoobiuld Click()
Call Closemywndow |

Set CADODject = GetObject{ App.Path & "\Book5.x1s")
CADROhject Application. Visible = True
CADOGbject. Parcol. Windows{ 1) Visible = True

Fnd =uh

Private Sub mhgihgh] Click()
Call Closemywndow ]

Set CADObjeet  OetObjeet{ App. Path & "\Book4. xls")
CATIOhject. Application. Visible = True
CADObeet. Parent. Windows( | ). Visible = True

End Sub

Privale Sub mnuexit Click()

Call Closemywndow | '
Fnet
lind Sub

Private Sub munarradollar Click()
DollarMarral-guivalent. Show
Pl Suh

Private Sub Resdev Click()
Call Closemywndowl

el CADObjeel = GetObject{ App.Path & "\Book1.x15")
CADObject. Application. Visible = True
CADObject Parent Windows( 1). Visible = True

Fnd Sub
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Hublic Sub Closemywndow1()

et CADObect = GelObject{ App.Path & "Book 1xls")
LADOhject. Agplication, Visible = False

CADOBjeet. Close (True)

Set CADOeet = GetObjeet{ App. Path & "\Book2.x15")
CADObject Application. Visible = False
CADObjeet Close (Truc)

set E'a‘l.]]f.'..lhj::vm = GetObject{ App.Path & "\Book3.xIs™)
CADObject. Application. Visible = False
CADObject.Close (Truc)

sel CADORject - GelObject{ App. Path & ™Book4.x1s")
CADObject. Application. Visible = False
CADOhject. Close (True)

wet CADObjewt - GetObjeet{ App.Path & ™Book5.x1s")
CADChject Application. Visible = False
CADChjeet.Close (True)

Set CADObjeet = GetObject{App.Path & "Book6.xls")
CADObjcct. Application. Visible = False
CADRObeet. Close (True)

5et CADObject = GelObjee App.Path & "Book?.x1s")
CADObjcel. Application. Visible - False
CADObjecl.Close (True)

sel CADObject - GetObjeet App.Path & "Book®.x15")
CADObject. Application. Visible = False

CADRObjeat Close { True)

[ind Sub

|1|'i'|r'i.l|.'|.." Sub toolfab Chek()

Call Closemywndow ]

sel CADOReet  GetObjecti App.Path & "Book7.x1s")
CADOjcct. Application, Visible = True
CADObjeck Parent. Windows{ | ). Visible = Truge

I:nd Sub

Private Sub emdelose Click()
Linload Me

Fnd Sub
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‘Computation of -actual machine teol capacily level stars here
- Prvate Sub emdsave Clicki)

sel myrecordsetl = mydatabase. OpenRecordset] " ActualMachCaplewvel ™)
With myrecordset]

I, RecordCount = O Then

At
IElse
Al Mew

End 1T

Sp

TAFabNPE = Val{ AFabNPLE) TAFabNPX = Vall AFabNPX): IAFabNPL =
Vall AFabNPT) '

'AFAbNPEX = Val{ AFabNPEX): 'AFabNPET = Val{AFabNPET): | AFabNPXT
Vali AFabNPXT)

'"AFabNPEXT = Val{ AFabNPEXT)

ADepNPL = Vall ADepNPE): |ADegNPX = VallADegNPX): !ADCcpNPT =
Vall AlepNPT) i

TADepNPEX = Val{ ADegNPEX): 'ADepNPET = Vall ADegNPET): 'ADeceNPXT =
Val{ ADeeNPXT)

IADepNPEXT = Val{ ADegNPEXT):

IAFablFEQ = Vall AFabFLEQ): 'AFabNIEQ = Val{AFabNIFEQ)

IADegFEQ = Val( ADepFEQ): 1ADegNFEQ = Vall ADegNFEQ)

IAFabQEN = Val{l AFabQEN): |AFGbNQEN = Val{ AFabNQEN)

PADepQEN - Val{ADepQEN): TADegNQEN = Val{ADegNQEN)

PAFabORM — VallAFabQRM): 1AFabNQRM = Vall AFabNQRM)

TADCEORM - Val{ ADegQRM): 1ADegNQRM = Val{ ADegNQRM)

'FMPFab = Val{ FMPFab): IFMPDeg = Val(FMPDeg)

'FEQFab = Val{FEQFab); IFEQDeg = Val{FEQDeg)

FENFab = Val{FOQENFab): |FENDeg = Val(FENDeg)

IFRMFab = Val(FRMFab): !FRMDeg = Val(FRMDeg)

LUpdate .

Call MsgBox{"Updated Suceesstully”, vbOKOnly + vhinformation, App. Title)
Lol Whith
[:nd Sub

‘displays the machine butlding resource level form here
Private Sub Command]_ Click()

Unload Me

MuchimeBuildingResLevel Show

Eng Sub

Dhsplays the Elemental Resources Capacity level here
Private Sub Command2 Click()

Unload Me

FleResoureesCaplevel Show

I:ne Sub



‘Tamputes the elemental resources capacity level

Private Sub Form Load()

MeTap — 0

Call Initalise

Ssel myrecordset] - mydatabase. OpenRecordset{"EleResourcesCap”)

Sel myrecordset | = mydatabase. OpenRecordset( " EleResourcesCaplLevel Table™)
CWith myrecordset |

Il BecordCount =0 Then

AFabNPE = |LTabNPLE * !'WFabTNE: AFabNPX = ILFabNPX * 'WEFabTNP:
AFABNPT = ILFabNPT * |WEFabTNP

AFsbNPEX = ILFabNPEX * IWFabTNP: AFabNPET = ILFabNPET * 'WFabTNP:
AFabNPXT = 1LFabNPXT * 'WFabTNP i

AFabNPLEXT — 'LFabNPEXT * myrecordset] /W Eab TN

FMPFab = (Val{ AFabNPE) + Val{ AFabNPX) + Val{ AFabNPT) + Val{ AFabNI'EX)

VallAFabNPET) | Val{ AFabNPXT) & Val{AFabNPEXT)) -
fmyrecordsel | LEFabNI'E + myrecordsct 1 1LEabNPX + myrecordset ] ' LFabNIPPT +
myrecordset] ' LEFabNPEX | myrecordset 1 'LFabNPET + myrecordset ' LEabNPXT |
myrecordset ] | LEabNPEXT)
L slop . '

Al¥eeNPE = LDepNPLE * myrecordset 1! WDeg TNP: ADepNPX = [LDegNI'X *
myrecordsel HWDeg TNP: ADegNPT = ILDegNPT * myrecordsel | "W Deg TNP

ADcgNPEX = 1LDepNPEX * myrecordset H'WDep TNP: ADepNPET = |LDegNPET
*myrecondsel] 'WDReg TNP: ADegNPXT = 1LDegNPXT * myrecordset 1 'WDeg TNP

ADepNPEXT = 1LDegNPEXT * myrecordsel ] 'WDeg TNP

FMPDeg = (VallADegNPE) + Val{ ADegNPX) + Val{ ADegNPT) +
ValiADegNPEX) + Val{ADegNPET) + Val{ ADegNPXT) + Val{ ADcgNIPEXT)) -
imyrecordset 1 ' LDegNPE + myrecordset 1 1L DepgNPX + myrccordset | T LDepNPT +
myrecordset ! LDegNPEX + myrecordset] 1L DegNPET 4+ myrecordset 1 LDegNPXT 1
myrecordset | LDegNPEXT)

AFabFEQ = |LFabFEQ * myrecordset | 'WFabTEQ: AFabNFEQ = ILFabNFEQ *
myreeordset | 'WFabTEQ

FEQEFab - (Val{ AFablFEQ) + Val(AFabNFEQ)) - (myrecordset 1! LFabl EC) -
myrecordset ] L abNFEQ)

ADepFLQ = 1LDepFEQ * myrecordset] 'WDeg TEQ: ADegNFEQ = ILDegNFEQ *
myreeondsct ] PW Deg THEQ

FEQDep = (Val{ADegFEQ) + VallADegNFEQ)) - imyrecordset 1 LDegl 130} -
myrecordsel] 'LDegNFEQ)

AFabQEN = ILFabQEN * myrecordsel ] 'WFabTEMN: .ﬁu.l"uhNQFN 'LFabNQEN *
myrecordset | V'WEFabTEM

FENFab = {VallAFabQEN) + Val{AFabNQEN)) - {mymmrtlsﬂl ILFabQEN -
myrecordsel ! LFabNOQIEN)
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ADegQEN = HLDepQEN * myrecordset | 'WDep TEN: ADegNQEN = LDegNQEN
fmyrecordset] 'WDeg TEN '

FENDeg = (VallADegQEN) + VallADegNQEN)) - (myrecordset | | LDepQEN -
myrecordset | L DegNOEN)

APabOQRM = 'LFabQRM * myrecordsct ] 'WTFabTRM: AFabNORM = 'LFabNQRM
*myrecordset 1 'WFabTRM
FEMEFab -~ (VMal{AFabOQRM) + Vall AFabNORMY)) - (myrecordset 1 'LFabQRM -

myrecordset ]! LFahNQRM)

AldegQRM = 1LDegQRM * myrecordset] 'WDeg TRM: ADegNQRM
= | LDepNQRM * myrecordset] !'WDegTRM

FRMDeg = (Val{ADegQRM) + Val{ ADegNOQRM)) - (myrecordset |1 LDegQRM -
myrecondset | 1L.DegNQRM)

Fnd IF
End With

Fret Sub

Private Sub Command ] Click()
Unlond Me
nd Sub

Private Sub DBGAd]D AfterColEdit{ByVal Collndex As Integer)
If {KevCode = 13) And (DBGrid1.Col = 1) Then
kk = DBGRd], Columns{ DBGrid1.Col)

Lnd IT
'DRGridl. Columns{ DBGrd] .Col + 1) = vy

'Call FindTotals
Fnd Sub

Privale Sub DBGd]l KeyDown{KeyCode As Integer, Shilt As Integer)
On Error Go'T'o handlor

IF{KeyCode = 13) And (DBGnd1.Col= 1) Then
kk = DBGridl . Columns{ DRGrid1.Col).
TRGrd] Columns{DBGRd] .Col £ 1) = vy

lind [

hindler;

I B Wumber = 11 Then

Fndd IT

End Sub

Public Sub FindTotals{)

O Brror Resume Next



i L]
sumenll -~ O
sumen]2 = 4
Forl=0ToY
DRG] Row = |
sumeoll = sumeoll + Val(DBGrid . Columns( 1))
sumeol2 = sumeol2 + ValiDBGrid L.Columns(2))
Mext
i1 Totall = sumeol
Txtbotal2 = sumcol?
I'mil Sub

Private Sub Form Activate()
‘Call Fimd Totals
[l Sub

N }pr_'i:l.:i the databise Tor inlormation storge

Private Sub Form Load()

Me Top = 1)

Data | DatabaseName = App.Path + "MachineToolsCapacitvBuildingDbase mdb”
Dutal RecordSource = "select ® from DollarNairarates”

Lnd Sub

Computation ol elemental resources capacity level starls here
Private Sub emdelose Click()
Unload Mc
[nd Suby
Private Sub emdsave Click()
Set myrecordset ] = mydatabase OpenRecordsel("EleResourcesCap" )
msp MspBox("Have You confirmed all your inputs and are they in order {Y/N)",
vh¥esNo | vbQuestion, App. Title)
'msz = vbYes Then
With myrecordset|
11" RecordCount = () Then
Bl
HE
vk New '
Fnd 11 s
MFahMNPE - ValiFabNPE)Y; 1FabNPX = Val(FabNPX): [FabNIFT = Val(FabNP'T)
FabNPEX = Vul{FabNPEX): IFabNPET = Val{ FabNPETY): IFabNPXT -
ValllFabNPXTY
WabNPEXT = Val{lFabNPEXTY; 1FabTNF = Val(FabTNP): HFabTNP =
Val( IFab TN
DephPE = Val{ DegNPE): 1DegNPX = Val{DepgNPX): |DegNPT = Val{ DegNPT)
DegNPEX = Val(DegNPEX)! 1DegNPET = Val{DegNPET): 'DepNPXT
Vall DepNPXT)
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CDegNPEXT = Val(DegNPEXTY: [DegTNE = Val{Deg TNFP): HDepTNE =
(DB TN
CFabFEQ - Val(FabFEQ): IFabNFEQ = Val(FabNFEQ): [FabTEQ
uliFabTEQ): HFabTEQ = Val(IFabTEQ)
DegFEQ ~ Val(DepFEQ): 1DegNFEQ = Val(DegNFEQ): 1DegTEQ
AlDepTEQY: HDepTEQ = Val{IDegTEQ)
FahQEN — Val{FabQEN): 1FabNOQEN = Val(FabNQEN): FabTEN =
ValiFab TEN): HFabTEN = ValiIFabTEN)
DeplEN - Val{DegQEN): IDegNQEN = Val(DegMNOEN): 'DegTEN
Wl Deg TEN): NDegTEN = Val{1DegTEN)
~ FabQRM - Val(FabQRM): FabNQRM = Val(FabNQRM): 1FabTRM =
Vol FabTRM): HFabTRM = Val{IFabTRM)

DegQRM = ValiDegQRM): 1DepNOQRM = Val{DegNOQRM): 1DegTRM =
ValiDeg TRM): HDegTRM = Val{IDegTRM)

Update -

Call MsgBoxi"Updated Successfully™, vbOKOnly + vhlnformation, App. Title)
Tad With
Fnd 11
tnd Sub :

Pevale Sub Command! Chck()
Unload Me
EleResourcesCaplevel Show
fnd Sub

Provate Sub DegPEQ Changel)
Call AddDeglig -
End Sub

Private Sub DepNFEQ Change()
Call AddDegl:qg i H
End Sub

Privade Sub DepMNPPE Chanpe()
Call Adlddeg

Fnd Sub

Private Sub DegNPET Change()

Call Adddeg . '
I'nd Sub

Private Sub DeegNPEX Change()
Call Adddeg '
el Sub

Private Sub DegNPEXT Change()
Call Adddep
Lnd Sub

1al



rivate Sub DegNIFT Changet)

Privite Sub PegNPX Change()
Lall Adddeg
Lisd Sub

Private Sub DegNPXT Changpe()
Call Addcdes
[nd Sub

Privite Sub DegNOQEN Change()
Call AddDegTEN
End Sub

Private Sub DEENORM Change()
Call AddDeg TRM
Emnil-Sub

Privite Sub DegQEN Chanpge()
Call AddDegTEN
End Sub

Private Sub DegQRM Changer()
Call AddDegTRM
il Sub

rvate Sub FabFEQ Changed)
Cull Addlahly
Il Sub

Private Sub FabNFEQ Change()
Call AddlabEg
Iined Sub

Private Sub FabNPE Change()
Call Addbab
lind Sub

Privale Suh I":.thi’li'I'_;{Timl:lgu{}
Call Adddioh
il Suh

Private Sub FabNPEX Change()
Call Addiab
I Sub
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nvate Sub FabNPEXT Change()
all Add b

el Sub

vt Sub FabNPT Changel)

Al Adld b

wd Sub

Privite Sub FabNPX Changel)
Call Addfab
End Sub

Frivate Sub FabNPXT Changel) :
Call Addiub
Lnd Sub

Private Sub FabNQEN Change()
Cull AddfubTEN \ .
Lnel Sub

Private Sub I"al';Nl'JEEM Change()
Call Adld1ab TIRM
[ind Sub

Private Sub FabQEN_Change()
Call AddiabTEN
End Sub

Prvate Sub FabQRM  Change()
Call AddfabTRM
[nd Sub

Frivale Sub Form Load()

MeTop =10

Call Inftialise

set myrecordset] = mydatabase. OpenRecordsel (" EleR esourcesCap™)

With myreeordset |
I RecordCount = 0 Then
FabNPE= [FabNPE: FabNPX = IFabNPX: FabNPT = 1FabNPT
FabNPEX ~ FabNPEX: FabNPET = [FabNPET: FabNPXT = [FabNPXT
FabNPEXT = IFabNPEXT, FabTNP = [FabTNP: IFabTNP = HFabTNP
DepgNPLE = 1DegNPE: DegNPX = |DegNPX: DegNPT = DegNPT
PegNPEX = !DegNPEX: DegNPET = !DegNPET: DegNPXT = |DegNPXT
DepgNPEXT = 1DegNPEXT: DegTNP = IDegTNP: IDegTNP = HDepTNP
FabPFLEQ = 'FabFEQ: FabNFEQ = FabNFEQ: FabTEQ = 'FabTEQ: IFabTEQ
A TED \
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DeglEQ  DeplFEQ: DegNIEQ = 1DegNFEQ: DegTEQ = HeeTEQ: 1DepTEQ
HDep 10y« |
FabQEN ~ 'FabQEN: FabNQEN = 'TFabNQEN: FabTEN = FabTEN: IFabTEN
=|lFab TN
DegQEN = 1DeeQEN: DepNQEN = 'DegMNQEN: DepTEN = 1DepTEN: 1DeeTEN
= UDeg I'EMN
FabQRM  FabQRM: FabNQRM = IFabNORM: FabTRM = !FabTRM: 1FabTREM
HEal TN :
DegQRM — 1DegQORM: DegNORM - 1DepNORM: DegTRM -~ 1DegTRM:
[Dep TRM | IDep TRM
knd If
Frel With

Fnd Sub

Fubdic Sub Addlab)
Fab TN = ValfFabNIP'E) + VallFabNPX) o Val(FabNPT) 4 Val{FabNPEX)
Val{FabNPET) + Val{llabNPXT) + Val{FabNPEXT)
End Suh
Public Sub Adddeg()
Do INP -~ Val(DegNPE) 1+ ValiDegNPX) + ValiDegNPT) + Val{DegNPEX) 4
VallDegNPET) + Val(DepMPXT) + Val{DegNPEXT)
End Sub
Publre Sub AddlabEg()
FabTEQ = Val{FabFEQ) + Val{ FabNFEQ) .
End Sub
Public Sub AddDeglgl)
DegTEQ -~ ValiDegFEQ) + ValiDegNFEQ)
I'nd Sub
Public Sub AddiahTEND
FabTEN = Val(FabQUEN) + Val{FabNQEN)
I'nd Sub
Public Sub AddDeg TEN()
Deg '™ - Val{PDegQEN]} + Val{DegNQEN)
Frul Sub .
Public Sub Addfab TRM()
Fub'TRM - VuliFabQRM) + Val(l dh“ﬂfjllh-'l]n
It Sub
Public Sub AddDeg TRM)
mlop ! |
DegTRM - Vall DegQRM) 4 Val{DepgNCGRM)
Ld Sub

Privane Sub cmdelose Click()

Unload Me
Fnd Sub
Private Sub emdsave Click()
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Set myyrecordset
With myvrecordset |
I Record Count =0 Then

mydatabase. OpenRecordsel{"FleResourcesCaplLevel Table")

Fdit - '
|

AddMew
Lol [ . ; .
ILFabNPL: = Vall LEabNPE): 1LEabNPX = Val(LFabNPX): LFabNPT !

Val(l.FabNPT)

LFabNIPEX -~ Val(LFabNPEX): |LFabNPET = Val{ LFabNPET): LFabNPXT =
Valt LFabNPXsl") ;
ILFabNPEXT = Val(LFabNPEXT): |LFabTNP = Val{LFabTNP}): 'LIFabTNP =
Vali LIFabTNP)
I'WEab'TNP = WEFabTKP
"L.DeeNPE = Vall LDegNPE): 'LDegNPX = Val{LDegNPX): |LDegNPT =
Vall .DegNIPT) )
HDepNPEX = Val(LDegNPEX): ILDepNPET = VallLDegNPETY: [LDegNPXT =
Val{ LDegNPXT)
ILDepNPEXT = Vall LDepgNPEXT)E '1LDepTNP = Val{ LDeg TNP): 'LIDegTNP =
Val(LIDepgTNP)
'Wieg NP = WDeg TNP
'LFabFEQ = Vall LFabFEQ): |LFabNFEQ = Val{ LFabNFEQY): 'LFabTEQ =
Vall LEab TEQ)Y: LIFabTEQ = Val(LIFahTEQ)
"WEabTEQ = WEabTEQ
"DepFEQ = Vall LDepFEQ) 1LDegNFEQ = Val{ LDegNFEQ): |LDegTEQ =
Valil.DegTEQ): LIDegTEQ = Val{LIDegTECQ)
"W TEQ = WDepTEQ
ILEabQEN = Val{ LFabQEN) [LFabNQEN = Val{LFabNQEN): 'LFabTEN =
Val(LFabTENY: !LIFabTEN = Val(LIFabTEN)
"WEabTEN = WFabTEN
'LDepQEN = Val{ LDegQEN): 'LDegNQEN = Val{[.DegNQEN): |LDegTEN =
Vall LDeg TENY: 1LIDepTEN = Val{ LIDepTEN) )
I'WDeETEN = WDegTEN .
ILFabQRM = Vall LFabQRM): LFabNQRM = Val{ LEahNQRM): 'LFabTRM =
Val( LFabTRM): 'LIFabTRM = Val{LFabTRM)
"WEFabTRM = WFabTRM
LDepQRM = Vall LDepQRM): | LDegNOQRM = Val{ LDegNORM): 'LDepTRM =
Val{LDeg TRM): 'LIDeg TRM = Val{L.IDegTRM)
"WDep TRM -~ WDepTRM

LIpddinte

Call MspBox("Updated Successfully®, vbOKOnly + vhlnformation, App. Title)
lind With - :
Ll Sub

Private Sub Command ] Click()
Linload Me

ActualMachBuildCapLevel Show
Frcl Sub
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Privale Sub Command2 Click()

Unload Me 4
EleResourcesCap. Show

sl Sub

Private Sub Form  Load{ )
Me Top =10 s
Call Inntialise
Sel myrecordset] = mydatabase. OpenRecondset( " EleResourcesCap™)
With myrecordset |
If .RecortCount = () Then
LFabNPE = 1FabNPE / FabTNP: LFabNPX = 1FabNPX / 'FabTNP: LFabNPT
= 1FabNPT / 'FabTNP
LFabNPEX = 'FabNPEX / 'FabTMNP: LFabNPET = 'FabNPET / \FabTNI:
LEabNPXT = 'FabNPXT / IFabTNP
LEabNPEXT = "FabNPEXT / IFabTNP
WEFabTNP = 1Fab’TNE / IFabTNP

LDepNPE= 1DeghPE / !l]pg’l’Ni’: LDegNPX = 1DegNPX S 1Deg TN LDepgNPT

DepNPT / MegTNP

LDegNPEX = 'DegNPEX / 1DegTNP: LDegNPET = 1DepMPET / /DegTNP,
LDegNPXT = 'DegNPXT / IDeg TNP

LDegNPEXT = DegNPEXT / 1DegTNP

WDepTNP = 1DegTNP /1 IDegTNP

L.EabFLQ — 'FablEQ / (FabTEQ: LFabNFEQ = 1FabNFEQ / [FabTEQ
WIEAbTEQ = FabTEQ ¢ HEabTEQ
LDeglFEQ) = 'DegFEQ  1DegTEQ: LDegNFEQ = !DegNFEQ / 1Deg TEQ
WDepTEQ =1DegTEQ / DegTEQ
LFabQEN = IFabQEN / [FabTEN: LFabNQEN = IFabNQEN / IFabTEN
*WEHabTEN = 1WFab TEN / 1FabTEN
LDegQEN = [DegQEN / 1DegTEN; LDegNOQEN = 1DegNQEN / 1DegTEN
WDegTEN = 'DegTEN / lIDegTEN
LFabQRM = 'FabQRM / IFabTRM: LFabNQRM = FabNQRM / 'FabTRM
WEabTRM = [FahTRM / 1 [FabTRM
LDepORM = DegQRM ¢ 1DegTRM: LDegNOQRM = 1DegNQRM / [DegTRM
WDepTREM = 'DegTRM /M HDep TRM
Ll I
el With

End Suly

Privale Sub emdclose Click()
Llnload Me

End Sub

‘Computation of Machine Building Resources Level starls here
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Private Sub emdsave Click()
¢l myrecordsetl = mydatabase. OpenRecordset{ "MachineBulldResLevel")
With myrecordset |
Stop :
I RecordCount = 0 Then
Ladit
Else
AddNew '
End 1T
RealMPT = Val{RealMPF): 1RealMPD = Val{RealMPD): 'RealFET = Val{Real FEF)
'RealFED = Val{Real FEDY; RealQEF = Val{RealQEF): |RealQED = Val(RealQED)
IReal QRD = Val{RealQRDY: 'RealQRF = Val{RealQRF): IMBuildF = ValiMBuildF)
IMBuildD = ValiMBuildD2): 'MBuild = Val{MBuild)
HhighResLev = HighResLev

HrrRealMPEF = Val{ ErrReal MPF): 1ErrRealMPD = VallErrRealMPD): |ErrReal FEF
Vall ErrRealFIEF) :
rrReal FED = Val{ErrReal FEDY. '1ErrRealQEF = Val{ ErrRealQEFR): ErrReal (110
Vall ErrReal(Q1E1)
TrRealQRD = VallErrReal QRDY: 'EmRealQRF = Vall EmReal QRF)
Motalerr = Val{Totalerr)
'WEmrRealMPF = Val{WEmRtcalMPF); IWEmRealMPD =
Vol WErReal MPDY: "WErrRenl FEF = Vall WErrReal FEF)
'WEmrRealF ED = VallWEnmReal FEDY: 'WEnRealQEF =
Val{ WEmRealQEF): 'WErmReal QED = Val(WErrRealQED}
'WiErrilcal QR D —"'-.r':JJ{Wlin'I{cﬂJQ]il_‘:.'}: 'WErRealQRF = Val{ WEmRealQRI)
Lpdae
Call MsgBox{"Updated Suecessfully™, vhbOKOnly + vbhinformation, App. Title)
[ With
Lol Bub

Private Sub Command] Click()
L'nload Me
svstemImproveFund Show

End Sub

Private Sub Command2 Click()
Unlomg Me
ActualMachBuildCapLevel Show
Fnd Sub

'Computationof Actual machine Capacity level stars here

Private Sub Form  Load()

MeTop=1(

On Error Resume Next

Call Inttialise

Set myrecordset] = mydatabase OpenRecordset{ " ActualMachCapLevel™)
With myrecordset |
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I RecordCount = 0 Then

RealMPlF = L AFabhMNPEXT
THigh = Val{RealMPF)
stop
RealMPPD) = Val{! ADegNPLEXT)
T hgh <= Val{RealMPD) Then THigh = Val{RealMPD) ;
RealFEEF — Val{!AFabFLEQ)
I THigh < Val{Real FEF) Then Tl ilHl‘l Val{RenllF1EF)
RealFED = TADeelFEQ
[fTHigh < Val{Real FED) Then THmh Val{Real FED)
RealQEF = 'AFabQEN
I THigh < Val{ RealQEF) Then THigh = Val{RealQEF)
RealQED = 1ADceQEN
IWTHigh < Val{RealQUEDY Then THigh = Val{Real QLED)
ReshQREF - A TabCOR M
HTHigh < Valt RealQRE) Then TThigh = Val{ Real QRT)
RealQRID = 'ADepQRM
HTHigh = Val{ Real QRD) Then THigh = Val{ Real QR D)
[nd 1T 2
s
MBuildF = (Val{Real MPF) + Val{Real FEF) + Val{RealQEFY + Val{Real QRF)) / 4
MBGiKD = (VallRealMPD) + Val{ RealFED) + ValiReal QED) + ValiReal QRDY) / 4
MBuild  {(ValiMBuildlF) + Val{MBuildD)) ." 2
HighResLev = THigh
SEp
Resource Ereor
ErrRealMPEF = Val(HighResLey) - Val{RealMPF)
ErrReal MPDY = Val{HighResLev) - Val{RealMPD)
ErrBeal FEF = \Val{HighReslev) - Val{Real FEF) :
ErrRealFED = Val(HighResLlev) - Val(RealFED)
ErrReal QEF < Val{llighResLev) - ValiRealQEL)
EmrRealQED = Vs LI{I!:lf:,h[{u'.l ev) - Val{RealQED)
ErrRealQREF II-.’nl(lIu_,l'nli‘.i:»'.f ev) - Val{RealQRF)
ErRealQRD = Val(HhghResley) - Val{RealQRD)
Slop
Totulerr = Val(EmReal MPF) + Val(ErrRealMP D) + Val{ ErrReal FEF) 4
Val(ErReal FED) + Val{ErrRealQEF) + Val{ErrRealQED) + Wal{ ErrRealQRIF) 4
Vali ErrR eal QRID) .

“slop

"Werehted Vrror

WErmrRealMPTE = FormauVal{EmRealMPF) / Val{ Totalerr), "#0.0000™)
WErrRealMPD = Val{ErrRealMPD) ! Val(Totalerr)

WErrRcalFEF = Val(ErrRealFEF) / Val{Totalerr)

WEmRealFED = Vall ErrReal FED) / Val(Tolalerr)

WErrRealQEYF - Format{ Vall ErrRealQER) / Val{ Totalerr), "#0.0000")

it



"o

WErrReal QU | Vall ErrReslQED) / Val{ Totalerr) .
WihnrRealQREF = Val{ ErrRealQRF) £ Val{Totalerr)
WhrrRealQRD -~ Val{ ErrRealQRD) / Val{ Totalerr)

EFnd With
Ind-Suhb

Bim e, 13 As Double

Bim Iy As Integer

Dem Initialy

Dim Nyear As Integer

Const Inch = 1440

Private Sub emdelose Click()
Unload Me

End Sub

Private Sub emdsave Click()

IMSyear = Emply Then

Call MsgBox("LEnter the Projected Starting Year")
ayear. SctlFocus

Exit Sub

End If

Call CmdVanation Chick

I Payments = Empty Then

Sl MszBox("Enter Number of Instalmental Paymenis") .
Pavments. SellFocus

xit Sub

e IT .

Call Commandl Click .

“System improvement Tund computation starts hery
Set myrecordset] — mydatabase OpenRecordsel{"SystemImprovementFund")
With myrecordset |
I RecordCount > 0 Then .
it .
Else )
Ald Mew
Lind If
"IMOney = Val{'TMOney)
PrMoency - Val(PFMoncy)
PDMoney Val(PDRMoney)
EQE Money* Vall EQFMuoricy)
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TEQDMoney = Vall EQDMoney)
ENFMoney = VallENFMoney) _
[ENDMuoney = Val{ENDMuoney) \
RFMoney = Val{ RFMoney)
RDMoney = VallRDMoney)
Upsdate

Fnd With

Set myrecordset] = mydmtabuse. OpenRecordset"PSystemlmprovement Fund")
With myrecordset |
IF' RecordCount > 0 Then '
“Edit
bl
AddMNew
End [F
'MIMoney = Val{PTMoney)
'PPFMoney = Val{PPFMoncy)
PPDOMonesy = Val(PPDMoney)
PEQFMoney = Val(PEQFMoney)
PEODManey = Vall PEQDMoney)
'PENFMoney = Val{PENFMoney)
'PENDMoney = Val{PENDMoney)
PREMoney = Val{PRFMoney)
TROMoney = Val{PRDMoncy)
Updlate
Call MsgBox("Updated Suecessfully”, vbOKOnly + vblnformation, App. Title)
End With

L

End Sub '

Private Sub CmdVaration Click()

If Syear = Empty Then

Call MsgBox{"Enter the Projected Starting Year")

Svear. Setlocus

Exit Sub

End IF )

I Mot IsMNumerie{ Syear) Then

Call MszBox("Please Enter a Numeric Value For Projected Starting Year")
SyearSetlfocus 5
[:xil Bub

i 1T

Call Variation Trend

‘Calculating Present values
Myear = Val{Syear) - Iy + 1
y =u + B* [Myear)
InitinlY =¥
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PTMoney = v/ 0.5 * Val(TMOney)

PPFMoney = y £ (L5 * Val{PFMoncy)

PPDMoncy = y / 0.5 * Val(PDMoney)

PEQEMoney = v/ 0,5 * Val{EQFMoney)

PEQDMoney = y/ 0.5 * Val{ EQDMoney)

PENIMoney =y / 0.5 * Val{(ENFMoney)

PENDMoney = y/ 0.5 * Val{ ENDMoney)

PRFMoney = v/ 0.5 * Val{RFMoney) K
PRDMoney = y £ (1.5 * Val{ R DMoney)

End Bub

Privale Sub Commandl Click()

IF Syear = Empty Then

Call MsgBox("Enter the Projected Stanting Year")
Syear.SetFocus =
Exit Sub

Erul 1T

Call CmdVaration Click

I Payments = Emply Then

Call MspBox(”Enter Mumber of Instalmental Payments")

Payments. SetFocus

l:x1l Sub

Lnd 10 . '
L]

' Mot IsNumericl Payments) Then

Call MsgBox("Plesse Enter a Numene Yalue for Number of Installmental Payment™)

I'-.wmum:-.-,!-_‘.::tf-'m:u:: '

Exil Sub

End [F

Sel myrecordset | = mydatabase. OpenRecordset("Mayment Plan™)
With myrecordset] .
[ .RecordCount = 0 Then
While Not EOF
Delete
DMMoveNext
Wend
Fnd IT
[ [REE
nd With

“Text] = Emply

DisplayMe.Cls

-
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DisplayMe.Print Tab{2); "Year", Tab{12); "Total Amouni"; Tab{28); "Pers. Fab.";
Tab{42); "Pers. Degn.”; Tab{56); "Equip. Fab."; Tab(69); "Equip. Degn,"; Tob{85);
"Enerpy Fah."»Tab{99); "Energy. Degn.™, Tab(] | 5); "Raw Mat Fab™ Tab{ 133}, "Raw
Mat. Degn,"

DhsplayMe. Print Tabi{2); String({140, "=")

Tirst Y ear Puyments

stop

ITMoney = Val{ PTMoney) * 100 % Val{Payments)
IFFMoney = Val{PPFMoncy) * 100 '/ Val{Paymenis)
IFDMoney = Vall PPDMoney) * 100 Y Val{Payments)
[EQFMoney = Val{PEQFMoney) * 100 '/ Val{Paymenis)
|[EQDMoney = ValiPEQDMoney} * 100 Y Val{Payments)
[ENFMoney — Val(PENFMoeney) * 100 'Y Val{Payments)
IENDMencey = VallPENDMoney) * 100 Val{Payments)
IRFMoney = Val{PREFMoney) * 100" Val(Payments)
[RDMoney = Val(PRDMoney) * 100 ¥ Val{Payments)

DisplayMe. Print Tab{2); Syear; Tab{12}; Formal{ITMoney, "#0.00"); Tab{28),
Formatf IPFMoney, "#0.00"); Tab(42); Format(IPDMoney, "#0.00"); Tab(56),
Formal{ IEQFMoney, "#0,00"); Tab{69); Forma{IEQDMoney, "#0.00"); Tab{25}):
Format{ IENFMoney, "#0.00"); Tab{99), Format{|ENDMoney, "#0.00%);, Tab{115};
Format{ LR Money, "#0.00"); Tab(133); Format(IRDMoney, "#0.00")

Sel myrecordsetl = mydatabase OpenRecordset("Payment"lan")
With myrecordsct]
AddMew

HTMoney = Val{ITMoney)

NP FMoney = Val(IPFMoney)

HPDMoney = Val(IPDMoney)

HEQF Money = Val{lEQFMoney)

HEQDPMoney = Val{lEQDMaoney)

HENFMoney = Val{IENFMoney)

HENDMoney = Val(IENDMoney) .

MRFMoeney = Val{IRFMoney)

NEDMoney = Val{lRDMoney)

YSyear =Sycar
Lipdate 1
Close

End With
Yearcount = MNyear
NextYcar = Syear
'msghox Nycar

Hlop
Sot myrecondset| = mydatabase. OpenRecordset{ " Payment Plan™)
With myrecordsot |
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Fary o 1 To Payments - |
Yearcounl = Y eurcount -+ |
NextYear = NextYear + |
'msghox ITMoney :
y "o+ B * (Yearcount)
'msghox Yearcount
MTMoney = [TMoncy * v/ Initialy
IPFMoncy = IPFMoney * y / InitialY
MDMoney = IPDMoney * v/ InitialY
IEQFMoney = 1IEQFMoncy * v/ Initial Y
EQDMoney = IEQDMoney * v/ Initialy
[EMNFMoney = IENFMoney * v/ InitialY
IENDMoney = IENDMoney * v/ InitialY
[RFMoney = IRFMoney * v/ InitialY
IRDMoney = IRDMoney * y / Initial Y

AddNew

HTMeney = Val{ ITMoney)

HIMFMoney = Val(IPFMoney)

"HPDMoney = Val{IPDMoney)

NEQFMoney = Val{lEQFMoney)

MEQDMoney = ValllEQDMoney) |

NENFMoney = Val(IENFMoncy)

NENDMoney = Val(IENDMoney)

HIFMoney = Val{ IRFMoney)

NRDMoney = Val[IRDMoney)

[Syear = MNextYoar

Lipedate

Initial’y = y
esplayMe.Print Tab( 1), NextYear; Tab{12); Format{I'TMoney, "#0.00"); Tab{28);
Formuat{IPFMoncy, "#0.00%); Tab{42); Format(IPDMoney, "#0.00"): Tab{56);
Format{ IEQFMoney, "H#0.00™); Tab(69); Format{ IEQDMoney, "#0.00"); Tal{85);
Fomal{ IENFMoney, "H#0.00"); Tab{99); Format{ IENDMoney, "#0.00%); Tab(1135).
Formal IRFMoney, "$0.00™); Tab(133); Format{IRDMoney, "#0,00")
Mext
Lnd With
i Sub

Provale Sub Command2  Chick()
startyenr = Val{Syear)
Linload Me

Svstemuimprovementpatlem. Show
[nd Sub '

Private Sub Commaondd Chick() .
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LUnload Me
MachimeBuildingResLevel Show

End Sub

Private Sub ENDMoney Changel) .
TMOney = Compute Total

End Sub

Private Sub ENFMoney Change()
IMOney = Compute Total

End Sub

Private Sub EQDMoney Changel) i
TMhtey = Compute_Total

Emd Sub

Private Sub E‘.QFML‘nﬁ:}' Changel)
IMOney = Compute Total
Finil Suh

Private Sub Form Load()
MeTop=1()
Initsaliselorm
Call Inttialise
Sel myrecordsel] = mydatabase OpenRecordset("SystemImprovement Fund ")
With myrecordsct ] '
I RecordCount = ) Then
'MOney = 'TMOney
PFMoney = IPFMoney
'DMoney = 1PDMoney
EQFMoney = |EQFMoney
EQDMoeney = 1EQDMoney
ENFMoney = 'ENFMoney
ENDMuoney = 'ENDMoney
RFMoney = 'RFMonecy
RDMoncy = IRDMoney
ST
End With

End Sub
Private Sub FontSetting{N As String, B As Boolean, 1 As Boolears S5 As Single, C As
single) -

With DisplayMe .

IfN==""Then FontMame=N
JontBold = B

JLontlalic=1

IS = 0 Then FomSiwe =8

[0 = 11 Then ForeColor = QBColorC)
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End Wilh
End Sub
Prvate Sub PFontSetting{N As String, B As Boolean, | As Boolean, 5 As Single, C As
Single)
With Printer
IFN <=""Then FontName =N
FontBold = B
Fontlalic =1
I£S =0 Then FonlSixe = §
W == 0 Then ForeColor = QRColor(C)
End With
End Sub
Public Funetion Compute Total()
1= Val(PFMoney) + Val{PDMoney) + Val{ EQFMoney) + VnI[EQDMunt}r} +
Vali NE Money) + VallENDMoney) + Val{RFMoney) + Val{RDMoney)
Compule Total = |
Eml Functicn

Prvate Sub PDMoney Changel)
TMOney = Compute Total

End Sub

Privale Sub PEMoney Changef )
MOney = Compute Total

End Suh

Private Sub RDMoney Change()

T™MOney = Compute Tolal

End Sub ' '

Public Sub IIr.m]uthpurl[] )
center ™"; center "": center

l'mubulmb "Times New Roman”, True, Trug, I8, 0

‘venter "Seven-Up Botthng Company F‘LC "

'LI.F'IlLT

center "Oluyole Industrial Estate, Moshood Abiola Way Ibadan”

venler Mees-- !

cenler
FontSetting "Anal Black®, False, False, 12,0

cenler "Transportation Cost Table"

cenfer e e
center " '

End Sub

"fior printer
Private Sub PXSone(t)
Printer.CurrentX =t * Inch * §



End Sub ®

Private Sub PCenter{ ByVal Txt As String)
Prnter.CurrentX = (8 * Inch - (Printer. TextWidth{Txt))) / 2
Printer.Print Tkt

End Sub

Private Sub Initializeform()

DisplayMe. Width = 11 * Inch

DisplayMe. Height = 8.5 * Inch v

HScroll].Max = (5 * |nch - {(Me.Width * (0.5))

ITScrolll . Min = -0.15 * Inch

H&croll 1. LargeChange = Inch

H3crolll SmallChange = Inch / 2

Vicroll ] .Max = (10 * Inch)

VSceoll 1. Min = -L15 * Inch

VSeroll . LargeChange = Inch

VSeroll 1, SmallChange = Inch / 2

DisplayMe Left = 15 "0.15* Inch

DisplayMe. Top= 150015 * Inch

DisplayMe. BackColor = QBColor(3)

End Sub -

Privale Sub RFMoncy Change()

T™MOney = Compute Total

End Sub

Public Sub Vanation Trend()

sam xsgr = 0: sumy = (1 sumx = 0: sumxy = (.

Set myrecordset] = mydatabase. OpenRecordset{"DollarMNairaR ates")

With myrecordset |

Iy = PYear
Mowvelast
N =Ix

AovelFirst

While Not .EOF

E=Ix

y= 1Y Nara Fguiv of One Dollar
SUIM_X8qr = sum_xsqr+ x * 2
UMY~ sumy by

SUMX - sumx b ox

sumxy = sumxy + {(x ¥ y)
MowieMexd =

Wend

End With

a = Format{{{sum xsyr * sumy) - {(sumx * sumxy)) / ((N * sum_ xsqr) - (sumx " 2)),
"0 00")

B = lFormalf{{N * sumxy) - {(sumx * sumy)) / {({N * sum xsqr) - (sumx " 2}), "#0,00")

I:nd Sub

Privute Sub Text 10 Changel)
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End Sub
Privaie Sub HSerolll Change()

"stop

[hsplayMe. Left = HSecroll1 . Value * -1
End Sub "

Privatl: Sub "-"":.Lmlll Change(}

“slup

DisplayMe. Tap = Vcrelll.Value * -1
l:nd Sub

Private Sub RgtAlig{Txt As String)
DisplayMe, Current® = (8 * Inch - (DisplayMe, TextWidth({Txt)))
DisplayMe.Prnt Tx1 \

i Sub

‘Cpuon Explicl

[m a As Double

[hm 3 As Double

Dun Iy As Intewser

Dim Imtialy

[Him Mynvear As Intezer
im Nyear As Inleger
[hm MBI As Double
Dim M50 As Double
Dim ITMoney As Double
Consl Inch = 1440
Private Sub emdcelose Click()
LIl Mg

End Sub

Private Sub emdsave Click()
Sel myrecordsel] = mydatabase, DpnnR&mrﬂrxl{'Syﬁtc-rnlmpmvmnthumi"]
With myrecordset |
[f RecordCount = 0 Then
it
Elsc
AddMNew
End [T .
"TMOney = Val('ITMOncy)
"PFMaoney = Val{PFMoney)
PDMoney = Val{PDMoney)
EQFMoney - Val{ EQIFF Money)
ITEQDMoney = Vall EQDMaoney) i
IEMFMoney = Vall ENFMoney)
HENDMoney = Val{ ENDMoney)
'"REMoney = Val{RFMoney)
RDMoney = VallRDMoney)
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Update

Fad With

Sel myrecordset] = mydatabase. OpenRecordset{ "PSystemImprovementFund™)
With myrecordset | .
It \RecordCount > ( Then
JEdit
Else
AddMew
End IT
T™Money = Val(PTMoney)
IPPFMoney = Val(PPFMoney)
PPDMoney = Val{P'DMoney)
PEQFMoney = Val{PEQFMoney)
PEQDMoney = Val{PEQDMoney) "
IPENFMoney = ValiPENFMoney)
PENDMoney - VallPENDMoney)
HREFMoney = Val{PRIFMoney)
IPROMoney = Vali PR DMoney)
L pdate
Call MspBox{"Updualed Successiully”, vbOKOnly + vbhinformation, App.Title)
Lnd With . '

lind Sub

*Payment Plan computation starts here

Private Sub Command] Click()
On Error Resume MNext
Dim MyFlag, MyFlag2 As Boolean
MyFlag = FFalse
InitinstalPay = MS1 / Mynyear .
'‘msgbox Mynyear

'msgbox "initial pay =" & InitlnstalPay

'Initlnstal Pay = InitInstalPay * 1 / 0.94242899925

Sel mivrecordset] = mydatabase. OpenRecordsel(" PavmentPManTotal")
With myrecordset]
While Not .EOF

Delete

MoveNext -
Wengl
Lnd With :
Sel myrecondsetl = mydatabase OpenRecordset"MachineBuildResLevel")
With myrecordset | '
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L]

I RecordCount = 0 Then MoveNext
While Mot FOF
Delete
MaoveMext
Wend
Enid With '
DisplayMe.Cls - .
DisplayMe Print Tab(2); "Year"; Tab{12); "Total Amount”; Tab{28); "Pers. Fab.";
L Tub(42); "Pers. Degn."; Tab{36); "Equp. Fab."; Tab{69}; "Equip. Degn.", Tab{%5),
"Energy Fah."; Tab(99); "Energy. Degn,"; Tab{115); "Raw Mat. Fab."; Tab(133); "Raw
Mat. Degn.™
DisplayMe Print Tab{2); Stringz(140, "=")

‘Exil Sub
Call Variation Trend
Syvar = startyear

sel myrecardset] = mydatabase. OpenBecordset{"PaymentPlan")

sraillest] — SOOOUG00

With myrecordset |

Far | =0 To R

M {smallestl == Fields(j)} And (.Fields(j) <= 0) Then

smallest] = Fields(j)

End If

Nesl

' TMoney = Yal{lTMoney) A
OIPFMoney = HIPFMoney
OIPDMoney = IPDMoney

OIEQFMoney = HEQFMoney :
OIEQDMoney = [IEQDMoney
CHENFMuoney = HENFMoney .

OENDMoney = HHENDMoney
CIRFMoney — HRFMoncy
IRDMoney = HRDMoney

IThoney = lnitlhstal Pay :

WIPFMoney - NP EMoney / smallestl: WIPDMoney = HPDMoney / smallest]

WIEQFMoney = EQF Money / smallest1: WIEQDMoney = HEQDMuoney /
st lest ]

WIENFMoney ‘.I[.NIE- Moncy / smallestl: WIENDMoncy = HHENDMoncy /
srmandlest |

WIRFMoney ~ TRFMoney smallest]: WIRDMoney = HRDMoney / smallest |
Lnd With ' v

sel myrecordset | = mwlatabase, Dpcnl'h.mrdsct{"Madunel’iu:ld[r{ml.ur.l )
smallest2 = SOO0000000
With myrecardset |
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Forj=12 To 19

I {smallest2) == Frelds()) And { Fields(j) == 0) Then
*slop

snalles12 - _Ficlds(j)

Lnd 11

Mext

MW ErrRealMPTY = 1ErrRealMPF / smallest2: MWErRealMPD = 'EnRealMPD .""
sl lest 2 .

MW ErrReal FEF = 'ErrRealFEF f smallest2: MWEmrRealFED = 'ErrRReal FED /
sl st 2 o

MW ErRealQEF = 'ErrReal QET / smallest2: MWErRealQED = |EnReal QED /
smallest2

MWEmReal QRD = |EnReal QRD / smallest2: MWEmRealQRF = 'EnReal QRF /
smallest2

sumMuachlir = WIPFMoney ¥ MW ErrBealMPE + WIFDMoney * MW ErrRealMPD
FWIEI Money *

MW LErrRealFEF + WIEQDMoney * MWLErRealFED + WIENFMoney *
MW ErrRealQEF ~WIENDMoney * :

MW LT Real Q1D WIRFMoney * MWErrRealQRD + WIRDMoney *
MW ErrB eal QR '

PFMoney = ((WIPFMoney * MWErmrRealMPF) / SumMachErr) * InatInstalPay
AdapiPFMoney = IPFMoney / OIPFMoncy
NRealMPE = 1RealMPF + AdaplPFMoney
NEmRealMRF = 'HighResLev - NRealMPF

IPDMaoney = ((WIPDMoney * MWErrRealMPD) / SumMachErmr) * InitlnstalPay
AdaplPDMoney = IPDMoney / OIPFMoney
NRealMPD = 1RealMPD + AdaplPDMoney
NEmRealMPPD = IHighResLev - NRealMPD

[EQFMoney = ((WIEQFMoney * MWEmRealFEF) / SumMachErr) * InitlnstalPay
Adopl EOTFMoney = IEQFMoney / OTEQFMoney

NEeallFLF = "Real FEF + AdaplEQFMoney

NMEmfeal FEF = NhghResley - NRealFEF

IEQDMopey = ((WIEQDMoney * MWEmReal FED) / SumMachBrr) * lmitinstalPay
AdaplEQDMoney = IEQDMoney [ OIEQFMoney

NRealFED = 'RealFED + Adapl EQDMoney

NErReplFED = 1HighResLey - NRealFED

IENEMoney = ((WIENFMoney * MWEmReslQEF) / SumMachEr) * InitlnstalPay
AdaplENFMoney = IENFMoney / OlENFMoney

MRealQEF = 1RealQEF + AdaplENFMoney

NErrRealQEF = 'HiphResLev - NRealQEF =
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IENDMoney = ((WIENDMoney * MWErReal(QED) / SumMachErr) * InitlnstalPay
AdaplENDMoney = IENDMoney / OIENDMoncy L

NEalQED = WRealQED + AdaplENDMoney

MltmrReal QER = 'HighReslev - NRealQED

IRFMoney = ((WIRFMoncy # MWF.IITREHLQRF'F fsumMachBre) *® latInstlPay |
AdaplRFMoney = IRFMoney / OIRTFMoney '
NRealQREF = 'RealQRF + AdaplRFMoney
h’l-ﬁrrliuul!’.}lil-’ = HighResLev - NRealQRF

IRDMoney = ((WIRDMoney * MWErRealQRD) / SumMachErr) * InitlnstalPay
AdaplRDMoney = IRDMoney / OIRDMoncy ;

NRealQORD = 'RealQRD + AdaplRDMoeney

NErrReul QR = "ighResLev - KRealQRD

MBuildlFF = (Val{NRealMPF) + Val{NReal FEF) + Val{NRealQEF) +
Val(NRealQRF)) / 4

MBuildd =~ {Val(NRealMPD) + Val{NRealFED) + Val{NRealQED} +
ValiNRealQRID)) / 4 .

MBuild = (Val{MBuildF) + Val{MBuildD)) 7 2

THigh = 'ThehResLey

Fotalerr = ValiNErmrRealMPF) + Val(NEmrRealMPD) + Val{NEnReal FEF) 4
Val{NErrReal FEDY + ValiNErrReal OEF) + Val(NErrRealOED) + Val(NErrRealQRF)
f ValiNEmRealQRD)

WEmriealMPF = Format{ Val{(NErRealMPF) / Val{Totalerr), "#0.0000")
WEmRealMPD = Val(NErR ealMPD) / Val(Totalerr) -
WErrRealFEF = Val(NErReal FEF) / Val{Totalerr)

WErrRealFED = Val{NErrRealFED) / Val( Totalerr) e
WErrRealQEF = Format{Val{(NErrRealQEF) / Val{Totalerr), "#0.0000")
'stop

WErRealQED = Val{NErrReal QED) / Val{ Fotalem)

WErrRealQRE - ValiNErrReadQRF) / Val(Totalerr)

WERealQRD = ValiNEmRealQRD) / Vall Totalerr)

Set myrecordsetd - mydatabase. OpenRecordset( "MachimeBuiklResLevel")
With myrecondset3
SubdNew
RealMPE - ValiNRealMPE): [RealMPD = Val{NRealMPD): 1Real FEF =
Wal{ MEeal IFE]7)
Meal FED = ValiNReal FED): [RenlQEF = ValiNRealQEF):: [RealQLED
Val{i NRealQED)
TRealQRD © Val{MEealQRD): IRealQRF = Val{NRealQRF): 1MBuldF =
Wali M Buldi®) '

W
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'MButldDd © ValiMBuildD): IMBuild = Val{MBuild) g
HhghReslev = THigh

'ErrReal MPF = ValiNErrRealMPF): 'EnmrRealMPD =
ValiNErrBecalMPD): |ErReal FEF = ValiNErrRealFEF)
'ErrReal FED = Val{ NErrReal FED); |ErrRenlQEF =
Vali NErrReal QEF): 'ErrReal QED = Val{NErrReal QED)
EnReal QRD = Vali NErrReal QRD): ErrRealQRF = Val(NErrRealQRF)
Totalerr = ValfTotalerr) '
"WEmRcalMPI = Val{ WErnrRealMPF): 'WEmRecalMPPD =
VallWErRealMPD): 'WEmrReal FEF = Val{WErrRcalFEF)
"WhrrRealFED = Val{WErrReal FED): 'WErReal QEF =
Val[WErrRealQEF): 'WEmReal QED = Val{WErmrRealQED)
"WEmrRealQRD = Val(WErmrRealQRD): 'WEmRealQRF = Val{WErmReal QRF)
stop :

"Year = Sygar ;

"stop

Mpdate '
Close

End With
End With

wvear = startvear
DisplayMe.Print Tab(2); Syear; Tab{12); Format{ITMoney, "#0.00"); Tab{28);
Format{ IPFMoney, "#0.00"); Tab(42); Format{IP DMoney, "#0.00"); Tab{56),
Format{IEQFMoney, "#0.00™); Tab{69); Format{IEQDMuoncey, "#0.00"); Tab(85),
Format{ |ENFMoney, "#0.007), Tab(99), Format{IENDMoney, "#0.00"), Tab{115):
Formatf [RFMoney, "#0.00"); Tab{ 133); Format{IRDMoney, "#0.00")
Set myrecordsel | = mydatabase. OpenRecordsel("PaymentPlanTotal")
With myrecordset]
AddNew
[IMTMoney = Val{ITMoney)
NPFMoney = Val{IPFMoney)
HPDMoney = Val(IPDMoney)
NEQFMoney = Val{IEQFMoney)
NEQDMoncy = Val(IEQDMoncy)
HENFMoney - ValllENFMoney) :
NENDMoney = VallIENDMoney)
HRFMoney = Val{lRFMoney)
[ITRDMoney = Val(IR DMoney)
|Syear = Syear
Llpdate
Llose
LEnd With

MNyear = 29 < .
Yeareount = Nyear
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W 1

MextYear = Syear =

¥y o-ad B* (Nyear)
Imitialy = v

'msgbox “Initia Y " & InitialY

Toxat Sub
"Stop
Set myrecorcdset | — mvdatabase OpenRecordset] "Payment PlanTotal™)
With myrecordsct | '
Forj = 2 To Mynyeur
If j = Mynyear Then
‘msghox "This is the last Heration"
“stop
End IT
Yearcount = Yearcount + 1
NextYear = NextYear + |
y=a+ B * (Yearcount)
TMoney = ITMoney * v/ Initial’y
InitlnstalPay = I'TMoney
‘mnewly mserted
Imitinly — ¥
"stop

Set myrecordset] = mydatabase. OpenRecordset("PaymentPlan")
smallest] = SO000O000

With myrecordset]
Move j - | »
L

Form=0Top 3 . ; _

I {smallestl == Fields{m)) And (. Fields(im} <= () Then
smallest] . Fields{im)

e 1Y

Mext '

"stop
' II'TMoney = Yal{[TMoney) '
OIPFMoney = HUPFMoney
OIPDMoney = HPDMoney
QIEQFMoney = HEQFMoney
OIEQDMoney = HEQDMoney
OIENFMuoney = HIENFMoney
OIENDMaoney = HENDMoney
CHRFMoncy = 'IRFMoney
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SIRDMoney = HIRDMoncy

ITMuoney = IMMoney

WIPFMoney = {IPFMoney / smallest]: WIPDMoney = 1IPDMoney / smallest]

WIEQFMoney = HUEQFMoney / smallest]: WIEQDMoney = IEQDMaoney /
smallest] !

WIENFMoney = HENFMoney / smallest]: WIENDMoney = 1IENDMoney/
smallest]

WIRFMoney = IRIFMoney / smallest|: WIRDMoney = IRDMoney / smallest|
End With

Syear = Bvear + |
Spreadrest:
‘Muckine tool Building Resource Level
sel myrecordsel] = mydatabase. OpenRecordset{"MachineBuildResLevel ")
smallest2 = SOO0OOO00
Femallest2  smallesi2
With myrecordset]
“msphox "valueol =" &)
Stop
IF MyFlag = True Then
‘msghox "check what is happening here™
"[lop

DMovel.ast

"Move |
Eise
JMdovelast
'‘Move j- 1
End If
Forms= {2 Tal9
"msghox Fields(m) .
If-(smallest2) == Fields(m) And (. Fields(m) <= ) Then
"slop
smablest2 = Fields{im)
L IF
MNext

(T smalicst? = Temallest? Then
smiallest? = .
o 11

MW ErmrReal MPF = TErrRealMPF [/ smallest?: MWERealMPD = |EnRealMPD /
smallesi2?

MWErRealFEF = |ErrBeal FEF f smallest2: MWErrReal FED = |ErrReal FED /
sl lest?

184



MWERMRealQEF = ErrReal QEF / smallest2: MWERRcalQED = ErrReal QED /
smallest2

MW EmReal QRD = 1EmRealQRD / smallest2: MW EnrRealQRF = 1B eal QRF /
simal|est2

© BumMachErr © WIPFMoney ®* MWErrRealMPF + WIPDMoney * MWErrRealMPPD

WIEQFMoney *

MWErrReal FEF 1+ WIEQBMoney * MWErRReal FED + WIENFMoncy *
MWLEmRealQEF + WIENDMoney *

MW ErRealQLED + WIRFMoney * MWErReal QRD + WIRDMoney *
MWEmReal QRF

If 'HighResLev = | Then
" atop
End IF .

[PEMoncy = ((WIPFMoncy * MWEmRealMPF) / SumMachErr) * InitInstalPay

IFRealMPF = HighReshev) And (*HighResLey = 1) Then
' Slap

Exit Sub
Fonad [T

AdaplPFMoney = [PFMoney / OIPFMoncy
NRealMPF = RealMPF + AdaplPFMoncy

If NRealMPF == 'HighResLev Then

[TMoneytHold = 0 ]

MyFlag = True

alop

TIPEMoney = (IThighResLev - 1RealMPF) / AdaplPFMoney * IPFMoney
ITMoneyHbld = ITMoneyllald + TIPFMoney

TAdaplPFMoney = TIPFMoney / OIPFMoney

INRedlMPF = [RealMPF + TAdapIPFMoney

THNEmRealMPF = [HighResbev - TNRealMPF

‘Stop

TN ErrRealMPE == 0 Then
Myl lap2 = True

Else

Myl lag2 = False

End If

Else

MyFlag— l'alse

NErrRealMPF = HighReslev - NRealMPF
End 1T
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II-"IJMmmy ={{WIPDMoney * MWErRealMPD)/ SumMachErr) * InitlnstalPay
AdapIPTIMoncy = IPDMoney / OlPFMoncy
NRealMPD = [RealMPD + AdaplPDMoney

IF NRealMPPD == [HighReslev Then

MyFlag = True

TIPDMoney = (! HighReslev - RealMPD) / hdﬂ]:]!’DMuney * IPDMoney
IMMoneyHold = ITMoneyHold + TIPDMoney

TAdapIPDMoney = TIPDMoney { QOIPFMoney

TNRealMPD* 'RealMPD 1+ TAdaplPDMoney

TNErRealMPD = IHighResLev - TNRealMPD

[ TNEnRealMPP D == ) Then
MyFlap2 = True

Else '

MyFlap2 = False N
End I

Else

MyFlag = False
MEmRealMPD = 'THighResLev - NRealMPD
End If-

[EQTFMoney = ({ WIEQFMoney * MWEmleal FEF) / SumMachEm) * InitlnstalPay
AdaplEQFMoney = TEQFMoney / OIEQFMoney
NRealFEF = '"Real FEF + AdaplEQFMoney

[[ MRealFEF == 1HighResLev Then

MyFlag = True

TIEQFMoney = {!HighResLey - 'RealFEF) / AdaplEQFMoney * IEQFMoney
IMMeoneyHold = ITMoneyHold + TIEQFMoney

TAdaplEQFMoney = TIEQFMoney / CIEQFMoney

TNRealFEF = 'Real FEF + TAdaplEQFMoney

TMNEmRealFEF = 'HighResLev - TNRealFEF

'msghox "Mew Level ® & TNRealFEF

'msghox "Total Error" & TNErrRealFEF -

[F TNErrReal FEF == 0 Then
Myllag2 = True

Else

MyFlag? = False

Eo T

Else

MyTlag = False

NEmRealFEF =!HighResLev - NRealFEF v
End If
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"

i)

IEQDMoney = ({ WIEQDMoney * MWEmReal FED) / SumMachErr) * InitInstalPay
AdaplEQDMoney = IEQDMoney / OIEQFMoney
NRealFED = 'RealFED + AdaplEQDMoney

If NReal FED >= HighResLev Then

Stop . . .
MyFlag = True '
TIEQDMoney = (HighResLev - !RealFED) / Adapl EQDMoney * IEQDMoncy
ITMoneyHold = ITMoneyHold + TIEQDMoney

TAdaplEQDMohey = TIEQDMoney / OIEQFMoney

THRealFED = 1RealFED + HATAdapl EQDMoney <= Empty, TAdaplEQDMoney,

Slop ]
TNFErrReal FED = 'HighResLev - TNRealFED

IFTNErrReal FED == ) Then
MyFlag2 = True

Else

MyFlag2 = False

End If

Else

MyFlag = False

NEmRealFED = 'HighResLev - NRealFED
End If

IENFMoney = ({ WIENFMoney * MWErrRealQEF) / SumMachErr) * InitlnstalPay
AdaplENFMoney = IENFMoney / OIENFMoney
NRealQLEF = 'RealQEF + AdaplENFMoney

If NRealQEF == 'HighResLev Then

Flag = True

TIENFMoney = (!HighResLey - [RealQEF) / AdaplENFMoney * IENFMoney
ITMoneyHold = [TMoneyHold + TIENFMoney a
TAdaplENFMoney = TIENFMoney / OIENFMoney

TNRealQEF = |RealQEF + Val{TAdaplENFMoney)

TNErrRealQEEF = 'HighResLev - TNRealQEF

If TMErrRealQEF == Then ,
MyFlag2 = True

Else

MyFlap? = False

End If
I )se .

MyFlag = False

NErrReal OEF = 'HighReslev - NRealQEF
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End I

IENDMoney = ({ WIENDMoney * MWErrRealQED) / SumMachErr) * InitlnstalPay
AdaplENDMoney = IENDMoney / OIENDMoney
NRealQED = |Real QED + AdaplENDMoney :

[f NRealQED == HighReslLev Then a

Flag = True

TIENDMaoney = (IHighReslev - 'RealQED) / AdaplENDMoney * IENDMoney
ITMoneyHold = ITMoneyHold + TIENDMoney
TAdaplENDMoney = TIENDMoney / OIENDMoney
INRealQED = [RealQED + TAdapl ENDMoney
THErrRealQED = 'HighReslLev - TNRealQEF

If TNErrRealQED == 0 Then

MyFlag2 = True -

Else

MyFlag2 = False

End IF

Else -

MyFlag = False

NEmRealQED = HighResLev - NRealQED )

End IT -~
y

IRFMoney = ((WIRFMoney * MWErrRealQRF) / SumMachErr) * InitlnstalPay

AdaplRFMoney = IRFMoney / OIRFMoney

NRealQRF = RealQRF + AdapIRFMoney

[f NRealQRF == 'HighResLev Then

MyFlag = True '

TIRFMoney = (!HighResLev - 'RealQRF) / AdaplRFMoney * IRFMoney
ITMoneyHold = ITMoneyHold + TIRFMoney

TAdaplRFMoney = TIRFMoney / OIRFMoney

INRealQRF = IRealQRF + TAdapIlRTMoney

TMErrReal QRE = 'HighResLev - TNRealQRF

If TNEmrRealQRF == Then
MyFlag2 = True

Else

MyFlag2 = False

End If

Filse
MyFlag = False

NErrRealQRF = 'HighResLev - NRealQRF
End If
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[RDMoney = (( WIRDMoney * MWErrRealQRD) / SumMachErr) * InitlnstalPay
AdaplRDMoney = IRDMoney / OIRDMoney
NRealQRD = RealQRD + AdaplRDMoney

[F NRealQRD == IHighResLev Then

MyFlag = True i
TIRDMoney = (! HighResLev - 1RealQRD) / AdaplRDMoney * [TREMoney '
[TMoneyHold = ITMoneyHold + TIRDMoney

TAdaplRDMoney = TIRDMoney / OIRDMoney

TNRealQRD = [RealQRD + TAdaplRDMoney

TRErrRealQRD = 'HighReslLev - TNRealQRD

W TNErrRealQRD == 0 Then
MyFlag2 = True

Else
MyFlag2 = False
Lnd 1T
Else *
MyFlag = False
NEmRealQRD = IHighResLev - NRealQRD '1
End IT
' Stop
It (MyFlag = True) And (MyFlag2 = True) Then
‘Stop
MBuildF = (Vali TNRealMPF) + Val{ TNRealFEF) + VallTNRealQEF) +
Val{THNRealQRF)) /4
MButldDd = (Val{ TNRealMPD) + Val[ TNRealFED) + Val{TNReal QED) +
VallTNRealQRDy) / 4 :
MBuild = (Val{MBuildF) + Val{MBuildD)) / 2
THigh = 1

UniformError = THigh - [HighResLev

INErrBealMPF = UniformError: TNErrRealMPL = UniformError:
ITNErrReal FEF = UniformError

TNErReal FED = UniformError: TNErrRealQEF = UniformError;
THEmRealQED = UniformEmor:

THErrRealQRF = UniformError: THEmReal QRD = UniformError

‘slop
'Resource Error
"slop

Totalerr = Vali TNErRealMPF) + Val{ TNErrRealMPD) + Val(TNErrRealFEF) +
Val{TNErrRealFED) + Val(TNEmRealQEF) + Val{ TNErrReal QED) +
Val{ TNErrReal QRF) + Val{ TNErrRealQR1)
; ‘slop

"Weighted Ermor
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WErrReal MPF = Format({ Val(TNErrRealMPF) / Val(Totalerr), "#0.0000)
WEhrrRealMPD = Val( TNErRealMPD) / Val{ Totalerr)
Wi rr]im“ EF =Val(T Nl_rr!{:,;llf EI ! Val(Totalerr)
WErrRealFED = Val(T NErrReal FE 3} / Val({ Totalerr)
WErmRcalQEF = Format{Val{ TNEmRealQEF) / Val{ Totdlerr), "#0.00040")
slop
WErrRealQED = Val(TNErrReal QED) / Val(Totalerr)
WEmRealQRF = Val{ TNErRealQRF) / Val( Totalerr)
WhrrRealQRD = Val( TN ErrReal QR D) / Val{ Totalerr)
Else
' Stop
MBuildF = (ValiNRealMPF) + Val(NRealFEF) + Val(NReal QEF) +
Val(NRealQRF)) / 4
MBuildD = (ValiNRealMPD) + Val{NRealFED) + Val{NRealQED) +
ValiNRealQRDY) / 4
MBuild = {(ValiMBuildF) + Val{MBuildd)) / 2
THigh = IHighReslev

Slop

‘Resource Error

"stop

Tolalerr = Val(NErReal MPF) + Val(NErrRealMPD) + ValiNErrReal FEF) +
Val{NErrReal FED) + Val(NErrRealQEF) + Val(NErrRealQED) + Val{(NErrReal QRF)
+ Val(NErReal QRD) o

"stop

"Weighted Error .

WEmRealMPF = Format{ Val(NErrRealMPF) / Vali Totalerr), "#0.0000")

WErrRealMPD = Val(NErrRealMPD) / Val{ Totalerr)

WErrReal FEF = ValiNErrReal FEF) £ Val{ Totalerr)

WErrRealFED = ValiNEmReal FED) / Val(Totalerr)

WErrReal QLF = Format{ Val(NErrRealQEF) / Val{ Totalerr), "#0.0000")

'stop

WErrRealQED = ValiNErrRealQED) / Val(Totalerr)

WEhrrRealQRF = ValiNEmRealQRF) / Val(Totalerr)

WErReal QRD = Val(NErrReal QRDY) / Val{ Totalerr)

End If

set myrecordseld = mydatabase. OpenRecordsel{"Machine BuildResLevel™)
With myrecordset3

AddNew
If MyFlag = True Then

RealMPF = Val{ TNRealMPF): 'RealMPD = Val(T NllcalME'D} 'Ii'.n:,aJFLF—
VallTNRealFER)

'RealFED = ValiTNRealFED): |RealQEF = Val(TNRealQEF): 'RealQED =
Val{ TNReal QD)
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'RealQRD = Val( TNRealQRD): 'RealQRF = Val{ TNRealQRF): IMBuildF =
Val{MBuildF)

IMBuild D} = Vali MBuild): IMBuild = Val(MBuild)

'HighResLev = 1#

'ErrRealMPF = Val{TNErrRealMPF): 'ErrRealMPD =
Vall TNErrRealMPD): 'ErrRealFEF = Val{TNErrRealFEF)
'ErReal FED = Val{TNEnRealFED): 'EnRealQEF = :
Vall TNErrRealQEF): 'ErrRealQED = Val(TNErrRealQED)
tErrRealQRD = Val{ TNErrRealQRD): 1ErrRealQRF = Val(TNEmrRealQRF)
'Totalerr = Val( Totalerr)

'WErrRealMPF = Val{ WErmRealMPF); 'WEmRealMPD =
VallWEnRealMPD): | WEmRealFEF = Val{WErrRealFEF)

"WErrRealFED = Vall WErrReal FEDY: 'WErrRealQEF =
Val{WErrRealQEF): 'WErmRealQED = Val{ WErrRealQED)

'WEmReal QRD = Vall WErmReal QRDY): 'WErrRealQRF = Val{ WErRealQRF)
}‘.l!ﬂ! = ¥

RealMPF = ValiNReal MPF): 'Real MPD = Val(NRealMPD): 'RealFEF =
Val(NReal FER)

IReal FED = ValfNRealFEDY; 1RealQEF = Val(NReal QEF): 'RealQED =
Val{NReal QED) '

Real QR = Val{NRealQRD): 'RealQRF = ValiNReal QRF): 'MBuildF =
Vali MBuildF)

"MBuildD = ValiMBuildD): 'MBuild = Val(MBuild)

'HighResl.ev = THigh

TErrRealMPF = Val(NErrRealMPF): 'ErrRealMPD =
ValiNErrRealMPD): 1ErrReal FEF = ValiNErrReal FEF)
'ErrilealFED = Val(NErrReal FED): 'ErrRealQEF =
ValiNErrRealQEF): 'ErrRealQED = Val(NErmRealQED)
'ErrRealQRD = ValiNEmrRealQRD): 'ErrRealQRF = Val(NErrReal QRF)
I'Totalerr = Val(Totalem)
'WErrRealMPF = Vall WErrRealMPF): 1WErrRealMPD =
Val(WErrRealMPDY): | WErrRealFEF = Val{WErmrReal FEF)
IWErRealFED = Val{ WErrReal FED): | WErmRealQEF =
Val{ WErrRealQEF): 'WErRealQED = Val(WErrReal QED)
'WEmRealQRD = Val{WErrReal QRDY); |WErRealQRF = Vall WErmrReal QRF)
End If
Year = Svear
Update
Close
Fnd With
"stop
End With

[l MyFlag = True Then
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"stop
DisplayMe Print Tab{2); Syear; Tab{12); 1:1r11;nl{JIMm1.e}IInld "HO.00™); Tab{28);
Formal(TIPFMoney, "#0.00" ) Tab{42); Format{ TIPDMoney, "#0.00"); Tab{56);
Format{ TIEQFMoney, "#0.00"); Tab{69); Format{ TIEQDManey, "#0.007); Tab{85);
Format{ TIENFMoney, "#0.00"); Tab{99). Format{ TIENDMoney, "#0.00™): Tab{115)
Format{ TIRFMoney, "#0.00"): Tab{133}; Format{ TIRDMoney, "#0.00")
Set myrecordset] = mydatabase, {leunI{c::nn,Ln:eit PaymentPlanTotal™)
With myrecordset |
AddMew * '
HTMoney = Val{ITMoneyHold) "
NPFMoney = Val{ TIPFMoney)
NPDOMoney = Val(TIPDMoney)
HEQFMoney = Val(TIEQFMoney)
HEQDMoney = Val(TIEQDMoney)
NENFMoney = Val(TIENFMoney)
HENDMoney = Val{ TIENDMoney)
HRFMoney = ValiTIRFMoney)
MEDMoney = Vali TIRDMoney)
[Syear = Syeadr
Alpdate
Close
End With -

Initlnstal Pay = Initlnstal Pay - I'TMoneyHold

b

GoTo Spreadrest
Exit Sub
Else ’
DisplayMe.Print Tab(2): Syear; Tab(12}); Format(InitinstalPay, "#0.00"); Tab(2§);
Format{IPFMoney. "#0.00"); Tab(42); Format(IPDMoney, "#0.00"); Tab{36);
Formai(1EQFMoney, "#0.00"% Tab(69); Formai(1EQDMoney, "#0.00"), Tab(83);
Format(TENFMoney, "#0.00"); Tab{99); Format{lENDMoncy, "#0.00"); Tab{115);
Format( TRFMoney, "#0.00"); Tab(133); Format(IR DMoney, "H0.00")
Set myrecordset] = mydatabase OpenRecordset("PaymentPlanTotal")
With myrecordset1
AddNew

HTMoney = Val(InitlnstalPay)

HPFManey = Val{IPFMoney)

HPDMoney = Val{lPDMoney)

MEQFMoney = Val(IEQFMoney)

HEQDMoney = Val(1EQDMoney)

HENFMoney = Val{llENFMoney),

HENDMoney = Val(lENDMoney)

IRFMoney = Val{IRFMoney)

HEDMoney = 1'n"E:I{l]'~i&l"-'f"«"frcrrl.-l.w-"'.l

|Svear =.Syear

1l pdate
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Llose
. End With

End IT .

Mext
End With
End Sub

Private Sub Command2 Click()

Unload Me :
SvslemImproveFund. Show

End Sub

Private Sub Command3  Click()
Initinstal Pay = MS1/ Mynyear
‘mapbox Mynyear

'msgbox "initial pay =" & Initlnstalay

Set myrecordset] = mydatabase.Open Rm:urdsctl["Pu}rmanF'IunTmn!"l|
With myrecordset ]
While Not .EOF

Delete -
MMoveMNext
Wend
End With

DisplayMe.Cls

DisplayMe, Print Tab(2); "":r'::a.r" Tab(12); "Total Amount”; Tab({28); "Pers. Fab.";
Tab{42); "Pers. Degn.”; Tab{56); "Equip. Fab.™; Tab(6%); "Equip. Degn."™; I'al.'r{H:r_‘J
"Energy Fab."; Tab{99); "Energy. Degn."; Tab{115); "Raw Mat, Fab.”; Tab{133); "Ra
Mat. Degn." i

DisplayMe.Print Tab(2); String( 140, "=")

'Exit Sub
Call Variation_Trend

Set myrecordset] = mydatabase.OpenRecordset(" PaymentPlan")
smallest] = 500000000
With myrecordset |
" Forj=0To#
If {smallest] == Fields(j)) And (.Fields(j} <= 0) Then
smallest] = Fields(j)
End If
Nexi
"+ UTMoney = Val(ITMoncy)
MPFMoney = 'PFMoney
OIPDManey = PDManey
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OIEQFMoney = ITEQFMaoney )
OIEQDMoney = [TEQDMoney

OIENFMoney = IENFMoney

OIENDMoney = HENDMoney

OIRFMoney = HTRFMoney

OIRDMoney = HHRDMoney

[TMoney = InitlnsialPay
WIPFMoney = HIPFMoney / smallest]: WIPDMoney = 1IPDMoney / smallest]
WIEQFMoney = HEQFMoney / smallest]: WIEQDMoney = HEQDMoney /
‘emallest]

WIENFMoney = [ITENFMoney / smallest1: WIENDMoney = HHENDMoney /
tamallest]

| WIRFMoney = 'IRI"MUM'}'IEHHIIE:SLI WIRDMoney = HIRDMoney / smallest]
tEnd With

‘et myrecordset] =mydatabase OpenRecordset("MachineBuildResLevel”)
smallest2 = SOO0000000#

\With myrecordset|

Forj=12To 19

‘msghox Fields(j)

If (smallest2) == .Fields(j) And (.Fields(j) <= 0) Then

“stop

smallest2 = Fields{j)

End IF

Mext

MWErnRealMPF = !ErrRealMPF / smallest2: MWErrRealMPD = |ErrRealMPD /
smallest2

MWEmRealFEF = |ErrRealFEF / smallest2; MWEmrRealFED = |ErrRealFED /
smallest2? .

MWEmRealQEF = ErrRealQEF / smallesi2: MWEmRealQED = 'ErrRealQED /
smallest2

MWErrRealQRD = 'ErrRealQRD / smallest2: MWEmRealQRF = |ErrRealQRF /
smallesi2

SumMachEr = WIPFMoney * MWErmrRealMPF + WIPDMoney * MWE"HHLJIMNJ
+ WIEQFMoney * '

MWErrReal FEF + WIEQDMoney * MWErrRealFED + WIENFMoney *
MWErReal QEF + WIENDMoney *

MWEmrReal QED + WIRFMoney * MWE rreal QRD 4 ‘n.lrII{l]Muun:_}
]'-iWErrRmIQI{]"

IPFMoney = ({(WIPFMoney * MWEmRealMPF) / SumMachE rr] . InitInstalPay
AdaplPFMoney = [PFMoney / OIPFMoney

NRealMPF = |RealMPF + AdaplPFMoney

MNErrRealMPF = IHighResLev - NRealMPF
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PTIMoney = {({(WIPDMoney * MWErrRealMPD) / SumMachErr) * InitlnstalPay
AdaplPDMoney = IPDMoney £ GIPFMoney
NEcalMPE = TRealMPD + AdaplPDMoney
NErrRealMPD = 'HighReslev - NRealMPD

IEQFMoney = ((WIEQFMoney * MWErrReal FEF) / SumMachErr) * lmlinqt"l.fl’aw
Adapl EOQFMoney = IEQFMoney FONE FMoney

NRealFEF = [RealFEF + AdapllQFMoney

NEmrRealFEF = 'HighResLev - NRealFEF

[EQDMoncy = (( WIEQDMoney * MWErmReal FED) / SumMachErr) * InntlnstalPay
Adapl EQDMoney = IEQDMoney / OIEQFMoney

NReal FED = 1RealFED + [IRAdaplEQDMoney <= Emply. AdaplEQDMoney, (0}
NErrRealFED = HighReslev - NRealFED

IENFMoney = ({ WIENFMoney * MWErrRealQEF) / SumMachErmr) * InitlnstalPay
Adapl ENFMoney = [ENI'Moncy / QIENFMoncy

MRealQLEF = 'RealQEF + AdaplENFMoney

NEmRealQEF = 1HighResl.ey - NRealQEF

ITENDMoney = ({ WIENDMoney * MWErRealQED) / SumMachErr) * InitlnstalPay
AdaplENDMoney = IENDMoney / CHENDMoney

NRealQED = RealQED + Adapl ENDMoney

MNErrRealQLED = 'HighReslev - NRealQED

IRFMuoney = ((WIRFMoney * MWErReal QRF) / SumMachErr) * InitinstalPay
AdaplRFMohey = IRFMoney / OIRFMoney

NRealQRF = |RealQRF + AdaplRFMoney

NEI‘!’RL‘HH:!RF = MHighResbev - NRealQRF

IEDMoney = ((WIRDMoncy * MWEmRealQRD) / SumMachEr) * InitinstalPay
AdaplRDMoney = [IRDMoney / QIRDMoney

NReal QRD = IReal QRD + AdaplRDMoney

NErrReab)RD = |HighRésLev - NRealQRD

MBuildF = (Val{NRealMPF) + Val(NRealFEF) + Val{NRealQEF) +
Val(NRealQRF)) / 4

MBuildD = (ValiNRealMPD) + Val{NRealFED) + Val(NRealQED) +
Val{NReal ORDY) / 4

MBuild = (ValiMBuildF) + ValiMBuildDY) / 2

THigh = 'HighResley

shop

"Resouree Error

‘'mszhox THigh

‘sl
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Fotalerr = Val(NErrRealMPF) + Val{NErrRealMPD) + Val(NErrReal FEF) +
ValiNErrReal FED) + ValiNErrRealQEF) + Val(NEmRealQED) + Val{NEmRealQRF)

ValiNErrReal QRIN

'stop

‘msebox "Totlal Error " & Totalerr

"Weighted Frror

'stop

WErRealMPEF = Formal{ ValiNEmBeal MPTY £ Val{ Totalert), " #0000
WErrRealMPMD = Val{NEreRealMPD) ¢ Val{ Totalerr)

WErrRealFEE = Val(NEmReal FEF) / Val({ Totalerr) '
WErrRealFED = ValiNErReal FED) / Val{ Totalerr)

WErrReal QEF = Format({ Val{NErmrRealQEF) / Val{ Totalerr), "#0.0000")
‘slop

WErReal QED & Val{NErrRealQED) / Val{ Totalerr)

WErRealQRY = Val(NErrReal QRIF) / Val{ Totalerr)

WhrrReal QR = Val{NErRealQR1Y) [ Val{ Totalerr)

Set myrecordset3 = mydaiabase LOpenRecordsel| 'M"LLhLm'LimIdRﬁI.I.\-'I:I"'II
With nan‘-LanhLl'!

AddMew _

RealMPF = Val(NRealMPF): 'RealMPD = Val(NRealMPD): 1RealFEF =
ValiNRealFEF)

IReal FED = Val(NReal FED): |Real QEF = Val{NRealQEFY: [RealQELD =
VallNRealQED)

'Real QRD = Val(NRealQRI)); 'RealQRF = Val(NReal QRF): 'MBuildF =
Vali MBuildF)

MBuildD = Val{MBuildD): !MBuild = Val(MBuild})

'HighReslev = THigh

ErrRealMPF = ValiNEmrRealMPF): |EmRealMPD =
ValiNErrRealMPD): 'ErrReal FEF = Val(NErrReal FEF)
ITEmReal FED = Val{MErrReal FED); 'ErrRealQEF =
Val(NErRealQEF): 'ErrRealQED = VallNErrRealQED)
ErrRealQRD = ValiNErReal QRDY: 'ErrReal QRF = ValiNEmReal QRF)
Totalerr = Val{ Totalerr)
'WErrRealMPF = Val{ WEreRealMPF): 'WErrRealMPD =
VallWErmRealMPD): I'WErrReal FEF = Val{ WErmrReal FEF)
'WErrReal FED = Val{ WErrRealFED): IWEmRealQEF =
Vall WErmrRealQEF); 'WEmRcalQED = Val{WEmRealQEL)
'WErrReal QRD = Val{ WErrRealQRD): 'WEmRealQRF = ‘l."uj{WI:.rrllmll:l'HF!I
Update
Close
End With
End With
Syear = startyear
DhsplayMe. Print Tab(2); Svear; Tab(12); Format(I TMoney, "#0.00™); Tab(28):
Format{1PFMoney, "#0.007 Tab{42): Format(IPDMoney. "#0.00"): Tab{56):
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Format{ [ECHEMoney, "#0,00") Tab{69); Format(1EQDMoney, "#0.00"); Tab{83);
Format{ IENFMoney. "#0.00") Tab(%9): Format{IENDMoney. "#0.00% ) Tab{ 115}
Format( HEFMoney, "#0.00"); Tab(133); Format( IRDMoney, "#0.00")
sel myrecordset ] = mydatabase. OpenRecordset] " PaymentPlanTotal ™)
With myrecordset]
AddMew
HTMoney = Val(I'TMoney)
HPFMoney = Vall1PFMoney)
HiMDMoney = Val(1PDMoney )
NEQFMoney = Val(lEQF Money)
HEQDMoney = Val(ITEQDMoney)
HENFMuoney = Val{|ENFMoney )y
HENDMoney = Val{IENDMoney)
NREFMoney = Val{lRFMoncy)
HRDMoney = Val{IRDMoncy)
'Svear = Syear
Ul pelate
Llose
Iind With

N}ﬂﬂl' = 2{} -
Yearcount = Nyear
MNexUYear = Syear

¥y =a+ B ¥ (Nyear)
bnstial’y = y

'msgbox "Initia Y " & Initialy
'"Exit Sub

Set myrecordset] = mydatabase. OpenRecordset "PaymentPlanT otal " )
With myrecordset |
Fory=2To 2 'Mynyvear

Yearcount = Yearcount + 1
NextYear = NMextYear + |
yv=a+R *iq"r’carcnum!l .
ITMoney = ITMoney * v/ InitialY

'msghox "Total Next Money " & [TMoney
‘Payment plan computation starts here
Set myrecordset] = mydatabase. OpenRecordsel{"Payment Plan" )

smallest] = SOCHKIN)

With myrecordset |

R



Move j - |
‘msgbox "The next total money" & I'TMoney

Faorm=07To 8§

IT (smallest] == Fields{m)) And {.Fields(m) <= () Then i
smallest! = Fields{m)

End I

Mt

‘msghox "Smallest] " & smallest]

stop

) "TMoney = Val{ITMoney)
OIPFMoney = HPFMoney
OIPDMoney = lIPDMoney
OIEQFMoney = MEQFMoney
OIEQDMoney = HEQDMoney

LOIENFMoney = HENFMoney
OlENEMoney = HENDMoney
OIRFMoney = URFMoney
OIRIDMoney = R DMoney

[TMoney = [TMoney

‘msghox "Money to be distributed " & IMMoeney

WIPFMonty = IPFMoney / smallest]: WIPDMoney = UPDMoney / smallest1

WIEQFMoney = HEQFMuoney / smallest]: WIEQDMoney = 'NIEQDMoney /
smallest]

WIENFMoney = HENFMoney / smallest]: WIENDMoney = NIENDMoney /
smallest ]

WIRFMoney = 'IRFMoney / smallest]: WIRDMoney = HREDMoney / smallestl
End With

sel myrecordsetl = mydatabase OpenRecordset("MachineBuildResLevel™)
smallest2 = SO00000000#

With myrecordset]

‘msghox "value of j =" &)

Move j- 1

Form=12To 19

'msghox Fieldsim)

IT {smallest2) == Fieldsim) And (.Fields{m) <= () Then
stop

smallest2 = Fields{m)

End 1T

Nexl

‘msghox "Smallest2 " & smallest2

stop _

h-Ij-.?'v']-erI-‘:uu]M}'l-' = IEmRealMPF ¢ smallest2: MWEReal MPD = 'ErrRealMPD ¢
smalles12
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MWE !'I'H.l;“ﬂ] EF = |ErmrRealFEF "srnallcht"' MWErmRealFED = 'EnReal FED /
smalles2

MWL RealQEF = 1ErrRBealQEF / smallest2: MWErRealQUED = 1BErrRealQED /
smallesi2

MW EmrReal QRD = 11 ulimlul-‘.l.'rf smallest2: MWEmrRealQRF = 1ErrRealQRT ¢
smallest2  °

SumMachErr = WIPFMoney * MW ErrRealMPF + WIPDMoney * MWErmrRealMPD
+ WIEQFMoney *

MWErrRealFEF + WIEQDMoney * MWEmRealFED + WIENFMoney *
MWEmRealQEF + WIENDMoney *

MWEmReal QED + WIRFMoney * MWErrRealQRD + WIRDMoney *
MWErrRealQRF

IPFMoney = ({ WIPFMoney * MWErrRealMPF) / SumMachEr) * InitInstalPay
AdaplPFMoney = IPFMoney / OIPFMoney

NRealMP'F = 'RealMPF + AdaplPI'Money

MEmRealMPF = lHighReslLev - NRealMPF

IPDMoney = ({(WIPDMoney * MWErrRealMPD) / SumMachErr) * Initlnstal Pay
AdaplPDMoney = IPDMoney / OIPFMoney
NRealMPD = [RealMPD + AdaplPDMoney
MNErRealMPD = 'HighReslev - NRealMPD

IEQFMoney = ({ WIEQFMoney * MWErrRealFEF) / SumMachErr) * InitinstalPay
AdaplEQFMoney = IEQFMoney / OIEQFMoney
NRealFEF = 'RealFEF + AdaplEQFMoney
NEmRealFEF = 'HighReslev - NRealFEF

IE -QDMoney = ({ WIEQDMoney * MWEmRealFED) / ‘-:umMaa{:hEn':l * InitnstalPay
AdaplEQDMoney = [EQDMoney / OIEQFMoney

NRealFED = 1Real FED + AdaplEQDMoney

NErrRealFED = 'HighResl.ev - NRealFED

IENFMoney = ((WIENFMoney * MWErrRealQEF) / SumMachErr) * InitinstalPay
AdaplENFMoney = IENFMoney f OIENFMoney

MNReal QEF =!Real QEF + AdaplENFMoney ~

NE rrl{Lulﬂli = HighResley - NRealQEF

IENDMoney = [({WIENDMoney * MWErrRealQED) / SumMachlzer) ® InitinstalPay
AdaplENDMoney = IENDMoney / OIENDMoney

NRealQED = |RealQED + AdaplENDMoncy

NErrRealQED = HighResLev - NReal QED

IRFMoney = ((WIRFMoney * MWErRealQRF) / SumMachErmr) * InitlnstalPay
AdaplRFMoney = IRFMoney / OIRFMoney

NRealQRF = 1RealQRF + AdapIRFMuoney

NEmRealQRF = [HighReslLev - NReal QRF
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IRDMoney = ({ WIRDMoney * MWErrRealQRD) / SumMachErr) * InitlnstalPay
AdaplRDMoney = IRDMoney / OIRDMoney

NEealQRD = 1Real(QRD + AdaplRDMoney

NEmReal QR = HighResLev - NRealQRD

"start .
MBuildF ={Val(NRealMPF) + Val(NRealFEF) + Val{NReal QEF) + !
Val(NRealQREF)) /4 '
MBulldD = [Val(NRealMPD) + Val(NRealFED) + Val{NRealQED) +
Val(NRealQRDY) / 4
MBuild = (Val{MBuildF) + Val(MBuild[»)) / 2
THigh = THighResLev
‘stop
‘Resource Error '
slop
lotalerr = Val{NErrRealMPF) + ValiNEmrRealMPD) + Val(NErrReal FEF) +
Valf NErrReal FED) + ValiNErRealQEF) + Val(NErrRealQED) + VaNErrRealQRI
+ Val(NErRealQRIN)
'stop )
"Weighted Error

WErrRealMPF = Format{ Val(NErrReal MPF) / Val{ Totalerr), "#0.0000™)
WEmRealMPD = Val(NErrReal MPD) / Val( Totalerr)

WErRealFEF = ValiNErrReal FEF) / Val( Totalerr)

WErmRealFED = Val(NErrReal FED) / Val( Totalerr)

WErrReal QEF = Fﬂnnall[':-’ﬂlt'NEnRr:uIQEF'] ! Val( Totalerr), "#0.0000")
'stop )

WEmRealQED = Val{NErRealQED) / Val( Totalerr)

WErReal QRF = Val(NErnRealQRF) / Val{ Totalerr)

WErrRealQRD = Val(NErrReal QR / Val{ Totalerr)

Set myrecordsetd = mydatabase. OpenRecordset("MachineBuildResLevel™)
With myrecordset3

AddMNew

RealMPF = ValiNRealMPF): 'RealMPD = Val{NRealMPD): 'RealFEF =
Val(NReal FEF)

"RealFED = Val{NReal FEDY: 'RealQEF = Val(NRealQEF)Y: 'RealQED =
‘Val(NRealQQED)

RealQRD = Val(NReal QRD): 'RealQRF = Val(NRealQRF): IMBuildF =
VallMBuildlF)

IMBuildD = Val{MBuildDD): 'MBuild = Val{ MBuild)

HighResLev = THigh

ErrRealMPF = Val(NErrRealMPF): 'ErrRealMPD =
ValiNErrRealMPDY: |ErrRealFEF = Val(NErrRealFEF)
IErrReal FED = ValiNErrReal FED): 'ErrRealQLEF =
ValiNErrRealQEFY: 'ErrRealQEDR = ValiNErrRealQED)

200



ErrlealQRD = Val(NErReal QRO TErrRealQRE = ValiNErrReal QRF)
Motalerr = Val('Totalerr)
I'WErRen MPEF = Vall W ErrReal MPEF): 'WrrRealMPPD =
Vall WErrReal MPD): 'WErReal FEF = Val(W ErrReal FEF)
'WErRealFED = Vall WErrRealFED): 'WErrRealQEF =
Vali WErmrRealQEF): ! WErmrRealQED = Val{WEmRealQED)
"WErRealQRBD = Vall WErrReal QRD): | WEmRealQRF = Val{ WErrReal QRF)
Apdate
Llose
End With
"slop "
End With
Syear = Syear + |
DisplayMe. Print Tab(2); Syear; Tab{12); Format(|TMoney, "#0.00"}; Tab{28});
Format{IPFMoney, "#0.00"); Tab{42); Format{IPDMoney, "#0.00"); Tab(36});
Format{ IEQFMoney, "#0.00"); Tab(69); Forma(IEQDMoney, "#0.00%); Tab(85});
Format(1ENFMoney, "#0.007); Tab(99); Format{IENDMoney, "#0.00™); Tab(115):
Format{|RFMoney, "#0.00"); Tab({133); Format(|RDMoney. "#0.00")
Set myrecordset] = mydatabase. OpenRecordset{ "Payment PlanTotal")
With myrecordset |
AddNew
HTMoney = Val(1TMoney)
HPFMoney = Val(IPFMoney)
HPDMoney = Val{IPDMoeney)
HEQFMoney = Val(IEQFMoney)
HEQDMoney = Val{IEQDMoney)
~MENFMoney = Val{IENFMoney)
NENDMoney = Val{lENDMoney)
HRFMoney = Val{IRFMoney)
MRDMoney = Val(IRDMoney)
Syear = hyear
Alpdate
LClose
End With

"stops here
MNext
End With

End Sub

Private Sub Commuandd Clhick() '

a = Shell("c:\machinetoolscapacitybuilding\book 115", vbMaximized Focus)
Fnd Sub

Privatle Sub Furml_l.mad[]
Me Top =0
Initializefonm

El ¥
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Call Initialise

Sel myrecordset ] = mydatabase. OpenRecordset("Paymentplan™}
With myrecordset]
[atop
Mynyear = .RecordCount
Fnd With

Sel myrecordset] = mydatabase OpenRecordset("PSystemlImprovementFund” )
With myrecordset ]

MBI = 'FTMoney
End With

Set myrecordset] = mydatabase OpenRecordset(” Pﬂysmmlmpmmm{:ntl"und"}
With myrecordset |

MBI = PTMoney
End With

wet myrecordset | = mydatabase. '[}T:LnHLmrdw!{ ActualMachCaplLevel™)
With myvrecordset 1

I _RecordCount = 0 Then

RealMPT = Val(! AFabNPEXT)
RealMPD = Val{!ADepgNPEXT)
RealFEF = Val{!AFabFEQ)
RealFED = Val{! ADegFEQ)
RealQEF = Val(! AFabQEN)
RealQED = Val{!ADegOQEN)
RealQRF = Val( | AFabORM)
RealQRD = Val(!ADegQRM)

MBuildF = (Val(RealMPF) + Val{RealFEF) + Val(RealQEF) + Val(Real QRF)) ( 4
MBuildD = (Val(RealMPD) + Val{Real FED) + Val(RealQED) + ‘l-’.jI{R:a]QRD]}.-' 4
MBuild = (MBuildF + MBuildD) /2
End 1T
Fnd With
Slop
‘msghox "MBI=" & MBI
MSI= (100 * MBI * (1 - MBuild)) * 1 /0.9 '4 242899925 "* (1 / 0.915)
'maghox "machine build cap =" & MBuild
‘msghox "msi=" & MSI
'stop
End Sub
Private Sub FontSetting{N As String, B As Boolean, | As Boolean, S As Single, C As
Single)
With DisplayMe
IF™N <= "" Then .FontName = N
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JFontBold =B
FontHalic = |
ITS = 0 Then FonlSize = S
I C == Then .ForeColor = QBC -.}Iur{'.’_]-
End With
Fnd Sub
Private Sub PFontSetting{N As String, B As Boolean, | As Boolean, 5 As Single, C As
Single)
With Printer ~
N <= "" Then FontName = N
FonlBold=B
Jontltalic =1°
IS =) Then .FonlSize = S
I1C == 0 Then ForeColor = QBColor(C)
End With
End Sub *
I?uhl ic Function Compute Tolal()
Val(PFMoncy) + Val{ PDMoney) + Val(l: DFM:H‘:W] + Val( EODMoney) 4
‘-.’ultt NFMoney) + Val{ENDMoney) + Val{RFMoney) + Val{lRDMoney)
Compute Total =
End Function

Private Sub PDMoney Change()
TMOney = Compute Total
End Sub

Private Sub PFMoney  Changel)
TMOney = Compute_Total
ind Sub

Private Sub RDMoney  Change( )
TMOney = Compute_Total

End Sub
Public Sub Ilc.ld::rR-:pﬂrl{}
center " center " center 7

FontSetting "limes New Roman®, True, True, 18, 0
‘cenler ""1-1, ven-1Tp Bottling Company Pl 'L" !
u..nu.,r

center "Oluyole Industrial Estate, Moshood Abiola Way 1badan”

(1]
o TE T o o B 0 B BB

center ™"

FontSetting "Arial Black™, False, False. 12,0

center "Transportation Cost Table"

cenler © ; =
center ™" ’

I Sub
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W L]

Public Sub PHeaderRepori() :
PCenter ™; PCenter ™ PCenter ™
PFontSetting "Times New Roman”. False, False, 18, 0

PCenter "Seven-Up Bottling Company PL E' i
PCenter "

PCenter "Oluyole Industrial Estate, Moshood Ahm!n Way Ibhadan™
PCenter "

DisplayMe. Prmt

PFontSettiing "Anal Black™, False, False, 10, 0

PCenter "

FontSetting "Arial Black"®, False, False, 12,0

PCenter "Transportation Cost Table®

PCenter "—=-ausam »

PCenter "™

End Sub

Private Sub XSane(l)

DisplayMe.CurrentX =1 * Inch * 8 .

Fnd Sub

Private Sub center{ ByVal Txt As String)
DisplayMe.CurrentX = (8 * Inch - (DisplayMe. TextWidth(Txt))) / 2
DisplayMe. Print Txt

End Sub

"Tor printer
Private Sub PXSone(1)
Printer.CurrentX =t * Inch * §

End Sub

Private Sub PCenter{By Val Txt As String)
Printer.CurrentX = {8 * Inch - (Printer. TextWidth{ Txt))) / 2
Printer.rint Txt

FEnd Sub

Private Sub [nitializeform()

DisplayMe. Width= 11 * Inch

DisplayMe Height = 8.5 ® [ndl

HScrall ] .Max = {5 * Inch - (Me. Width * (151}

HScrolll.Min = -0.15 * Inch

HSecrolll . LargeC hange = Inch

HScrall ] . SmallChange = Inch / 2

VScrolll . Max = (10 * Inch)

VScrolll.Min = -0.15 * Inch

Vserolll. LargeChange = Inch

Vierolll.SmallChange = Inch /2

DisplayMe.left = 15 '0.15 * Inch

[MsplayMe Top = 150 '0.15 * Inch

DisplayMe. BackColor = QBColor(3)

"
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'Set Inventory = Workspaces{(0).OpenDatabase{ App.Path & "inventory. mdb™)
End Sub
Private Sub RFMoney Change()

TMOney = Compute Total :
End Sub
Public Sub Variation Trend() pLb

sumt xsqr = 0 sumy = (1 sumx = 0: sumxy = 0

Sel myrecordset| = mydatabase OpenRecordset("DollarMNairaRates™)
With myrecordset| ’

Iy =[Year

Movel.ast

N=Ix

MovelFirst

While Not .EOF J

x=2x

y =1 N Equiv of Omne Dollar

Sum_xsgr = sum_xsgr4ox 2

SUMY = sumy + y

SUMX = sumx + X

SUmxy = sumxy + (X * ¥)

MoveNext,

Wend

End With )

g = Format{({sum_xsqr * sumy) - (sumx * suomxy)) / ((N * sum_xsgr) - (sumx ™~ 2}),
HOLO0" )

B = Format(({N * sumxy) - (sumx * sumy)) / ((N * sum_xsqr) - (sumx ® 27, "#0.00")

Lnd Sub
Private Sub Text10 Change()

End Sub

Private Sub HScrolll Change()

"stop

DisplayMe.Left = HSerolll . Value * -1

End Sub

Private Sub VScrolll Change()

"stop

DisplayMe_ Top = VScrolll . Value * -1

End Sub

Private Sub RgtAlig(Txt As String)
DisplayMe.CurrentX = (& * Inch - (DisplayMe. TextWidth(Txt)))
DisplayMe. Print Tx1

End Sub
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APPENDIX 11: Graph for the Result of Validation of Model
Machine Building Resources Capacity Development Pattern for 5 and 10 Years
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Impact of Each Mach ne Resources on Overall Machine T ools Capacity
Development Level

i A Y
= i f 164 B3W [
i

ey
3. == BARPD |
|I N L ‘I
. —m MaglFED
| o wmzEF

oy

50w e 6o

N e R ke
CIO0I04T052 80| DEADTRNRADAI OB 1
Wachine Buiieng




R us,;r il

_L _*I"l ; ' :_h”

e .

oz

##ﬂ#ﬁ#ﬁ#’#’f‘*ﬁf v

all

2
i
gi
L
1
i -
= || TowFsbE
y




¥

i
r,;i_l'

,?

".

-;f\-'n'-:.f

Machine Tools Building Capacity Error Reduction Pattern fnr 5 and 10 ‘H’urr

et 5 ey g ot g S G IR e ' T S

?###fﬁf*ﬁ#ﬁ#’# : § B

212

b
b 1|



Allocated Money for machine tools Resources Capacity Development for 5 and 10
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Appendix 111: Regression Analysis and Stepwise ANOVA of the Maodel Developed

IPF MONEY
Model Summary [2008)
= - Adjusted R | Sid Errorof |
Maodel R | R Square Square | the Estimate
‘ | Year ~= |
Year= 2008 | Year= 2008 | 2008 Year= 2008
(Selacted) {Selected) | (Unzelected) |  (Selected)
1 980(a) 660 | 950 | 158 4835691 |
i Predictors: {Constan{), Weight
; ' ANOVA(D,c)
Sum of |
Model Squares Of Mean Squane F Sig.
¥ TGN E"““Mﬁ;g 1| 24p4sassis| o5747|  001E)
Residual 100468.16 4 25117 042
7 :
* Total 25053519 5
B3
8 Predictors: {Constani), Weighi
b Depandent Varable: IFFMonsy
c Saelecting only cases for which Year = 2008
Coefficients{a,b)
Unstandardized Standardized |
Coefficients | Coefidents | 1 -,__.5'“@: =
Moidel B | Std. Enmor | Bata B Std. Error
1 {Constant) ﬁqﬁi.saﬂi 291.410 18.708 000
Weight 370,705 |  37.885 -880| 9785 001
& Dependent Varable: IPFMoney
b Selecting only cases for which Year = 2008 s
Model Summary {2009) '
Adjusted R Std. Error of
Model R R Square Souare the Estimate
Year= 2009 | Yegrw 2008 | Year-=2000 | Yearw= 3000
{Selected) {Selected) | (Unselocted) {Sefected)
i B04{a) B00 | 749 | 1016 4680258

a Pradsciors: (Constant}, Waight

Ld
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ANCVA(D,c)

Sum of
Model Squares of Mean Sguare F Sig.
1 Regression 1543321‘!;!? 1| 164B3278.197 15.053 06(a)
Residual ¥132838.3 | ; .
09 | 4. 1033208.077
Total 20616114 5
. 506
a Pradciors: {Conslant), Waight
b Depandenl Variable: IPFMoney
¢ Beleckng anly cases for which Year = 2008 =
Coefficients{a,b)
Unstandardired Standardized _
Coefficents | Coefficients =& _Sg
| Std. Er
Model - B Rar Beia B Std. Ermor
o {Constant) | 10847 686 | 1860010 5.604 D04
Waight -970.516 242 983 - B4 3994 016
a Dependent Varable: IPFMoney
b Sedecting only cases for which Year = 2009
' Model Summary (2010)
Adjusted & | St Emored |
Model R R Square Square the Estimate |
. ‘fear ~=
2010
Year= 2010 | Year= 2010 | {Unselacte.| Year= 2010
{Selocted) (Sedacted) d} {Selected)
1 _899(a) 897 | 997 | 177.2558491 |
a Predictors: {Constant), Weight
ANOVA(b,c)
; Sum of
Model Sguares Df Mean Sguare F Sig.
1 Regression 4500840,
_ 246 1 | A5B80840.346 | 1460547 000{a)
Residual 12567854 4 11419636 I
4 ’
Tdal HE5015518. 5
280
8 Predictors: {Constant), Wisight

b Dwpendent Variable: IPFMonay

& Selecting only cases for

which Year = 2010
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Coefficientz{a b)

Unsiandardized Standardized | |
Coefficents _ Coefficients | __Sig.
Model B Std. Eror Bata B Std. Error
1 (Constant) | 18380580 | 325.927 56.395 000
Weight -1619.344 42,372 -999 -38.217 000
a Dependent Vanable: IPFMoney :
b Sedecling ondy cases for which Year = 2010
Model Summary (2011)
Adjusted R | Std. Ermor of
Model R R Square Square the Estimate
Yooar ~=
2011 ki
Year= 2011 | Year= 2011 | (Unselecte | Year= 2011
[Selected) | (Selecled) d) (Selected)
1 980{a) 960 | - B850 | 4502596006 |
g Predictors: {Conslanl), Weght
ANOVA(D,c)
]
Sum of
Modal Squares D Mean Square F 5.
1 Regression i 10410828086 | 0S746|  .001(a)
Residual £10834.83 4 502733.708
; > :
Total 20321883, 5
A18
& Predicions: (Constant), Weighl |
b Dependent Yariable: IPFFMoney
¢ Selectin only cases for which Year = 2011
Cosfficients|a,b)
Unstandardized Standardized
Coefficients | Coefficients . Sig-
Model B Std. Error Bata B Std. Emor
1 (Conatant) | 15488.415 827004 18.708 J00
Weight 1053184 | 107633 -980 9785 001

a Dependent Vanable: IF'F?MnnEy
b Selecting only cases for which Year = 2011
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Mode! Summary (2012}

| Adjusted | ;
I R Std, Emor of the
hodal R | RBSguare | Square Estimale
Year -=
2012
Year= 2012 | Year= 2002 | (Unselecte | Year= 2012
. (Selected) (Selected) (Selected)
1 551(a) 303|  120| 12778630850 |
a Prediciors: (Constant), Weighl
ANOVA(D,C)
Sum of
Model Squares o Mean Sguane F Sig
1 Regression Emm?ﬁ 1| 2840497221 1740 |  258(a)
i |
Residual 553??-155; 4| 1832938384 |
Total GATI242 6 5
; 78 |
a Prediciors: (Constant), Weight
b Dapandeni Variabla: IPFMoney
< Sefecting only cases for which Year= 2012
Coefficients(a,b)
Unstandardized | Standardized .
Coefficients | Coefficents : Sig.
Model B | Std. Error Beta B Std, Emor
1 (Constant) | 10103021 | 2340685 i 4,300 | 013
Weight -402 BAZ ! 305 468 -551 | -1.319 ! 258
a Dependent Varable: IPFMonsy
b Selecting only cases for which Year= 2012
IPD MONEY
' Model Summary (2008)
| Adjusled R | Std. Error of the
hodel R | RSquare | Square Estimate
. ' s Yaar —=
2008 A
Year= 2008 | Year= 2008 | (Unselecte | Years 2008
{Salecied) {Selected) d} | (Selected)
o BE0a) 960 | PRLTRGREERN

8 Predictors: {Constant), Welght




ANOVA[D,C)

Sum of
Model Sguares Of Mean Square F Sig.
L Risgransion T“”WZ‘E:E 1| 76036713220 |  o5745|  .00va) |.
Fesidual J1TEE05.2 a 794140804
16 2 |
Total 78213312, | 5 '
! S 437 |
a Prediciors: (Constant), Waight
b Depandent Vanable: IPDMoney
¢ Sefeclting only casaes for which Year = 2008
Coefficients{a,h)
Uinstandardized | Standardized ;
Coefficients | Coeficients | ! Sig
Model B Sid. Error Bata B |_Std. Emor
1 (Constant) | 30654588 | 163B.582 16.708 000
Weight 2084456 | 213.006 - 8D -0.785 0m
a Dependend Vaniable: IPOMonay
b Selecting only cases for which Year = 2008
Model Summary (2003}
Adpusted R Sid. Error of
Mode| R R Souare Souare the Esfimate
| Year—=
Year= 2009 | Year= 2009 | 2009 Year = 2009
(Selected) t&alecw% | {Unselecled) | (Selected)
! 883(a) 779 | 724 1% s
a Prediciors: (Consfant), Weight ?
ANOVA(D,c)
Sum of [ '
Model Squares Df MeanSquare | F |  Sig.
| R | TR 1| 17075887752 | 14438 | .020(a)
Residual 4832023.6
5 23 4 1208005 906 .
. Tatal 21807891, 5
ATs |

a Predictors: (Constant), Weight
b Depandent Variable: IPDMoney )
¢ Selechng only cases for which Year = 2009
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Coefficients(a,b)

Unstandardized | Standardized
Coeficients | Coefficients Y S
Model B Std. Error Beta B Std. Emrar
1 {Constant) | 21505480 | 2020.043 10,686 000
Weight -BE7 B08 262,734 -.Ba3 -3.760 | 020
a Depandend Variable: IPODMoney
b Selecting only cases for which Year = 2008
Model Summary (2010}
» ] Adjusted R | Std. Emor of
Model R R Sguare Squars the Estimate
' Year ~=
.. 2010
Year= 2010 | Year= 2010 | {Unselected | Year= 2010
{Selected) {Selected) ) (Selected)
1 361(a) 130 087 ‘*%m
a Prediciors: (Constand), Weight | 3
AMOVA(D,c)
Sum af |
Model Squares Df Mean Square F Sig.
¥ i ol liemicice = 1] 1229413.005 599 | .482()
Residual EED-BEIE.‘!E: 4| 2082245 550
Tatal B438385.2
T4 s
a Prediclors: (Constant), Weight
b Dependent Variable: IFDMoney
¢ Selactng only cases for which Year = 2[|1C|
Coefficients{a,b)
Unslandardized standardized .
Coafficients Coefficients 1 Sig.
Mol B Sid. Ermor Beta 8 | 5 Ewor
1 {Constant) 381420 | 2634112 2.802 049
Weight 285.051 342 449 381 T74 482
a Dependent Variable: IFOMoney

b Selecting only cases for which Year = 2010
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Model Summary (2011)

| Adjusted |
R Std. Ermor of the |
Moded 34 R Square | Square Estimate
Yaar —=
2011
Year= 2011 | Year= 2011 | (Unselec Year= 2011
[Selected) {Selected) ted) (Selected)
3 B80(=) 260 850 m.z&aﬂﬂggfgg
g Predictors: (Constant), Weight
ANOVA(D,c)
; Sum of |
Moded Squares i Mean Sqguare F Sig.
1 FHAgteRER 15‘”“‘9& 1) 19410028985 | 95746 |  .001(a)
Residual 2108934 Eg 4 | 202733708
Total J0221863 | 5
818 |
a: Predictors: {Constand), Weight
b Dependent Variabie, IPDMoney
c EFleﬂin«:: anly cdses for which Years 2011
Coefficients{a, b}
Unstandardized | Standarduzed ;
Coeticients _ Coefficiants 1 Sig.
Maodel 2] | Std. Error Bela B Std. Error
1 (Consiant} | 15488415 | 827.909 18.708 000
Weight 1053184 | 107,633 - 980 -9.785 001
a Dependent Varkable: IPDMoney =
b Selectng only cases for which Year = 2011
Model Summary[2012)
Adusted R | Std. Emor of the
Model R__ R Square | Square Estimate
Yea ~=
Year = 2012
Year= 2012 | 2012 {Unselacta Year= 2012
{Selacied) {Selected) ) {Selected)
1 551(a) 303 A | IR

8 Predictors, (Constant), Waeight




ANOVA([b,c)

Sumof | T | |
Model SOUAres DI Mizan Squaie Ed Sig.
Ts Fomirammon zadms-?ﬁ 1| 2B40497.221 1.740 258(a)
Residual 65317454 |
58 | 1633036 364
Tolkal QATI242.6 5
i)
a Prediciors: [Constant), Weight
o Dependeni Variabde: IPDMonay
¢ Sedacling only cases for which Year = 2012
Coefficients{a,b)
Unstandardized Standardized |
_ Coefficients Coefficients ! Sig.
Modal B Std. Error Beta B Std. Error
1 , (Constant) | 10103.021 | 2349655 4300 ma
Weight -402.882 | 305468 - 551 -1.318 258
a Dependent Vanabie: IPDMoney
b Selecting only cases for which Year = 2042
Model Summary (2008)
! Adjusted R Std. Error of
Modet « B _RSquare | _ Square the Estimate
Year ~=
Year= 2008 | Year= 2008 2008 Year = 2008
{Selected) (Selecled) | (Unselected) | (Selected) +
1 9a0(a) 960 | 850 | B3.0592928 |
a Pradiciors: (Constant), Wesght -
ANOVA[Db,.c)
Sum of
Model Souares 5} Mean Sguare F Sig.
) PN mm-ﬁz BBO518 564 95743 |  .001(a)
Residual 27505 384 4 GROE. 845
Total | 08E113.58
. B
a Fradiclors: (Conslant), Weight
b Dependen| Variable: IEQFMoney

¢ Selectng only cases

for which Year = 2008
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Coeflicients{a b}

Unstandardized Standardized
Coefficients | Coeficients | t | Sig
Model B Std. Error Beta B Sid. Eror [
1 {Constant) 2857108 1652.724 18.708 0oo
Weight -194.278 19,855 -5a0 -6.785 oot
a Dependent Variable: [EQFManey
b Selecting only cases for which Year = 2008
Model Summary (2009)
Adjusted R Sid, Emor of
Madel R R Square |  Square _ihe Estimate
Year = ‘Year ~=
Year = 2008 2009 | 2005 Yaar= 2009
(Seleciad) {Selecied) | (Unselected) (Selected)
1 * TH5(a) 570 | A63 | 1688 8422005 |
& Fredicions: (Constant), Welght
ANOVA(b,c)
] Surm af
Model Squares | i | Mean Square F Sig.
i Regreszion 1513r0a7
235 1| 15137897.335 5.308 .083{a)
Residual 114'DE'-:]531 4| 2852188 009
Tolal 2B54B740. .
370
a Prediciors: (Constant), Weight
b Dependent Variable: IECQFMoney
¢ Selecting only cases for which Year = 2008
Coefficients|a,b)
Uinstandardized Standardized
_ Coefficients | Coefficients ! _Sg =
Madel 2] Std. Error Beta B Std. Error
1 (Constant) 9225666 | 3105338 2971 041
Weight -830.069 403,711 -.755 -2.304 083

a Dependont Varnable: IEQFMoney
b Selecting cnly cases for which Year= 2008
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Model Summary (2010)

: Adjusled R | Std. Error of
Model | R R Square SOuare the Estimate
Yaar ==
Year= 2040 | Year= 2010 2010 Year= 20
. {Selected) (Selected) | (Unselecied] | (Selected) ;
* 998(a) | 996 | 995 | 2380887734 ;
g Pradiclors: (Constant}, Weight
ANOVA[bD,c)
Sumaof |
Modal Sguares | ¥ Mean Soquare Sag.
L Regression 5?5“3"‘1"'3% 1| 57543445188 | 1015121 000¢a)
Reskdual 22674505 4| * 6686264
ps ;
Total STFTO180. 5
2ad
a Predictors: (Constant), Weight
b Dependent Varable: IEQFMoney
c Selecting only cases for which Year = 2010
L]
Coofficients(a,b)
Unsiandardized Standardized
Coefficients Coefficients t Sig
Maded B l Sid. Emor Beta B Sid. Emmor
1 (Constant} | 18512917 |- 437.783 44,572 000
Weight -1813.358 56.014 | -908 | -31.861 | 000
a Dependent UarmIJIE'IELJFMm:.r
b Selecting only cases for which Year= 2010
Model Summary (2011)
| | Adjusted R | St Emoref |
Model R | R Sguare Square the Estimale |
Year -=
Year= 2011 | Year= 2011 201 Year = 2011
{Selecled) | (Selecled) | (Unselocted) | (Sel
1 980(a) | 960 | 950 | 4502596006

a Predictors: (Constant), YWeight



ANOVA(b,c)

Sum of
Modal Squares O Mean Sguare F e
; g M~ 1| 19410928986 | 95746 |  .001(a)
Residual 810934.83 d 202733708 |
2
Total 20221863. | 5 |
818 | |
a Prediciors: (Consiant), Weight
b Dependeni Variable: IEQFMonay
¢ Sedectng only cases for which Year = 2011
Coefficients{a,b)
Unstandardized Standardized \
_ Coefficients Coefficients ! Sig.
Madel : B Std. Error Baa | m Std. Error
1 (Congtant) 15488415 827 9040 18.7048 000
Weight AD53.184 | 107633 - 980 E785 i
a Depandend Variable: IECQFMonay
b Salecting only cases for which Year = 2011
IEQD MONEY
Model Summary (2008)
. 3 Adjusted R | Std. Error of
Model R R Sguare Sguare the Estimate
Year= 2008 | Year= 2009 | Year-=2009 | Year= 2008
{Saleced) {Selected) fUnselected) [Sedected)
1 E11(a) | B57 572 1460.373
a Pradictors: (Constant), Wenght
y ANDOVALD,.c)
Sum of
Model Squares i Mean Square F Sig
s Fegrescion. || 890 13??' 1 | 16357160.807 7670 050(a)
Residual BRIOTHE.T i
BB 4 | 2132680191
* Tatal ZABETONG, 5
£63

a Prediciors. {Constant). Welghi
b Dependent Varable: IEQGDOMoney
¢ selecting only cases for which Year = 2000
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Coefficients{a,b)

Unstandardized altandardrced T
Coefficients | Coeffichents 1 Sag.
Model B Std. Error Beta | B S1d. Ervor
1 (Constant) B523.087 | 2685241 3174 | 034
Weight 966.796 | 3409.006 -811 2789 | 050
a Dependent Variable: IEQCMoney =
b Selecting only cases for which Year = 2008
Model Summary (2010}
Adjusted R Std, Emar of
Model R R Sguare Square the Estimate
Year ~=
Year = 2010 Year= 2010 2010 Year= 2010
iSeloctod) (Selected) | (Unselected) | (Selected)
1 Bo6{a) 893 29 | 367281 |
a Prodiciors: (Constant), Waight
ANOVA(D,c)
|
Sum ol |
Moded Squarnes ot Mean Squate F Sig.
¥ Regression ?'mffé 1| 71900039116 | 533005 |  .0OOGR)
Residual 530582 26
7 4 134B95 567
Total T2430621. 5
383 =
a Predictors: {Constant), Welghi
b Dependant Vanable; IEQDMoney
& Salecting only cases for which Year = 2010
Coefficients(a.b)
Unstandardized Slandardized 3
_ Coefficients Coefficients - Sig.
Model B Std, Error Beta B Std. Errar
1 (Constant) | 20759829 B75.334 20.740 000
Weight - | 2026062 87.797 -g06 | -2apar | 000

a Dependent Variable: IEQDManey
b Selecing anly cases for which Year = 2010




Model Summary (2011)

Adjusted R Sid. Errar of the l
Model E R Square Squans Eslimale !
Year = 2011 | Year= 2011 | Year-= 2011 Yaar = 2011
i abectad) (Selected) (Unsebecied) {Selected)
i JBBMa) JBE0 50 | 450260
a8 Predicliors: (Constant), Weight
’ ANOVA[b.c)
| [
Sum af |
Mads| Souares ] Mean Square F Sig.
1 i ] (i 1| 19410928986 | 95746 |  .001a)
Residual 81 DEEH.BE 4 A2TEL 08
Tofal 20221863, 5
Big
a Predciors: (Constant), Waight
b Dependaent Variable: IEQOManey
¢ Belecting only cases for which Year = 2011
Coefficients{a b)
Unstandardized Standardized
Coefficients Coefficients : _Sw.
Model B Std. Emor Beta B Std, Emar
i (Constant) 15488415 B27.805 18.708 00
Weight -1053.184 | 107633 - B0 -9.785 001
a Dependent Variable: IEQDMoney
b Selecting only cases for which Year = 2011
Model Summary (2012)
] Adjusted R Std. Ermor of the
Modal o - R Square Squars Eslimale
Yaar ~=
Year= 2012 | Year=s 2012 2012 Year= 2012
{Selected) (Selecied) | [Unselacted) {Selecied)
1 A51{a) | 303 | A28 1277 864

8 Prediciors: (Constant), Wesght




ANOVA[b,c)

Sum of
Mosdet : Squares Df Mean Square i Sig.
: Rigrepon Eﬂ"“"mﬁ 1| 2840497 221 1.740 |  258(a)
Resadual 13531?#55; 4 16329368 364 -
Total S3T2242 16 5
T8
a Predictors: (Constant), VWesght
b Dependent Varable: IEQDMoney
¢ Selecting only cases for which Year = 2012
Coefficients{a, b}
Unstandardized Slandardized i
Coefficients Coefficients t Sig.
Model B Std. Emor Beta g Std. Error
1, (Constad) | 10103021 | 2340.855 | 4.300 03
Wieight 402 882 | 305468 | - 551 -1.319 258
a Dependent Varable: IEQDMoney
b Selecting only cases for which Year= 2012
. Maodel Summary (2008)
| | Adjusted R Stl. Emorofthe |
Maodel B RSquare |  Square Estimate
- Year= 2008 | Year= 2008 | Year-~= 2008 Year= 2008
{Selacted) {Selected) {Unselected) {Selacted)
L GB0{a) 860 850 128 127788
a Prediciors: (Constant), Weight
ANOWVAID,C)
Sum of
Maodel Squares of Mean Square F Sig.
1 Regression 15”“5""33 1| 1571857539 05 747 001(a)
Residual B5666.920 4 18418.730
Tolal 1637524 4
59 |

a Prédictors: (Constanf), Weighi
b Dependent Vanable: IENFMoney
¢ Selecling only cazes for which Year = 2008
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ANOVA(b,c)

Sum of |]
hoded SHUATES of Mean Sguare | - F Sig.
. ThpoEn | e 1| 2840487221 1740 |  .258(a)
Residual 65317454 | -
s | 4 1632035364
Total S3TI242 6 5
. 78
& Predictors: {Constant), Weight
b Dependent Varable: IEQDMoney
¢ Selecting only cases for which Year = 2012
Coefficients{a,b)
Unstandardized Standardized |
Coefiicients | Coefficients L Sig
1
Modei E Std. Error Beta B Std. Error
LR (Cansiant) 10103.029 2348 655 4 300 M3
Wesgit, A02 682 | 305468 - 551 -1.318 258
a Dependent Varkable, IECQDMoney
b Sefecting only cases for which Year = 2012
' Model Summary (2008)
Adpusted R Std, Eoror of the
Model | R | R Square Square Estimate
- Year= 2008 | Year= 2008 | Yesr-=2008 Year = 2008
{Selacted) {Selected) {Unselected) {Selected)
1 BEa) 260 850 126127788
#& Prediciors: (Constand), Weaight
ANOVA[b,c)
Sum of '
Modal Sguares Cf Mean Sguare | F S'ug.
|
. Fagreewon | wnteeors 1| 1571857538 95747 |  .001(a)
Residual B5666.920 4|  16416.730
Todal 16375244 5
5a |

g Prédictors; {Constant), Welght
b Dapendent Varable: IENFMoney
¢ Seledling only casas for which Year = 2008




Coefficients{a, b}

Unstandardized Slandardized .
Coefficients . Coefficients t Sig.
Model B Std. Emor Beta B Sid. Ermor
1 {Consiant) A4 07T AR 235.503 18.708 000
Weight 299701 | 30628 | - 880 9,785 001
E_'Dependent Varnahle: IEMNFMoney
b Selecting only cases for which Year = 2008 +
Model Summary (20049)
Adusted B | Sid Errorof the
Moded R R Square Souare | Estimate
Year = ]
Year= 2000 2005 Year == 20008 Year = 2000
{Selacted) {Selected) {Unselected) {Selecied)
1 _Bg5(a) B01 751 B09.306557 |
a Predictors: {Constant), Whaighd
ANOVA(D,c)
Sum of
Model Squares O Mean Square F Sig.
L AN 1“55'3532% 10550523 338 16108 |  018(a)
Residual 2619908 4
11 4 Gh49TT 103
Tiedal 13170431, 5
TEO ] -
g Predictors: {Constant), Weaigh
b Cependent Variable; IENFManey
¢ Selecting anly cases for which Year = 3009
Coefficients(a,b)
Unsfandardized Standandized
Coefficients Coefficients | I | Sg
Mode! B | Sid. Emor Beta B Sid. Error
% {Constant) 8698.000 | 1488.102 5.845 004
Weight -TT6.458 | 193461 | - BG5S 4,014 018

a Dependent Variahle: IENFMoney
b Setecting only cases for which Year = 2009
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Model Summary (20140)

Adusted B | Sid. Erros of
Model R R Square Square | the Estimate
, Year ~=
Year= 2010 | Year= 2010 2010 Year= 2010
(Selacted) {Selected) | (Unselected) | (Selected)
1 999(a) | 887 | 967 | 141852731
a Predictors: {Canstant), Wesghi
ANOVA(D,c)
|
Sum of |
Model Sguares Df Mean Squars F Sig.
L il e dhon 1| 20213312270 | 1455898 |  .000(a)
Residual BO261.985 4 20065 496
Tolal 292003574,
£34
a Predictors: {Constant), Weighi
b Dependent Varable: |EMFMoney
£ Selecling anly cases for which Year = 2010 3
Coafficients{a,b) '
Unslandardized Standardized
| Coefficients Goefficients L e
haodel B .[ Sid. Emor | Beta B Std. Emor
1 (Constant} | 14684329 | 260462 | 58.378 000
Weight -1292 028 33861 | - 904 -38.156 000
a Dependent Variable: Iﬁhh;:uma.»,.I
b Selecting ondy cases forwhich Year = 3010 .
F
Maodel Summary (2011)
| | Adjusted R Std. Error of
Moded R RSquare |  Square | the Estimate
I . Year ~=
Year= 2011 | Year= 2011 2011 Year= 2011
{Sdincied) (Swiected) | (Unselected) | _ (Selectad)
! -980(a) | 860 | 950 | 360206752

8 Predictors: {Constant), Weighi
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ANOVA(b,c)

Sum of
M| Squares Of Mean Square = Sig.
¥ Riagrassion tz‘mé'; 1| 12422007854 | 95746  .00%(a)
‘Ftasimal 518905 ﬂ; . 4| 129748904
Tatal 12841943 | 5
471
8 Predicios: (Constant), Welght
b Dependent Variable: IENFMoney
c Selecting only cases for which Year= 2011
F
% Coefficients|a,b)
Unstandardized Standardized I
Coefficients Coefficients ! Sig-
Maodel B Sid. Erros Beta 2] Std. Efror
1 (Constant) 12390733 B62.325 18,7048 000
Yeght 842,547 B6.106 - 880 -8.785 001
a Dependent Variable: IENFMoney -
b Selecting only cases for which Year = 2011
Model Summary[2012)
Adjusted B | Std Erorof |
Moderl R R Square | Square | fhe Eslimale |
Year ~= .
Year= 20112 | Year= 2012 2012 Year= 2012
{Selecied) [Selected) | (Unselected) (Selected)
1 133{a) 018 - 228 | 286875863223
a Predictors: (Consfant), Waight
ANOVA[D,c)
Sum of
Model Squsires o Mean Square F Sig.
Ly Ragression 5834055666 SE34955663 1
3174 1 74 A2 S0l
Fesidual 329191043 I 4 BZ28TTE0205
622 683 645
Total A351250540 5
285 THT 2

a Prediciors: {Constani], Weighi
b Depandent Vanable: IENFMoney
¢ Belecling only cases for which Year = 2012

230




Coefficients{a b)

Unstandardized Standardized :
3 Coefficients | Coefficients L =g,
Modeal 2] Std. Error Beta B Std. Error
1 (Constant) 243328.51 | 62748915 473 61
2 T ’ { ]
Weight - ) )
18415763 83676 448 133 268 02
8 Dependeni Variable: IENFMonay
b Seledcling only cases for which Year = 2012
' Model Summary {2008}
1 Adjusted R |  Std. Emor of
Maoded R . R Square _Square | fthe Estimate
| Yaar =
Year= 2008 2008 Year ~= 2008 Year = 2008
{Seleclod) (Selected) | (Unselected) {Selected)
1 680(a) 860 | 850 | 3348372447
a Predictors: (Constant), Welghl
ANOVA[D,c) :
Sum af l.
Model Sgquares DF Mean Sguare F Sig.
g Regression 111?21?;’241.’ ! 1| 10721774722 |  o5745|  DO1E)
Fesidual 44728 :1; i 4 111082086
Tatal 11169703, 5
064
a Predictors; {Constant), Weight
b Dedendent Variable: IENDMaoney
¢ selecling anly cases for which Year = 2003
Coefficients{a,b)
i Uinstandardized Standardized _
Coefficients Coefficiants T Sig.
0 v | |
Model B Sid. Error Beta | B Std. Emor
1 (Constanl) | 41511.109 615.310 16.708 000
Waight -782.734 70094 - 980 8,785 00

a8 Dependent Varable: IENDMoney
b Selecting only cases for which Year = 2008




Model Summary [2008)

| Adjusted R Sid. Error of the J
Mochal R R Souare Square Estimate
Year = 2008 | Year= 2008 | Year—=2008 | Year= 2008'
{Saleced) [Seleched) [Linseleciid) {Selecied)
1 SE8{a) H7h | 50 2598471092
a Prodiciors: (Constand), Waeight &
ANOVAID,c)
Sum of |
Modad Squares O Mean Sguare F 51
1 o o 1| 10883288307 | 158472 |  DOE)
Residual 259555.13 | e A4S I
Total 10952014 | .
406 | ' ]
a Predictors: (Constand), Weighi
b Dependenl Varable: IENDMoney
c Selecting only cases for which Year = 2008
Coefficientsia.b)
Unslandardized | Slandardized
E:wﬂ%clamg.. _k_ﬁmmtﬁ__ ok e =
Nodel B Std. Error Beta , B Sid. Emor
1 (Constant) | 11727286 | 477.413 i | 24584 000
Weight 781327 | 62006 | -988 | -12.589 000
a Dependent Varable: IENDMoney
b Selecling only cases lor which Year = 2009
Model Summary (2010)
' Adjusted R | Std. Error of the
Model R R Square | Square __Estimate .
|  Year-=
Year= 2010 | Year= 2010 2030 Year = 2010
(Selected) (Selacted) (Unzebeciad) (Selected) |,
1 SET{a) 034 e 421 B3AT5120

a Predictors: [Constand), Waelght
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ANOVA(D,c)

Sum of I
Modal Squares (%)) Mean Square F Sig.
3 ragesEon “]1311':?“ ' 1. 10131810420 | 56.001 002(a)
Fesidual | 1112.?2 | 4 177778 152 b
Todal 10842932 | 5
189 |
a Pradiciors: (Constant), Waight
b Dependent Variable: IEMOMonay
c Selechng only cases for which Year = 2010
Coeflicients|{a,b]
Unstandardized Standardized :
Coefficients | Coefficients | L | Sk
Model B Std. Erroe Heta 5] Std. Ermor
1 (Lonstant) 11584132 775280 14 842 000
Wight * .TE0.A05 100, 781 BET -7 549 0oz
a Dependent Vanable: IENDMoney
b Selecting only cases for which Year= 2010
Model Summary (2011}
| | St Eror of the
Madal R RSquare |  Adjusted R Square ' Estimate
YWear= 2011 | Year= 2011 ° Year= 2011
[Selected) [Sehecled) Year —= 2011 (Unselected) {Galwciad)
1 9B0(a) 960 | 950 | - 360.2067520
a Predictors: (Canstant), Weighi
ANOWVA[D,E)
Sumof |
Model Squares | Df Mean Square F Sig.
! Regression ’2"'“9:'52 i 1| 12422007854 | 95746 |  .001(a)
) Resdual, 51&995.5; 4 170748 004
Tolal 12941993, ;
X 471

a Predictore: {Constant), Wesght
b Dependenl Variable: IEMDMoney
o Selecting only cases for which Year = 2011
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Coefficients{a,b)

Unstandardized Standardized :
Coefficients | Coeficients .| ' | 54
Modal E i, Errm Ea:‘la B Sid. Error .
1 {Constant) 123090733 GE2.325 I 18,708 | 0
Weight 842 547 BE. 106 -B80 | -9.785 | 001
g Dependent Wanable: IENDMonay -
b Selecting only cases for which Year = 2011
Model Summary[2012)
Adjusted R Sid. Error of tha
Model R R Seguare Souane Estimake
Year = 2ME | Year= 2012 | Year —= 2012 Year = 2012
{Selecied) iSelecied) {Unzelected) iSelected) |
1 A34(m) o8 =227 | 2BETOT GO20408 |
a Prediciors; (Conslant), Weaghi .
' ANOVA(b,c)
Sum aof
Modal Squares i Mean Squame | F Sig.
i Hegression ﬂﬂﬁzﬁgi 3 | ﬂﬂ.‘izﬁuzﬂmz? | 74 | 800(a)
Residual 328805202 4 220200675,
701.547 | | 387
Total 324857705 | 5
580168 | |
2 Prediciors: (Constand], Welght
b Dependent Variable: IENDManey
c Sefecling only cases for which Year = 2012
Coefficlents(a,b)
Unstandardized Standardized ;
Coefficients Coefficients t Sig.
Madel B | Sid._Esror Bota B Sid. Error
1 [(Constant) 25091]1.32 | 52?1?’9.9% 4TE 50
Weaght - |
iBEE’u".EEIB] GBE36.247 <134 =271 800

a Dependent Varable: [ENDMaoney
b Selecting only cases for which Year = 2012
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IRF MONEY

Model Summary|{20048)
i Adjusted R | Std Error of the
hodel R | RSguare Square Estimate
| Year ==
' 2008 [ |
Year= 2008 | Year= 2008 | (Unselecte Year= 2008
(Belecied) | (Selecled) d} [ Sedecied)
1 BBy | BaT | 855 | STT. 1811654 |
a Predictors. (Constanf), Weight
ANOVA[D,c)
Sum al | | |
Modsl Souares | 0f Mean Squara F | Sig.
3 :
sl Bcoderon 1| 3se70204.984 | 116079 |  00O(a)
Rasidual 13325529:13 4 433138 008
Total 403028486 5
75
& Predictors. (Conglant}, Weight
b Dependent Variable: IRFMoney
C Selecting only cases for which Year = 2008
Cocfficients{a,b)
Unstandardized Standardized | : -
Cosficients | Coefficents | T | Sig.
Mot B St Ermor Beta | B Std. Error
1 (Constanl) | 24846414 | 1061.284 23.412 | 000
Weight 1492 271 137.973 -883 | 10.816 | 000

a Dependent Vanable: IRFMoney
b Selecting anly cases for which Year = 2008

Medel Summary|2009)
Adpugled R Std. Error of
Mode R , RSquare | Square | the Estimate
Year = 2009 Year= 2008 | Year-=2008 | Year= 2008
’ {Setacted) {Setecled) | (Unselacted) iSelacted)
1 D4 (a) BO1 | BG4 | 8155550704

a Predictors (Lonstant), Wlﬂghl
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ANOVA[bc)

Sum ol
Modal Squares Oif hMean Square F Sig
3 -
Hegression 21 ?45111;; % 1| 21740426 164 | 42 690 005(a)
Residual 26640526.2 |
93 4 665131550
Tolad 24409952 5
Jas
a Predictors; (Constant), Weight
b Dependent Variable: IRFhMoney
¢ Selecting only cases for which Year = 20039
Coefficients{a,b)
Unstandardized | Standardized ;
Coefficients | Coefficients - — i
Model B Std, Erroe Beta | 8 Std. Error
1 (Constant) | 22003022 | 1499.593 14,6893 D00
Weight -1114.820 194 955 - 044 -5.718 00%
3 Dependeni Vanable: IRFManey
b Sslecting only cases for which Year = 2000
Model Summary|{2010) =
¥ 1 1
[ Adjusied B | 5id. Emor of the
Mochel R R Square Squarg Esfimate
Year ~=
Year= 2010 | Year= 2010 2040 Year s 20400
[ Selected) (Selected) | {Unselected) | (Selected)
1 085¢a) 007 | -241|  7B7.4670891
a Praduioss: (Constant), Waight
ANOVAIDLC) 4
i Sum of
Model Sguares Cif Mean Sgquare F .
1 Regression 18138 483 1 18138.483 B73a)
Residual 2480417 8
; 56 4 620104 416
Tolal 24985561 5
44 |

a Predictors: (Constant), Weight
b Dependent Vanable: IRFMoney
c Selecling only cases for which Year = 2010
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Coefficients{a,b)

Unstandardized Standardized | ;
Coeflicients Coefhicients vt | Sk
Model B | Sid, Error | Beta B Std, Eror
L (Constant) | 0520864 | 1447045 i 6.602 003
Weight 32194 | 1688.241 | 085 | 171 | 873
a Dependant Vanabde: IRFManay
b Sgleching only cases for which Year = 2010
Model Summary [2011]
| Adjusied B | Sid. Error of the
hadil R | R Squara | Square : Esfimala
| Year ~= | |
Year= 2011 | Yearw 2011 201 Year= 2011
(Selecied) [Selected] | (Unselected) {Selected)
1 B83{a) 96T | 959 | 3888035888 |
a Predictors: (Constani), Weighi
ANOVAIDL.c)
; Sum of
Madel SHjuares Cf Maan Square | F Sig.
1 Regression 1599?45'{332. 1| 15097478 6a2 116 579 000{a)
Rasidual 54?015-?;i 4| 13675464
Tolal 16544497 | 5
459 |
a Predictors: (Constant}, Welgil
b Dependent Vanabbe, IRFMoney
c Selecting only cases for which Year = 2011
Coefficients{a,b)
Unstandardized Standardized )
Coeflicients { Coefficients r | 5Seo
| -
Model B Sted. Error Beta ] St Error
1 (Constant}) | 15018.252 BT0.871 | 23412 000
Weight -556.108 | BE.400 - BA3 -10.818 00
a Dependent Vansble; IRFMoney

b Selecting only cases for which Year = 2011




Model Summary| 2012)

- Adjusted R Std. Emor of
Madel R R Sguare Squane tha Estamarle
Year= 2012 | Year= 2012 | Year-=2012 i Year= 2042 |
[Salacted) {Selecied) {Linzelectad) (Selected)
1 983(a) | 967 | 850 | 384 3701385 |
a Predictors: [Constant), Weighi
ANOVA[Db,c)
Surm of
Model Squanes o Mean Square F Sig.
1 i 1| 17282584904 | 116878 |  .000()
Residual EEIGEEI.E_'IF £ 147740.404
Taotal 1TET 3546, 5
- 520 |
a Predictors: {Congtant), Weighi
b Dependent Varizble: IRFMonay
;. Salecting only cases for which Year= 2012 -
Coefficlents{a b)
Unsiandardized Standardized
Coefficienis Cowfficients t Sig.
Moded B Std. Errar Beta B Std. Error
1 {Constant) 16646.313 T06.TH5 23.412 000
Weight -893 769 91.882 - 883 -10.818 000
a Dependenl Variable: IRFMonay
b Selecting only cases for which Year = 2012
W
Model Summary{ 2008}
|
) | | AdustedR | Std. Emor of the |
Made R R Square Souare. Estimate |
Year= 2008 Year= 2008 | Year-—= 2008 Yoar = 2008 |
[Selected) | [(Selecled) {Linselecied) {Sebected)
983(a) | 267 | 959 504 8706176

a Predictors: {Constant), Welghi



ANOVA(b.c)

Sum of z
hModel Sguares Of Mean Sguara F Sig.
1 Ragression E“E”‘*[;ﬁ]- 1| 20847410010 | 18870 |  DOa)
Fas "“195“'?; 4| 254894542
Taotal 30836088, 5
| 180
a8 Predictors: (Constant), Welght
b Dependent Variable: IROMoney
c Selecling only cases for which Year = 2008
' Coefficientsia.b)
Unstandardized Standardized | _
Coefficients Coefficients ! | Sig
Model B Std. Error Beta ' B Std. Emor
1 {Constanl) | 21733608 28324 23412 Qoo
Weight -1305.317 | 120687 -083 | -10.816 | 000
a Dependen Variable: IRDMoney
b Selecting only cases for which Year = 2008 L
Model Summary(2008)
Adjusted R Std. Emor of the
Moded R RSquare | Square | Estimate
Yaar —=
Year= 2000 | Year= 2009 2008 Year = 2009
{Selected) | (Selected) {Unselected) (Selected)
1 h58(a) | A5 Bgq G50 7450541
8 Predictors: {Constant), Weight
ANOVADG)
Sum of '
bodat Souares Df Mean Square F  Sig.
T TN 1| 19274370204 | 45515 |  003(a)
Flesidual 16«935315 a 423470427
Tolzl 20068252, 5
001 a
g Prediclors: {Constant}, Weaght

b Dependent Variable: IRDMonay
c Selecting only cases for which Year = 20048
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Coefficients|a,b)

Unsiandardzed Standardized
Coefiients | Coefiicients L i
Model ' B | Sid Emor Beta 2] Std. Error
1 (Constant) | 19038458 | 1196.551 _16.663 000
Wigh! -1049.473 165,668 - 959 6.747 003
a Dependent Vanable ROMoney
b Selecting only cases for which Year = 2008
Model Summary (2010}
Adusied R | Sid Emorofthe |
Model R R Square Square Estimate
i ¥ o@r ~=
Year= 2000 | Year= 2010 2010 ‘ear= 2010
{Selected) {Selected) | (Unselected) {Selected)
1 633(a) | Al | 251 612.9741423
a Predictors: (Conslant), Wesght
AMOVA(b,c)
Sum af :
Model Sequares of Mean Square F Sig.
: e “"“”";; . 1004110.120 2672 | A7)
Ressdual 15029-495..; 4 375737 290
Tolad 2607058, 3 5
17
a Prediclors; (Constant), Wesght
b Dependent Varable:; IRDMoney
¢ Saelecting only cases for which Year = 2010
Coefficients{a,b)
Unstandardized Standardized ;
. Coefficients Coefficients ! Sig.
L]
Model B Std_Error Beta B Sid. Ermmor
1 (Constant) 11275.948 1127098 | 10004 | R b
Weight 239536 | 146629 .33 | 1835 | 177

& Dependend Varable: IRDOManey
b Selecting only cases for which Year = 2040
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Model Summary [2011)

| Adjusted R | St Error of the
Modsl R | RSquae | Square | Estmaie
Year= 2011 Year= 2011 | Year~= 2011 ‘Year= 2011
% {Selecied) (Selected) | (Unselecied) i Salacted)
e 983{a) 987 | 959 369 BOISAEA |
8 Prediciors: (Censiant), Weighl i
ANOVA(D,c)
. Sum of ;
Modal Squares Df Mean Sguare F Sig.
! R 1555'“57;1; 1| 1590974786682 | 116979 |  000(a)
Residual 547-1113.?; ] 4 136754 Fo4
Total 16544497, | i
459 |
a Frediclons, (Conslanl), Wewhl
b Dependent Variable: IRDMoney
c Selecting only cases for which Year= 2011
L]
Coofficients{a,b)
Unstandardized Standardized ;
Coefficients | Coefiicients | ! | Sig
Moddel B Sid. Error Bela B | Std Emor
1 (Constant) | 16919.252 BT3.971 | 234z | 000
Weight 956108 | BE.400 -p83|  -10816 | 000
g Dependent Variable: IRDMoney
b Seleciing only cases for which Year = 2011
Model Summary (2042)
Adjusted R I Std. Error of the
Mache| L3t R Square Srquare _Estimate
Yoar = 2012 | Year= 2012 Year == 2012 Year= 2012
(Selected) (Selecied) (Linselectied) {Selected)
1 983{a) 957 | 659 384,3701395

& Prediclors. (Conslanl), Weighl
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ANCVA(D,c)

Sum ol
Model Souarnes [} Mean Squara F Sig.
1 Ragisail ‘72“"{;5'4 17282584004 | 116079 |  .0OD(@@)
Residual 290961 E; 4 147740.404
Total 1TETIN4E.,
520
a Pradiclors: {Constant), Wasght
b Dependent Variable: IRDMoneay
& Saelecting only cases for which Year = 212
Coeflicients{a b}
Unstandardized Standardized ’
Coefficients. Coefficients t Sig.
Model B Std. Emor Beta B Std. Error
1 {Constant) | 16546313 706, 755 23.412 000
Weight -993.769 91882 - 983 -10,816 000

a Dependent Variakble: IRDMoney
b Seleding anly cases for which Year = 2012

Stepwise Analysis of Variance
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Descriptives

B85% Confdence Interval for

Mean
M Mean | 5td Deviation | Sid Emor | Lower Bound | Upper Bound
[TFF 2006 | © [2715.2761 67311728 |274 79898 | 200868849 | 34216714
2008 | -6 (35689193 | 203053321 |828.96171 1438.0013 LSO AR
2010 | & |G2354859 | 303366178 | 1238487 3051 8632 o419, 1287
2011 | & |7589.5370 | 2011.08280 |821.01287 5479 0563 a700.0178
2012 | & 70814043 | 1365910501 |55B.03478 | 56446167 | 8518.1919
Total | 30 (54381261 | 270201631 |493.31843 44249 1767 B447 0758
IPD 2008 | & | 1526788 | 37B4.00778 | 1545182 | 112058647 | 19230.6089
2009 | 6 | 1208602 | S6T446659 | 2316591 61310350 | 18041 8108
2010 | & |9369.3047 | 137302833 |560.90389 7A27.4553 | 10811 1540
2011 | & |7580.5370 | 2011.08280 |821.01287 5479.0583 | -G700.0178
2012 | & |7081.4043 | 136910501 |558.83478 5644 6167 8518 1918
Total | 30 | 1027901 | 435619031 |795.32790 BG52 3820 | - 11005 6383
IEQF 2008 | & [1423.0157 352 76578 [144,01603 1052 B107 1703.2207
2009 | & [24758153 | 211881250 |BES.O0158 252 2580 4699 3727
2010 | & |58128777 | 339912313 | 1387685 | 23457188 9480.0387
2011 | & 75895370 | 201106260 (82101287 5478 0563 9700.0178
2012 | & (70814043 | 138010801 |55803478 5644 5187 B518.1618
© Total | 30 |4B065300 | 319664623 |583.G2508 370286827 | | GO0 1773
IEQD 2008 | & 0000 00000 00000 D000 0000
2009 | & [12721130 | 223105028 91062246 | -1069.2307 6513 4567
2010 | & |55576150 | 380830080 | 1553016 1563 1484 |+ 9552 0834
201 | & |7589.5370 | 201108280 |821.01287 5479 0563 9700.0178
2012 | & 70814043 | 138310501 |558.93478 5644 6167 8518 191%
Total | 30 |4300.1340 | 377608758 |6GE9.SB043 2889 7837 5710 4844
IENF 2008 | & |2195 1970 44 18040 |222 16430 1624 1062 2766.2897
2009 | & 28745653 | 1622 08685 |662 58161 1174.3451 4577 7RSH
2010 | & [4994.1317 | 242047823 (98815610 2453 9955 7534 2678
2011 | & 60746303 | 180B.B5012 |856.81031 4383 2458 7760.0149,
2012 | & [5665.1231 | 109528373 |447 14771 45156933 BA14 5529
Total | 20 43601297 | 215321007 |303.12083 35561077 | 51841516
[END 2008 | 6 (45325780 | 203108735 |829.18704 24010826 BEG4 0735
2008 | & [5867.3330 | 148006178 |G04.23269 4314.1034 74205625
2010 | & [s&a77.4198 | 147261211 |BO1.19138 4332 0081 7422 8314
2011 | & (60716303 | 160B.B5012 65681031 4383 2458 77600149
2012 | 6 56651231 | 109528373 |447.94771 | 45156033 6814 5529
Total | 30 [s6028168 | 155861765 |2B4.58335 5020 6194 B1B4.5142
IRF 2008 | & | 1421478 | 3766.50411 | 1537.669 | 102620762 | 181674835
2009 | 6 | 13747.86 | 220388577 (93647495 | 113406710 | 181552429
2010 | & | 1027618 | 1247 49778 |500.28884 BOS7.0118 | 11585.3489
2011 | & [o257.0284 | 220481701 |936.85512 BB48 TEIE | 118652801
2012 | & | 2289520 | 3583778400 | 1463071 | -147142482 | 605046492
Tatal | 30 | 1407823 | 15807 55638 | 2886052 81755003 | 199806574
IRD 2008 | 6 | 1243552 | 3292.84800 | 1344 708 BO7B.AI50 | 15892 2001
2000 | & | 1221684 | 223588576 |o1271489 BETO.G260 | 145830435
2010 & |9TE8 B188 1428.90077 |583 IBET1 XY 1733 11266 4509
2011 | & 91074437 | 241327510 |985.21543 B574.8668 | 116400208
2012 | 6 |8548.1855 | 1687 45488 |BE8.O00ST B777.3102 | 10319.0808
Total | 30 | 1041495 | 269398770 |491.85261 9409.0082 | 114208112




ANOVA

Suern of
L in Squares | df | Mean Square B Sig.
IPF Between Gioups | 113225487.17 4 | 28308871.79 7.186 001
Within Groups G8490385.345 25 | 3939615414
Tatal 21172687251 29
IPD Between Groups | 27865741313 4 | G96B4353.28 B411 001
Within Groups 271658014 22 25 | 10886320.57
Tatal 560315427.34 29
IEGF  Between Groups | 18580451901 4 | 4647612975 | 10521 000
Within-Graups 110433347.22 25 | 4417333.889
; Tatal 206337865 23 29
IEQD Between Groups | 28678176581 4 | 71695441.45 14.122 000
Within Groups 126021654 .54 25 | S07e86E.1682
Total 41370342035 29
IENF  Between Groups | 715581808 987 4 | 17892047 50 7.113 001
Within Groups 62864942 194 25 | 2515397 688
Togtal 13445313218 29
IEND Between Groups | 9085728.624 4 | 2271682.156 826 ABS
Within Groups S1362651.336 25 | 2454506.053
Tatal 70449379 960 29
L IRF  Between Groups | 653387687.03 4 | 1733494218 661 B25
Within Groups 65530886382 25 | M2123545.5
Tatal 72464863252 29
IRD ©  Hetween Groups | 77663656.430 4 | 19415914.11 3,655 018
Within Groups 13205864 .95 25 | 5312234598
Total 210469521.39 29

Post Hoc Tests

Homogeneous Subsets

. IPF
Duncan®
| Subset for alpha = .05
| Years N 1 2
2008 6 |2716.2781
2009 B | 356883153
2010 6 62354858
2p12 6 TOE1,4043
2011 6 T589.5370
Sig. 463 275

Mearns for groups in homogeneous subsets are displayed.
2 Uses Harmonic Mean Sampie See = 6,000,
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IPD

Duncan”

Subset for alpha = .05
Years 1 2 3
(2012 6 | 70614043
2011 8 |7589.5370
2010 6 |0369.3047 | 9369 3047
2009 8 12086.82 | 12086.92
2008 G 15267.88
Sig- 267 66 A07

Means for groups in homogeneous subsets are displayed.
2. Uses Harmaonic Mean Sample Size = 6.000

IEGF
Duncan”
Subset for alpha = 05

Years 1 2

4 (14230157
2009 6 |2475.8153
2010 B BO12.8TF7
2042 B TOE1.4043
2011 & T589.5370
Sig .354 203

Means for groups in homogeneous subsets are displayed
4. | Ises Harmonic Mean Sample Size = 6.000.

IEQD
IIJ[hnl::anIEI
Subset for alpha = 05

FBAS . 1 2 -

B 000
20018 B | 12721130
2010 & 5557 6150
2012 -] 7081.4043
2011 <] 75895370
Sig. BT 152

Means for groups in homogeneous subsets are displayed,
4, Uges Harmaonic Mean Sampée Size = 6,000,
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IEMF

Duncan

Subset for alpha = .06
Years M 1 2
20048 5 |2185.1878
2009 6 |2874.5653
2010 8 4984 1317
2012 ] 5665,1231
2011 ;] 07 1.6303
Sig. AB5 e i

Means for groups in homogeneous subsets are displayed.
3. |ses Harmonic Mean Sample Size = 6.000.

_ IEND
Duncan”
Subsel
for alpha
= 05
Years N i
2008 6 (45325780 .

2012 = B | 56685 1231

2009 B | 5887 3330

2010 B | 5877 4198

2011 & (6071.6303
1 Sig. 138

Means for groups in homogenesous subsels are displayed.
A Uses Harmonic Mean Sample Size = 6.000.

IRF

Duncan”

Sulsel

for alpha

= 05
Years M 1
2011 B |B257.0264
2010 6 | 10276.18
200 6 | 13747.95
2008 6 | 1421478
2012 6 | 2289520
Sig. 203

Means for groups in homogeneous subsets are displayed,
4, Ugas Harmonic Mean Sample Size = 6,000
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L

IRD

Duncan”
Subsst for alpha = .05

Yeaars 1 2
2012 6 |8545 1855

2011 6 | 9107 4437

2010 6 [9766.8166 |O766.8166

2008 & 12216.84

2008 [ 1243552

Sig. 396 068

Means for groups in homogeneous subsets are displayad.
2. Lises Harmonic Mean Sample Size = 6,000,
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Correlations

Correlations
IPF IPD IEQF IEQD | IENF | IEND IRF IRD
IFF Pearson Comelation 1| -325 993" G979 1000 B47| 128 | -048
Sig. (2-1ailed) 07 000 000 0 000 | .500 7ot
[ N 30 30 30| W 0 | a0 0
JPD  Pearson Comelation | -325 1 -415*| -482~) -323 | -065 075 BO1*
Sig. (2-tailed) 07g 023 007 082 733 693 000
N a0 30 a0 30 30 30 30 30
IEQF  Pearson Correlation o003 415 1 o054 o003 164 .110| -164
Sig, (2-talled) 000 023 000 000 000 554 387
M a0 30 a0 3o 30 30 a0 30
IEQD Pearson Comelation a79* -482* 896 1|, 878~y 586~ .094 | -253
: Sig. (2-tailed) 000 007 000 000 Joo B2t AT8
M 30 30 0 30 a0 30 0 30
IEMF  Fearson Comelation | 1000 - 323 g3l 978" 1 B6ag 428 | -0dB
Sig. (2-tailed) 000 0az 000 000 000 498 aoa
M a0 o 30 30 a0 30 30 30
IEND  Pearson Correlabion B4 -.065 B16*1 5861 648" 1 108 106
Sig, (2-talled) 000 733 000 001 .oon 568 300
] a0 30 a0 30 a0 30 a0 30
IRF  Pearson Comelation 128 075 A10 Do4 | 128 108 1 166 -
Sig. {2-taibed) 500 B93 564 B2 458 569 380
N ¢ a0 30 a0 a0 30 a0 a0 30
IRD  Pearson Comelation | - 049 B0 -164 253 | -D48 196 166 1
Sig. (2-tailad) 797 000 .aav A8 809 300 380
(Y 30 a0 30 30 30 30 a0 30

. Comelation is significam at the 0.01 level (2-tailed),
" Correlation iz significant at the 005 level (2-4aded).
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Appendix 1V: Design of Questionnaire
Questionnaire on Benchmark Estimation of Machine Tools Building Technological
Capacity in Nigeria.
L0 objectives
This guestionnaire is designed as pan of a research project to study the bench mark of
mpchine tools Building capacity using available resources in Ni.geﬁa and correlating with
an ideal situstion. The data provided through this questionniaire will only be used for
research purposes particularly for the development of technology for machine building in

Nigera. Mo ilommation of confidential nature will be disclosed 1o a third party,
2.0 Compahy/ shop details

2 Name of the company! shop .....ovevvn

2.02% car of establishment...
2,03 Address of the company
244 Purpose of establishing the company:

205 What type of machines do you produce in vour company?
X Agncultural machineries
1. Process machine and equipment
i,  Precision machineries e.g. lathe, drilling ete..,
iv.  Others

v. Il others, please specify g

30 Raw materials

300 What 15 the implication of imporied raw matenals on the quality and
oSt nl'pmdu?timf.’ :
. It mproved the quality

i Ireduced the cost of production
' L 2ay



i, I nereased the cost of production

w. " 1t increased the quantity of production

v, « It reduced the quantity of the production
vii It afTects the guality of production

3.2 How do you improve on the quality
of the raw materals?

L Alloying

i, Heat treatment

. Power metallurgy

v, Sintering

3.3 [T the gquality of raw materials is not improved, what is thr:'u [Teet on quality of
the  product?

1, Reduced quality of the products a

i, No elfect

i, 7 Tt affects the physical appearance of the produce

Iv, If others, specify

4.0 " Equipmnn.t
4.1 What s the effect of tocally made equipment on the quality and cost of the end
produet” .
H It reduced the cost of production
ji. It proved the qLI..'.ll!iL};" of the product
i It Ingreased the cost of production | -
4.2  lsthe equipment available for use most of the time?
Yes Mo
4.3(a) can 11 be easily operated?
Yes No |
(b} If Mo, is there any end for special training on the eguipment/tools? 1T ves, where
15 the logation of the traiming?

Nigeria Abroad
25()



4.4, Is there any alternative for these sophisticated equipment?
Yes Mo

I yes, please speeify below:

List Gfsuﬁhiﬁﬁﬁﬁtﬁﬂ equipment Allernative available equipment/tools

5.0 Manpower

3.1 How do you assess the performance of indigenous

workers in thg company? .

. Excellent :
. Very pood
i, Good
v Far
v.  Poor

5.2 what is the efTect of importing assistance of expatriate on:
1. quality
ii. cost of production

i, Completion time’
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4.4. Is there any alternative for these sophisticated cquipment?

Yes N!J-

I yes, please specify below!

List of soplusticated equipment

Alternative available equipment/tools

5.0 Manpower

5.1 How do you assess the performance of indigenous

workers in the company? )
. Excellent

. Very pood

. Ciood
v Fair
v, [oor

5.2 what is the effect of importing assistance of expatriate on

i. guality
ii. cost of production

i, Completion thme’
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6.0 Encray
6.1 What is the power at peak ::nf' the year in Nigeria machine tools?
6.2 Is the ]anv:;r supply to the complex equal to 66 kV step down to 440 V50 cyele for
three phase supply 1o
230W7
Yes No

If o, please specify

£.3 How many days do you experience power
 failure in & month
. 25
i, 5=10
ij. 10-15
v, 15-20
v, 20.25

.4 How do fuu augment [or the power outage?

AC generalor sorlar wind turbine *
Others, specify
6.5 What is the effect of power on the equipment.......ovvmee e

G » What is 1|'|1:‘:.|Lliliit':.r ol the power supplicd?
Exeellent " very good pood] aveTage
below averape '

6.7 What are the working hours per day for producing these machines? ,
6-8 810 102 12-16 16-24
7.0 Finance
What 15 the source of finance for machine production?

i Individual

. . Government

s



iti. ]"':'rl.nnr.:'[al inslitutions
w.  Co-operative bodies
v. Industrics

vk Tax

If other, please specify
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1. RAWMATERIALS

Nime

Qty

Ouality
Ve

Source

Method of
improvement

Trend of improvement %o

Ferrous metal

Wrought iron
Cast iron

Ceray iron White
cast iron

Alloy cast iron

Steel

Plain carbon steel
Low carbon steel
Medinm carbon
Steel

Alloy steel

L

Stainless steel

Non ferrous

1YRI-1545

LS F90

L B e

1=

"

2UHI1-2iKrS




§.2. PRODLUCT OUT PUT

SIN Name of product - Quality List of parts Reasons for not
! produced prﬂ.ducing

I Power hack was -

2 Lathes

3 Milling machines-bench & pillar type

4 Shaping machine
|
|

5 Drilling machine |

f Pedestal grinders




Guillotine shears

Press brakes




ELECTRICAL EQUIPMENT

8.3,
s/ MName Oy Trend in Capacity development {years)
i |Power transformer (66000/1 1000 V) 1980- 1985 |98 A- 1990 911995 | 9062000 2001-2007
300 KVA
2 [Power transformer (6600071 1000 V) !
« 200 KVA
3 |Dastribution transformer 1000K VA
4  |Distribution transformer 2000KVA
5 |H.T panels with complete switch gear
6 |L.T panels with complete switch gear

Main distribution boards

Distribution boxes




s'n

A Green sondl maoulding

Isysemi small}

1t name

A Tabde size 75 wS0mm |

i1 Pupern dre Mo S0mm
Jolt enpacity J50HIN

A | Drymamie squecsg,

Meling section
Coreless induction meliing furmace

AR

20H00ek hr melnng mne
30 Hz frequiency

| trend of € pacity dcv_ipmcurr:m;:

'n[}

operator

| catesory of | Prof

Cadre of
aperator

of
Exp.

ok |t EI-J

10801083

I idefa

| e oS

| -2

2000 2005

=

Cureless indaction meling furmace

Power : 250Kw
250kehs. S0ke

Crucible fumnce

Capacity crucible

200kg "
Fuel tnk G600 lifers

Peod | —

Imenerdion themsometct

Temp. 1800

Furan sand mixer

Nominal capecity:

2 tonsTar

Mixing arm bemgth:

| X

Primary arms length -
JE0mm

Total msa, reach ©
42MHhmim

Furan sand mizer
Floor inilding

Mominal capaciiy:

I 2 it

Mixing arm length

1 B¥hmm

Outlet betght | Hxmmn




#.4. FOUNDRY SECTION

Medlium size malding machme

g cashing machine

Forkhift truck

FFail boader

Eliot blasting machineg +
Siamarail

Skt hlastine' machime

Table sime S0 A0mm
Sutabbe for Nask

1 M hmin

Pagtern drew 350 mm
Squecae stroke 230 mm
Jilt apaciny | M

Costing weight ©

0.3 1o | kg {xinc)
Meml pot copacity
GBEE (xinc) Dhe mize
150x15 0k | EH0{m

Lifting capacity
2500kg Load arm
1 220mm

Belax lefting height
A300mm

Capacity 1200k
300 Titers

Capacity: 2 Tons'p

Chmiber size
|G RT 3mm

| abde dimmeier
ILEETE 1]
Copacity: 2 Tonshre

It




Fedestal grimding ' rachine

Pendulum cut aul' machine

Electric welding equrpstient

Gag welding set

Perpleeral velocity
o0 mi's

Whseel dial. GO0 mm
Wheel width. 6 mm
Power: | 1k'W
Spindle speed

190 0rpm

Whee! din A0mm
Power 8.5 kW
Spindle sppeds
18| mpm Cutting *
speed 50 "

Soecondary capacity |
45-300 4
Weld ugp 1o 10 mm

¥

2ial)



8.5. LABORATORIES

s/n Equipment capacity qty trend of capacity dev.{procurement) category of  |Prof
name years operator Cadre of
operator
1 Electronic weighing balanee cading acourncy I 19R0-| 985 19856-1990 1061995 1 SHou- 20000} 2001 -2KK7
1 kg Capacity | - i
200 g ' = )
. 4
2 Bt device I
3 Serengrh wesier
4 " Permeability iester
b Moisture iesher
5] Campatibility tester
T Labarateay sifier
# Faipiel sorl washer d
9 Dirving cabine [resacde digmeerer - 300 ]
w 3] x M) mm
Teinp, control range -
g 40 - M40°C
114 Annenling fumace Insich dinmeter ;. 1 5 'I
" ¥ | w1 SFom

Tamp, ceriml mnge

T

of



8.6: TRAINING CENTRE

Cinmading spadle 43 3

Tolimm g

202

s/M Equipment capacity qty trend of capacity dev.(procurement) category of |Prof Year:
L name \ operatar Cadre of |of
. operator |Exp.
I9RO-1985  |19w6-1960  [1991-1995  |1996-2000 | 3001-2007
L | Conter lathe Center helght :
260 x. 150 0mm 1
between cenders
2 Center bathe (vikram-T50) (Center hieight 10
(90 125 0mm
between centers
3 |Pedestsl grinder GG-300 Wheel dia: 306 mm 1
d Tool & cuiter Swing dia: 280 mm 'E
5 Fower hock saw HS20 Pla. b 20 jinm o 1
M aternls
fi Pillar dell Pz, il clia ;2 5mm 1
T Berch dnil o il i B3 m 2
b Universl cylindnsil grmding hnx, dim ; 125 i -
Meching Mux lengih : 350mim b 1
Heighi - 13mm
o Intermal grinding machine hfux oo shia: 30 min I



I

-

Fam tvpe milling mochine b 1ITR)

Spindle speod:
A0 Work head
250 mpm

Trail verse longitusdinal
To mm

R Shuping machine C5M Wlax sirake: GINSH z
12 | Vertical milling machine Teper [SC )40 3
13 | Homzoeotz! malliag machine -
FHIH
14 | Unsversal milling machine 3
FMzL
15 |Cylindncal grinding machine Max grinding dia: 1
G9u Almm '
Center height @
S0mm
16 |Surface gnnding machine SEW1 | Working surface : |
1 (30% 250 mm
Max raverse of
grinding wheel ;
320mm
Max longiiudinal
traverse of Lible:
11 Smm

Max arinding lenath
traverse : 11 00 mm

A00mm

Mox prinding height

203




#.7. TOOL RECONDITIONING & RE SHAPENING

s Equipment capacity qty trend of cipacity dev.{procurement) . category of  (Prof  |years
L operator Cadre of |of exp.
, operator
I Tool & cutter  * Swirs clia; 280mum 3 | TR0-1985 | 22]-19025 [ <KD H-2007 ¥
2 Tool & cutber grinder [t birwe. Tail slock 1
centre ; Smm 1

3 Automatic sharpener for circular Bl Ml dovist el 1

i dan - 200 mm F
4 T drill grender bl ¢ max dnlf dim:

(BSA M 240 mim
5 Twist dnll grinder Max grinding whesl 1

(BSA 80) dia: 300 mm
f Gear hob sharpener Waork length : 400mm |
7 [Tape & die grinder Center height above 1

tabile © 1 B0mum bax
g i
125%25033mm
] Engraving miller Work table 1
- H0 3 00mm ' i g
o Engraving cisiter sharpenes Taper angle 0-1 207 L
Back angle: 0-140°
l.ﬁ‘; 4 ]

R



8.8 TOOL & MEASURING ROOM

trend of capacity.dev.{ procurement)

-

tategbry of
Operator

[T

s'n équipment capagety qt
NI
] MHig boring mochine 7 Tabile trpverse a-oxis LUED- 1985
Micratnay 98 1120 Tale size
[ 400 |- HM
2 piversal ol & cstter muliing Wirking distance ]
maching FRGH 32 = (XL axes 80D«
400 % HH0mm
3 Lineur cireular dividing machine Tabie mavels XY £ ]
R00 x 260 5 460mm
4 Mechanical platfoom scale Capaciry | 50 1
Bumolution : 300 ;
§  |Flectronic counting senle
& | iner hcight measuring instrument | Measoring range | 1
-alKkmm 5
7 Lirazanic faw detsclor Pulse shift : 0-15mm
Stee] | % ’
f Taper :I-uncknm.mw;hm-: Max mperomgle | 45 l
Waighe 14kg
i 265

[ S )- 105

| 102D

2HN] = 24E1T

Prof
Cadre ol
operator

years
)
Exp.




8.9, METAL FABRICATION SHOP

category of

i ] 4 - &
s exuipment capacity qty trend of capacity dev. (procurement) g1 E'I.-J{:itn_ -
[T .
||‘.Ipl_':|'i.'lTl.'|-|'
| [ASE guilloune shear E . | I:&:' |086-1990 [ 1990905 | [96-2000 [ 2o0]-2007 s
I
2 Mdurgan pess brakes L0-003 M plate thickiess I =
bimm
3 borgon 50 threaded manual S plate thicknes: I
guilloting shear B 1. Sim
4 Manua! rolling machine Mux plate thicknes l
2mm
5 Hnrsd operared guillvime 'tdau plate thickness 1
L5 mami
f Mechanical ecceminc press Tonnage : 63 tons I
7 Morgan press brake blux thickiess : Goem 1
of plate
i PFower rolling machine
6 [Spat welding machine ' Mlax thickniss oEplage |
2mim 1 o
10 |Gmss carriage profile flame cuning. | Working wadth - | - [
machine: [800x 1500 % L $00mn
S tluckness of plate I
1 Welding bending mnchine I Smin
12 |Hydraulic pipe blender . .

MNum
of
Exp.



8.11 HEAVY PARTS WORK-SHOP

s equipment capacity | { teend of capacity dev.(procurement) category of  |Praf years
name q operator Cadre of |of
Y operator (Exp.
l Hexvy duty eentre latle L-43 S it un I TUHO- 1985 = | 1910 | 1991995 | S0 2K HH -THIT
$ Lengeh ol work I

[

Viertienl turres Inthe
Radial dnlling machine

Single column bed millmg machineg

Verteal machinkng cenber

Universal eofumn and kres hpe
milling machine

Tun'ctLa.I.l'|r:?‘_'\:'E'|.u1mﬂ5U | 63
CNC:

Hesvy duty vemical surfoce grinder
BPY B0A-300(

bebwee center

Sax neming dinmeen
#50mm '

nx hole denmeter
il i sheed

Load« 3500kg
Tapes in spindie -
5050

Working surfoce of
1atde ; 630220

Miounsing mble
a0kl hmm

Center hgight 220mm
Swing , 3 Himm

Working surface of
trhle © B A bm




in

1

Werncal sl bening machine
WEH T HIII?I:'_

Verneal nulling MOEM 4%

Hurizontal bening | millmg wachine
WHN 138 CNC

Haripowinl boring  milting maching
W00 A

Tahle o

TI S
Serokoer by ;
Mihim

Lingriuclimal trivirse:
| 4 Crorss ravessc,
Atrlman ‘

Mounting mble
Bl ] cdXhmim

Largest dnll depth
S00mm Moupimg
tnble: 1250x1 250mm

I-d

13

Hprzonial mulling EM 4H

Lenginsdingl rraverse:
1 0mm

Cross raverse,
Ablmm

Wrtical raverse:

47 5mm

b
Rl




8.12 SMALL PARTS SHOP

L]

s Equipment | capacity ' trend of capacity dev.(procusement) category of | Prof years
name ' qt}’ - operator Cadre of |of
- , ' operator | Exp.
Capston lnthe Suwing over cifringe 3 RETE L 1D66-1990  [19%1-1995 | I996-2000 | 20012007 2
Rhmim
Center Inthe WH22/ () Center leaght 230mm B
Center lathe NH22 1 300 Center herght 22 0mm 5
Center lathe BHXZ! [0 Center hedght 260mm 1
Erist bewr center;
100thmm
Center lathe MHIZ 500 Center leight 260mm d
Dot bty coter:
I 5MKkmum
Center lthe NHI62000 5 X
) b
Copying s Z
SUMO
ez turect Tathe 1
Facing & centering machine [
[0 | Yniversal nurnereally commodled 1 &
tathe. SPT 32 CMC




11 | Assssi cobd el mstal I
aavwirg machimePEA 13 At
12 | Avtomatic coled ol matal 1
sawing machine-PRA 25

13 |Power hack saw CH20 L
i4 |Power hack saw CH3ND 1
15  |Hoerzontal milling machine FM2H 3
16 |Hoemeonial millmg mochine Fis3H -
17 |vertical milling machme FNIH -]
18 [verical milling machine FIN3H 1
19 |Ram oype milling machine MITR I
0 |Umversl milling mechine, FM 4
21 |keyway milling machine 1
12 |slodting machine-CHZS 1.
23 |bench dnlling mechime DB 13 2
24 |Pillar drilling machine |
35 |Badiad driilmg man.:;mc -RIvG1 3
26 |rachal d:.itlmg machus -R0 &3 5
2T | Pedesial gnnder; OF -25 |
28 |Pedesial grinder OF -30 2
3 | Swrface grinding machme-SFW | i

27




LI |

0 | Sartee gracias maclise-5FW 1 |
1 vl e |.'|.1I!|:|'5r|.|||.||.'l' - 2
GTCIN
12 | Drilling masching e polvangulur [
hodes -FMK 254 .
13 | Uniwversal mtermnl grinder
AL 25A o
34 | Mubiz-gpline boblbing ond thread
rn'illing machine
35 | Chear shoping machine- CHHA S04 Max belix angle : |
a5+
16 |Genr shaping machme- O LA 504 Larpest helix angle ; 1
41" 2
37 |Ciewr nobbing machine. H-405 " I
38 |Cear woth reunding & chamfering 1
Machine
3% |Hyérsulic straightening press 2
= L]

b.,"-'l




0.0,

FINANCE TREND OF FINANCING

Perdad of years Period of venrs Period of vears Period of vears Period of years
19501985 1956- 1990 191195 1996-201) 200 1-20007
nount % allotted Amount (%% allotted Amount (%% allotted Amount  [*aallotred Amount (% allatted
'
Muangenser Manpiwer Manpower Manpower Manpower'
Raw R Raw Haw Haw
Miaterind Marerial Material Material Material
Espuiprment Equipment Exquipment Esquipment Equipnient
Enerpgy Epergy Energy Energy Eneryy




9.10):.

FINANCE TREND OF FINANCING

Period afyears Period of vears Period of vears
1980-1985 1986- 1511 1L - 195
nonnt Yo allomied LRI “We nllotted Admtount Yo allotted
M lampover Muanpower Manpower
Faw Raw Baw
Matertal Mauterial Mlaterial
Equipment Equipment Espuipment
Enerpy Energy Energy

A BRI

Period of yewrs

1 S 2000
tiallotted
|

Manpower

Haw
Material

Equipment
Epery

Period of vears

2001-2007

Aampoei

% allorted

Mg’
How
Material

Equipment
Enerizy

L]
wj
=




